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Background: The purpose of this study was to define an age cutoff at which clinical outcomes and revi-
sion rates differ for patients undergoing primary anatomic total shoulder arthroplasty (TSA) and patients
undergoing primary reverse shoulder arthroplasty (RSA).

Methods: This retrospective cohort study included 1250 primary shoulder arthroplasties (1131 patients)
with minimum 2-year clinical follow-up (mean, 50 months [range, 24-146 months]). TSA (n = 518;
mean age, 68.1 years [range, 28-90 years]) was performed for osteoarthritis in most cases (99%),
whereas the primary diagnoses for RSA (n = 732; mean age, 70.8 years [range, 22-91 years]) included
rotator cuff arthropathy (35%), massive cuff tear without osteoarthritis (29.8%), and osteoarthritis
(20.5%). Outcomes included range of motion, the American Shoulder and Elbow Surgeons (ASES)
score, and the revision rate. The relationship between age at the time of surgery in 5-year increments
(46-50 years, 51-55 years, and so on) and the revision rate was examined to identify the age cutoff;
this was then used to assess clinical outcomes.

Results: In patients younger than 65 years, TSA was associated with a 3.4-fold increased risk of revision
(P =.01). RSA performed in patients younger than 60 years was associated with a 4.8-fold increased risk
of revision (P <.001). TSA patients aged 65 years or older and RSA patients aged 60 years or older had
better total ASES scores (82 vs. 77 [P = .03] and 72 vs. 62 [P = .002], respectively) and better internal
rotation (interquartile range, TSA 5-6 vs. 4-5 [P = .002] and RSA 4-5 vs 3-4 [P = .04])—where 6 rep-
resents T4 to T6 and 4 represents T11 to L1—than their younger counterparts.

Conclusion: Age at index arthroplasty affects outcomes and the risk of revision. Primary TSA patients
younger than 65 years and RSA patients younger than 60 years have a significantly increased revision
risk. These age cutoffs are also correlated with differences in ASES scores and internal rotation.
Level of evidence: Level III; Retrospective Cohort Comparison; Treatment Study
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encountered increase is attributed to the expanding in-
dications for multiple shoulder pathologies including frac-
ture, osteoarthritis (OA), cuff tear arthropathy, and massive
cuff tear (MCT) without arthritis.>***>>  With these
expanding indications and improved results, shoulder
arthroplasty has been performed in increasingly younger
patients over the past several years.'” Recently, Padegimas
et al'” has shown that the demand for shoulder arthroplasty
is projected to substantially increase by 2030 in the younger
patient (aged < 55 years).

The definition of the ‘“young” patient in shoulder
arthroplasty has varied throughout the literature, with some
studies describing age cutoffs of less than 65 years, less
than 60 years, and more recently, less than 55
years. 14182124 Many of these studies had small sample
sizes, presented inherent selection bias, or had a limited
clinical or functional rationale for choosing those age cut-
offs. Saltzman et al'® demonstrated that shoulder arthro-
plasty patients younger than 50 years are more likely to
have more severe and complex disease than their older
counterparts. Theoretically, younger patients have higher
demands with more severe disease and are likely to place
more mechanical stress along the implant, leading to higher
failure and revision rates and worse functional improve-
ment than older populations. Furthermore, the potential
impact on the revision burden has been largely
unaddressed.

We therefore hypothesized that age would be an inde-
pendent risk factor for outcomes in shoulder arthroplasty
affecting both outcomes and the revision rate. The primary
goal of this study was to define an age cutoff at which
revision rates and clinical outcomes differ for patients un-
dergoing primary anatomic total shoulder arthroplasty
(TSA) and patients undergoing primary reverse shoulder
arthroplasty (RSA).

Methods

We retrospectively reviewed the records of 2335 shoulders treated
with shoulder arthroplasty between January 2004 and December
2017 at our institution. These cases were performed by 1
fellowship-trained shoulder and elbow surgeon (M.A.F.). The
surgical procedures were performed through the standard delto-
pectoral approach with mobilization of the cephalic vein medially
with the pectoralis major when possible. The primary implants
used for RSA were the RSP (n = 419), RSP Monoblock (n = 250),
and AltiVate Reverse (n = 63) from DJO Surgical (Austin,
TX, USA). The primary implants for TSA were the
Foundation Shoulder System (n = 144) and Turon (n = 374) from
DJO Surgical. The variation in implant type occurred as new it-
erations of implants were introduced to the market through
extensive research and development. The implants are listed from
the earliest to latest version.

Prospectively collected clinical data including the American
Shoulder and Elbow Surgeons (ASES) score, diagnosis, arthro-
plasty type (TSA or RSA), and range of motion (ROM) in 4 planes

were retrospectively reviewed for all patients included in this
study. The inclusion criteria consisted of patients who had a
minimum of 2 years’ follow-up and corresponding preoperative
functional outcome scores. Functional outcome scores were
recorded using a standardized patient questionnaire. ROM was
recorded using a standardized patient questionnaire in combina-
tion with clinical assessment by the senior author. All patients who
underwent a subsequent revision were included in the calculation
of the revision rates (including those who underwent revision in
<2 years).

Outcomes included the revision rate, ROM, ASES score, and
change in the ASES score. The minimal clinically important
difference (MCID) was set at a change in the ASES score of
greater than 20 points based on previously published data.”> We
examined the relationship between age at the time of surgery in
5-year increments (46-50 years, 51-55 years, 56-60 years, and so
on) and the revision rate. The age increment at which the revi-
sion rate decreased and remained lower was identified and
investigated as a cutoff. This cutoff was then used to further
assess whether there was also a relationship between age and
ROM, as well as the ASES score, among patients who did not
undergo a revision.

Statistical analyses

Descriptive statistics are reported as frequencies and percentages
for categorical variables and as means and 95% confidence in-
tervals (CIs) or standard deviations for continuous variables.
Univariate analyses were performed with 7 tests for continuous
variables and the Fisher exact test for categorical variables. Lo-
gistic regression was used to estimate the odds of revision asso-
ciated with the identified age cutoffs. P < .05 was considered
statistically significant. All analyses were performed with STATA
software (version 15.1; StataCorp, College Station, TX, USA).

Results

A total of 2335 shoulder arthroplasties were performed at
our institution over the study interval. Because of the
diagnosis type (fracture or failed arthroplasty), inadequate
clinical or radiographic data, and/or inadequate follow-up
(<2 years), 1085 shoulder arthroplasties were excluded. A
total of 1250 shoulders (238 bilateral) in 1131 patients met
the inclusion criteria (TSA in 518 shoulders and RSA in
732 shoulders; Table I). The average age overall was 70
years (95% CI, 69-70 years), and 48.8% of arthroplasties
were performed in male patients. The youngest patient in
our cohort (aged 22 years) underwent RSA after sequelae
of failed instability procedures with glenoid bone loss and
humeral chondrolysis progressing to end-stage disease. The
most common preoperative diagnoses were OA (53%),
rotator cuff arthropathy (20.6%), and MCT without OA
(17.4%). The remaining diagnoses (infection, inflammatory
mechanism, instability, and MCT with OA) all occurred in
fewer than 5% of patients. Significant variation in di-
agnoses was found between the 2 surgical groups, with
99% of TSA patients having OA whereas diagnoses in RSA
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Anatomic total shoulder arthroplasty (n = 518)

Reverse shoulder arthroplasty (n = 732)

Table I  Patient characteristics by arthroplasty type (N = 1250)
Age, mean (SD), yr 68 (9)
Male sex, n (%) 297 (57.3)
Operative side: right, n (%) 268 (51.7)
Implant type, n (%)

Foundation 144 (27.8)

Turon 374 (72.2)

AltiVate =

RSP =

RSP Monoblock =
Diagnosis, n (%)

Infection 0

Inflammatory mechanism 2 (0.4)

Instability 0

MCT with OA 1 (0.2)

MCT without OA 0

0A 513 (99.0)

RCA 2 (0.4)

71 (9)
313 (42.8)
462 (63.1)

63 (8.6)
419 (57.2)
250 (34.1)

10 (1.4)
26 (3.5)
16 (2.2)
56 (7.6)
218 (29.8)
150 (20.5)
256 (35.0)

SD, standard deviation; MCT, massive cuff tear; OA, osteoarthritis; RCA, rotator cuff arthropathy.

patients were mostly distributed between MCT without OA
(29.8%), OA (20.5%), and rotator cuff arthropathy (35%).
The mean follow-up period was 50 months (range, 24-146
months). Although the data regarding sex were unpaired, no
statistical difference in sex was found between TSA and
RSA patients in our cohort (Table I).

The percentage of shoulders that reached the MCID in
the ASES score is illustrated for the RSA and TSA groups
in Figure 1. The MCID was achieved in 81% and 71% of
patients undergoing TSA and RSA, respectively.

Age at time of primary TSA and revision rate

The revision rate for TSA was 3.5% (18 of 518 shoulders).
The average time to revision was 54 months (95% CI, 39-
69 months). The reasons for revision in the TSA group
included glenoid component loosening (n = 6), rotator cuff
failure (n = 5), instability (n = 2), painful shoulder (n = 2),
subscapularis insufficiency (n = 1), infection (n = 1), and
periprosthetic fracture (n = 1). When we examined age as a
continuous variable, we found that patients who went on to
have a revision were significantly younger at the time of
surgery than patients who did not have a revision (average
age, 63 years vs. 68 years; P = .02) over the length of the
study. When we examined the revision rate across age
categories (Fig. 2), we discovered a larger increase in risk
for patients who were younger than 65 years at the time of
surgery (6.9% in those aged < 65 years vs. 2.1% in those
aged > 65 years, P =.01). This finding corresponds to an
odds ratio of 3.4 (95% CI, 1.31-8.74) for the odds of
revision among patients younger than 65 years at the time
of their primary arthroplasty.

Clinical outcomes of TSA associated with age

TSA performed in patients aged 65 years or older yielded
slightly higher preoperative ASES scores (37 [95% CI, 35-
39] vs. 34 [95% CI, 31-37]), but this difference did not
achieve statistical significance (P = .09; Table II). Among
the 500 TSA patients who did not have a revision, we
examined whether this same age cutoff was also associated
with other outcomes. We found that patients who were aged
65 years or older at the time of surgery had significantly
higher total ASES scores (P =.03), as well as significantly
better internal rotation at the time of final follow-up (P =
.02; Table III). The group aged 65 years or older also
achieved better ROM across all planes of motion, but these
differences failed to reach statistical significance.

Age at time of primary RSA and revision rate

The revision rate for RSA was 4.9% (36 of 732 shoulders). The
average time to revision was 35 months (95% CI, 24-48
months). The indications for revision in the RSA group
included instability (n = 11), infection (n = 10), humeral stem
loosening (n = 5), painful implant (n = 4), baseplate failure (n
= 2), periprosthetic fracture (n = 2), glenosphere dissociation
(n = 1), and humeral socket dissociation (n = 1). Similarly to
the TSA group, RSA patients who went on to have a revision
were significantly younger at the time of primary arthroplasty
than patients who did not have a revision (average age, 66
years vs. 71 years; P =.001). When we examined the RSA
revision rate across age categories (Fig. 2), we found an
increased risk in patients who were younger than 60 years at
the time of surgery (12.3% vs. 2.9%, P < .001). This finding
corresponds to an odds ratio of 4.64 (95% CI, 2.35-9.17) for
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Percentage of Patients Achieving ASES MCID by Age Group and Surgery Type
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Figure 1  Percentage of patients achieving minimal clinically important difference (MCID) in American Shoulder and Elbow Surgeons
(ASES) score by age group for anatomic total shoulder arthroplasty and reverse shoulder arthroplasty.
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Figure 2 Incidence of revision by age category for anatomic total shoulder arthroplasty and reverse shoulder arthroplasty.

the odds of revision among patients younger than 60 years at
the time of surgery.

Clinical outcomes of RSA associated with age

Among the 713 shoulders that underwent RSA, patients
aged 60 years or older had significantly higher preoperative

ASES scores (36 [95% CI, 35-38] vs. 30 [95% CI, 26-34],
P = .01; Table IV). Among the 696 RSA patients who did
not have a revision, we found that patients aged 60 years or
older at the time of their primary arthroplasty had signifi-
cantly better total ASES scores 95 CI (72 [95% CI, 70-73]
vs. 62 [95% CI, 55-68], P =.002), as well as better internal
rotation at the time of final follow-up (P = .04; Table V).
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Table II  Anatomic total shoulder arthroplasty preoperative scores overall and by age category (n = 514)
Overall <65 yr (n = 142) >65 yr (n = 372) P value

Total ASES score 37 (35-38) 34 (31-37) 37 (35-39) .09
Forward flexion, ° 96 (93-100) 97 (90-104) 96 (92-100) .80
Abduction, ° 84 (81-87) 83 (77-89) 85 (80-89) .67
External rotation, ° 35 (32-38) 33 (26-39) 36 (33-40) 34
Internal rotation” 3 (3-3) 3 ( 3 (3-3) 13

ASES, American Shoulder and Elbow Surgeons.
Data are presented as mean (95% confidence interval).

* Internal rotation is reported as a numerical value from 0 to 8 for the highest point the patient is able to reach behind the back: ipsilateral hip (0),
ipsilateral back pocket (1), contralateral back pocket (2), S1 or L5 (3), T11 to L1 (4), T7 to T10 (5), T4 to T6 (6), T2 to T3 (7) and C8 to T1 (8).

Table III  Clinical outcomes of anatomic total shoulder arthroplasty by age among patients who did not undergo revision (n = 500)
<65 yr (n = 135) >65 yr (n = 365) P value
Total ASES score 77 (73-81) 82 (79-84) .03
Forward flexion, ° 152 (146-159) 155 (151-159) .49
Abduction, ° 139 (132-147) 147 (143-151) .07
External rotation, ° 55 (50-61) 62 (58-66) .08
Internal rotation” 5 (4-5) 5 (5-6) .02

ASES, American Shoulder and Elbow Surgeons.
Data are presented as mean (95% confidence interval).

* Internal rotation is reported as a numerical value from 0 to 8 for the highest point the patient is able to reach behind the back: ipsilateral hip (0),
ipsilateral back pocket (1), contralateral back pocket (2), S1 or L5 (3), T11 to L1 (4), T7 to T10 (5), T4 to T6 (6), T2 to T3 (7) and C8 to T1 (8).

Table IV

Reverse shoulder arthroplasty preoperative scores overall and by age category (n = 713)

Overall <60 yr (n = 62) >60 yr (n = 651) P value
Total ASES score 36 (34-37) 30 (26-34) 36 (35-38) .01
Forward flexion, ° 74 (71-77) 71 (60-82) 74 (71-78) .56
Abduction, ° 68 (65-71) 64 (53-75) 69 (65-72) 40
External rotation, ° 30 (27-33) 25 (16-34) 30 (27-34) .29
Internal rotation” 3 (3-3) 3 ( 3 (3-3) 72

ASES, American Shoulder and Elbow Surgeons.
Data are presented as mean (95% confidence interval).

* Internal rotation is reported as a numerical value from 0 to 8 for the highest point the patient is able to reach behind the back: ipsilateral hip (0),
ipsilateral back pocket (1), contralateral back pocket (2), S1 or L5 (3), T11 to L1 (4), T7 to T10 (5), T4 to T6 (6), T2 to T3 (7) and C8 to T1 (8).

After we controlled for diagnosis, these differences
remained (Table VI). In addition, the group aged 60 years
or older achieved better ROM in the 3 other planes; how-
ever, these differences failed to reach statistical
significance.

Discussion

Age-related outcomes in shoulder arthroplasty have not yet
been clearly defined. Previous reported literature left a
paucity in determining the rationale for reported outcomes
in a particular age group. Studies arbitrarily used age

margins of less than 50 years, 55 years, 60 years, or 65
years to compare patient outcomes in shoulder arthro-
plasty,” #0121 41017192122 The most obvious concern in
selecting a critical age cutoff anecdotally would be that in
doing so, the study may miss a relationship between age
and outcomes, as well as between age and risk of revision.

We predicted that age and outcomes would be correlated
in primary shoulder arthroplasty. We examined age in as-
sociation with achieving a 20-point increase in the ASES
score at 2-year follow-up. We found no significant effect of
age and the ability to achieve the MCID. When examining
revision risk as an endpoint and its correlation to age, we
identified age 65 years as a cutoff for TSA and age 60 years
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Table V  Clinical outcomes of reverse shoulder arthroplasty by age among patients who did not undergo revision (n = 696)
Overall <60 yr (n = 58) >60 yr (n = 638) P value

Total ASES score 70 (68-72) 62 (55-68) 72 (70-73) .002
Forward flexion, ° 139 (135-142) 131 (117-144) 141 (137-144) 12
Abduction, ° 129 (125-132) 122 (108-136) 130 (127-134) .23
External rotation, ° 50 (47-53) 42 (30-53) 51 (47-54) .13
Internal rotation” 4 (4-5) 4 (3-4) 4 (4-5) .04

ASES, American Shoulder and Elbow Surgeons.
Data are presented as mean (95% confidence interval).

* Internal rotation is reported as a numerical value from 0 to 8 for the highest point the patient is able to reach behind the back: ipsilateral hip (0),
ipsilateral back pocket (1), contralateral back pocket (2), S1 or L5 (3), T11 to L1 (4), T7 to T10 (5), T4 to T6 (6), T2 to T3 (7) and C8 to T1 (8).

Table VI  Diagnoses broken down by age cutoffs for RSA and TSA
Diagnosis RSA TSA
<60 yr (n = 58) >60 yr (n = 638) <65 yr (n = 135) >65 yr (n = 365)
Infection 0 7 (1.1) 0 0
Inflammatory mechanism 8 (13.8) 15 (2.3) 0 1(0.3)
Instability 3 (5.2) 11 (1.7) 0 0
MCT with 0A 4 (6.9) 50 (7.8) 1(0.7) 0
MCT without OA 15 (25.9) 195 (30.6) 0 0
0A 13 (22.4) 130 (20.4) 134 (99.3) 362 (99.2)
RCA 15 (25.9) 230 (36.0) 0 2 (0.5)

RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty; MCT, massive cuff tear; OA, osteoarthritis; RCA, rotator cuff arthropathy.

Data are presented as number (percentage).

as a cutoff for RSA. When the clinical outcomes were
examined based on these categories, patients showed clear
differences in both patient-reported outcome scores (ASES
scores) and internal rotation. Our clinical results are similar
to those in previously reported literature but showed overall
lower revision rates.

For example, in a retrospective review of 1135 patients
undergoing TSA, Patel et al'® reported that postoperative
abduction and internal rotation were greater in patients
older than 55 years than in those aged 55 years or
younger. In addition, their younger cohort had lower patient
satisfaction. In our study, TSA patients aged 65 years or
older had better postoperative total ASES scores, with 81%
achievement of the MCID. Roberson et al,'” in a systematic
review, found that TSA in patients younger than 65 years
performed well in terms of improving ROM, decreasing
pain, and improving patient outcomes but had a high
revision rate of 17.4%. Gauci et al’ reported similar results
when examining 69 shoulders in 67 patients with primary
OA, finding high revision rates of 22% for cemented gle-
noid components vs. 70% for metal-backed implants, with
type B2 glenoids having the highest risk of failure. In
contrast, our overall revision rate for TSA was 3.5%, but the
risk of revision essentially doubled (6.9%) in patients
younger than 65 years.

In a large series of patients undergoing shoulder
arthroplasty, including hemiarthroplasty and humeral head
resurfacing, Dillon et al” reported that the risk of revision
was 2 times higher (95% CI, 1.2-3.5; P = .007) in those
aged 59 years or younger than in older patients, with a
higher relative risk in hemiarthroplasty and RSA. Major
causes of revision included glenoid arthritis, infection, and
instability. Ernstbrunner et al,’ in a long-term follow-up
study of patients younger than 60 years, found an overall
revision rate of 17%. Similarly, Otto et al'* reported a
revision rate of 12.5% in a small cohort younger than 55
years. At 5 to 15 years’ follow-up in a small series of pa-
tients younger than 65 years with a diagnosis of irreparable
rotator cuff tear, Ek et al’ presented a revision rate of
25%. In our study, the overall revision rate for RSA was
4.9%, but the risk of revision more than tripled (15.9%) in
patients younger than 60 years.

Studies have shown that when compared with older
cohorts, younger patients with RSA have better clinical
results.''” Sershon et al”” showed that ASES scores
improved from 31.4 to 65.8 in 36 patients younger than 60
years undergoing RSA, with 9 clinical failures and a 14%
revision rate at 4 years’ follow-up. In a retrospective
multicenter cohort of 82 patients, Leathers et al'’ found no
difference in ASES scores but higher forward flexion,
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abduction, and external rotation in patients aged 65 years or
younger vs. an older cohort. Friedman et al’ reported that
age at the time of surgery was associated with differences
in clinical outcome scores after RSA; when they controlled
for sex, a l-year increase in age was associated with
improvement in ASES and Shoulder Pain and Disability
Index metric scores but a decrease in ROM as measured by
active abduction and active forward flexion. Matthews
et al,12 in a series of 43 patients, showed lower functional
outcome scores preoperatively and postoperatively for pa-
tients undergoing RSA at age 65 years or younger vs. those
aged 70 years or older, with a mean follow-up period of 4.0
years. Similarly, in our study, patients aged 60 years or
older at the time of their primary arthroplasty had signifi-
cantly better postoperative total ASES scores (72 vs. 62,
P =.002), as well as better internal rotation at the time of
final follow-up (P = .04). In addition, patients in the RSA
group who were younger than 60 years had significantly
lower preoperative total ASES scores than the older cohort.
Similarly to a previous study that showed that preoperative
motion is a predictor of postoperative motion,'" our study
suggests that higher preoperative ASES scores may predict
higher postoperative ASES scores.

Outcomes based on age and survivorship can be related
to 2 factors: (1) a more severe presenting diagnosis and (2)
high functional demand in younger patients. Saltzman
et al'® reported that younger patients undergoing shoulder
arthroplasty irrespective of the type presented with more
complex and severe disease. Similarly, in our patients un-
dergoing RSA, an age of 60 years or older yielded signif-
icantly higher preoperative ASES scores (36 [95% CI, 35-
38] vs. 30 [95% CI, 26-34], P = .01), and in our patients
undergoing TSA, an age of 65 years or older yielded
slightly higher preoperative ASES scores (37 [95% CI, 35-
39] vs. 34 [95% CI, 31-37], P = .09), suggesting more
severe clinical problems in younger patients.

There are several strengths to this study. This was a
large, retrospective, single-institution study with a repro-
ducible methodology for predicting which patient ages can
affect surgical outcomes. The senior author has several
years of experience, which reduces the probability that
experience and technique may have affected outcomes.
This study, however, has a few limitations. It was retro-
spective in nature and thus liable to recall bias, although the
outcome measures were generated from a prospectively
captured database.

RSA and TSA performed in this study were shown
overall to improve patient-perceived outcomes and func-
tional ROM. Patients aged 65 years or older in the TSA
group and those aged 60 years or older in the RSA group
had greater preoperative ASES scores and better ROM.
Although we have identified cutoffs based on revision as an
outcome and functional outcome scores, these cutoffs
should not be viewed as an absolute indication or factor for
considering a patient as a surgical candidate. However, our

study provides evidence that age can impact outcome and
revision risk.

Conclusion

Our study found that despite varying pathology, patients
in whom a shoulder arthroplasty was indicated and who
were treated with either RSA or TSA were able to
achieve clinical improvement in ASES shoulder scores
regardless of age. However, age younger than 60 years in
patients undergoing RSA and age younger than 65 years
in patients undergoing TSA were associated with an
increased revision risk. Undergoing these procedures
when patients were older than these age cutoffs was
associated with better total ASES scores and internal
rotation. Although these findings may have come closer
to associating age and outcome in arthroplasty when
performed in standard fashion, this information is not
meant to deny a patient’s access to care based on age.
Rather, this information should help provide a signifi-
cantly stronger discussion between the patient and sur-
geon regarding expectations and potential outcomes.

Disclaimer

Mark A. Mighell receives consulting fees and honoraria
for educational services from DJO Surgical, Stryker, and
DePuy Synthes and receives royalties from DJO Surgi-
cal and NewClip Technics.

Mark A. Frankle receives royalties and consulting
fees from DJO Surgical.

The other authors, their immediate families, and any
research foundations 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. Day JS, Lau E, Ong KL, Williams GR, Ramsey ML, Kurtz SM.
Prevalence and projections of total shoulder and elbow arthroplasty in
the United States to 2015. J Shoulder Elbow Surg 2010;19:1115-20.
https://doi.org/10.1016/j.jse.2010.02.009

2. Dillon MT, Inacio MC, Burke MF, Navarro RA, Yian EH. Shoulder
arthroplasty in patients 59 years of age and younger. J Shoulder Elbow
Surg 2013;22:1338-44. https://doi.org/10.1016/j.jse.2013.01.029

3. Ek ET, Neukom L, Catanzaro S, Gerber C. Reverse total shoulder
arthroplasty for massive irreparable rotator cuff tears in patients
younger than 65 years old: results after five to fifteen years. J
Shoulder Elbow Surg 2013;22:1199-208. https://doi.org/10.1016/j.
jse.2012.11.016

4. Ernstbrunner L, Suter A, Catanzaro S, Rahm S, Gerber C. Reverse
total shoulder arthroplasty for massive, irreparable rotator cuff tears
before the age of 60 years: long-term results. J Bone Joint Surg Am
2017;99:1721-9. https://doi.org/10.2106/JBJS.17.00095


https://doi.org/10.1016/j.jse.2010.02.009
https://doi.org/10.1016/j.jse.2013.01.029
https://doi.org/10.1016/j.jse.2012.11.016
https://doi.org/10.1016/j.jse.2012.11.016
https://doi.org/10.2106/JBJS.17.00095

S8

E.E. Brewley Jr. et al.

10.

11.

15.

. Friedman RJ, Cheung EV, Flurin PH, Wright T, Simovitch RW,

Bolch C, et al. Are age and patient gender associated with different
rates and magnitudes of clinical improvement after reverse shoulder
arthroplasty? Clin Orthop Relat Res 2018;476:1264-73. https://doi.
org/10.1007/511999.0000000000000270

. Garcia GH, Liu JN, Sinatro A, Wu HH, Dines JS, Warren RF, et al.

High satisfaction and return to sports after total shoulder arthroplasty
in patients aged 55 years and younger. Am J Sports Med 2017;45:
1664-9. https://doi.org/10.1177/0363546517695220

. Gauci MO, Bonnevialle N, Moineau G, Baba M, Walch G, Boileau P.

Anatomical total shoulder arthroplasty in young patients with osteo-
arthritis: all-polyethylene versus metal-backed glenoid. Bone Joint J
2018;100-B:485-92.  https://doi.org/10.1302/0301-620X.100B4.BJJ-
2017-0495.R2

. Khatib O, Onyekwelu I, Yu S, Zuckerman JD. Shoulder arthroplasty in

New York State, 1991 to 2010: changing patterns of utilization. J
Shoulder Elbow Surg 2015;24:e286-91. https://doi.org/10.1016/j.jse.
2015.05.038

. Kim SH, Wise BL, Zhang Y, Szabo RM. Increasing incidence of

shoulder arthroplasty in the United States. J Bone Joint Surg Am 2011;
93:2249-54. https://doi.org/10.2106/J1BJS.J.01994

Leathers MP, Ialenti MN, Feeley BT, Zhang AL, Ma CB. Do younger
patients have better results after reverse total shoulder arthroplasty? J
Shoulder Elbow Surg 2018;27(6Suppl):S24-8. https://doi.org/10.1016/
jjse.2017.11.014

Levy JC, Ashukem MT, Formaini NT. Factors predicting postoperative
range of motion for anatomic total shoulder arthroplasty. J Shoulder
Elbow Surg 2016;25:55-60. https://doi.org/10.1016/j.jse.2015.06.026

. Matthews CJ, Wright TW, Farmer KW, Struk AM, Vasilopoulos T,

King JJ. Outcomes of primary reverse total shoulder arthroplasty in
patients younger than 65 years old. J Hand Surg Am 2019;44:104-11.
https://doi.org/10.1016/j.jhsa.2018.11.008

. Muh SJ, Streit JJ, Wanner JP, Lenarz CJ, Shishani Y, Rowland DY,

et al. Early follow-up of reverse total shoulder arthroplasty in patients
sixty years of age or younger. J Bone Joint Surg Am 2013;95:1877-83.
https://doi.org/10.2106/JBJS.L.10005

. Otto RJ, Clark RE, Frankle MA. Reverse shoulder arthroplasty in

patients younger than 55 years: 2- to 12-year follow-up. J Shoulder
Elbow Surg 2017;26:792-7. https://doi.org/10.1016/.jse.2016.09.051
Padegimas EM, Maltenfort M, Lazarus MD, Ramsey ML, Williams GR,
Namdari S. Future patient demand for shoulder arthroplasty by younger
patients: national projections. Clin Orthop Relat Res 2015;473:1860-7.
https://doi.org/10.1007/s11999-015-4231-z

16.

18.

19.

20.

21.

22.

23.

24.

25.

Patel RB, Muh S, Okoroha KR, Wright TW, Flurin PH, Roche C, et al.
Results of total shoulder arthroplasty in patients aged 55 years or
younger versus those older than 55 years: an analysis of 1135 patients
with over 2 years of follow-up. J Shoulder Elbow Surg 2019;28:861-8.
https://doi.org/10.1016/j.jse.2018.09.029

. Roberson TA, Bentley JC, Griscom JT, Kissenberth MJ, Tolan SJ,

Hawkins RJ, et al. Outcomes of total shoulder arthroplasty in patients
younger than 65 years: a systematic review. J Shoulder Elbow Surg
2017;26:1298-306. https://doi.org/10.1016/].jse.2016.12.069

Saltzman MD, Mercer DM, Warme WJ, Betelsen AL, Matsen FA 3rd.
Comparison of patients undergoing primary shoulder arthroplasty
before and after the age of fifty. J Bone Joint Surg Am 2010;92:42-7.
https://doi.org/10.2106/JBJS.1.00071

Samuelsen BT, Wagner ER, Houdek MT, Elhassan BT, Sanchez-
Sotelo J, Cofield R, et al. Primary reverse shoulder arthroplasty in
patients aged 65 years or younger. J Shoulder Elbow Surg 2017;26:
el3-7. https://doi.org/10.1016/j.jse.2016.05.026

Schairer WW, Nwachukwu BU, Lyman S, Craig EV, Gulotta LV.
National utilization of reverse total shoulder arthroplasty in the United
States. J Shoulder Elbow Surg 2015;24:91-7. https://doi.org/10.1016/j.
js€.2014.08.026

Schoch B, Schleck C, Cofield RH, Sperling JW. Shoulder arthroplasty
in patients younger than 50 years: minimum 20-year follow-up. J
Shoulder Elbow Surg 2015;24:705-10. https://doi.org/10.1016/j.jse.
2014.07.016

Sershon RA, Van Thiel GS, Lin EC, McGill KC, Cole BJ, Verma NN,
et al. Clinical outcomes of reverse total shoulder arthroplasty in pa-
tients aged younger than 60 years. J Shoulder Elbow Surg 2014;23:
395-400. https://doi.org/10.1016/].jse.2013.07.047

Tashjian RZ, Hung M, Keener JD, Bowen RC, McAllister J, Chen W,
et al. Determining the minimal clinically important difference for the
American Shoulder and Elbow Surgeons score, Simple Shoulder Test,
and visual analog scale (VAS) measuring pain after shoulder arthro-
plasty. J Shoulder Elbow Surg 2017;26:144-8. https://doi.org/10.1016/
j-jse.2016.06.007

Walters JD, Barkoh K, Smith RA, Azar FM, Throckmorton TW.
Younger patients report similar activity levels to older patients after
reverse total shoulder arthroplasty. J Shoulder Elbow Surg 2016;25:
1418-24. https://doi.org/10.1016/j.jse.2016.01.011

Westermann RW, Pugely AJ, Martin CT, Gao Y, Wolf BR,
Hettrich CM. Reverse shoulder arthroplasty in the United States: a
comparison of national volume, patient demographics, complications,
and surgical indications. Iowa Orthop J 2015;35:1-7.


https://doi.org/10.1007/s11999.0000000000000270
https://doi.org/10.1007/s11999.0000000000000270
https://doi.org/10.1177/0363546517695220
https://doi.org/10.1302/0301-620X.100B4.BJJ-2017-0495.R2
https://doi.org/10.1302/0301-620X.100B4.BJJ-2017-0495.R2
https://doi.org/10.1016/j.jse.2015.05.038
https://doi.org/10.1016/j.jse.2015.05.038
https://doi.org/10.2106/JBJS.J.01994
https://doi.org/10.1016/j.jse.2017.11.014
https://doi.org/10.1016/j.jse.2017.11.014
https://doi.org/10.1016/j.jse.2015.06.026
https://doi.org/10.1016/j.jhsa.2018.11.008
https://doi.org/10.2106/JBJS.L.10005
https://doi.org/10.1016/j.jse.2016.09.051
https://doi.org/10.1007/s11999-015-4231-z
https://doi.org/10.1016/j.jse.2018.09.029
https://doi.org/10.1016/j.jse.2016.12.069
https://doi.org/10.2106/JBJS.I.00071
https://doi.org/10.1016/j.jse.2016.05.026
https://doi.org/10.1016/j.jse.2014.08.026
https://doi.org/10.1016/j.jse.2014.08.026
https://doi.org/10.1016/j.jse.2014.07.016
https://doi.org/10.1016/j.jse.2014.07.016
https://doi.org/10.1016/j.jse.2013.07.047
https://doi.org/10.1016/j.jse.2016.06.007
https://doi.org/10.1016/j.jse.2016.06.007
https://doi.org/10.1016/j.jse.2016.01.011
http://refhub.elsevier.com/S1058-2746(19)30643-3/sref25
http://refhub.elsevier.com/S1058-2746(19)30643-3/sref25
http://refhub.elsevier.com/S1058-2746(19)30643-3/sref25
http://refhub.elsevier.com/S1058-2746(19)30643-3/sref25

	Defining the younger patient: age as a predictive factor for outcomes in shoulder arthroplasty
	Methods
	Statistical analyses

	Results
	Age at time of primary TSA and revision rate
	Clinical outcomes of TSA associated with age
	Age at time of primary RSA and revision rate
	Clinical outcomes of RSA associated with age

	Discussion
	Conclusion
	Disclaimer
	References


