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Background: The results of anatomic total shoulder arthroplasty (TSA) in younger patients have not been
clearly elucidated. The purpose of this study was to compare early outcomes after TSA in patients aged
55 years or younger versus patients older than 55 years.

Methods: A total of 1135 patients who were treated with TSA for glenohumeral arthritis and had a mean
follow-up period of over 4 years were retrospectively reviewed. Etiologies included osteoarthritis (n = 1044),
osteonecrosis (n = 35), inflammatory arthritis (n = 34), and post-traumatic arthritis (n = 22). Validated outcome
measures, range of motion, and patient satisfaction were recorded. Preoperative and postoperative metrics
were compared, and a multivariate analysis was performed to isolate age from sex, body mass index, pre-
vious surgery, and diagnosis as independent factors.

Results: Female patients, patients with a history of surgery, and patients with a diagnosis of osteonecro-
sis were more likely to undergo TSA when aged 55 years or younger. Both age groups showed similar
preoperative range of motion and showed no differences in recorded outcome scores. Postoperatively, pa-
tients older than 55 years had slightly greater active abduction (P = .004) and internal rotation (P = .030).
A higher percentage of patients older than 55 years rated their outcome as better or much better com-
pared with those aged 55 years or younger (P =.003).

Conclusions: Female sex, a history of surgery, and a diagnosis of osteonecrosis were associated with un-
dergoing TSA when aged 55 years or younger. Despite similar preoperative function and minor differences
in postoperative range of motion and outcome scores, patients aged 55 years or younger reported lower
overall satisfaction with their TSA.

Institutional review board approval for the data collection and analysis in *Reprint requests: Stephanie Muh, MD, Department of Orthopaedic
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Glenohumeral arthritis has become increasingly preva-
lent with the aging population.'**' For patients with
degenerative shoulder arthritis and an intact rotator cuff, an
anatomic total shoulder arthroplasty (TSA) has been shown
to provide significant pain relief with consistent, reproduc-
ible results.>*'"'*?*%% Demand for TSA is anticipated to rise
by 333% in patients aged 55 years or younger and by almost
755% in individuals older than 55 years by the year 2030.*'
As the procedure becomes more common, efforts have been
directed at optimizing postoperative outcomes. For the elderly
patient with glenohumeral arthritis, studies have shown that
TSA can reliably decrease pain and improve function.>!"
However, as the procedure becomes more frequently used in
younger patients, there has been variability in the reported
results.

Prior studies have investigated outcomes after TSA based
on age group.””'>'%% These studies encompassed a broad range
of patients, examining individuals younger than 50 years to
subjects older than 90 years,'>>%12!416.23.242628 Gionificant in-
terest remains in outcomes after TSA for the younger patient.
Higher activity levels and greater functional demand in younger
patients may predispose these individuals to a greater risk of
early revision and worse outcomes.'> Matsen et al'® per-
formed a large-scale analysis of patients who underwent any
form of shoulder arthroplasty, and they cited younger age as
a risk factor for early revision; however, this study was not
limited to TSA. On the other hand, Garcia et al® reported a
high satisfaction rate and no revisions at 61 months in 59 pa-
tients ranging in age from 25-55 years undergoing TSA. These
studies demonstrate the discrepancy in the literature on re-
ported results of TSA in younger populations. In addition,
although some studies have evaluated age-based outcomes in
TSA at immediate follow-up, the data do not capture longer
follow-up.

The purpose of this study was to compare early out-
comes after TSA in patients aged 55 years or younger versus
patients older than 55 years. Our hypothesis was that in pa-
tients undergoing TSA, those aged 55 years or younger would
show equivalent improvements in early range of motion and
outcome scores to those older than 55 years.

Materials and methods

We performed a retrospective review of multicenter data from
all patients undergoing primary TSA performed by 16 fellowship-
trained shoulder surgeons from April 2006 to May 2015. The inclusion
criteria consisted of patients undergoing primary anatomic TSA with
a minimum of 2 years’ follow-up and documented preoperative and
postoperative functional scores. Patients were excluded if they had

less than 2 years of documented follow-up and/or had incomplete
preoperative functional scores or postoperative outcome scores. Ul-
timately, all patients were indicated for total shoulder replacement
for glenohumeral joint degeneration for which all other treatment
options had failed. All surgeons used the Equinoxe Total Shoulder
System (Exactech, Gainesville, FL, USA) through a standard
deltopectoral approach and technique.

Patients were selected to undergo TSA based on the surgeon’s
discretion, and the indications for surgery were recorded, along
with demographic information (Table I). Preoperative evaluation
involved the collection of various outcome scores including the
American Shoulder and Elbow Surgeons (ASES) score; Constant
score; Simple Shoulder Test (SST) score; University of California,
Los Angeles (UCLA) score; and Shoulder Pain and Disability
Index (SPADI) score. Visual analog scale (VAS) pain scores were
recorded, along with functional range of motion in 4 planes of
motion (forward elevation, abduction, external rotation, and inter-
nal rotation). Patients were also asked to report their overall level
of satisfaction at final follow-up, as well as a self-reported
shoulder functional rating (from 1 to 10, in which 10 indicates
best function) that was recorded preoperatively and postopera-
tively. All variables were subsequently collected postoperatively at
a minimum of 2 years’ follow-up. Demographic traits and
surgical variables, such as implant component size, were also
recorded.

Active forward elevation, abduction, and external rotation were
measured by rotational angle in degrees and recorded as a contin-
uous measure. Internal rotation was scored based on the most
proximal vertebral level that could be reached by the patient’s thumb.
The ASES score (11 questions) and Constant score (23 questions)
both include evaluations of pain and range of motion and are scaled
on an interval from 0-100. The UCLA score (5 questions) evalu-
ates forward flexion, pain, and subjective function, for a maximum
score of 35. The SPADI score (13 questions) rates the level of dis-
ability and pain associated with the shoulder, with higher scores
reflecting greater disability. Finally, the VAS score assessed pa-
tients’ pain on a continuum from 0-10, with 10 being the worst level
of pain.

Statistical analysis

All continuous data are described as means with ranges or stan-
dard deviations as appropriate, whereas all categorical data are
described as counts and column percentages. Spearmen correla-
tion coefficients were used when comparing patients aged 55 years
or younger with those older than 55 years both preoperatively and
postoperatively. The absolute improvement in outcome scores and
range of motion was compared between the 2 groups using an anal-
ysis of covariance adjusting for possible confounding factors. The
x> test was performed to look at overall satisfaction rates
between the 2 age groups. A multivariate analysis examined age,
sex, and previous surgery as independent risk factors for postoper-
ative outcomes. All analyses were performed using SAS software
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Table I  Demographic characteristics
Aged <55 yr (n = 118) Aged > 55 yr (n = 1017) P value

Average age, yr 50.0+ 6 68.5 .001
Body mass index 30.7 £6.8 29.7£6.2 .146
% female (n) 69.8% (81) 44.5% (452) .001
Previous surgery, % yes (n) 32.2% (38) 11.3% (115) .001
Diagnosis (n)

Osteoarthritis 82.2% (97) 93.1% (947) .001

Osteonecrosis 11.9% (14) 2.1% (21) .001

Inflammatory arthritis 4.2% (5) 2.9% (29) 403

Post-traumatic arthritis 1.7% (2) 2.0% (20) >.999
Presence of comorbidities (n) 42.4% (50) 28.7% (292) .002
Comorbidity (n)

Inflammatory disease 4.2% (5) 9.5% (97) .057

Hypertension 27.1% (32) 41.2% (419) .003

Heart disease 4.2% (5) 10.9% (111) .023

Diabetes mellitus 8.5% (10) 9.5% (97) .708
Tobacco use (n) 11.9% (14) 4.4% (45) .001
Shoulder injections, % yes (n) 46.6% (55) 38.3% (389) .078
Only steroid injection (n) 92.7% (51) 90.8% (353) .631
Only nonsteroidal injection (n) 16.7% (9) 10.2% (38) .157

(version 9.4; SAS Institute, Cary, NC, USA), and statistical signif-
icance was set at P < .05.

Results

A total of 1135 patients (118 aged <55 years and 1017
aged > 55 years) were included in the study. The average
age in the younger cohort was 50.2 years (range, 31-55
years) compared with an average age of 68.5 years (range,
56-91 years) in the older group (P < .001). Patients in the
cohort aged 55 years or younger had an average body mass
index of 30.7 £ 6.8 compared with a body mass index of
29.7 £ 6.2 in the older cohort (P = .146). Preoperative diag-
noses included osteoarthritis (n = 1044), osteonecrosis (n =
35), inflammatory arthritis (n = 34), and post-traumatic ar-
thritis (n = 22). The mean follow-up period was 4.2 + 2.3
years for patients aged 55 years or younger and 4.3 +2.4
years for individuals older than 55 years. Notable demo-
graphic differences between the cohorts are listed in Table 1.
A sizeable portion of patients underwent previous surgery
on their operative shoulders. The prevalence of previous
surgery was higher in younger individuals: 32.3% versus
11.4% (P = .001). Most subjects in both cohorts underwent
arthroscopic débridement, although arthroscopic rotator cuff
repair was also common in both age groups (Table II). The
duration from previous surgery to TSA was unknown as
some patients had their previous surgical procedures per-
formed by a different surgeon. An analysis of demographic
factors showed that female sex, previous surgery, and a
diagnosis of osteonecrosis were significantly associated with
a TSA when aged 55 years or younger.

No clinically significant differences were found in pre-
operative functional scores, forward flexion, final mean

abduction, or internal rotation; however, external rotation was
12° and 17° (P = .028) in the younger and older patients, re-
spectively. Postoperatively, both groups showed significant
improvements in all outcome scores and range of motion. Final
mean abduction was greater in older patients (125° vs 116°,
P =.004). The internal rotation score was also slightly greater
in older patients (5.2 vs 4.9, P =.030). No difference was found
in postoperative forward flexion and external rotation. These
trends continued regarding overall improvement from pre-
operative values. Older patients showed greater gains in active

Table II  Previous surgical procedures
Surgery Aged <55 yr Aged > 55 yr
(n=38) (n =115)
Arthroscopic RCR 8 16
Arthroscopic stabilization 4 3
Arthroscopic débridement 6 33
and/or SAD
Open RCR 1 6
Open stabilization 1 5
ORIF 3 6
Unknown
Scope* 12 29
Opent 1 2
Surgeryi 2 15

RCR, rotator cuff repair; SAD, subacromial decompression; ORIF, open
reduction-internal fixation of fracture.

* The patient underwent some form of arthroscopic surgery, but no
documentation of what was performed was available.

t The patient underwent an open surgical procedure, but no docu-
mentation of what was performed was available.

t The patient underwent shoulder surgery but did not recall any details.
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Table III  Preoperative and postoperative range of motion
Range of motion AA, ° FF, © ER, ° IR score
Preoperative
Aged<55yr  81+25 98+28 12+18 3.1+1.7
Aged > 55 yr 82 + 29 98 +32 18+21 3.0t1.5
P value .946 .790 .028 .804
Postoperative
Aged <55 yr 116 £31 145+ 25 46+22 4.9+1.5
Aged > 55 yr 125+34 143+31 50%+20 5.2+1.4

P value .004 734 .055 .030

AA, active abduction; FF, forward flexion; ER, external rotation; IR, in-
ternal rotation.
The IR score is based on the most proximal vertebra.

Table IV Range-of-motion improvements

AA, ° FF, ° ER, °© IR score
Aged<55yr 31+36 46.7+32 34+24 1.7+1.38
Aged >55yr 42 £ 41 4640 33%£23 2.2+1.8
P value .022 .878 742 .025

AA, active abduction; FF, forward flexion; ER, external rotation; IR, in-
ternal rotation.
The IR score is based on the most proximal vertebra.

abduction from preoperative values: 42° versus 31° (P =.022).
Similarly, better improvement was noted in internal rotation
scores for older patients: 2.2 points greater versus 1.7 points
greater (P =.025) (Tables III and 1V).

When we evaluated postoperative outcome scores between
the 2 age groups, older patients performed statistically better

on selected outcome measures. Notably, the postoperative VAS
pain score was lower: 1.3 versus 1.9 (P =.001). Similarly,
postoperative ASES, UCLA, and SPADI scores were higher
in older individuals: 84.0 versus 79.2 (P = .008), 30.4 versus
29.2 (P =.053), and 18.0 versus 28.0 (P =.007), respective-
ly (Table V). When comparing absolute changes in
improvement, we found no differences in VAS, SST, Con-
stant, ASES, UCLA, and SPADI scores (Table VI).

In addition to the aforementioned outcome scores, sub-
jective reporting of overall satisfaction was examined. A
satisfaction score of “better” or “much better” was reported
in 90% of older patients versus 87% of subjects in the younger
cohort (P =.003). Despite the different satisfaction rates, shoul-
der function was found to be similar. When the 2 age groups
were asked to self-rate their level of global shoulder func-
tion on a scale of 1-10 (10 being the best possible function),
the difference in mean postoperative shoulder function ratings
between the older and younger patients was not statistically
significant, at 8.3 versus 7.9 (P =.051).

Univariate analysis showed significance for differences in
active abduction and pain, ASES, and SPADI scores. After
we performed multivariate analysis (adjusting for female sex,
body mass index, previous surgery, and diagnosis), higher post-
operative pain scores and lower abduction remained significant
in younger individuals (Table VII).

Complications were documented, and patients who re-
quired revision surgery were identified. A total of 77 subjects
sustained a complication. In the younger cohort, 5.1% sus-
tained a complication compared with 7% in the older group
(P = .438). Within the younger cohort, the complications in-
cluded bursitis, stiffness, aseptic loosening, and an unrelated
fall. Among older patients, complications were similar but

Table V. Preoperative functional scores and postoperative outcome scores
VAS pain score  SFrating  SST score Constant score  ASES score UCLA score  SPADI score
Preoperative functional score
Aged <55 yr 6.1+ 1.7 4.0+ 1.6 3.8+2.7 37.3%x12.3 33.8+12.5 14.2+3.6 85.6% 20.2
Aged > 55 yr 6.3+2.2 40+19 4.0+3.0 38.3+13.38 36.3+16.4 14.2+t4.0 82.2%23.5
P value .282 .766 T47 .766 .245 778 524
Postoperative outcome score
Aged <55 yr 1.9t£23 79+t23 10.2%+2.7 69.0+16.4 79.2+20.8 29.2+6.3 28.0*25.8
Aged > 55 yr 1.3+2.2 83+t2.1 10.4%+25 70.5=*15.3 84.0 £20.2 30.4%5.8 18 = 24.3
P value .001 .051 .313 277 .008 .053 .007

VAS, visual analog scale; SF, shoulder function; SST, Simple Shoulder Test; ASES, American Shoulder and Elbow Surgeons; UCLA, University of California,

Los Angeles; SPADI, Shoulder Pain and Disability Index.

Table VI Qutcome score improvements

VAS pain score SF rating SST score Constant score ASES score UCLA score SPADI score
Aged <55 yr —4.7+2.9 43 %27 6.2 £3.3 33.3+15.0 46.0 £ 23.1 15.6 £ 6.2 —58.6 + 30.0
Aged > 55 yr -5.1%+2.9 451 2.6 6.6 £ 3.3 33.1£16.7 48.3 + 23.0 16.7 £ 6.3 —64.5 + 30.0
P value 463 .875 418 .970 449 .250 142

VAS, visual analog scale; SF, shoulder function; SST, Simple Shoulder Test; ASES, American Shoulder and Elbow Surgeons; UCLA, University of California,

Los Angeles; SPADI, Shoulder Pain and Disability Index.
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Table VII  Multivariate analysis
Variable P value

Preoperative Postoperative Improvement

Univariate Multivariate Univariate Multivariate Univariate Multivariate
AA .357 .201 .009* .045* .110 .316
FF .638 .819 .738 429 .485 457
IR score .943 .699 .162 .688 .197 .333
ER .012* .011* .053 .189 .598 .379
VAS pain score .207 .280 .004* .030* .364 564
SF rating .701 .756 .059 .132 .891 .834
SST score .395 477 .235 .313 .580 .708
Constant score .351 .453 564 .630 .698 .667
ASES score .137 .190 .015* .069 .570 .870
UCLA score .502 .560 .143 .283 461 .589
SPADI score .198 .286 .012* .051 .243 .223

AA, active abduction; FF, forward flexion; IR, internal rotation; ER, external rotation; VAS, visual analog scale; SF, shoulder function; SST, Simple Shoul-
der Test; ASES, American Shoulder and Elbow Surgeons; UCLA, University of California, Los Angeles; SPADI, Shoulder Pain and Disability Index.

* Differences between the age groups for the variables in the left column were statistically significant with P < .05 and are indicated for both uni-
variate analysis and multivariate analysis after adjustment for female sex, body mass index, previous surgery, and diagnosis.

Table VIII

Cause of revision

Cause of revision

Aged <55 yr Aged > 55 yr

16

Aseptic loosening

Rotator cuff tear

Instability

Infection

Residual osteophytes or bursitis

O O o o™
= U N o

also included nerve palsy, instability, infection, and frac-
ture. A total of 37 revisions were performed between both
groups. The average time to revision surgery was similar for
both age groups (60 months vs 58.7 months, P = .887). Older
patients had a relatively higher incidence of revision surgery
compared with younger patients (49.3% vs 33.3%, P = .003).
The cause of revision is highlighted in Table VIII.

Discussion

As the incidence of TSA continues to increase, it is impor-
tant to determine how age correlates with outcomes. Our study
found that younger patients have equivalent objective end-
points to their older peers but do not appreciate the same level
of satisfaction and subjective outcomes in certain categories.

Among our sample of patients who underwent TSA, in-
dividuals aged 55 years or younger were more likely to be
women, to have undergone previous surgery on their affect-
ed shoulder, and to have a diagnosis of osteonecrosis. There
has been conflicting evidence in the literature regarding sex
predominance in young patients who undergo TSA.7***%° Yu
et al’’ examined the impact of race and sex on the utiliza-
tion of TSA in a sample of over 10,000 patients and found
that, over a 20-year period, TSA use increased by 417% in
white men versus 420% in white women. Kim et al'* reported

that the rate of shoulder arthroplasty has continued to rise at
higher rates for women, with an incidence of 13 procedures
per 100,000 persons compared with 11 per 100,000 in men.
Although previous studies found small differences in sex in
younger patients undergoing TSA, the exact nature of the dif-
ferences has not been defined. The greater number of female
subjects in our younger cohort is likely due to the multifac-
torial nature of indications for surgery and the variable rates
of TSA between sexes. The finding of higher rates of previ-
ous surgery and a diagnosis of osteonecrosis in
younger patients in our study demonstrates a possible cause
of earlier degeneration of the glenohumeral joint requiring
surgical intervention. Werthel et al*® reported on 4577 pa-
tients who underwent primary shoulder arthroplasty (TSA,
hemiarthroplasty, or reverse TSA) and reported that pa-
tients with previous surgery were younger (aged 61 years vs
67 years). In a large sample of all types of shoulder arthro-
plasty, Dillon et al® found a higher rate of osteonecrosis in
their younger population, with an incidence of 10.9% in pa-
tients aged 59 years or younger compared with 1.2% in
subjects aged 60 years or older. Recently, Mahony et al'” ex-
amined 411 anatomic TSA procedures and found that patients
with prior surgery reported a greater risk (odds ratio, 3.34)
of failing to achieve a minimal clinically important differ-
ence (MCID) if they had undergone previous surgery. These
studies illustrate the higher incidence of previous surgical pro-
cedures and osteonecrosis in young patients undergoing TSA.
The history of surgery performed on the affected shoulder
may affect postsurgical outcomes.

With respect to baseline objective measurements, our in-
vestigation found no clinically significant differences in
preoperative range of motion or outcome scores compared
with older patients. After surgery, both groups showed
statistically similar net improvements in range of motion and
validated outcome scores, although the older cohort
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reported better postoperative VAS pain scores and had greater
active abduction. All patients achieved improvements in
outcome scores that exceeded the MCID as outlined by
Simovitch et al.” It is interesting that Tashjian et al*’ found
that the MCID is not uniform across age groups and that
younger patients have higher threshold values for the MCID
in select outcome scores. It is worth noting that among the
outcome scores used, younger patients did worse on outcome
scores (ASES, SPADI, VAS, and satisfaction) that incorpo-
rate a greater proportion (>50% of items) of questions that
relate to a subjective experience (pain, perceived difficulty
with tasks, or satisfaction). Contrastingly, no difference was
seen in metrics that emphasized items that objectively measure
shoulder function such as range-of-motion values, as well as
SST and Constant scores. Moreover, it is important to ap-
preciate that no difference was found between the 2 cohorts
when we reported their global shoulder function postopera-
tively. Although subjects aged 55 years or younger may have
greater demands for their shoulder, their preoperative and post-
operative self-reported shoulder function was no different from
that of their older peers. These findings offer some insight
into the significance of age-dependent perceptions in the post-
operative period that may not necessarily mirror objective
findings.

Previous studies have not yet identified whether age affects
the degree of functional improvement after TSA. Our study
found no statistical difference between age cohorts in net im-
provement of range of motion after TSA. Levy et al"
investigated predictive factors of range of motion in 230 pa-
tients undergoing TSA. They were unable to identify age as
a predictor of range of motion; however, they concluded that
preoperative range of motion was the best predictor of post-
operative motion. The improvement in motion by both groups
in our study is comparable with the existing literature, with
an improvement of 47° in forward flexion in patients aged
55 years or younger and 46° in patients older than 55 years.
Foruria et al” and Churchill® showed, on average, a 50° in-
crease in forward flexion from preoperative baseline
measurements in patients over 80 years and 90 years under-
going TSA, respectively. Denard et al’ reported that, from their
preoperative measurements, patients younger than 55 years
showed, on average, a 35° increase in forward flexion after
TSA. These studies show a significant improvement in range
of motion in all age groups after TSA with no discernible dif-
ferences between younger and older patients.

In an effort to capture the subjective satisfaction and
global shoulder function achieved after TSA, patients were
asked to rate their postoperative satisfaction, as well as
their preoperative and postoperative global shoulder func-
tion, on a 10-point scale. Our study found that fewer younger
patients reported satisfaction ratings of better or much better
and that younger patients had lower overall postoperative
global shoulder function ratings. Similar studies examining
satisfaction levels by age group concluded that younger
patients have overall greater expectations after TSA.'” These
findings reinforce the concern that younger patients may

not be as happy with their shoulder replacement as older
subjects. Differences in the postoperative goals between
age groups may account for the variable satisfaction rates.
Older patients may focus on activities of daily living, whereas
younger patients may be hoping to restore a much more
active lifestyle.

Finally, concerns remain regarding a possible higher com-
plication rate in younger patients. Our study found no
differences in complication rates between the 2 age groups,
with a 5.1% complication rate in younger patients versus a
7% complication rate in older patients. Farng et al® exam-
ined over 15,000 patients undergoing shoulder arthroplasty
(TSA and hemiarthroplasty) to determine postoperative com-
plications. Their study reported an overall 90-day complication
rate of 4.8%. In their study, they found that the short-term
complication rate was related to higher Charlson Comorbidity
Index scores and not age. Furthermore, they were able to
demonstrate increased implant longevity in older patients.
Griffin et al’ evaluated a nationwide sample of 58,790 pa-
tients undergoing TSA and hemiarthroplasty. Their study
found that patients older than 80 years tended to have longer
hospital stays and an increase in postoperative anemia. Unlike
the previous studies that evaluated multiple shoulder surgi-
cal procedures at short-term follow-up, our study was limited
to patients undergoing TSA. Although our study noted no
significant difference in short-term complication rates between
the 2 groups, we did find a greater incidence of revision
surgery in the older group. In a series of 24 service members,
Kusnezov et al'* examined outcomes in young, high-
demand military patients who underwent TSA; they found
the average time to revision for atraumatic glenoid loosen-
ing was 40 months (range, 20-54 months). In a series of 59
young, active subjects (average age, 49 years) who had
returned to sport, Garcia et al® reported no revisions at 61
months. In another series of 52 subjects who underwent
TSA, Denard et al® reported a 5-year survivorship rate of
98% in individuals aged 55 years or younger. Although our
younger cohort included 2 patients who required revision
for aseptic loosening, it is possible that additional subjects
with mechanical failure were not captured with our average
of 4 years’ follow-up. We continue to observe these patients
in our registry to potentially capture these differences in the
future. Young patients may impart greater demands on their
implants; however, factors other than age and activity level,
such as bone and tissue quality, may play a role in early
revisions after TSA due to mechanical failure. Factors inher-
ent to elderly patients may predispose patients to early
revision surgery, such as increased susceptibility to infec-
tion or poor bone and tissue quality.

This study’s limitations include its retrospective design and
asymmetric cohort sizes. In addition, certain information is
subject to recall bias. For instance, the exact nature of a pre-
vious surgical procedure may confound our findings. However,
with large sample sizes, we hoped to minimize the effect of
those variables. Although there is an imbalance in patient
cohort sizes and sex representation, the subjects were
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collected from multiple centers to minimize the effect of se-
lection bias when performing a statistical comparison. In
addition, it is expected that larger numbers of patients undergo
TSA owing to the higher prevalence of osteoarthritis in the
elderly population. However, with trends showing an increas-
ing incidence of TSA in the younger population, it is important
to understand differences based on age. The multicenter, ret-
rospective design introduces the possibility of operator bias,
patient selection bias, and performance bias based on
nonstandardized rehabilitation protocols. Longer follow-up
is likely needed to accurately compare late complications
between the 2 age groups. The strengths of the study include
a large patient sample size with follow-up exceeding 4 years
and the use of several validated outcome measures to deter-
mine age differences in patients undergoing TSA.

Conclusion

Our study found that female sex, a history of surgery, and
a diagnosis of osteonecrosis were associated with under-
going TSA when aged 55 years or younger. Despite similar
preoperative function and minor differences in postoper-
ative range of motion and outcome scores, patients aged
55 years or younger reported lower overall satisfaction with
their TSA.

Disclaimer

Stephanie Muh receives personal fees from Exactech un-
related to and outside the subject of this work.
Thomas W. Wright receives personal fees from Exactech
unrelated to and outside the subject of this work.
Pierre-Henri Flurin receives personal fees from Exactech
unrelated to and outside the subject of this work.
Christopher Roche is an employee of Exactech.
Joseph D. Zuckerman receives personal fees from
Exactech unrelated to and outside the subject of this work.
The other authors, their immediate families, and any
research foundations with which they are affiliated
have not received any financial payments or other ben-
efits from any commercial entity related to the subject of
this article.

References

1. Burroughs PL, Gearen PF, Petty WR, Wright TW. Shoulder arthroplasty
in the young patient. J Arthroplasty 2003;18:792-8. http://dx.doi.org/
10.1016/50883-5403(03)00253-5

2. Churchill RS. Elective shoulder arthroplasty in patients older than ninety
years of age. J Shoulder Elbow Surg 2008;17:376-9. http://dx.doi.org/
10.1016/j.jse.2007.09.005

3. Denard PJ, Raiss P, Sowa B, Walch G. Mid- to long-term follow-up of
total shoulder arthroplasty using a keeled glenoid in young adults with
primary glenohumeral arthritis. J Shoulder Elbow Surg 2013;22:894-900.
http://dx.doi.org/10.1016/j.jse.2012.09.016

10.

12.

13.

14.

16.

18.

19.

20.

21.

22.

. Deshmukh AV, Koris M, Zurakowski D, Thornhill TS. Total shoulder

arthroplasty: long-term survivorship, functional outcome, and quality
of life. J Shoulder Elbow Surg 2005;14:471-9. http://dx.doi.org/10.1016/
j-jse.2005.02.009

. 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. http://dx.doi.org/10.1016/j.jse.2013.01.029

. Farng E, Zingmond D, Krenek L, Soohoo NF. Factors predicting

complication rates after primary shoulder arthroplasty. J Shoulder Elbow
Surg 2011;20:557-63. http://dx.doi.org/10.1016/j.jse.2010.11.005

. Foruria AM, Sperling JW, Ankem HK, Oh LS, Cofield RH. Total

shoulder replacement for osteoarthritis in patients 80 years of age and
older. J Bone Joint Surg Br 2010;92:970-4. http://dx.doi.org/10.1302/
0301-620X.92B7.23671

. 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.
http://dx.doi.org/10.1177/0363546517695220

. Griffin JW, Hadeed MM, Novicoff WM, Browne JA, Brockmeier SF.

Patient age is a factor in early outcomes after shoulder arthroplasty. J
Shoulder Elbow Surg 2014;23:1867-71. http://dx.doi.org/10.1016/
j-jse.2014.04.004

Henn RF 3rd, Ghomrawi H, Rutledge JR, Mazumdar M, Mancuso CA,
Marx RG. Preoperative patient expectations of total shoulder arthroplasty.
J Bone Joint Surg Am 2011;93:2110-5. http://dx.doi.org/10.2106/
JBJS.J.01114

. Iriberri I, Candrian C, Freehill MT, Raiss P, Boileau P, Walch G.

Anatomic shoulder replacement for primary osteoarthritis in patients over
80 years: outcome is as good as in younger patients. Acta Orthop
2015;86:298-302. http://dx.doi.org/10.3109/17453674.2015.1006036
Johnson MH, Paxton ES, Green A. Shoulder arthroplasty options in
young (<50 years old) patients: review of current concepts. J Shoulder
Elbow Surg 2015;24:317-25. http://dx.doi.org/10.1016/j.jse.2014.09.029
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. http://dx.doi.org/10.2106/JBJS.J.01994

Kusnezov N, Dunn J, Parada S, Kilcoyne K, Waterman B.
Clinical outcomes of anatomic total shoulder arthroplasty in
young, active population. Am J Orthop (Belle Mead NJ) 2016;45:E273-
82.

. 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. http://dx.doi.org/10.1016/j.jse.2015.06.026
Liu JN, Garcia GH, Mahony G, Wu HH, Dines DM, Warren RF, et al.
Sports after shoulder arthroplasty: a comparative analysis of
hemiarthroplasty and reverse total shoulder replacement. J Shoulder
Elbow Surg 2016;25:920-6. http://dx.doi.org/10.1016/j.jse.2015.11.003

. Mahony GT, Werner BC, Chang B, Grawe BM, Taylor SA, Craig EV,

et al. Risk factors for failing to achieve improvement after anatomic total
shoulder arthroplasty for glenohumeral osteoarthritis. J Shoulder Elbow
Surg 2018;27:968-75. http://dx.doi.org/10.1016/j.jse.2017.12.018
Matsen FA 3rd, Li N, Gao H, Yuan S, Russ SM, Sampson PD. Factors
affecting length of stay, readmission, and revision after shoulder
arthroplasty: a population-based study. J Bone Joint Surg Am
2015;97:1255-63. http://dx.doi.org/10.2106/JBJS.N.01107

Norris TR, Iannotti JP. Functional outcome after shoulder arthroplasty
for primary osteoarthritis: a multicenter study. J Shoulder Elbow Surg
2002;11:130-5. http://dx.doi.org/10.1067/mse.2002.121146
Oppermann J, Celik E, Bredow J, Beyer F, Hackl M, Spies CK, et al.
Shoulder arthroplasty in Germany: 2005-2012. Arch Orthop Trauma Surg
2016;136:723-9. http://dx.doi.org/10.1007/s00402-016-2417-9
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.
http://dx.doi.org/10.1007/s11999-015-4231-z

Raiss P, Aldinger P, Kasten P, Rickert M, Loew M. Total shoulder
replacement in young and middle-aged patients with glenohumeral


http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0010
http://dx.doi.org/10.1016/s0883-5403(03)00253-5
http://dx.doi.org/10.1016/s0883-5403(03)00253-5
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0015
http://dx.doi.org/10.1016/j.jse.2007.09.005
http://dx.doi.org/10.1016/j.jse.2007.09.005
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0020
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0020
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0020
http://dx.doi.org/10.1016/j.jse.2012.09.016
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0025
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0025
http://dx.doi.org/10.1016/j.jse.2005.02.009
http://dx.doi.org/10.1016/j.jse.2005.02.009
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0030
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0030
http://dx.doi.org/10.1016/j.jse.2013.01.029
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0035
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0035
http://dx.doi.org/10.1016/j.jse.2010.11.005
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0040
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0040
http://dx.doi.org/10.1302/0301-620X.92B7.23671
http://dx.doi.org/10.1302/0301-620X.92B7.23671
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0045
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0045
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0045
http://dx.doi.org/10.1177/0363546517695220
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0050
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0050
http://dx.doi.org/10.1016/j.jse.2014.04.004
http://dx.doi.org/10.1016/j.jse.2014.04.004
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0055
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0055
http://dx.doi.org/10.2106/JBJS.J.01114
http://dx.doi.org/10.2106/JBJS.J.01114
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0060
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0060
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0060
http://dx.doi.org/10.3109/17453674.2015.1006036
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0065
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0065
http://dx.doi.org/10.1016/j.jse.2014.09.029
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0070
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0070
http://dx.doi.org/10.2106/JBJS.J.01994
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0075
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0075
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0075
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0075
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0080
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0080
http://dx.doi.org/10.1016/j.jse.2015.06.026
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0085
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0085
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0085
http://dx.doi.org/10.1016/j.jse.2015.11.003
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0090
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0090
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0090
http://dx.doi.org/10.1016/j.jse.2017.12.018
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0095
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0095
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0095
http://dx.doi.org/10.2106/JBJS.N.01107
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0100
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0100
http://dx.doi.org/10.1067/mse.2002.121146
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0105
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0105
http://dx.doi.org/10.1007/s00402-016-2417-9
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0110
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0110
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0110
http://dx.doi.org/10.1007/s11999-015-4231-z
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0115
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0115

868

R.B. Patel et al.

23.

24.

25.

26.

osteoarthritis. J Bone Joint Surg Br 2008;90:6. http://dx.doi.org/10.1302/
0301-620X.90B6

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. http://dx.doi.org/10.1016/j.jse.2016.12.069
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. http://dx.doi.org/10.1016/
j-jse.2014.07.016

Simovitch R, Flurin PH, Wright T, Zuckerman JD, Roche CP.
Quantifying success after total shoulder arthroplasty: the minimal
clinically important difference. J Shoulder Elbow Surg 2018;27:298-305.
http://dx.doi.org/10.1016/j.js¢.2017.09.013

Singh JA, Ramachandran R. Age-related differences in the use of total
shoulder arthroplasty over time: uses and outcomes. Bone Joint J
2015;97-B:1385-9. http://dx.doi.org/10.1302/0301-620X.97B10.35696

27.

28.

29.

30.

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 arthroplasty.
J Shoulder Elbow Surg 2017;26:144-8. http://dx.doi.org/10.1016/
j-jse.2016.06.007

Triplet JJ, Everding NG, Levy JC, Formaini NT, O’Donnell KP, Moor
MA, et al. Anatomic and reverse total shoulder arthroplasty in patients
older than 80 years. Orthopedics 2015;38:904-10. http://dx.doi.org/
10.3928/01477447-20151002-58

Werthel JD, Hatta T, Schoch B, Cofield R, Sperling JW, Elhassan BT.
Is previous nonarthroplasty surgery a risk factor for periprosthetic
infection in primary shoulder arthroplasty? J Shoulder Elbow Surg
2017;26:635-40. http://dx.doi.org/10.1016/j.jse.2016.10.020

Yu S, Mahure SA, Branch N, Mollon B, Zuckerman JD. Impact of race
and gender on utilization rate of total shoulder arthroplasty. Orthopedics
2016;39:e538-44. http://dx.doi.org/10.3928/01477447-20160427-14


http://dx.doi.org/10.1302/0301-620X.90B6
http://dx.doi.org/10.1302/0301-620X.90B6
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0120
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0120
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0120
http://dx.doi.org/10.1016/j.jse.2016.12.069
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0125
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0125
http://dx.doi.org/10.1016/j.jse.2014.07.016
http://dx.doi.org/10.1016/j.jse.2014.07.016
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0130
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0130
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0130
http://dx.doi.org/10.1016/j.jse.2017.09.013
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0135
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0135
http://dx.doi.org/10.1302/0301-620X.97B10.35696
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0140
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0140
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0140
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0140
http://dx.doi.org/10.1016/j.jse.2016.06.007
http://dx.doi.org/10.1016/j.jse.2016.06.007
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0145
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0145
http://dx.doi.org/10.3928/01477447-20151002-58
http://dx.doi.org/10.3928/01477447-20151002-58
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0150
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0150
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0150
http://dx.doi.org/10.1016/j.jse.2016.10.020
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0155
http://refhub.elsevier.com/S1058-2746(18)30719-5/sr0155
http://dx.doi.org/10.3928/01477447-20160427-14

	 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
	 Materials and methods
	 Statistical analysis

	 Results
	 Discussion
	 Conclusion
	 Disclaimer
	 References


