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Background: Improvements in pain control after shoulder arthroplasty with a reduction in narcotic use
continues to be an important postoperative goal. With the increased utilization of stemless anatomic
total shoulder arthroplasty (aTSA), it is relevant to compare between stemmed and stemless arthroplasty
to assess if there is any association between this implant design change and early postoperative pain.
Methods: Patients from a multicenter, prospectively-maintained database who had undergone a
stemless aTSA with a minimum of two year clinical follow-up were retrospectively identified. Patients
who underwent aTSA with a short stem were identified in the same registry, and matched to the
stemless aTSA patients by age, sex and preoperative pain score. The primary study outcome was the
Visual Analog Scale pain score. Secondary pain outcomes were the American Shoulder and Elbow
Surgeons shoulder pain subscore, Western Ontario Osteoarthritis of the Shoulder physical symptoms
subscore, and the Single Assessment Numeric Evaluation score. Finally, the percentage of patients who
could sleep on the affected shoulder was assessed for each group. These pain-related clinical outcomes
were assessed and compared preoperatively, and postoperatively at 9 weeks, 26 weeks, one year and two
years. For all statistical comparisons, P > .05 was considered significant.
Results: 124 patients were included in the study; 62 in each group. At 9 weeks after surgery, statistically
significantly improved pain control was reported by patients undergoing stemless aTSA, as assessed by
the Visual Analog Scale (stemless: 1.5, stemmed: 2.5, P ¼ .001), American Shoulder and Elbow Surgeons
pain subscore (stemless: 42.4, stemmed: 37.3, P < .001), Western Ontario Osteoarthritis of the Shoulder
Physical Symptoms (stemless: 80.3, stemmed: 73.1, P ¼ .006) and Single Assessment Numeric Evaluation
(stemless: 58.1, stemmed: 47.4, P ¼ .011). Patients who underwent a stemless aTSA were significantly
more likely to be able to sleep on the affected shoulder at 9 weeks (29% vs. 11%, odds ratio 3.2, 95%
confidence interval 1.2-8.4, P ¼ .014). By 26 weeks postoperatively, there were no differences in all pain-
specific outcomes. At two years postoperatively, patient-reported outcomes, range of motion, and
strength measures were all similar between the two cohorts.
Conclusion: Stemless aTSA provides earlier improvement in postoperative shoulder pain compared to
matched patients undergoing short-stem aTSA. Additionally, earlier return to sleeping on the affected
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shoulder was reported in the stemless aTSA group. The majority of these differences dissipate by 26
weeks postoperatively and there were no differences in pain, patient-reported outcomes, range of mo-
tion or strength measures between stemless and short-stem aTSA at 2 years postoperatively.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
As the number of total shoulder arthroplasties (TSA) continues
to increase in the United States,27 surgeons are tasked with the goal
of improving postoperative outcomes and the patient experience as
well as minimize the rate of complications and preventable
revisions. At the same time, there is a significant national campaign
to minimize narcotic consumption following orthopedic proced-
ures due to medication-related complications and addiction
potential.18

With newer implants and surgical techniques becoming
available, it is important to compare these implant and practice
modifications to the traditional options to ensure that surgeons are
accomplishing the above objectives. One such focus, postoperative
pain control, continues to be a very important patient outcome
measure that can increase patient satisfaction while at the same
time reduce narcotic consumption.7 Risk factors for poor TSA
postoperative pain control have been studied before and include
patients younger than 65 year old,10 unemployment,10 preoperative
opioid use,10 depression,23 and tobacco use.23

Improving postoperative shoulder arthroplasty pain has been
the subject of past research with most of the focus being on
multimodal medication regimens,6 regional nerve blocks,12 post-
operative interventional sleep pathways,2 and preoperative patient
education.20 Modifications in implant designs have not been
studied nearly as thoroughly, likely because most alterations do not
significantly affect the overall surgical technique, and thus would
be expected to have a negligible effect on postoperative pain.

Stemless humeral implants for anatomic total shoulder
arthroplasty (aTSA) are seeing increased utilization in the United
States and have been compared to the more traditional stemmed
implants with radiographic and patient reported outcomes (PRO)
based research studies. Compared to stemmed implants, stemless
anatomic implants have similar implant longevity and
PRO’s.1,14,15,22,24,26 However, stemless implants have been shown to
result in less intraoperative blood loss,4 reduced surgical time,4,5 a
lower rate of intraoperative fractures,28 and improved center of
rotation restoration.21

The aim of the current study is to compare postoperative pain
measures between two matched cohorts of patients who under-
went aTSA with either a short stemmed or compression screw
fixation stemless implant. Secondary outcomes were ability to
sleep on the affected shoulder, and other PROs, range of motion
(ROM) and strength measures. The null hypothesis was that both
cohorts would have similar improvements in pain control at all
assessed times points in the first two years after undergoing aTSA.

Materials and methods

Database and study patients

A multicenter, prospectively-collected database of patients un-
dergoing shoulder arthroplasty was utilized to retrospectively
identify study patients. A total of 11 sites contributed patients to the
database for this study. Institutional Review Board approval was
attained. Inclusion criteria were: 1) aTSA with either a stemless
(Eclipse; Arthrex Inc., Naples, FL, USA) or short stem humeral
implant (Univers Apex; Arthrex Inc., Naples, FL, USA) and 2) mini-
mum two year clinical follow-up. Exclusion criteria were: 1)
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revision arthroplasty, 2) standard length stem humeral implant, 3)
any augmented or convertible glenoid implant, and 4) worker’s
compensation. Two cohorts were then created based on the type of
humeral implant. Patients with a short stem were matched to
stemless patients by age (±1 year), sex, and preoperative Visual
Analog Scale (VAS) pain score (±1 point).

Baseline data

Baseline patient demographics were extracted from the registry
for comparison. For each included patient, the preoperative glenoid
morphology was classified on plain radiographs and recorded for
comparison. Preoperative PROs assessed were: VAS, Western
Ontario Osteoarthritis of the Shoulder (WOOS) index score, Single
Assessment Numeric Evaluation (SANE) score, Veterans RAND 12
(VR-12) mental score, American Shoulder and Elbow Surgeons
(ASES) score, and Constant-Murley score. ROM and strength mea-
sures were also recorded.

Surgical technique

A deltopectoral approach was utilized with subscapularis
management varying by surgeon preference. An anatomic head cut
with or without a guide was performed, and then the same,
cemented all-polyethylene glenoid was implanted for patients in
both cohorts (Univers VaultLock Glenoid; Arthrex Inc., Naples, FL,
USA). The choice of humeral implant was based on surgeon pref-
erence, butmost of the surgeons converted to stemless arthroplasty
as the implant became more readily available.

For the press-fit short humeral stem (Univers Apex; Arthrex Inc.,
Naples FL, USA), humeral hand reaming followed by broaching was
carried out until adequate cortical chatter was achieved. After
trialing, the final implant was impacted into placewith the humeral
head secured on the trunnion. Stemless fixation utilized a device
based on cortical rim support and compression (Eclipse; Arthrex,
Inc., Naples, FL, USA). This device uses a titanium circular trunnion
that was sized matched to the outer cortical rim of the humeral
head cut and then compressed to the metaphysis with a hollow
cage screw. Thus, no metaphyseal broaching or bone removal was
required. Following trialing, an appropriate thickness and diameter
concentric humeral head component was impacted. Although
postoperative rehabilitation and pain management were not
standardized, both cohorts underwent the same protocol based on
surgeon preference regardless of which implant was utilized.

Outcomes

The primary study outcome was the VAS pain score. Secondary
pain outcomes were the ASES shoulder pain subscore (which en-
compasses 4 different questions: overall pain overall, night pain,
over-the-counter medication usage for pain, and narcotics usage for
pain), WOOS physical symptoms subscore, and the SANE score. The
percentage of patients who could sleep on the affected shoulder, a
questionwithin the ASES shoulder score, was also assessed for each
group. These pain-related and sleep clinical outcomes were
assessed and compared preoperatively, and postoperatively at 9
weeks, 26 weeks, one year and two years. Additional comparisons
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Table I
Demographic comparison of short stem and stemless TSA.

Patient Characteristics Short Stem
(N ¼ 62)

Stemless
(N ¼ 62)

P

Demographics
Age: y (mean, s.d.) 66.0 7.3 65.9 7.3 .939
Sex: female (n, %) 32 51.6% 32 51.6% 1.000
BMI: kg/m2 (mean, s.d.) 29.9 5.7 32.0 9.1 .126
Dominant arm: yes (n, %) 26 41.9% 29 46.8% .588
Tobacco use: yes (n, %) 5 8.1% 4 6.5% .729
Diabetes mellitus: yes (n, %) 9 14.5% 9 14.5% 1.000

Walch classification
A1 (n, %) 22 35.5% 20 32.3% .704
A2 (n, %) 9 14.5% 10 16.1% .803
B1 (n, %) 11 17.7% 10 16.1% .811
B2 (n, %) 19 30.6% 22 35.5% .567

s.d., standard deviation; BMI, body mass index.

Table II
Comparison of baseline PROs and ROM.

Short stem
(N ¼ 62)

Stemless
(N ¼ 62)

P

Mean Std. Dev. Mean Std. Dev.

Baseline PROs
VAS Pain 5.6 2.3 5.9 2.1 .449
ASES 42.4 18.1 41.9 16.3 .872
SANE 32.5 22.9 34.6 21.4 .599
WOOS 40.4 21.6 42.9 19.7 .502
Constant-Murley 42.8 15.5 42.3 15.9 .860
VR-12 Mental 47.0 12.5 47.6 11.4 .781

Baseline ROM
Active FF (degrees) 105 29 113 32 .147
Active ER at Side (degrees) 29 17 36 20 .038
Active ER at 90 (degrees) 34 27 27 32 .191
Active IR (spinal level) L5 3 L5 3 1.000
Active IR at 90 (degrees) 19 18 14 23 .180

Baseline Strength
Constant-Murley 7.2 4.2 5.9 6.4 .183
ER in neutral 8.0 3.8 7.4 5.2 .465
Belly Press 9.6 4.4 9.4 7.4 .855

PROs, patient reported outcomes; VAS, visual analog scale; SANE, single assessment
numeric evaluation; WOOS, Western Ontario Osteoarthritis of the Shoulder, VR-12,
veterans RAND 12; ROM, range of motion; FF, forward flexion; ER, external rotation;
IR, internal rotation.
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of all baseline and 2 year patient-reported outcomes (PROs) and
ROM were also performed.

Statistical analysis

All statistical comparisons were performed in SPSS version 29
(IBM, Armonk, NY, USA). Comparisons of continuous variables were
performed using Student’s tests. Comparisons of categorical vari-
ables were performed using chi-squared tests or Fisher’s exact tests
where appropriate. For all statistical comparisons, P < .05 was
considered significant.

Results

Baseline data

124 patients were included in the study; 62 in each group. The
was no statistically significant differences between the stemless
and short-stem TSA patients for demographics, glenoid
morphology, baseline PROs and baseline strength (Tables I and II).
The subscapularis takedown method was lesser tuberosity osteot-
omy in 41 (66%) of short-stem patients and 46 (74%) of stemless
patients (P ¼ .326). Baseline ROM was similar between groups for
all measures with the exception of external rotation at the side,
which was higher for the stemless patients (mean difference ¼ 7
degrees, P ¼ .038) (Table II).

Clinical outcomes

The VAS pain score was lower (short stem: 2.5 ± 1.6, stemless:
1.5 ± 1.5, P < .001) and the ASES pain subscore (short stem:
37.3 ± 8.1, stemless: 42.4 ± 7.6, P < .001), WOOS Physical Symptoms
(short stem: 73.1 ± 15.2, stemless: 80.3 ± 13.0, P ¼ .006) and SANE
score (short stem: 47.4 ± 23.3, stemless: 58.1 ± 22.4, P ¼ .011) were
all significantly higher (less pain) at 9 weeks postoperatively in the
stemless cohort compared to the short stem patients (Fig. 1). The
SANE was also significantly higher at 1 year postoperatively in the
stemless group (P ¼ .008). At two years postoperatively, all PROs,
ROM, and strength measures were statistically similar between
both cohorts (Table III).

The percentage of patients that replied “not difficult” for
sleeping on their affected shoulder was statistically higher at the
9-week time point in the stemless group compared to short-stem
(29% vs. 11%, odds ratio of 3.2 [95% confidence interval 1.2-8.4],
P ¼ .014) (Fig. 2). There were no statistically significant differences
in the percentage of patients who could sleep on their affected
shoulder at any other assessed time point.
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Discussion

The current study demonstrates that patients undergoing aTSA
with the studied stemless prosthesis report improved early post-
operative pain compared to age, sex, and preoperative pain
score-matched patients undergoing aTSA with short stemmed
implants. Additionally, stemless aTSA patients reported a quicker
recovery in the ability to sleep on their affected shoulder compared
to short-stem aTSA patients. For all outcomes evaluated, there were
no significant differences at 2 years postoperatively.

There are obvious potential benefits to this potential early
reduction in pain, particularly with the increased shift toward
outpatient TSA. However, there is conflicting existing literature
regarding differences in early pain after stemless vs. stemmed
anatomic TSA. Gruson et al showed reduced pain at the time of
discharge after stemless with a VAS of 0 in 83 patients compared to
4 in the short stem cohort of 47 patient whichwas associatedwith a
reduced length of stay in the hospital.4 In a study of 203 stemless
aTSAs, 354 short stem aTSAs and 1159 traditional length stem
aTSAs, Labrum et al stratified postoperative pain scores by stem
type.11 The authors found no differences in postoperative pain be-
tween any cohort across all pain metrics recorded during the first 3
months postoperatively. Additionally, the stemless aTSA cohort did
not show any significantly greater improvement in pain metrics at
any time point postoperatively when compared to SS and TL co-
horts.11 There are two potential explanations for the difference in
findings between our data and that of Gruson et al and this study.
First, the authors utilized a registry which only included follow-up
data recorded at the 3 month postoperative time point. Based on
our analysis and that of Gruson et al, the pain relief afforded by a
stemless design may be in the early recovery period and dissipates
by 3 months postoperatively. While we noted a significant differ-
ence in pain at 9 weeks, this difference was no longer present by 26
weeks postoperatively. Second, the type of stemless design may
have an impact on pain recovery. The stemless design evaluated by
Labrum et al requires metaphyseal preparation and impaction of a
central nucleus. Conversely, the design in the current study relies
on cortical rim support and compression and does not require
metaphyseal compaction or bone removal for implantation.



Figure 1 Comparison of recovery between stemless and short-stem aTSA. There were statistically significantly improved scores at 9 weeks postoperatively in the stemless aTSA
group for all four pain-related metrics studied. aTSA, anatomic shoulder arthroplasty.

Table III
Comparison of two-year outcomes.

Short stem
(N ¼ 62)

Stemless
(N ¼ 62)

P

Mean Std. Dev. Mean Std. Dev.

2-y PROs
VAS Pain 0.6 1.0 0.7 1.3 .632
ASES 89.4 9.4 88.3 16.4 .648
SANE 81.7 21.2 83.0 24.7 .754
WOOS 91.6 10.6 90.5 15.2 .641
Constant-Murley 79.8 14.5 80.4 18.4 .841
VR-12 Mental 53.0 9.5 54.4 9.5 .414

2-y ROM
Active FF (degrees) 150 15 150 21 1.000
Active ER at Side (degrees) 57 21 61 14 .215
Active ER at 90 (degrees) 69 24 72 26 .506
Active IR (spinal level) L2 3 L1 3 .066
Active IR at 90 (degrees) 36 20 34 29 .656

2-y Strength
Constant-Murley 9.2 4.6 8.8 6.4 .690
ER in neutral 10.9 4.4 11.9 6.2 .302
Belly Press 11.7 5.1 11.8 6.4 .924

PROs, patient reported outcomes; VAS, visual analog scale; SANE, single assessment
numeric evaluation; WOOS, Western Ontario Osteoarthritis of the Shoulder, VR-12,
veterans RAND 12; ROM, range of motion; FF, forward flexion; ER, external rotation;
IR, internal rotation.
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Further comparative studies would be necessary to determine if
stemless prosthetic design contributes to early pain postoperative
pain relief.

The reasons behind the improved pain control cannot be fully
elucidated from a retrospective clinical study but certainly warrant
discussion. Hypothesis regarding this from past studies and from
the authors of the current study include 1) decreased surgical time
resulting in less soft tissue retraction, damage, and swelling, 2) a
smaller local and systemic inflammatory response as a result of the
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decreased trauma to the bone by avoiding reaming and broaching,
3) less blood loss, and 4) less time under anesthesia which also
affects the overall systemic inflammatory response.19 From the
lower extremity trauma literature, reaming the femoral intra-
medullary canal results in a significant release of IL-6, a
pro-inflammatory cytokine, and this effect may be similar in the
humerus.16 The relationship between inflammation and pain has
been extensively studied with inflammation appearing to be the
nidus of pain.17 However, as discussed previously, it is also possible
that the technique of stemless implantation and implant design
may also affect the early pain reduction benefit.11

Although pain outcome measures in the two cohorts eventually
became similar, early pain control is of significant importance and
may even affect long-term outcomes. In a retrospective case series
of 314 shoulders with either a reverse TSA or aTSA, a multivariate
analysis reported that increased pain in the first 24 postoperatively
hours was independently associated with multiple worse PROs at 2
years postoperatively.8 Additionally, as there continues to be an
increase in more efficient, cost-effective, and safe outpatient
shoulder arthroplasty, research such as this helps to reduce pa-
tients’ primary concern regarding early postoperative pain control
in the outpatient setting.9 Furthermore, Magone et al showed that
inadequate pain control is one of the primary barriers to discharge
after shoulder arthroplasty.13

A unique finding of the current study is that patients undergoing
stemless aTSA are significantlymore likely to be able to sleep on the
surgical shoulder in the early postoperative period compared to
those in the short stem cohort (29% vs. 11%, respectively). In addi-
tion to the commonsense notion that improved sleep increases
patient satisfaction, sleep disturbances after surgery are common
and result in researched postoperative harmful effects such as an
increased sensitivity to pain, a higher rate of delirium, more car-
diovascular complications, and an overall poorer recovery.25

Additionally, narcotic use results in poorer quality of sleep by



Figure 2 Comparison of percentage of patients who could sleep on the affected shoulder between stemless and short-stem aTSA. Significantly more patients (29% vs. 11%) were able
to sleep on their shoulder in the stemless group at 9 weeks postoperatively. aTSA, anatomic total shoulder arthroplasty.
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decreasing REM sleep so controlling early postoperative pain may
work in synergy with less narcotic use and improved sleep.3

There are several limitations of the current study that warrant
discussion. First, while we controlled for sex, age and baseline pain
scores, there are numerous other confounding factors that could
not be controlled for in this study, such as duration of pain pre-
operatively, chronic pain, preoperative opioid use, mental health,
depression history, socioeconomic factors and education level,
among others. These factors could influence the findings of the
study. As was mentioned previously, perioperative pain manage-
ment strategies, including medications and regional anesthesia,
postoperative pain control regimen and postoperative rehabilita-
tion were not able to be standardized across the various registry
sites. However, each surgeon was consistent with these treatments
regardless of what implant was placed so this would not affect the
outcomes. Another limitation is that the chosen implant was based
on surgeon preference and not due to any controlled or randomized
process. This limitation reflects the trend in stemless utilization in
each surgeon’s practice and is not due to any purposeful selection
bias or meaningful change in experience level when the stemless
implants were placed. This is evident that after matching, there
were very similar baseline characteristics between the cohorts and
by the fact that these contributing surgeons were already high-
volume surgeons (>100 shoulder arthroplasty procedures per
year) before the stemless implants were in greater use. Despite the
findings of this study, generalizing the early improved pain control
outcome to all stemless implants may not prove true due to the
unique implantation technique utilized. The findings of this study,
while statistically significant, are not clearly clinically significant,
thus larger studies would be necessary to establish firm clinical
significance. Lastly, we did not evaluate narcotic usage. Further
study could compare early narcotic usage between stemmed and
stemless components.
Conclusions

The studied stemless aTSA provides earlier improvement in
postoperative shoulder pain compared to age, sex and baseline
pain-score matched patients undergoing short-stem aTSA. Addi-
tionally, earlier return to sleeping on the affected shoulder was
reported in the stemless aTSA group. The majority of these differ-
ences dissipate by 26 weeks postoperatively and there were no
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differences in pain, PROs, ROM or strength measures between
stemless and short-stem aTSA at 2 years postoperatively.
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