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Background: Although reverse total shoulder arthroplasty (RTSA) is considered a viable treatment strategy for proximal humeral frac-
tures, there is an ongoing discussion of how its revision rate compares with indications performed in the elective setting. First, this study
evaluated whether RTSA for fractures conveyed a higher revision rate than RTSA for degenerative conditions (osteoarthritis, rotator cuff
arthropathy, rotator cuff tear, or rheumatoid arthritis). Second, this study assessed whether there was a difference in patient-reported
outcomes between these 2 groups following primary replacement. Finally, the results of conventional stem designs were compared
with those of fracture-specific designs within the fracture group.
Materials and methods: This was a retrospective comparative cohort study with registry data from the Netherlands, generated prospec-
tively between 2014 and 2020. Patients (aged � 18 years) were included if they underwent primary RTSA for a fracture (<4 weeks after
trauma), osteoarthritis, rotator cuff arthropathy, rotator cuff tear, or rheumatoid arthritis, with follow-up until first revision, death, or the
end of the study period. The primary outcome was the revision rate. The secondary outcomes were the Oxford Shoulder Score, EuroQol
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5 Dimensions (EQ-5D) score, numerical rating scale score (pain at rest and during activity), recommendation score, and scores assessing
change in daily functioning and change in pain.
Results: This study included 8753 patients in the degenerative condition group (mean age, 74.3 � 7.2 years) and 2104 patients in the
fracture group (mean age, 74.3 � 7.8 years). RTSA performed for fractures showed an early steep decline in survivorship: Adjusted for
time, age, sex, and arthroplasty brand, the revision risk after 1 year was significantly higher in these patients than in those with degen-
erative conditions (hazard ratio [HR], 2.50; 95% confidence interval, 1.66-3.77). Over time, the HR steadily decreased, with an HR of
0.98 at year 6. Apart from the recommendation score (which was slightly better within the fracture group), there were no clinically
relevant differences in the patient-reported outcome measures after 12 months. Patients who received conventional stems (n ¼ 1137)
did not have a higher likelihood of undergoing a revision procedure than those who received fracture-specific stems (n ¼ 675) (HR,
1.70; 95% confidence interval, 0.91-3.17).
Conclusion: Patients undergoing primary RTSA for fractures have a substantially higher likelihood of undergoing revision within the
first year following the procedure than patients with degenerative conditions preoperatively. Although RTSA is regarded as a reliable and
safe treatment option for fractures, surgeons should inform patients accordingly and incorporate this information in decision making
when opting for head replacement surgery. There were no differences in patient-reported outcomes between the 2 groups and no dif-
ferences in revision rates between conventional and fracture-specific stem designs.
Level of evidence: Level III; Retrospective Cohort Comparison Using Large Database; Prognosis Study
� 2023 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.

Keywords: Reverse total shoulder arthroplasty; fractures; degenerative conditions; revision rate; patient-reported outcome measures;
decision-making; conventional versus fracture-specific humeral component
Reverse total shoulder arthroplasty (RTSA) is a well-
accepted treatment option for a vast array of debilitating
traumatic, degenerative, and autoimmune orthopedic dis-
orders of the shoulder (eg, osteoarthritis and cuff arthrop-
athy). It is unclear, however, whether these different
indications also portend different outcomes in the setting of
primary arthroplasty.7,11 One could argue that fractures of
the proximal humerus treated with RTSA yield inferior
results compared with degenerative conditions because
patients with such fractures could present with concomitant
vascular injuries, less available bone stock, concomitant
tuberosity fractures, and a compromised preoperative
workup time to optimize health conditions.6,7,9 Moreover,
an analogy to total hip arthroplasty may exist given that
femoral neck fractures are associated with higher compli-
cation and readmission rates than hip osteoarthritis.17,22

Several studies have compared traumatic vs. non-
traumatic indications for RTSA, but each investigation has
differed slightly from the other investigations with respect to
design, exclusion criteria, and/or outcome.4,5,8,11,13,14,16 One
study compared patients with fractures vs. those with cuff
tear arthropathy in a large cohort from a national database
and showed that fractures treated with RTSAwere associated
with more short-term complications and discharges to
extended-care facilities.13 Another study compared fractures
with elective indications but revealed no differences in
adverse events and functional outcomes at a mean follow-up
of >3 years.5 Although both of these studies provide valu-
able insights, the applicability of the findings remains
limited: The first study lacked long-term outcomes, and the
second study included just 1 arthroplasty brand and the
procedures were carried out by a small number of surgeons.

More evidence is therefore needed to confirm whether
RTSA for fractures yields different outcomes than RTSA for
degenerative conditions. Filling this gap in knowledge may
allow hospitals to better manage their (financial) resources
and may allow surgeons to pinpoint areas for improvement
and optimize patient counseling. The first aim of this study
was to evaluate whether RTSA for fractures conveyed a
higher revision rate than RTSA for degenerative conditions
(osteoarthritis, rotator cuff arthropathy, rotator cuff tear, or
rheumatoid arthritis). The second aim was to assess whether
a difference in patient-reported outcomes was observed be-
tween these 2 groups after primary replacement. The third
aim was to compare the outcomes (revision rate and patient-
reported outcomes) between conventional and fracture-
specific humeral component designs in the fracture group.
Materials and methods

Setting and study design

This was a retrospective comparative cohort study using register
data from the Netherlands. The Dutch Arthroplasty Register
(Landelijke Registratie Orthopedische Interventies [LROI]) is a
nationwide collaboration that prospectively collects data and
monitors joint replacements. The register was initiated in 2007,
and data on primary shoulder arthroplasty procedures and/or
revision surgery have been gathered since 2014. Responsiveness
increased rapidly, and in 2020, the level of completeness of
shoulder arthroplasty registrations reached almost 96%.3 Deaths
are also documented, and mortality data are actively retrieved by
Vektis (the Dutch national insurance database for health care,
which records deceased citizens).25 To date, 32 different RTSA
brands have been included in the register and the surgical pro-
cedures have been performed in 92 private, general, or university
hospitals. In 2020, documentation of patient-reported outcome
measures (PROMs) following arthroplasty was officially
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incorporated in the national guidelines by the Dutch Orthopaedic
Association. Shoulder PROMs are collected preoperatively (�182
days prior to surgery), at 3 months postoperatively (range, 63-110
days), and at 12 months postoperatively (range, 323-407 days),
filled out electronically or on paper by patients. Data on surgical
procedures are captured by standardized forms (1 form for pri-
mary procedures and 1 form for revisions) that are filled out after
the procedure by the attending orthopedic surgeon and theater
staff.
Population

Patients (aged � 18 years) were included if they underwent pri-
mary RTSA for a fracture (RTSA insertion <4 weeks after
trauma), osteoarthritis, rotator cuff arthropathy, rotator cuff tear, or
rheumatoid arthritis between the start of 2014 and January 1,
2021, with follow-up until first revision, death, or the end of the
study period. Patients who underwent RTSA for post-traumatic
fracture sequelae or osteonecrosis were excluded. There were no
restrictions on length of follow-up and arthroplasty brand. Two
groups were compared: acute fractures and degenerative condi-
tions. The former group (fracture cohort) consisted of patients
who required RTSA following an acute fracture; the latter group
(degenerative condition cohort) comprised patients who under-
went RTSA for the treatment of osteoarthritis, rotator cuff
arthropathy, rotator cuff tear, and/or rheumatoid arthritis. Within
the study period, 10,882 patients underwent primary RTSA, of
whom 25 were excluded for various reasons: age < 18 years
(n ¼ 4), unknown age (n ¼ 7), incorrectly documented age
(n ¼ 3), and missing data on primary arthroplasty (n ¼ 11).

Variables and data collection

The following variables were collected: hospital (anonymized),
side, sex, age, RTSA indication, American Society of Anesthesi-
ologists (ASA) score, previous surgery, type of previous surgery
(eg, osteosynthesis or rotator cuff repair), Walch classification,
body mass index (BMI), smoking status, type of fixation
(cemented or cementless), arthroplasty brand, surgical approach,
and humeral component design (conventional or fracture-specific
design, based on the metaphyseal component in modular RTSAs).

Outcome measures

The primary outcome measure was the revision rate. Revision was
defined as a reoperation in which any of the components were
removed, exchanged, or adjusted (with or without bone grafting).
The secondary outcome measures comprised the following
PROMs: Oxford Shoulder Score (OSS), quality of life as
measured by the EuroQol 5 Dimensions (EQ-5D) 3-level ques-
tionnaire and thermometer, numerical rating scale score (pain at
rest and during activity), and recommendation score, as well as an
anchor question for change in daily functioning and an anchor
question for change in pain. The OSS ranges from 0 to 48 and
measures shoulder pain and disability using 12 items; a total score
of 48 indicates no symptoms, whereas 0 indicates severe limita-
tions in functional abilities. The EQ-5D index covers 5 dimensions
related to patients’ quality of life and ranges from �0.329 to 1.
The EQ-5D thermometer allows patients to rate their own health
on a scale from 0 to 100. For both EQ-5D instruments, a higher
score indicates a better outcome. For the numerical rating scale
score assessing pain at rest and during activity, patients rate their
pain level using a score from 0 to 10, with 10 indicating the worst
possible pain and 0 indicating the absence of pain. The recom-
mendation score consists of a single question asking the patient to
what extent he or she would recommend a joint replacement to a
friend or relative via a 5-point Likert scale (1 indicates strongly
advised against joint replacement; 3, neutral; and 5, strongly
recommended joint replacement). For the anchor questions (with
scores ranging from 1 to 7), patients are asked to compare their
pain or functioning in daily life with their preoperative situation;
the higher the score, the better the improvement (1
indicates severely deteriorated; 4, unchanged; and 7, strongly
improved).

Power analysis

Power calculations were performed using PASS software (NCSS,
Kaysville, UT, USA) and were conducted prior to the start of this
study. The degenerative condition group was estimated to be 4
times larger than the fracture group. The work of Crespo et al5 was
used as a reference for this power analysis. Calculations were
performed accounting for a 10% rate of loss to follow-up. To
identify a significant difference on the log-rank test for the sur-
vival analysis, 5859 patients were required to be included,
comprising one group consisting of �4688 patients (137 events)
and the other group consisting of 1171 patients (34 events)
(a ¼ .05, b ¼ .20).

Statistical analysis

IBM SPSS software (version 27; IBM, Armonk, NY, USA) was
used for statistical analysis. Continuous demographic variables
were presented as either medians with ranges or means with
standard deviations depending on their distribution. Categorical
variables were presented as numbers with percentages. To assess
survival, a Kaplan-Meier curve was generated with all revisions
coded as event (¼ revision). Additionally, a competing risk
analysis was performed to examine the crude incidence of revision
where death was a competing risk. A log(�log) plot was used to
test the proportional hazards assumption.

Prior to the start of the analyses, 5 potential confounders were
identified: age, sex, hospital, ASA score, and arthroplasty brand.
Each of these variables, in a stepwise procedure, was added to a
multivariable model with revision as the dependent variable and
indication (degenerative condition vs. fracture) as the independent
variable to determine whether the odds ratio (OR) for indication
would change when a variable was added. Significant predictors,
as well as variables inducing an OR change > 10%, were deemed
confounders and were thus added to the cause-specific Cox
regression model.2 A time-dependent covariate was added to the
model to adjust for violation of proportional hazards (if present).12

Hazard ratios (HRs) were presented with 95% confidence intervals
(CIs), and P < .05 was considered significant.

To assess differences in the PROMs (secondary outcome) at
different time points (preoperatively, 3 months postoperatively,
and 12 months postoperatively) between the 2 groups, a linear
mixed-effects model for each PROM was carried out (with time
and indication as main effects). The endpoint was revision, so



Table I Distribution of RTSA indications within cohort
(N ¼ 10,857)

n (%)

Osteoarthritis 3957 (36.4)
Cuff arthropathy 3676 (33.9)
Acute fracture 2104 (19.4)
Irreparable cuff tear 808 (7.4)
Rheumatoid arthritis 312 (2.9)

RTSA, reverse total shoulder arthroplasty.
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PROMs collected after revision procedures were excluded from
analysis. First, the models were run with a random intercept;
second, they were run with a random intercept and slope. The
best-fitting model was used (based on �2LL), and subsequently,
an interaction term of Time � Indication was added to assess
differences over time. A standard variance components covariance
structure was used for the random factors, and the final model was
performed with the restricted maximum likelihood. Because of the
overall low PROM response rate, demographic variables were
compared between the patients who completed the questionnaires
and those who did not.

To determine the minimal clinically important difference
(MCID), patients were classified into 3 groups: unchanged (anchor
question score of 1-4), changed (anchor question score of 5 or 6),
or strongly improved (anchor question score of 7). In line with
other studies, our study defined the MCID as the differential be-
tween the unchanged group and the changed group, so patients
who reported a strong improvement were excluded.23,24 An in-
dependent t test was used to compare the mean values of the
unchanged and changed groups at 3 months and 1 year post-
operatively. Analyses were not stratified for indication.
Results

Demographic characteristics

In this study, 10,857 patients were included, of whom 8753
underwent RTSA for degenerative conditions (predomi-
nantly osteoarthritis or cuff arthropathy) and 2104 under-
went RTSA for fractures (Table I). The median follow-up
period was similar in the 2 groups: 2.23 years (range, 0-7
years) for those with degenerative conditions and 2.25 years
(range, 0-7 years) for those with fractures. In the degener-
ative condition group, the mean age of the patients was
74.3 � 7.2 years and most of the patients were women
(73.9%); in the fracture cohort, the mean age was
74.3 � 7.8 years and an even greater percentage of patients
were women (85.3%). Besides age and BMI, all other pa-
rameters (sex, side, ASA score, Walch classification,
smoking status, type of fixation, and surgical approach)
were significantly different at baseline (P < .001) (Table
II).

Revision rate

The revision rate in both groups was 3.1%. In the fracture
cohort, patients required a reoperation on average at 64
days (range, 1-1555 days) after primary arthroplasty,
whereas patients with degenerative conditions underwent
revision at a mean of 260 days (range, 1-2402 years) after
primary arthroplasty. Among all fracture patients who
required revision, the most common reason for reoperation
was instability (56.9%) at final follow-up (7 years). Among
the patients with degenerative conditions, infection was
most frequently reported (38.8%) (Supplementary Tables
S1 and S2). The unadjusted Kaplan-Meier curve showed
an overall revision rate of 4.3% (95% CI, 3.8-5.0) for
degenerative conditions (competing risk, 17.1%; 95% CI,
15.6-18.7) and an overall revision rate of 3.6% (95%
CI, 2.8%-4.7%) for fractures (competing risk, 28.2%; 95%
CI, 24.5%-32.5%) after 6 years (Table III, Supplementary
Table S3). RTSAs performed for fractures showed an
early steep decline in survivorship, and the fracture curve
intersected the degenerative condition curve at 3.6 years
(Fig. 1). Crossover was also seen in the log survival curve;
hence, the assumption of proportional hazards was violated.
Next, multivariable analysis was performed and revealed
age, sex, and brand as confounders. The cause-specific Cox
proportional hazards regression analysis was thus
controlled for a time-dependent effect of indication and
these confounders. The model demonstrated that patients
with fractures exhibited a significantly higher likelihood of
undergoing revision, particularly in the first year after the
primary surgical procedure (HR, 2.50; 95% CI, 1.66-3.77).
Over time, the hazards for undergoing revision in the
fracture group decreased, with an HR of 0.98 at year 6
(Fig. 1, Table III, Supplementary Table S4).

Patient-reported outcome measures

Apart from the recommendation score (measuring to what
extent one would recommend joint replacement to a friend
or relative) at 12 months in favor of the fracture group,
there were no clinically relevant differences at follow-up
between the degenerative condition cohort and the fracture
cohort with respect to the PROMs. At 1 year post-
operatively, the OSS reached 35.7 points in the degenera-
tive condition group and 35.5 points in the fracture group
(Table IV, Supplementary Table S5).

Conventional vs. fracture-specific stems

In the acute fracture group, 1137 patients received con-
ventional stem designs (mean age, 74.3 � 7.8 years) and
675 patients received fracture-specific stem designs (mean
age, 74.8 � 7.6 years), with baseline differences in sex,
Walch classification, type of fixation, and surgical approach
(Supplementary Tables S6 and S7). Conventional designs
yielded 41 revisions (3.6%) whereas fracture-specific



Table II Demographic variables at baseline

Degenerative condition (n ¼ 8753) Acute fracture (n ¼ 2104) P value

Age, yr 74.3 � 7.2 74.3 � 7.8 .72
Sex <.001
Female 6468 (73.9) 1794 (85.3)
Male 2282 (26.1) 310 (14.7)

Side <.001
Right 5266 (60.2) 1141 (54.2)
Left 3487 (39.8) 963 (45.8)

ASA score <.001
I 447 (5.1) 112 (5.3)
II 5305 (60.6) 1143 (54.3)
III or IV 2916 (33.3) 813 (38.6)

Walch classification <.001
A1 3867 (44.2) 987 (46.9)
A2 2385 (27.2) 72 (3.4)
B1-B3 1757 (20.1) 50 (2.3)
C 115 (1.3) 7 (0.3)
No osteoarthritis 176 (2.0) 791 (37.6)

BMI 28.2 � 5.0 28.1 � 5.6 .76
Smoking status 669 (7.6) 282 (13.4) <.001
Previous surgery 1462 (16.7) 66 (3.1) <.001
Fixation <.001
Cementless 7676 (87.7) 456 (21.7)
Cemented 1052 (12.0) 1645 (78.3)

Surgical approach <.001
Deltopectoral 5406 (61.8) 1417 (67.3)
Anterosuperior 3180 (36.3) 584 (27.8)
Other 147 (1.7) 98 (4.7)

RTSA survivorship, yr 2.23 (0.00-7.00) 2.25 (0.00-7.00) <.001

ASA, American Society of Anesthesiologists; BMI, body mass index; RTSA, reverse total shoulder arthroplasty.

Data are presented as mean � standard deviation, median (range), or number (percentage).
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designs yielded 13 revisions (1.9%), with instability as the
most common reason for reoperation (Supplementary Table
S8). At 4 years after the primary procedure, the revision
rate adjusted for age and sex was 3.0% for conventional
stems and 1.8% for fracture-specific stems. As shown by a
cause-specific Cox regression model, however, conven-
tional designs were not more likely to require a revision
procedure (HR, 1.70; 95% CI, 0.91-3.17) (Fig. 2). PROMs
were compared via a linear mixed-effects model with a
random intercept, and only the score assessing change in
daily functioning showed a significant difference (patients
with fracture-specific designs scored 4.8 points at 1 year
postoperatively, 1.3 points higher than those with conven-
tional stems). All other PROMs did not produce statistically
significant differences (Table V).
Discussion

This study analyzed data from the Dutch Arthroplasty
Register to assess whether RTSA for fractures conveyed a
higher revision rate than RTSA for degenerative conditions
and whether one of these indications (fracture or degener-
ative conditions) portended inferior patient-reported out-
comes following primary RTSA. After adjustment for time,
age, sex, and brand, we found that patients with fractures
were more likely to require a revision procedure at 1 year
after the primary procedure, with an HR of 2.5. However,
no differences in PROMs could be detected before revision
was needed. A subanalysis of the fracture group indicated
that conventional stem designs did not produce greater
hazards for undergoing revision compared with fracture-
specific stems, and apart from a lower perception of daily
functioning, there were no differences in all patient-
reported outcomes.

Revision rate

Patients with fractures had a higher likelihood of under-
going a revision procedure than patients with degenerative
conditions (HR, 2.50) at 1 year after primary RTSA. In a
study carried out in 2021, the authors compared fractures
vs. elective preoperative conditions (osteoarthritis, rotator
cuff arthropathy, irreparable rotator cuff tears, rheumatoid



Table III Cumulative crude revision rates and adjusted HRs according to indication

Degenerative condition Fracture HR

Cumulative revision
rate (per Kaplan-Meier analysis), %

At risk Cumulative revision rate
(per Kaplan-Meier analysis), %

At risk Crude Adjusted

1 yr 2.0 (1.7-2.3) 7223 2.7 (2.1-3.6) 1577 1.69 2.50
2 yr 2.7 (2.4-3.1) 5455 3.2 (2.5-4.1) 1146 1.14 1.74
3 yr 3.2 (2.8-3.6) 3947 3.5 (2.7-4.4) 788 0.91 1.41
4 yr 3.6 (3.2-4.1) 2590 3.5 (2.7-4.4) 499 0.77 1.21
5 yr 4.1 (3.6-4.6) 1519 3.6 (2.8-4.7) 272 0.68 1.08
6 yr 4.3 (3.8-5.0) 623 3.6 (2.8-4.7) 106 0.61 0.98

HR, hazard ratio.

Cumulative revision rate is presented as percentage (95% confidence interval). HRs were adjusted for a time-dependent covariate, age, sex, and brand.

Figure 1 Crude survival curve according to primary indication with hazard ratios (HRs) adjusted for time-dependent covariate, age, sex,
and brand.
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arthritis, avascular necrosis, and trauma sequelae) and
found revision rates of 2.9% in the fracture group and 4.6%
in the elective condition group (nonsignificant difference).5

Their work was very valuable as indicated by the reason-
ably long follow-up time (50 months for fractures and 46
months for elective procedures) and assessment of various
outcome measures (PROMs, range of motion, and intra-
operative and postoperative complications).5 However, a
survival analysis was lacking, so the question of whether
RTSA for fracture would lead to a higher revision rate
remained unanswered; moreover, given that the study only
included 108 patients in the fracture group, the results
should be interpreted cautiously. A recent systematic re-
view also explored this topic and compared several in-
dications separately (osteoarthritis, rotator cuff arthropathy,
irreparable rotator cuff tear, rheumatoid arthritis, fracture,
and revision).11 The mean time to follow-up in the fracture
cohort was 36 months, and complications occurred in 11%
of patients.11 What percentage of these complications led to
reoperations was not reported, so comparison to our study
is not possible.
Patient-reported outcome measures

Aside from a minimal difference in the recommendation
score at 12 months postoperatively (degenerative condi-
tions, 2.47; fractures, 3.03; MCID, 0.51), we did not
demonstrate any differences regarding the PROMs. A 2020
systematic review compared fractures vs. glenohumeral
osteoarthritis and revealed a lower Constant-Murley score
(CMS) in the fracture group (CMS of 55) compared with



Table IV Mean PROMs preoperatively and at 3 and 12 months postoperatively for indications of degenerative condition vs. fracture

Degenerative condition Fracture Mixed-effects model

Mean (95% CI) n Mean (95% CI) n b (95% CI) P value

Pain at rest (0 to 10)
Preoperatively 6.3 (6.1 to 6.4) 1597 6.3 (5.9 to 6.7) 152 �0.2 (�0.8 to 0.3) .41
3 mo postoperatively 2.2 (2.1 to 2.4) 1009 2.6 (2.0 to 3.2) 81 �0.6 (�1.2 to 0.1) .08
12 mo postoperatively 1.5 (1.4 to 1.6) 951 1.3 (0.9 to 1.8) 86 0.2 (�0.3 to 0.6) .52

Pain during activity (0 to 10)
Preoperatively 7.9 (7.8 to 8.0) 1597 8.2 (7.8 to 8.5) 152 �0.3 (�0.9 to 0.3) .32
3 mo postoperatively 3.7 (3.5 to 3.8) 1009 4.1 (3.5 to 4.7) 81 �0.4 (�1.0 to 0.3) .23
12 mo postoperatively 2.4 (2.3 to 2.6) 951 2.5 (1.9 to 3.0) 86 0.0 (�0.5 to 0.5) .98

EQ-5D index score (�0.329 to 1)
Preoperatively 0.53 (0.52 to 0.54) 1597 0.34 (0.30 to 0.38) 152 0.20 (0.16 to 0.25) <.001
3 mo postoperatively 0.71 (0.70 to 0.72) 1009 0.65 (0.60 to 0.69) 81 0.08 (0.03 to 0.12) .003
12 mo postoperatively 0.74 (0.73 to 0.75) 951 0.75 (0.71 to 0.79) 86 �0.02 (�0.06 to 0.02) .42

EQ-5D thermometer score (0 to 100)
Preoperatively 66.4 (65.5 to 67.3) 1597 58.3 (54.7 to 62.0) 152 10.1 (5.0 to 15.3) <.001
3 mo postoperatively 70.9 (69.6 to 72.2) 1009 69.4 (65.1 to 73.8) 81 4.9 (–0.8 to 10.6) .09
12 mo postoperatively 72.7 (71.5 to 73.9) 951 74.6 (70.2 to 78.9) 86 �2.3 (�6.8 to 2.1) .30

Oxford Shoulder Score (0 to 48)
Preoperatively 17.4 (17.0 to 17.8) 1597 10.4 (8.8 to 12.0) 152 7.3 (5.1 to 9.6) <.001
3 mo postoperatively 28.7 (28.1 to 29.4) 1009 23.5 (21.1 to 26.0) 81 5.7 (3.1 to 8.2) <.001
12 mo postoperatively 35.7 (35.0 to 36.3) 951 35.5 (33.3 to 37.7) 86 �0.2 (�2.2 to 1.8) .87

Recommendation score (1 to 5)
3 mo postoperatively 2.5 (2.4 to 2.6) 1083 2.8 (2.5 to 3.1) 88 0.0 (�0.3 to 0.3) .98
12 mo postoperatively 2.4 (2.3 to 2.5) 1027 3.0 (2.6 to 3.3) 92 �0.5 (�0.8 to �0.2) .002

Change in daily functioning (1 to 7)
3 mo postoperatively 5.3 (5.3 to 5.4) 1083 3.9 (3.5 to 4.2) 88 �0.2 (�0.5 to 0.2) .37
12 mo postoperatively 5.7 (5.6 to 5.8) 1027 4.0 (3.6 to 4.3) 92 1.6 (1.3 to 1.9) <.001

Change in pain (1 to 7)
3 mo postoperatively 5.8 (5.7 to 5.9) 1083 5.1 (4.8 to 5.5) 88 �0.2 (�0.5 to 0.1) .30
12 mo postoperatively 6.1 (6.0 to 6.1) 1027 5.3 (5.0 to 5.6) 92 0.8 (0.5 to 1.0) <.001

PROM, patient-reported outcome measure; CI, confidence interval; EQ-5D, EuroQol 5 Dimensions.

The b value with corresponding P value was derived from linear mixed modeling.
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the glenohumeral osteoarthritis group (CMS of 70).4 This
finding may indicate a benefit for elective indications, but
because our study also included other entities such as
rheumatoid arthritis, it is not surprising that we did not find
any differences. The work by Crespo et al5 revealeddin
line with our findingsdno differences in the CMS, the
Simple Shoulder Test score, the American Shoulder and
Elbow Surgeons shoulder score, or pain and disability
related to shoulder problems (Shoulder Pain and Disability
Index [SPADI]). In their review, Kennedy et al11 found a
high CMS in the glenohumeral osteoarthritis group but a
similar CMS across the other preoperative diagnoses (ro-
tator cuff arthropathy, rotator cuff tear, and rheumatoid
arthritis); the Simple Shoulder Test score, on the other
hand, was similar between the groups. It should be
acknowledged that these studies included different PROMs
than those in our study; in addition, the study by Crespo
et al included avascular necrosis and traumatic sequelae in
its elective cohort. Taken together, these findings seem to
indicate that glenohumeral osteoarthritis alone may yield
higher PROMs than the other indications for RTSA, but
when these indications are combined, differences are not
demonstrated.

The validity of PROMs in musculoskeletal research re-
mains a topic of ongoing debate. Unsurprisingly, this study
did not find differences in PROMs, which could be
explained by the myriad factors for which this study did not
adjust: the timing of filling out the questionnaires (un-
pleasant life events at the time of survey completion may
introduce bias), low responsiveness, baseline demographic
differences, and the fact that some complications requiring
reoperations have a rapid onset (eg, periprosthetic fracture
and dislocation). The occurrence of such an event after
questionnaire completion could have biased the PROMs.

Conventional vs. fracture-specific stems

In a recent systematic review, the authors pooled the
outcome measures for non-fracture and fracture-specific
stems.15 They found a higher American Shoulder and



Figure 2 Survival curve adjusted for age and sex displaying conventional vs. fracture-specific humeral designs among patients who
underwent arthroplasties for fractures. HR, hazard ratio.
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Elbow Surgeons score with better forward flexion and
external rotation, as well as a higher rate of greater tuber-
osity healing, in patients who received fracture-specific
stems. The heterogeneity of the population is noteworthy,
as are the limited sample size (138 conventional designs vs.
192 fracture designs) and the inclusion of both RTSAs and
hemiarthroplasties.15 We acknowledge that our study may
have introduced selection bias (as the RTSA design was
unknown in 12.2% of cases) and that the absence of tu-
berosity healing as an outcome is a flaw. Nevertheless, our
study did not show any differences regarding revision rate
between conventional and fracture-specific stems. It should
be underscored that a randomized controlled trial would be
the most appropriate next step before guidelines for prac-
tice can be changed.

Implications for practice

RTSA for complex proximal humeral fractures in the
absence of major comorbidities has become the treatment
of choice in active geriatric patients; hence, the number of
procedures is likely to increase further in the coming
years.1 In practice, our findings can be used for surgical
decision making (RTSA does not come without risks),
management of patient expectations (known to influence
shoulder arthroplasty outcomes), and the evaluation of ex-
pected health care costs and resource utilization by insur-
ance companies and hospitals.18,19 The outcomes of the
various preoperative conditions in the literature should not
be synthesized, and although there were no differences in
PROMs, this study should spark a discussion on improving
RTSA outcomes in the setting of a fracture: How can we
reduce the early revision rate owing to instability? Possible
explanations are soft-tissue tensioning (eg, subscapularis
repair), implant positioning (more challenging in the frac-
ture setting), and tuberosity healing.10,20 Further in-
vestigations are warranted: We advise repeating this work
in a few years, allowing for the 10-year outcomes to be
evaluated. We also advise incorporating other relevant
clinical outcomes such as the earlier discussed complica-
tion profiles, range-of-motion evaluation, and radiographic
assessment into future study designs.

Strengths and limitations

Revision as the primary endpoint is regarded as a well-
defined and accepted outcome measure within the field of
arthroplasty, so one can argue that our ability to conduct a
time-to-event analysis on this variable is unique and a
strength of this study. Other strengths are the high number
of patients included, the high volume of participating
hospitals (and thus a wide range of different surgeons), the
long follow-up time, and the excellent registration rate (in
2020, 96% of all shoulder arthroplasties performed by or-
thopedic surgeons were registered). Our study’s applica-
bility to clinical practice is therefore high.

Some limitations should be considered and fostered
while reading our work. First, the completeness of PROMs
is unfortunately quite low: Collection of these question-
naires started relatively late as it took time to gain



Table V Subanalysis of PROMs in fracture cohort: conventional vs. fracture-specific humeral component designs

Conventional design Fracture-specific design Mixed-effects model

Mean (95% CI) n Mean (95% CI) n b (95% CI) P value

Pain at rest (0 to 10)
Preoperatively 6.3 (5.8 to 6.8) 82 6.2 (5.3 to 7.1) 34 �0.7 (�2.2 to 0.7) .33
3 mo postoperatively 2.7 (1.9 to 3.5) 46 2.2 (1.0 to 3.4) 20 �0.3 (�1.9 to 1.2) .66
12 mo postoperatively 1.7 (1.1 to 2.3) 45 0.9 (�0.3 to 2.0) 17 0.7 (�0.5 to 2.0) .25

Pain during activity (0 to 10)
Preoperatively 8.3 (7.8 to 8.8) 82 7.5 (6.7 to 8.3) 34 �0.9 (�2.4 to 0.7) .28
3 mo postoperatively 4.4 (3.5 to 5.2) 46 3.1 (2.0 to 4.2) 20 �0.4 (�2.0 to 1.3) .66
12 mo postoperatively 2.8 (2.0 to 3.5) 45 1.4 (0.3 to 2.4) 17 1.2 (�0.1 to 2.5) .06

EQ-5D index score (�0.329 to 1)
Preoperatively 0.32 (0.26 to 0.38) 82 0.42 (0.33 to 0.52) 34 0.01 (�0.11 to 0.14) .85
3 mo postoperatively 0.63 (0.57 to 0.69) 46 0.70 (0.62 to 0.79) 20 0.00 (�0.14 to 0.13) .97
12 mo postoperatively 0.73 (0.68 to 0.78) 45 0.81 (0.73 to 0.88) 17 �0.09 (�0.20 to 0.03) .15

EQ-5D thermometer (0 to 100)
Preoperatively 59.0 (54.0 to 64.0) 82 63.4 (55.7 to 71.0) 34 0.6 (�11.8 to 13) .92
3 mo postoperatively 67.8 (61.8 to 73.8) 46 73.3 (65.1 to 81.5) 20 8.4 (�4.4 to 21.1) .20
12 mo postoperatively 73.1 (67.4 to 78.9) 45 75.1 (65.6 to 84.5) 17 1.9 (�9.5 to 13.3) .74

Oxford Shoulder Score (0 to 48)
Preoperatively 10.8 (8.3 to 13.3) 82 10.7 (8.5 to 12.8) 34 5.4 (�1.1 to 11.9) .10
3 mo postoperatively 24.4 (21.0 to 27.8) 46 25.4 (20.6 to 30.2) 20 2.9 (�4.1 to 9.9) .41
12 mo postoperatively 33.8 (30.6 to 37.0) 45 37.8 (34.3 to 41.4) 17 �4.6 (�10.1 to 1.0) .11

Recommendation score (1 to 5)
3 mo postoperatively 2.9 (2.5 to 3.3) 51 2.6 (2.0 to 3.2) 21 0.0 (�0.6 to 0.7) .90
12 mo postoperatively 3.5 (3.1 to 4.0) 50 2.9 (2.2 to 3.7) 18 0.5 (�0.3 to 1.2) .23

Change in daily functioning (1 to 7)
3 mo postoperatively 3.9 (3.5 to 4.4) 51 3.9 (3.0 to 4.8) 21 1.2 (0.1 to 2.4) .03
12 mo postoperatively 3.5 (3.0 to 4.0) 50 4.8 (4.2 to 5.5) 18 �1.2 (�2.1 to �0.3) .008

Change in pain (1 to 7)
3 mo postoperatively 5.2 (4.8 to 5.7) 51 5.0 (4.3 to 5.8) 21 0.2 (�0.7 to 1.1) .68
12 mo postoperatively 5.2 (4.8 to 5.7) 50 5.2 (4.5 to 5.8) 18 0.0 (�0.8 to 0.9) .91

PROM, patient-reported outcome measure; CI, confidence interval; EQ-5D, EuroQol 5 Dimensions.

The b value with corresponding P value was derived from linear mixed modeling.
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awareness and incorporate them as standard of care. There
were also differences in demographic characteristics be-
tween patients with missing PROMs and those with non-
missing PROMs: In the degenerative condition group, there
were slight differences in age, sex, and ASA score. In the
fracture group, statistically significant differences in age
and BMI were present (Supplementary Table S9). Second,
the study findings are based on the Dutch population, so
whether our findings are also valid on a global scale is
unknown. Third, there were differences in baseline de-
mographic characteristics with respect to the ASA score
and previous surgery, which could have made surgeons
decide not to opt for revision procedures in low-demanding
older adults, potentially underestimating the revision
requirement. The comorbidities of the patients were also
unknown and could have influenced the outcomes (number
of comorbidities is associated with lower outcomes).21

Fourth, because of the many participating hospitals and
included brands, the subanalysis on design could not be
adjusted for these factors. Moreover, mixed-effects
modeling on the PROMs was performed without a
random slope owing to the limited PROM availability.
Fifth, revision was registered only when one of the
arthroplasty components was exchanged. Thus, the revision
rate in the fracture group was likely underestimated
because periprosthetic fractures are sometimes managed
with plate fixation only. Finally, confounding may have
been introduced because revision surgery depends on
multiple factors that are not all included in the register (eg,
surgical technique and surgeon’s experience).
Conclusion
Patients with fractures are more likely to require revision
procedures compared with patients with degenerative
conditions when they are treated with RTSA, particu-
larly within the first year after the primary procedure.
Although RTSA is regarded as a reliable, quick, and safe
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treatment option for fractures, surgeons should inform
patients accordingly and incorporate this information in
decision making when opting for head replacement
surgery. No differences in PROMs were revealed, and
fracture-specific stem designs did not yield lower revi-
sion rates than conventional stems.
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