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Background: Standard stemmed humeral implants have traditionally been utilized for total shoulder
arthroplasty (TSA) with a recent trend to implant smaller stems including short and stemless humeral
designs. However, the rate of stress shielding after stemless TSA has not been primarily studied.
Therefore, the objective of this study is to report the short-term survivorship and radiographic analysis of
a stemless humeral implant.
Methods: A retrospective cohort review of a prospectively collected, multicenter database for patients
undergoing total shoulder arthroplasty with a stemless humeral design (Equinoxe Stemless; Exactech,
Inc., Gainesville, FL, USA) with a minimum of 2 years clinical and radiographic follow-up was performed.
The primary outcomes were to report the location and rate of stress shielding from a radiographic
analysis of the humeral stem. Additionally, the revision rate of the humeral stem is reported. The sec-
ondary outcomes included ASES scores, visual analog scale (VAS) pain scores, and range of motion
(ROM). Radiographs (anterior-posterior/Grashey and axillary) were reviewed blindly by two fellowship
trained shoulder surgeons. Radiographic analysis included stress shielding (partial or complete cortical
resorption) and subsidence or shift in component position.
Results: Fifty four patients were included in this study with an average follow-up of 27 months (range
24-32 months). The average age of this cohort was 65 years (range 57-73 years) with 23 patients (43%)
being female. Stress shielding was observed in 4 patients (7%) with the medial calcar being the most
common location of stress shielding. Three of the 4 patients (75%) had evidence of partial resorption
while 1 patient (25%) had evidence of complete resorption. No humeral component shift or subsidence
was observed. There were no revisions due to humeral component complications. There was 1 revision
surgery for aseptic glenoid loosening. A significant improvement for all clinical outcome measures was
seen including with respect to VAS pain, which improved from 6.2 to 1.8 (P < .05), ASES, which improved
from 38.2 to 81.8 (P < .05), and ROM which forward flexion improved from 120 degrees to 153 degrees
(P < .05) and external rotation improved from 29 degrees to 49 degrees (P < .05).
Discussion: This ongoing study demonstrates a low rate of stress shielding for a stemless design hu-
meral implant at short-term follow-up without any revision surgery due to humeral component com-
plications. Longer term radiographic and clinical analysis with this cohort will be needed to confirm
these findings and theoretical benefits for future revision surgeries.

© 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-
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Total shoulder arthroplasty surgical volume is currently
increasing. Standard stemmed (100-150 mm) humeral implants
have traditionally been utilized, however there is a trend to implant
smaller stems including short (50-100 mm) and stemless (less than
50 mm) humeral designs.8 Stemless humeral designs have many
theoretical benefits compared to traditional and short stems.
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Figure 1 Equinoxe stemless humeral design. (Exactech, Inc., Gainesville, Florida).

Figure 2 Previously described anatomic locations for stress shielding with a stemless humeral designed implant. On the AP view, there are three locations including greater
tuberosity, tip and medical calcar. On the axillary view, there are three additional locations including anterior, tip and posterior; AP, anteroposterior.
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Benefits of stemless humeral designs include less blood loss, ease of
removal in revision situations, preservation of humeral bone,
decreased operative time, ability to restore glenohumeral joint
center of rotation without violating the humeral canal and the
ability to perform a reconstruction for proximal humeral deformity
cases.1,5,7,8,11,13,15,17,19

Stress shielding is the adaption of cortical bone to changes of
load and is regulated by Wolff’s law.2,5,8 Traditional cemented hu-
meral stems create a homogenous stress distribution with the
proximal humerus limiting the stress shielding observed.8 How-
ever, as surgeons transitioned to press fit traditional humeral
stems, greater cortical stress and load bypassing the proximal hu-
merus to the diaphysis via the stem lead to increased stress
shielding and cortical thinning of the proximal humerus.8

Furthermore, biomechanical studies and finite element analysis
has shown more normal physiologic proximal humerus stress and
therefore, predicted lower stress shielding with shorter and stem-
less humeral implants.8,18,20

Stemless humeral designs have been reported to have decreased
stress shielding radiographically, which can be advantageous for
future revision surgeries.5-8,20-21 However, reports documenting
incidence of stress shielding after stemless TSA have had highly
variable results.3-4,9 Stress shielding for stemless humeral designs
have been reported to be 0%-42%, which may be due to
multiple variables including implant design and implantation
technique.3-4,9,14 Therefore, the primary purpose of this project is to
report the short-term survivorship and radiographic outcomes of a
stemless humeral press fit design implant for anatomic total
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shoulder arthroplasty (aTSA) of a particular shoulder system. The
secondary outcomes included a clinical evaluation with ASES
scores, visual analog scale (VAS) pain scores, and range of motion
(ROM).

Materials and methods

Study design and humeral implant

We performed a retrospective cohort review of a prospectively
collected, multicenter database for patients undergoing total
shoulder arthroplasty with a stemless humeral design (Equinoxe
Stemles; Exactech Inc., Gainesville, FL, USA) with a minimum of 2
years clinical and radiographic follow-up. Indications for the pro-
cedure included osteoarthritis, rheumatoid arthritis, avascular ne-
crosis and proximal humerus malunion with arthritis. The humeral
implant utilized with these patients is a tapered, three-fined caged
implant. The humeral implant is a press-fit design into the meta-
physeal bone via the three highly porous fins and a core fenestrated
nucleus. (Fig. 1).

Surgical technique

All surgical procedures were performed by shoulder recon-
struction specialist through a standard deltopectoral approach. A
lesser tuberosity osteotomy, subscapularis peel, subscapularis
tenotomy or subscapularis sparring approach were performed
based on surgeon’s preference. An anatomical neck osteotomy was



Table I
Cohort analysis of 54 patients included in this retrospective review.

N 54 patients
Average follow up 27 mo (24-32 mo)
Average age 65 y (57-73 y)
Gender 23 (43%) Female: 31 (57%) Male
Average body mass index 31 (24-38)

Table II
Preoperative and postoperative clinical evaluations including Pain or Visual Analog
Score, ASES function score, forward flexion and external rotation measurements.

Clinical assessment Preoperative Postoperative Change P value

VAS 6.2 1.8 �4.4 <.05
ASES 38.2 81.8 þ43.5 <.05
Forward flexion (degrees) 120 153 þ34 <.05
External rotation (degrees) 29 49 þ20 <.05

VAS, visual analog scale; ASES, American Shoulder and Elbow Surgeons.
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performed with respect to the humerus native retroversion. Post-
operatively, patients were placed in a sling and passive motion was
initiated according to surgeon’s preference. Formal physical ther-
apy for active and passive motion was initiated within six weeks
postoperatively.

Radiographic evaluation

Anteroposterior (Grashey) and axillary radiographs were
routinely taken during the initial postoperative period and during
various intervals. All radiographs were reviewed independently by
two fellowship trained shoulder surgeons. Latest radiographs
(minimum 2 years postoperative) were compared to initial post-
operative radiographs for decreased bone mineral density
(cancellous changes), partial or complete stress shielding (cortical
changes), and implant position change (subsidence or shift). Pre-
viously described anatomic locations for grading of the bony
changes were utilized for this study.8,15 (Fig. 2) Additionally, a
previously described classification by Denard et al was utilized for
the grading of bony changes. Grade 1 is considered decreased bone
mineral density without cortical resorption (cancellous changes),
grade 2 is considered humeral lucency with partial cortical
resorption, and grade 3 is considered humeral lucency with com-
plete cortical resorption.8 Stress shielding was considered grade 2
or grade 3 humeral lucencies.8 All discrepancies were evaluated
and discussed to arrive at a consensus.

Patient demographics and clinical evaluation

Clinical outcomes including baseline demographics (age,
gender, body mass index) and patient reported outcomes were
collected. Patient reported outcomes included pain (visual analog
score/VAS), range of motion, specifically forward flexion (FF) and
external rotation (ER), and ASES functional scores. Revision sur-
geries and complications were also collected.

Statistical analysis

Standard descriptive summaries (means, standard deviations,
and percentages) were utilized for baseline demographics and
radiographic characteristics. For clinical preoperative to post-
operative comparisons, chi-squared test and Student’s t-test were
utilized for categorical and numerical data. A P-value of < .05 was
considered statistically significant. All statistical analyses were
completed using Excel software (Microsoft Corporation, Redmond,
WA, USA).
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Results

Cohort demographics

Therewere 54 patients included in this retrospective study with
a minimum of 2 years clinical and radiographic follow-up. The
average follow-up was 27 months (range 24-32 months). The
average age was 65 years (range 57-73 years) with 23 patients
(43%) being female and 31 patients (57%) being male. The average
BMI for this cohort was 31 (range 24-38) (Table I).

Clinical evaluation

At the final postoperative evaluation, on average all clinical
measures improved significantly. Specifically, pain (visual analog
scale) scores improved from 6.2 to 1.8 (�4.4, P < .05). Functional
scores (ASES) improved preoperatively from 38.2 to 81.8 (þ43.5)
post operatively (P < .05). Range of motion, specifically forward
flexion and external rotation also significantly improved. Forward
flexion improved from 120 degrees to 153 degrees (þ34 degrees,
P < .05) and external rotation increased from 29 degrees to 49
degrees (þ20 degrees, P < .05) (Table II).

Revisions and complications

Two of the 54 patients (3.7%) had a surgical complication during
this study period. One patient (2%) sustained a fall and now has
limited active motion despite no fracture. Currently, no surgical
intervention for this patient has been performed. The second
complication with this cohort includes 1 patient (2%) who under-
went a revision surgery for aseptic glenoid loosening. There were
no revision surgeries or complications related to the humeral
implant (Table III).

Radiographic analysis

Four of 54 patients (7%) within this cohort exhibited radio-
graphic evidence of proximal humeral stress shielding (partial or
complete cortical bone changes). Of these 4 patients, all exhibited
radiographic stress shielding in the medical calcar region (100%).
Two of these patients (50%) also exhibited radiograph stress
shielding in the anterior location on the axillary view. No other
locations of stress shielding were observed. For the medical calcar
location, 3 patients (75%) had partial (grade 2) cortical resorption
while 1 patient (25%) had complete (grade 3) cortical resorption.
The 2 patients with stress shielding anteriorly, they also displayed
partial or grade 2 stress shielding in the anterior location. No hu-
meral implant (0%) demonstrated a change in position (shift or
subsidence) radiographically (Table IV).

Discussion

The primary objective for this retrospective cohort study was to
report the survivorship and radiographic analysis for a particular
stemless humeral design utilized in aTSA, which has not been re-
ported prior in literature. This cohort did not have any revision
surgeries due to humeral component complications. Additionally,
no change in humeral component position (shift or subsidence)
was observed. However, stress shielding was observed in 7% of the
patients with this particular implant. Stress shielding was primarily
observed in the medial calcar location and was more likely to be
associated with partial (75%) rather than complete (25%) cortical
resorption. These findings appear to be similar to previously pub-
lished articles regarding stemless humeral implants. Stress shield-
ing with other stemless humeral designs range from 0% to 42%.3-4,9



Table III
Revision and complications during the short term follow-up with this study. No
revision surgery noted due to humeral component complications within the short
term follow-up.

Complications 2 (3.7%) Fall, aseptic glenoid loosening
Revisions 1 (2%) Aseptic Glenoid Loosening
Revisions due to humeral

component
0 (0%)

Table IV
Short term radiographic analysis revealing the medial calcar and partial resorption
(grade 2 stress shielding) is the most common location and severity of stress
shielding with this cohort.

Stress shielding 4 (7%)
Location Medial Calcar (4) 3 (75%) Grade 2 (partial)

1 (25%) Grade 3 (complete)
Anterior (2) 2 (100%) Grade 2 (partial)

Humeral Component
Change in Position
(Shift or Subsidence)

0 (0%)
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However, the majority of radiographic studies reveal a relatively
low rate of stress shielding with stemless humeral press fit
implants.15 Only one study reported a revision surgery with short
term follow-up due to a humeral component complication with a
stemless humeral design, whichwas noted to be aseptic loosening.3

This may indicate that while humeral loosening following stemless
TSA is rare, vigilance is still needed when determining if the bone
quality is adequate for this type of implant.

Stress shielding when using a standard length (100-150 mm)
humeral press fit stem has been reported to range from 6% to
43%.6,10,16 Short (50-100 mm) humeral press fit stem stress
shielding rates have been reported to range from 20% to 25%
(M. Virk, unpublished data, 2022).8,12 Therefore, the results of this
study combined with other previous studies with similar short
term follow-up indicate that the stemless design is associated with
lower rates of stress shielding in comparison to stemmed implants.
However, the clinical ramifications are yet to be determined and
longer-term radiographic studies are needed.

Our study is not without limitations. First, it is a retrospective
study which presents inherent weaknesses, such as selection bias
and particular patients that were lost to follow-up. Second, inac-
curacies in radiographic findings are possible. The multicenter na-
ture of this study may have introduced variations in radiographic
views and techniques that could affect the analysis of x-rays and
hence our results. Finally, our study could benefit from a larger
sample size; however, with the recent trend to implant more
stemless design components, this ongoing analysis will be able to
include larger cohort numbers with future studies.

Conclusion

This ongoing radiographic analysis demonstrates a low rate of
stress shielding for a stemless humeral design at short-term follow-
up without any revision surgery due to humeral component com-
plications. Additionally, compared to stress shielding rates for short
and standard humeral stems, a stemless design appears to have a
lower rate of stress shielding compared to uncemented stemmed
implants as historically reported. Larger and longer term radio-
graphic and clinical studies are needed to confirm our findings and
elucidate the clinical implications.
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