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Background and purpose — We aimed to report the
survival of different reverse shoulder arthroplasty (RSA)
designs and brands, and factors associated with revision. The
secondary aim was to evaluate the reasons for revision.

Methods — We included 4,696 inlay and 798 onlay
RSAs reported to the Norwegian Arthroplasty Register
(NAR) 2007-2022. Kaplan—Meier estimates of survivorship
and Cox models adjusted for age, sex, diagnosis, implant
design, humeral fixation, and previous surgery were investi-
gated to assess revision risks. The reasons for revision were
compared using competing risk analysis.

Results — Overall, the 10-year survival rate was 94%
(confidence interval [CI] 93-95). At 5 years all brands
exceeded 90%. Compared with Delta Xtend (n = 3,865),
Aequalis Ascend Flex (HR 2.8, CI 1.7-4.6), Aequalis
Reversed II (HR 2.2, CI 1.2-4.2), SMR (HR 2.5, CI 1.3-
4.7), and Promos (HR 2.2, CI 1.0-4.9) had increased risk of
revision. Onlay and inlay RSAs had similar risk of revision
(HR 1.2, CI0.8-1.8). Instability and deep infection were the
most frequent revision causes. Male sex (HR 2.3, CI 1.7-
3.1), fracture sequelae (HR 3.1, CI 2.1-5.0), and fractures
operated on with uncemented humeral stems had increased
risk of revision (HR 3.5, CI 1.6-7.3).

Conclusion — We found similar risk of revision with
inlay and onlay designs. Some prosthesis brands had a
higher rate of revision than the most common implant, but
numbers were low.

The use of reverse shoulder arthroplasty (RSA) has increased
[1,2] and new brands have emerged on the marked during the
last 2 decades, which may introduce new types of complications.

The newer onlay design has shown some biomechanical
advantages and supposedly a better range of motion than tra-
ditional inlay type implants [3], but reports on differences in
survival are sparse [4].

The primary aim of our study was to evaluate the survival of
different RSA designs and brands reported to the NAR from
2007-2022, and factors associated with revision. The second-
ary aim was to evaluate the reasons for revision in different
RSA designs.

Methods

This study was performed according to the Reporting of stud-
ies Conducted using the Observational Routinely collected
health Data (RECORD) checklist.

This is a population-based (5.5 million inhabitants) national
cohort study using data from the NAR. Shoulder arthroplas-
ties have been registered in the NAR since 1994. The Delta III
(DePuy Orthopaedics, Inc, Warsaw, IN, USA) was the only
brand on the Norwegian market from 1994 until 2007. From
2007 several other brands were introduced [5].

Both primary operations and revisions are reported by the
orthopedic surgeons, who complete a 1-page form directly
after surgery. A completeness of reporting analysis has been
conducted by combining the data in the NAR with data from
the Norwegian Patient Register. The completeness of report-
ing of shoulder arthroplasties was 90.8% for primary opera-
tions and 84.6% for revisions in 2019-2020 [6], and 44 dif-
ferent hospitals have reported 1 or more RSAs in the study
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period. Several diagnoses could be given for each operation,
and in cases with more than 1 diagnosis we chose 1 according
to the hierarchy developed by the Nordic Arthroplasty Regis-
ter Association (NARA) [7]. The brands included were classi-
fied as inlay or onlay according to the manufacturer’s descrip-
tion of the prosthesis in the surgical technique guides for each
brand. Other features that influence the global lateralization
were not included in the classification.

The NAR uses the unique personal identification number of
each resident to link information from any subsequent revision
to the primary surgery. A revision is defined as the insertion,
exchange, or extraction of any of the prosthesis components.
Several reasons for a revision could be given and, again, the
hierarchy developed by NARA was used whenever more than
1 reason was given.

Information on death and emigrations was collected from
the Norwegian National Population Register.

Outcomes were implant survival, risk of revision, and rea-
sons for revision.

Statistics

Descriptive statistics were used to give an overview of the
patient demographics. Median time of follow-up for the dif-
ferent brands was estimated by the reverse Kaplan—Meier
method. Implant survival with all revisions as endpoint was
analyzed using the Kaplan—-Meier method. Implant survival
was reported at 5, 8, and 10 years. Results are presented with
95% confidence intervals (CI). Follow-up were censored at the
time of revision, death, emigration, or end of study (December
31,2022).

The revision risk for different implants and diagnoses was
compared using Cox multiple regression analyses adjusted for
age group, sex, diagnosis, humeral fixation, and previous sur-
gery in the same shoulder. In cases with multiple revisions,
only the time to the first implant failure was included in the
analyses. We developed directed acyclic graphs (DAGs) for
revision of RSA (see Appendix). The free program DAGitty
(www.dagitty.net) version 3.1 (2023) was used to choose
appropriate variables for the Cox models (Supplementary
data). DAGs were developed individually for each expo-
sure. The hazard ratio for the exposures (design, brand, and
humeral fixation for each diagnosis) were adjusted according
to this model. Hazard ratio (HR) was calculated at 5 years and
for the whole study period. The 4 most common diagnoses
were analyzed separately to identify risk factors and reasons
for revision.

To test the proportional hazards assumption, we used the
scaled Schoenfeld residuals on time in the “estat phtest com-
mand” in Stata (StataCorp LLC, College Station, TX, USA)
and found the log hazard-function to be constant over time [8].

All tests were 2-sided and P < 0.05 was considered statisti-
cally significant.

In addition, competing risk analyses according to Fine and
Gray were performed for the different brands and the most

common primary diagnoses by calculating the subhazard ratios
(SHR) [9] for each cause of revision. The reason to present
the SHRs was to calculate correct estimates for revision for
each cause separately. The SHRs describe the relative effect of
potential covariates on the subdistribution hazard function. The
endpoint was revision due to a specific cause with revision due
to all other causes as the competing factor [10]. If the patient
died or emigrated the follow-up time was censored.

The inlay group consisted mainly of Delta Xtend arthro-
plasties (82%). A sub-analysis with exclusion of the Delta
Xtend was done when comparing inlay and onlay implants
in the Cox regression analyses. The onlay design was intro-
duced after the start of the study period, and a sub-analysis
for the period where both onlay and inlay designs were used
(2013-2022) was also done to ensure comparison in the same
time period for the 2 designs.

All analyses were performed using the package SPSS statis-
tics version 26.0.1.0 (IBM Corp, Armonk, NY, USA), the sta-
tistical package R Version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria), and Stata 17.0 (StataCorp LLC,
College Station, TX, USA).

Ethics, funding, data sharing, use of Al, and disclosures

The NAR has permission from the Norwegian Data Inspec-
torate to collect patient data based on written consent from
the patients (ref 24.1.2017: 16/01622-3/CDG) and complies
with the Norwegian and EU data-protection laws. The regu-
lations of the Norwegian Data Protection Authority and the
Norwegian personal protection laws prohibit the publication
of the complete dataset. The Norwegian Arthroplasty Register
is financed by the Western Norway health authorities. No Al-
assisted technologies were used to produce this paper. RMH
has received speaker fees from Ortomedic (Norwegian distrib-
utor for Depuy Synthes), Arthrex and Smith & Nephew, JEG
and GH have received speaker fees from Ortomedic (Norwe-
gian distributor for DePuy Synthes) and LINK Norway. OF
has received fees for lectures on cementing technique for knee
replacement given to Heraeus Medical and Ortomedic. Com-
plete disclosure of interest forms according to ICMJE are avail-
able on the article page, doi: 10.2340/17453674.2024.41344.

Results

Between 2007 and December 31, 2022, there were 5,536
RSAs registered in the NAR. After exclusion of brands with
less than 30 arthroplasties performed (42 cases) the remain-
ing 5494 RSAs were included in the analyses (Figure 1).
4,696 were classified as inlay design, which is a traditional
Grammont design where the humeral tray is seated within the
metaphysis, and 798 as onlay design where the humeral tray
sits on the metaphysis at the level of the humeral neck cut. All
humeral implants were stemmed. Inlay design arthroplasties
more often had a cemented humeral stem (77%) than onlay
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All primary reverse shoulder arthroplasties
recorded in the Norwegian Arthroplasty
Register 2007-2022

Table 1. Included arthroplasties classified as either inlay or onlay of a reverse shoulder arthro-
plasty according to the position of the humeral tray as described by the manufacturer

n = 5,536
Hospi- Period Median F-U
Excluded Brand n (%) tals Design used years (IQR)
l— < 30 per brand
n =42 Delta Xtend 3,865 (70) 35 Inlay 2007-2022 3.6 (1.7-6.0)
; (DePuy Orthopaedics, Inc, Warsaw, IN, USA)
EllIEIEG] ) SIS Sy ((n = S Aequalis Reverse 32(1) 3 Inlay 2007-2012 11.8(9.1-13.6)
. :r:?gyd:es;?;:s’ oo (Stryker GmbH, Selzach, Switzerland)
: TESS Reverse 261 (5) 6 Inlay 2008-2018 8.1 (6.1-10.9)
] ) ( Biomet, Warsaw, IN, USA)
Figure 1. Flowchart of included and Promos Reverse 106 (2) 3 Inlay 20112018 6.5 (4.7-8.3)
excluded reverse shoulder arthroplasties. (Smith&Nephew Orthop.AG, Zug, Switzerland)
Aequalis Reverse I 190 (4) 5 Inlay 2012-2022 4.2 (1.6-7.9)
(Stryker GmbH, Selzach, Switzerland)
SMR Reverse 242 (4) 4 Inlay 2014-2022 2.7 (1.2-4.2)
(Lima Corporate S.p.a, Udine, Italy)
Comprehensive Reverse 392 (7) 10 Onlay 2011-2022 1.9 (1.0-3.3)
(Biomet, Warsaw, IN, USA)
Annual number of RSA Aequalis Ascend Flex (Tornier Flex) 369 (7) 10 Onlay 2013-2022 3.9 (1.7-6.8)
800 (Stryker GmbH, Selzach, Switzerland)
Comprehensive R. JRI Vaios Inverse 37 (1) 2 Onlay 2013-2019 7 (4.2-7.2)

700 Aequalis Ascend Flex R.

(JRI Orthopaedics, Chapeltown, Sheffield, UK)

6001 pelta Xtend

F-U = follow-up; QR =

500 -{ Promos R.
Aequalis R. Fracture

400 SMRR.

300 -

interquartile range.

Table 2. Age and sex distribution within each diagnosis group of patients with a reverse shoul-
der arthroplasty. Values are count (%) unless otherwise specified

| ]
2001 . | g Mean Age groups
100 IIII Diagnosis Total Women age (SD) <55 55-64 65-74 >75
0&57' Im 2;3' MEREEEE  Acutefracture 1,642 (30) 1,364 (83) 76 (8.6) 22 (1.3) 150 (9.1) 535 (33) 935 (57)
oot Primary osteoarthritis 1,349 (25) 955 (71) 74 (8.4) 29 (2.1) 137 (10) 490 (36) 693 (51)
Rotator cuff
. arthropathy 1,125 (21) 654 (58) 74 (7.8) 26 (2.3) 126 (11) 443 (39) 530 (47)
Figure 2. Number of reverse SMOUlder  racture sequelae 817 (15) 662 (81) 72(9.9) 4 (65) 143(18) 335 (41) 294 (30)
Arthroplast Repister 0072022 O?ﬂa Inflammatory arthritis 366 (6.7) 293 (80) 70 (9.8) 33(9.0) 71(19) 149 (41) 113 (31)
design‘; ” éreer?blue inlay dosign athre, Instability sequelae 138 (2.5) 78 (57) 71 (10) 10(7 6) 24(18) 50(36) 54 (39)
olasties in orangelred/brown, Other 56(1.0) 32(57) 66(12) 10(16) 15(24) 18(32) 13 (23)
designs (22%). The annual number of RSAs increased from Implant survival

20 in 2007 to 746 in 2022 (Figure 2). Onlay design arthroplas-
ties were used from 2011 (Table 1). Delta Xtend was the most
common brand; it was used in the entire study period and at
35 different hospitals. Some hospitals reported only 1 brand
throughout the study period, while others had used several dif-
ferent brands.

Mean age of the study population was 74 years (SD 9) in
both groups, with 48% aged = 75 and 37% aged 65-74 years
at the time of surgery. 74% were women, with more women
in the fracture group (83%) and the fracture sequelae group
(81%) compared with the OA (71%) and rotator cuff arthropa-
thy group (58%) (Table 2).

Acute fracture was the most common reason for RSA (30%),
followed by OA (25%), rotator cuff arthropathy (21%), and
fracture sequelae (15%) (Table 3).

Irrespective of primary diagnosis, 188 (4.0%) cases with
inlay designs and 42 (5.3%) with onlay designs were revised
during the study period.

The 10-year survival for the primary RSA was 94% (CI
93-95). The 8-year survival was 95% (CI 94-96) for inlay
design and 91% (CI 87-94) for onlay design (Table 4, Figure
3). All brands had 5-year survival of more than 90%, but only
Delta Xtend and TESS had sufficient cases at risk to analyze
the 10-year survival.

The 10-year survival was 96% (CI 93-98) for acute frac-
ture, 96% (CI 94-97) for rotator cuff arthropathy, and 95%
(CI 93-96) for osteoarthritis. Fracture sequelae had the lowest
10-year survival of 90% (CI 87-92) (Figure 4).

Risk of revision

Onlay and inlay design had a comparable risk of revision (HR
1.2, CI 0.8-1.8) (Table 5). Sub-analysis with exclusion of
Delta Xtend did not change this (HR 1.0, CI 0.6-1.5). Com-
paring the 2 designs in the period when both onlay and inlay
design was used (2013-2022) also yielded similar results (HR
14,C10.9-2.1).
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Table 3. Patient characteristics in reverse shoulder arthroplasties.
Values are count (%) unless otherwise specified

Table 5. Cox regression analyses to evaluate factors that can influ-
ence the risk for all-cause revision after reverse shoulder arthro-
plasty: age group, sex, primary diagnosis, implant design, humeral
fixation, and previous surgery in the same shoulder

Factor Total Inlay Onlay

Arthroplasties 5,494 4,696 (85) 798 (15) HR (Cl) P

Women 4,038 (74) 3,472 (74) 566 (71)

Mean age at surgery (SD) 74 (8.9) 74 (8.9) 74 (8.6) Design

Age group Inlay 1 (Ref)
<55 175(3.2) 150(3.2)  25(3.1) Onlay 1.2 (0.8-1.8) 0.3
55-64 666 (12) 564 (12) 102 (13) Sex
65-74 2,021 (37) 1,740 (37) 281 (35) Women 1 (Ref)
=75 2,632 (48) 2,242 (48) 390 (49) Men 2.3 (1.7-3.1) <0.001

Diagnosis Age group
Acute fracture 1,642 (30) 1,499 (32) 143 (18) <55 1.5 (0.8-2.7) 0.2
Primary osteoarthritis 1,349 (25) 1,037 (22) 312 (39) 55-64 1.1 (0.7-1.7) 0.7
Rotator cuff arthropathy 1,125 (21) 944 (20) 181 (23) 65-74 1.4 (1.0-1.9) 0.04
Fracture sequelae 817 (15) 740 (16) 77 (10) >75 1 (Ref)

Inflammatory arthritis 366 (6.7) 299 (6.4) 67 (8.4) Humeral stem
Instability sequelae 138 (2.5) 132 (2.8) 6 (0.8) Cemented 1 (Ref)
Other 2 57(1.0) 45 (1.0) 12 (1.5) Uncemented 1.7 (1.2-2.3) 0.002

Previous surgery in same Primary diagnosis
shoulder P 1,054 (21) 916 (21) 138 (18) Acute fracture 1 (Ref.)

Humeral fixation Fracture sequelae 2.7 (1.7-4.2) < 0.001
Cemented 3,763 (68) 3,591 (76) 172 (22) Osteoarthritis 0.8 (0.5-1.3) 0.4
Cementless 1,731 (32) 1,105 (24) 626 (78) Rotator cuff arthropathy 0.8 (0.5-1.3) 0.4

Duration of surgery in Inflammatory arthritis 1.5 (0.8-2.5) 0.2
minutes, mean (SD) © 117 (37) 121 (37) 98 (30) Instability sequelae 1.9 (0.9-4.0) 0.1

Follow-up, years Other 2.4 (1.0-5.8) 0.06
median 3.6 3.8 2.6 Previous surgery
IQR 1.7-6.3 1.8-6.5 1.2-5.4 No 1 (Ref.)
min—max years 0-15 0-15 011 Yes 1.1 (0.8-1.5) 0.5

IQR = interquartile range.

2 Other includes sequelae after infection, osteonecrosis, malignancy,
dysplasia.

b Missing n = 437 (396 inlay, 41 onlay).

¢ Missing n = 209 (158 inlay, 51 onlay).

Compared with the Delta Xtend, the Aequalis Ascend
Flex (HR 2.8, CI 1.7-4.6), Aequalis Reversed II (HR 2.2, CI
1.2-4.2), SMR (HR 2.5, CI 1.3-4.7), and Promos (HR 2.2,
CI 1.0-4.9) had an increased risk of revision for the whole

follow-up period. With 5 years’ follow-up Aequalis Ascend
Flex, Aequalis Reversed II, and SMR had increased risk of
revision compared with Delta Xtend (Table 4).

Patients with fracture sequelae had increased risk of revision
compared with acute fracture patients (HR 2.7, CI 1.7-4.2).
Uncemented humeral stem (HR 1.7, CI 1.2-2.3) and male sex
(HR 2.3, CI 1.7-3.1) were associated with a higher risk of
revision. The increased risk for uncemented humeral stem was

Table 4. Kaplan-Meier survival estimates (95%CI) at 5, 8, and 10 years, and Cox regression analysis at 5 years and for
the entire period with adjustments for age group, sex, diagnosis, humeral fixation, and previous surgery for the included
designs and brands of reverse shoulder arthroplasties. Endpoint all revisions

5-year 5-year 8-year 10-year
At risk survival (Cl) HR (Cl) Atrisk survival (Cl)  Atrisk survival (Cl) HR all (Cl)

Design

Inlay 1,653 96 (94-96) 1 (Ref) 723 95 (94-96) 364 95 (93-95) 1 (Ref)

Onlay 210 94 (91-95) 1.3(0.9-1.9) 52 91 (87-94) 3 - 1.2 (0.8-1.8)
Brand

Delta Xtend 1,242 96 (96-97) 1 (Ref) 501 96 (95-96) 250 95 (94-96) 1 (Ref)

Aequalis Reversed 26 94 (77-98) 1.1 (0.2-7.9) 25 94 (77-98) 22 94 (77-98)2 0.8 (0.1-5.9)

TESS 217 95(92-97) 1.4(0.7-2.9) 130 93 (89-96) 74 92 (87-95) 1.7 (0.9-3.2)

Promos 67 93(85-96) 1.9(0.8-4.5) 30 91 (83-96) 12 91(83-96)2 2.2(1.0-4.9)

Aequalis Reversed || 72 92 (86-96) 2.5(1.3-4.7) 42 92 (86-96) 1 - 2.2 (1.2-4.2)

SMR 35 93(88-95) 2.3(1.244) 1 - 1 - 2.5(1.3-4.7)

Comprehensive 56 98 (96—99) 0.6 (0.3-1.5) 5 - 3 - 0.6 (0.3—-1.5)

Aequalis Ascend Flex 135 93 (86-93) 2.6 (1.6-4.5) 39 88(83-92) 1 - 2.8 (1.7-4.6)

JRI Vaios 19 91 (75-97) 2.6 (0.8-8.9) 10 85 (61-95) 1 - 2.7 (0.8-9.0)

2 No revisions after 8 years.
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Figure 3. Kaplan—Meier survival for primary
reverse shoulder arthroplasty by design (all
diagnoses).
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Figure 4. Kaplan—Meier survival curves for
4 main primary indications for surgery.

the

Kaplan-Meier survival estimate (%)
100

95 1

90 -

85 -

Comprehensive R.
Aequalis Ascend Flex R.

80
Aequalis R.
Delta Xtend
Tess R.
Promos R.

SMRR.

70 T T
0 5 10 15

Years from primary arthroplasty

75

Figure 5. Kaplan—Meier survival curves for
the arthroplasty brands (all diagnoses).

Table 6. Cox regression analyses for the 4 main diagnoses with humeral stem fixation as exposure, adjusted for design, sex, age group, and
previous surgery in the same shoulder for all-cause revision after reverse shoulder arthroplasty

Acute fracture

Fracture sequelae

Rotator cuff arthropathy

Osteoarthritis

n HR (CI) P n HR (Cl) P n HR (CI) P n HR (Cl) B

Humeral stem

Cemented 1,482 1 (Ref.) 664 1 (Ref) 668 1 (Ref) 667 1 (Ref)
Uncemented 160 3.5(1.6-7.3) 0.001 153 1.4(0.8-2.6) 0.3 457 1.0(0.4-2.2) 0.9 682 1.6(0.8-3.3) 0.2
Design

Inlay 1,499 1 (Ref.) 740 1 (Ref.) 944 1 (Ref.) 1,037 1 (Ref.)

Onlay 143 1.4(0.5-4.0) 05 77 0.8(0.3-2.0) 0.6 181 2.4(1.0-6.0) 0.06 312 1.1 (0.5-2.4) 0.8
Sex

Women 1,364 1 (Ref.) 662 1 (Ref) 654 1 (Ref) 955 1 (Ref)

Men 278 1.6(0.8-3.6) 0.2 1565 2.3(1.4-3.8) 0.002 471 3.2(1.5-6.7) 0.002 394 2.3(1.3-4.4) 0.007
Age group

<55 22 - - 45 2.4 (1.0-6.1) 0.06 26 1.8(0.2-15) 0.6 29 25(0.5-12) 0.3
55-64 150 1.2(0.4-3.6) 0.8 143 1.7 (0.8-3.7) 0.2 126 2.7 (1.0-7.3) 0.06 137 1.1(0.3-3.9) 0.9
65-74 535 1.0 (0.5-2.1) 1.0 335 2.1(1.1-3.8) 0.03 443 2.0(0.9-4.5) 0.1 490 2.7 (1.3-5.4) 0.006
=75 935 1 (Ref) 294 1 (Ref.) 530 1 (Ref) 693 1 (Ref)
Previous surgery

No 1,435 1 (Ref.) 405 1 (Ref.) 675 1 (Ref) 1,086 1 (Ref.)

Yes 48 3.6(1.1-12) 0.04 394 1.1(0.7-1.7) 0.8 345 1.1(0.6-2.3) 0.7 145 1.3(0.6-3.0) 0.5

Table 7. Reasons for revision in n (% revised) of the 4 most common primary diagnoses for primary reverse shoulder arthroplasties
by incidence and subhazard ratios (SHR) with 95% confidence interval (Cl). All other revision causes were merged and treated as
one competing risk in the analyses. Results are presented for the entire study period and adjusted for age group, sex, previous
surgery, humeral fixation, and implant design. Acute fracture was used as reference where applicable. Other includes polyethylene
wear, pain alone, mechanical problems (impingement, reduced mobility, malplacement of components)

Acute fracture

Osteoarthritis

Fracture sequelae

Rotator cuff arthropathy

Reason n=1,642 n=1,349 n=1,125 n=_817

for revision n (%) SHR (Cl) n (%) SHR (Cl) n (%) SHR (Cl) n (%) SHR (Cl)
Instability 13 (0.8) 1 (Ref) 10 (0.7) 0.5(0.2-1.2) 11 (1.0) 0.6 (0.2-1.3) 29 (3.5) 3.7(1.9-7.3)
Infection 2(0.7) 1 (Ref.) 15(1.1) 1.1 (0.5-2.4) 11 (1.0) 0.9 (0.4-2.0) 18 (2.2) 2.2(1.0-4.8)
Fracture 8(0.5) 1 (Ref.) 9(0.7) 0.7 (0.2-1.9) 3(0.3) 0.4 (0.1-1.5) 4(0.5) 0.7 (0.2-2.6)
Glenoid loosening - - 5(0.4) 1 (Ref) 3(0.3) 0.9(0.2-3.5) 3(0.4) 1.8(0.4-9.2)
Humeral loosening 2(0.1) 1 (Ref.) = = 3(0.4) 3.0(0.8-11.1)
Other 4(0.2) 1 (Ref) 7 (0.5) 1.6 (0.5-5.5) 9(0.8) 2.6(0.8-8.1) 11 (1.3) 3.2(1.0-10.1)
Total revisions 9 (2.4) 46 (3.4) 37.(3:3) 68 (8.3)




Acta Orthopaedica 2024; 95: 463—-471

468

Table 8. Reasons for revision in n (% revised) for the different brands of primary reverse shoulder arthroplasties by incidence and subhaz-
ard ratios (SHR). The most common reason for each brand is highlighted in bold. All other revision causes were merged and treated as 1
competing risk in the analyses. Results presented for the whole study period adjusted for age group, sex, fixation, previous surgery, and

primary diagnosis. Delta Xtend was used as reference

Delta Aequalis Compre- Aequalis

Reason Xtend Aequalis TESS Promos Reversed Il SMR hensive Asc Flex JRI Vaios
for revision n=3,865 n=32 n =261 n =106 n =190 n =242 n =392 n =369 n=37
Instability

n (%) 47 (1.2) 2(0.8) 4 (3.8) 2(1.1) 14 (5.8) 1(0.3) 8(2.2) 1(2.7)

SHR(Cl) 1 (Ref) - 0.5(0.1-2.3) 25(0.7-8.4) 1.1(0.2-4.4) 4.0(1.7-9.2) 0.2(0.1-2.1) 1.8(0.7-4.3) 1.8 (0.2-15)
Infection

n (%) 39 (1.0) 2 (6.3) 2(0.8) 1(0.9) 8 (4.2) 2 (0.5) 14 (3.8) 1(2.7)

SHR (Cl) 1 (Ref.) 3.1(0.6-15) 0.4(0.1-1.9) 0.8(0.1-6.0) 4.8 (2.0-11.3) - 0.7 (0.2-3.1) 3.3(1.5-7.2) 2.7(0.3-24)
Fracture

n (%) 11 (0.3) 8 (3.1) 2(1.9) 3(1.2) 2(0.5) 4(1.1) 1(2.7)

SHR(Cl) 1 (Ref) - 14.2 (3.8-52) 8.2 (1.2-57) 11.2 (2.4-52) 3.4(0.8-15) 8.7 (2.2-34) 14.3 (1.8-111)
Glenoid loosening

n (%) 6 (0.2) 6 (2.3) 1(0.3) 1(0.3)

SHR (Cl) 1 (Ref.) - 3.6 (0.9-14) - - 0.9 (0.1-8.0) 0.6 (0.1-5.7) -
Humeral loosening

n (%) 4 (0.1) 1(0.9) 1(0.5)

SHR(CI) 1 (Ref) - = 405 (5.3-310) 4.2 (0.4-47.2) - = = =
Other

n (%) 29 (0.6) 1(0.9 5(1.4) 1(2.7)

SHR (Cl) 1 (Ref.) - 0.6 (0.1-6.0) 1.3(0.2-12) - - 1.8(0.4-7.7) 2.3(0.5-36)
Total revisions

n (%) 130 (3.4) 2 (6.3) 19 (7.3) 9 (8.5) 11 (5.8) 17 (7.0) 6 (1.5) 32 (8.7) 4 (11)
particularly evident for acute fracture diagnosis (HR 3.5, CI . .

Discussion

1.6-7.3) (Table 6). Previous surgery to the shoulder did not
increase the risk of revision in patients with fracture sequelae,
rotator cuff arthropathy, or osteoarthritis.

Reasons for revision

Instability/dislocation was the most common reason for revi-
sion after RSA for acute fracture and fracture sequelae, while
RSA for rotator cuff arthropathy was mainly revised due to
infection or instability/dislocation, and RSA for osteoarthritis
was mainly revised due to infection (Table 7). RSA due to
fracture sequelae had increased risk of revision due to insta-
bility/dislocation (SHR 4.2 [2.1-7.7]) compared with RSA for
acute fracture.

Most revisions due to instability/dislocation occurred within
the first 3 months.

The revisions in the fracture patients with uncemented stem
were due to instability (n = 6), infection (n = 2) and peripros-
thetic fracture (n = 2), with a significant increased risk of revi-
sion due to instability compared with cemented stems (SHR
8.0, CI 2.7-23) (not shown in table). No uncemented stems in
acute proximal humerus fractures were revised due to humeral
stem loosening.

The revision causes differed to some degree between the
brands (Table 8). Aequalis Reverse II and Aequalis Ascend
Flex were revised mainly due to infections with SHR 4.8 (CI
2.0-11) and SHR 3.3 (CI 1.5-7.2), while SMR was revised
due to instability, SHR 4.0 (CI 1.7-9.2).

The primary aim of our study was to evaluate the survival of
different RSA designs and brands reported to the NAR from
2007-2022, and factors associated with revision.

We found high survival of the most frequently used implants,
and comparable risk of revision for RSAs with onlay and inlay
designs, the latter being the most common design used in
Norway. All brands in our study had more than 90% implant
survival at 5 years, but an increased risk of revision was seen for
the Aequalis (Reversed II and Ascend Flex) and SMR brands.

In accordance with previous studies, we found increased
risk of revision in men and patients with fracture sequelae
[5,11,12]. We did not find increased risk of revision in the
younger age groups.

The reasons for revision in our cohort were similar to other
series reporting on primary RSA [13,14] and also the review
by Zumstein et al. [15], with instability and infection as the
most frequent causes of revision.

Previous surgery in the same shoulder before a primary
arthroplasty has been described as a risk factor for revi-
sion, especially revisions due to infections [16]. We found,
however, an increased risk of revision only in acute frac-
ture patients with previous surgery, but not in the fracture
sequelae, rotator cuff, or osteoarthritis patients where we
would expect previous surgeries to have an impact. Previous
surgery in the fracture patients was in some cases fracture
surgery (fractures of glenoid, of the greater tubercle, and
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proximal humeral shaft) indicating an osteoporotic popu-
lation, while other surgeries were not likely related to the
acute fracture diagnosis (subacromial decompression, biceps
tenotomy, labral fixation).

Humeral stems can be either cemented or uncemented. Sim-
ilar functional outcome has been reported [17], but differences
in complication profile are described [17] and recommenda-
tions for fixation in different diagnoses are not established.

In most published studies, surgeons have applied cemented
prostheses for acute proximal humerus fractures, but propo-
nents for uncemented fixation argue that the cementless tech-
nique is faster, less expensive, has lower rates of complica-
tions, and an easier revision of the stem when necessary. A
systematic review of reverse shoulder arthroplasty for acute
proximal humerus fracture by Rossi et al. described similar
functional results with the use of cemented and uncemented
stems, and similar reoperation rates for both [18]. They found,
however, a higher rate of complications in the uncemented
cohort without any specifications of the complications. The
study was limited by very few level 1 and 2 studies, low
number of patients, short follow-up, and no control groups
in many of the included studies. In our study, we included a
high number of fracture patients and uncemented stems had
more than 3 times increased risk of revision compared with
cemented stems when applied for acute proximal humerus
fractures. The revisions of uncemented stems were due to
instability, infection, and fracture. These revision causes are
comparable to the revision causes of uncemented hemiarthro-
plasties for femoral neck fractures [19]. The increased risk of
revision due to instability could be caused by subsidence of
the stem or malpositioning of the stem due to the fracture pat-
tern and loss of stem stability.

Glenoid loosening was previously the main reason for revi-
sion [20]. However, modifications of the RSA technique have
significantly reduced the failure rate [21]. This improvement is
probably due to changed prosthesis design and focus on infe-
rior glenoid placement, but presumably also a result of sur-
geons’ increased experience with the technique and implants
in recent years. Glenoid loosening as a reason for revision in
our study was seen in 15 patients (0.3%).

We found increased risk of revision due to periprosthetic
fracture for the TESS, SMR, Aequalis Ascend, Promos, and
JRI Vaios implants compared with Delta Xtend. However, our
incidence of revision for fractures was lower than reported in
a systematic review by Dolci [22].

Even if we found a statistically increased risk of revision for
several brands in our material compared with the Delta Xtend
both at 5-year follow-up and for the whole follow-up period,
we cannot draw firm conclusions on differences in long-term
survival due to low numbers left at risk and broad confidence
intervals for most brands beyond 5 years’ follow-up.

The more recently introduced onlay prostheses have shown
some biomechanical advantages and a supposedly better range
of motion than traditional inlay-type implants [3].

A systematic review and meta-analysis by Larose et al. [23]
found similar clinical improvements with the 2 designs. Less
scapular notching but a higher rate of scapular spine fractures
was reported for onlay implants, but revision rate was not
reported. A recent report from the New Zealand joint registry
compared inlay and onlay RSA and found higher mid-term
survival for the inlay designs, but better functional results for
the onlay designs [4]. The authors state, however, that the dif-
ference in functional result was statistically significant, but
below the threshold for clinical significance. From the Aus-
tralian registry a recent report showed increased risk of revi-
sion for inlay compared with onlay design [13], whereas in
our study we found comparable risk of revision with the onlay
designs compared with the traditional inlay designs.

Among the inlay designs the most frequent reason for revi-
sion was instability/dislocation according to our findings. The
SMR (inlay) had the highest risk of revision due to instabil-
ity. SMR is the only arthroplasty in our study with a medi-
alized glenoid and humerus (MGMH) according to Werthel
et al. [24]. For the onlay designs prostheses there were more
revisions due to infection. Higher incidence of infection is
not likely to be caused by the arthroplasty design, but rather
patients, hospital, or surgeon factors. Hospital factors may
also play a role in the overall rate of revision because some
hospitals using the onlay design had an elective profile, and
for fracture diagnosis most patients in our study received inlay
design arthroplasties.

Strengths

The primary strength of this study is the high number of
arthroplasties included and the long follow-up time. The com-
pleteness of reporting to the NAR is high and has been stable
over time [25], and all hospitals in Norway report to the reg-
ister. This enables evaluation of rare reasons for revision that
would otherwise be impossible to assess at a single institution.

Limitations

First, the reasons for revision are based on the surgeons’ report
only. We suspect that some of the unknown reasons for revi-
sion and those revised because of pain alone may in fact be
low-grade infections that were not suspected at the time of
surgery due to the lack of clinical manifestations of infection.
Second, the number of revisions is underestimated since the
completeness of reporting of revisions is only 85% [11]. Third,
patient-reported outcomes (PROMs) have just recently been
added to the registration in the NAR. Accordingly, no PROMs
were available for this study.

Fourth, since osteosynthesis of periprosthetic fractures
where the prosthesis is not revised was not included in our
analysis, these fractures are likely underestimated. There is no
reason to suspect this underestimation to be different between
the implants.

Fifth, hospital and surgeon volume may also play a role in
the risk of revision [26]. Several of the hospitals in our study
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performed less than 10 shoulder arthroplasties annually and
this could make it difficult to generalize the results of arthro-
plasties performed at many small hospitals. In addition to this,
some of the implant brands included in the study had short
follow-up.

Sixth, even if the number of arthroplasties is high, the
number of revisions is a limitation when it comes to analyzing
the different reasons for revision and some of the SHRs are
based on very low numbers and display wide confidence inter-
vals. Therefore, the evaluation of revisions on brand level, or
on different diagnoses, must be done with caution.

Seventh, in this study we did not consider different gle-
noid sizes. Smaller glenosphere sizes have previously been
described as a risk factor for instability and risk of early revi-
sion [14].

Eighth, we classified the prostheses as either inlay or onlay,
but we did not take into consideration other design features
that can alter the lateralization of the arthroplasty, such as lat-
eralization of the baseplate or glenosphere or altering of the
neck shaft angle.

Conclusion

We found 10-year survival of the most common implant; Delta
Xtend, was 95%. Some prosthesis brands had higher rates of
revision than the most frequently used implant, but these dif-
ferences could be influenced by low number of cases/surgeons/
hospitals. Factors that were associated with an increased risk
of revision were male sex, fracture sequelae diagnosis, and
uncemented humeral stem in acute fracture patients.

In perspective, surgeons should be aware of the risk of revi-
sion due to instability, especially in fracture sequelae patients.
Cemented stems should be preferred when treating acute
proximal humeral fractures.

RMH, AMF, JEG, GH and ONF planned the study. RMH wrote the initial
draft of the manuscript. AMF and RMH performed the statistical analyses.
All authors contributed to the interpretation of the findings and critical revi-
sion of the manuscript through all stages of the study.

The authors thank the Norwegian surgeons for their contribution by thor-
oughly reporting to the NAR.

Handling co-editors: Jeppe Vejlgaard Rasmussen and Philippe Wagner
Acta thanks Ville Aarimaa and Theis Muncholm Thillemann for help
with peer review of this manuscript.

1. Liibbeke A, Rees J L, Barea C, Combescure C, Carr A J, Silman A
J. International variation in shoulder arthroplasty. Acta Orthop 2017; 88:
592-9. doi: 10.1080/17453674.2017.1368884.

2. Rupani N, Combescure C, Silman A, Liibbeke A, Rees J. International
trends in shoulder replacement: a meta-analysis from 11 public joint regis-
ters. Acta Orthop 2024; 95: 348-57. doi: 10.2340/17453674.2024.40948.

10.

11.

14.

15.

16.

18.

Beltrame A, Di Benedetto P, Cicuto C, Cainero V, Chisoni R, Causero
A. Onlay versus Inlay humeral steam in Reverse Shoulder Arthroplasty
(RSA): clinical and biomechanical study. Acta Biomed 2019; 90: 54-63.
doi: 10.23750/abm.v90i12-S.8983.

Zhou Y, Mandaleson A, Frampton C, Hirner M. Medium-term results
of inlay vs. onlay humeral components for reverse shoulder arthroplasty:
a New Zealand Joint Registry study. J Shoulder Elbow Surg 2024; 33(1):
99-107. doi: 10.1016/j.jse.2023.05.038.

Hole R M, Fenstad A M, Gjertsen J E, Hallan G, Furnes O N. The
Delta III and Delta Xtend reverse shoulder arthroplasty. Risk of revision
and failure mechanisms: a report on 3,650 cases from the Norwegian
Arthroplasty Register 1994-2021. J Shoulder Elbow Surg 2024; 33(3):
666-77. doi: 10.1016/j.js¢.2023.07.010.

Furnes O G, Hallan J E, Visnes G, Gundersen H, Kvinnesland T,
Fenstad I, et al. The Norwegian Advisory Unit on Arthroplasty and Hip
Fractures. Annual Report; 2022. ISBN: 978-82-91847-27-6. ISSN: 1893-
8906.

Rasmussen J V, Brorson S, Hallan G, Dale H, Aarimaa V, Mokka
J, et al. Is it feasible to merge data from national shoulder registries?
A new collaboration within the Nordic Arthroplasty Register Associa-
tion. J Shoulder Elbow Surg 2016; 25(12): e369-e377. doi: 10.1016/j.
j€.2016.02.034.

Grambsch P M, Therneau T M. Proportional hazards tests and diag-
nostics based on weighted residuals. Biometrika 1994; 81: 515-26.
WOS:A1994PP36700006.

Fine J P, Gray R J. A proportional hazards model for the subdistri-
bution of a competing risk. ] Am Stat Assoc 1999; 94: 496-509. doi:
10.2307/2670170.

Austin P C, Fine J P. Practical recommendations for reporting Fine—
Gray model analyses for competing risk data. Stat Med 2017; 36: 4391-
400. doi: 10.1002/sim.7501.

Lehtimaki K, Rasmussen J V, Mokka J, Salomonsson B, Hole R,
Jensen S L, et al. Risk and risk factors for revision after primary reverse
shoulder arthroplasty for cuff tear arthropathy and osteoarthritis: a Nordic
Arthroplasty Register Association study. J Shoulder Elbow Surg 2018;
27(9): 1596-1601. doi: 10.1016/j.jse.2018.02.060.

. LuV, Jegatheesan V, Patel D, Domos P. Outcomes of acute vs. delayed

reverse shoulder arthroplasty for proximal humerus fractures in the
elderly: a systematic review and meta-analysis. J Shoulder Elbow Surg
2023; 32(8): 1728-39. doi: 10.1016/j.js¢.2023.03.006.

. Gill D R, Gill S D, Corfield S, Holder C, Page R S. Primary inlay

reverse shoulder arthroplasty has a higher rate of revision than onlay
reverse shoulder arthroplasty: Analysis from the Australian Orthopaedic
Association National Joint Replacement Registry. Shoulder Elbow 2023;
15: 75-81. doi: 10.1177/17585732221122275.

Page R, Beazley J, Graves S, Rainbird S, Peng Y. Effect of gleno-
sphere size on reverse shoulder arthroplasty revision rate: an analysis
from the Australian Orthopaedic Association National Joint Replacement
Registry (AOANJRR). J Shoulder Elbow Surg 2022; 31(6): €289-e301.
doi: 10.1016/j.jse.2021.11.013.

Zumstein M A, Pinedo M, Old J, Boileau P. Problems, complica-
tions, reoperations, and revisions in reverse total shoulder arthroplasty:
a systematic review. J Shoulder Elbow Surg 2011; 20(1): 146-57. doi:
10.1016/j.jse.2010.08.001.

Florschiitz A V, Lane P D, Crosby L A. Infection after primary anatomic
versus primary reverse total shoulder arthroplasty. J Shoulder Elbow
Surg 2015; 24(8): 1296-301. doi: 10.1016/j.jse.2014.12.036.

. Phadnis J, Huang T, Watts A, Krishnan J, Bain G I. Cemented or

cementless humeral fixation in reverse total shoulder arthroplasty? A sys-
tematic review. Bone Joint J 2016; 98-B(1): 65-74. doi: 10.1302/0301-
620X.98B1.36336.

Rossi L A, Tanoira I, Ranalletta M, Kunze K N, Farivar D, Perry A,
et al. Cemented vs. uncemented reverse shoulder arthroplasty for proxi-
mal humeral fractures: a systematic review and meta-analysis. J Shoulder
Elbow Surg 2022; 31(3): e101-e119. doi: 10.1016/j.jse.2021.10.011.



Acta Orthopaedica 2024; 95: 463—471

471

19. Kristensen T B, Dybvik E, Kristoffersen M, Dale H, Engesater
L B, Furnes O, et al. Cemented or uncemented hemiarthroplasty
for femoral neck fracture? Data from the Norwegian Hip Fracture
Register. Clin Orthop Relat Res 2020; 478(1): 90-100. doi: 0.1097/

CORR.0000000000000826.

20. Fevang B T, Lie S A, Havelin L I, Skredderstuen A, Furnes O. Risk
factors for revision after shoulder arthroplasty: 1,825 shoulder arthro-
plasties from the Norwegian Arthroplasty Register. Acta Orthop 2009;

80: 83-91. doi: 10.1080/17453670902805098.

21. Alberio R L, Landrino M, Fornara P, Grassi F A. Short-term outcomes
of the Grammont reverse shoulder arthroplasty: comparison between
first and second generation Delta prosthesis. Joints 2021; 7: 141-7. doi:

10.1055/5-0041-1731010.

22. Dolci A, Melis B, Verona M, Capone A, Marongiu G. Complications
and intraoperative fractures in reverse shoulder arthroplasty: a systematic
review. Geriatr Orthop Surg Rehabil 2021; 12: 21514593211059865. doi:

10.1177/21514593211059865.

Appendix

Previous surgery
Humeral fixation

Duration of surgery

DAG diagram for the selection of variables with design/brand as
exposure.

23.

24.

25.

26.

Larose G, Fisher N D, Gambhir N, Alben M G, Zuckerman J D, Virk
M S, et al. Inlay versus onlay humeral design for reverse shoulder arthro-
plasty: a systematic review and meta-analysis. J Shoulder Elbow Surg
2022; 31(11): 2410-20. doi: 10.1016/j.jse.2022.05.002.

Werthel J D, Walch G, Vegehan E, Deransart P, Sanchez-Sotelo J,
Valenti P. Lateralization in reverse shoulder arthroplasty: a descrip-
tive analysis of different implants in current practice. Int Orthop 2019;
43(10): 2349-60. doi: 10.1007/s00264-019-04365-3.

Espehaug B,Furnes O,Havelin L1, Engesaeter LB, Vollset S E, Kinds-
eth O. Registration completeness in the Norwegian Arthroplasty Regis-
ter. Acta Orthop 2006; 77: 49-56. doi: 10.1080/17453670610045696.

Valsamis E M, Collins G S, Pinedo-Villanueva R, Whitehouse M R,
Rangan A, Sayers A, et al. Association between surgeon volume and
patient outcomes after elective shoulder replacement surgery using data
from the National Joint Registry and Hospital Episode Statistics for
England: population based cohort study. BMJ 2023; 381: e075355. doi:
10.1136/bmj-2023-075355.

Pl
Revision

Implant design

Previous surgery

Humeral fixm*

Duration of surgery

DAG diagram for the selection of variables for analyses of each
diagnosis separately with humeral stem fixation as exposure.



