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ABSTRACT

Reverse shoulder arthroplasty (RSA) is an effective treatment for rotator cuff tears. Despite
its advantages, complications occur at a high rate. Complications requiring revision include
a high rate of base plate failure, 38% of which are due to instability. The primary stability
the base plate ensures is a crucial factor and, thus, is the subject of much debate in clinical
studies and biomechanical research. This study is aimed to provide data that will contribute
to the base plate’s primary stability and glenoid longevity by clarifying the stresses at the
scapular fossa and base plate interface associated with elevation after RSA. A 3D finite ele-
ment model was created from the DICOM data for the scapulohumeral joint and SMR
shoulder system. For loading conditions, 30 N was applied for each position with abduction
angles of 0, 45, 90, and 135 degrees. A three-dimensional finite element analysis was per-
formed using the static implicit method with LS-DYNA. The von Mises stresses in the sca-
pular fossa were found not to exceed the yield stress on the bone even after elevation to an
abduction angle of 135 degrees after RSA. It is rough to uniformly compare the yield stress
and the von Mises stress, but it was inferred that the possibility of fracture is low unless a
large external force is applied. A maximum von Mises stress showed 0 degrees of abduction,
suggesting that the lowered position is in a more severe condition than the elevated posi-
tion. If better improvement is desired, it may be necessary to devise ways to reduce the
stress on the upper screw.
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1. INTRODUCTION

The two main causes of rotator cuff tears are injury and wear. Because most wears are largely caused
by the normal wear and tear that goes along with aging, people over 40 are at greater risk. Surgery may be
indicated if the pain does not improve by non-surgical means. Surgery to repair a torn rotator cuff most
often involves re-attaching the tendon to the head of the humerus. A traditional open surgical incision is
often required if the tear is large or complex. Nevertheless, this type of procedure is not as beneficial for
patients with large rotator cuff tears who have developed a complex type of shoulder arthritis called cuff
tear arthropathy. For these patients, conventional total shoulder replacement may result in pain and limited
motion, and reverse shoulder replacement (RSA) is a better option [1-3].

Reverse shoulder arthroplasty is an effective treatment for rotator cuff tears. Despite its advantages
and ever-expanding indications, the complication rate is higher than in Total Shoulder Arthroplasty (TSA)
[4, 5]. Base plate failure accounts for the highest percentage of complications requiring postoperative revi-
sion, with 38% of the causes being instability [4, 6]. This indicates the base plate primary stability of the
base plate is crucial. The assessment of primary stability should be compared to scientific evidence, such as
the yield stress on the scapula, which we believe will lead to a longer life of the glenoid.

Compared to TSA, Grammont-style RSA has an advantage in elevation because the upper arm is lo-
wered and the deltoid is extended, resulting in a more extended moment arm [4, 7]. Although RSA theo-
retically extends the shoulder’s range of motion, few reports compare stresses and strains on the scapular
fossa and other biomechanical data in the abductions, respectively. Patients spend most of their time in the
lowered abduction position daily. The biomechanical knowledge gained about the degree of stress pro-
duced by the abduction is clinically informative. Not only surgeons but also engineers engaged in implant
development will lead RSA to success, provided that they understand the relationship between these indi-
cators and clinical outcomes to improve the function of the shoulder joint after surgery [7].

This study aims to determine the stress at the scapular fossa and base plate interface after RSA. Com-
parison of stresses at the scapular fossa with literature values will allow discussion of fracture likelihood
and implant failure. The distribution of stresses exerted on the scapular fossa by the peg and screw will
provide insight into improvements in prosthesis design and lead to longer life of the glenoid [8]. Know-
ledge of these mechanical parameters after the device is implanted will lead to improved surgical proce-
dures, which in turn will produce superior clinical outcomes.

2. MATERIALS AND METHODS

The finite element model was constructed from DICOM data obtained by CT imaging of the scapula
model (A Pacific Research Company, WA, USA). Consent was obtained from Lima for the acquisition of
the three-dimensional geometry of the SMR shoulder system (Lima, Italy). Permission was obtained from
Lima for the acquisition of geometry data for the SMR shoulder system. The analytical model was con-
structed in five parts: Scapula, 36 mm Glenosphere, Base plate, Upper screw, and Lower screw. Elements
were subdivided into a total of 58,450 to improve accuracy (Figure 1). The physical properties of the ana-
lytical model were assumed to be CoCrMo for the glenosphere, base plate, and pegs, Ti-6Al-4V for the
upper and lower screws, and the scapula was assumed to be the cancellous bone of an aged person with
severe conditions [9, 10]. These materials were homogeneous, and material constants were defined based
on the literature (Table 1) [11, 12].

The medial border of the scapula was fixed entirely as a boundary condition [13]. The glenosphere
was placed 4 mm inferior to the scapular fossa to avoid scapular notching [14, 15]. For the contact condi-
tions between the scapula and the artificial shoulder joint, the two were not fixed but only made contact.
The loading condition was 30 N applied as the weight of the upper arm. The rationale was based on the
assumption that an aged Asian weighs 50 kg and that the load on the glenosphere was calculated to be the
weight of the upper arm, equivalent to 6% of the body weight or 3 kg. The loading directions were 0, 45,
90, and 135 degrees of abduction with respect to the base plate installation surface to simulate elevation
(Figure 2) [16].
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Figure 1. Three dimentional finite elements mod-
els. (a) Scapula and glenosphere; (b) Base plate and
central peg. Blue is upper cancellous screw. Yellow
is lower cancellous screw.

Figure 2. Boundary and load conditions.
Fixed the shaded area. 30 N was applied
in the direction of the arrow.

Table 1. Material properties for each component.

CoCrMo Ti6Al4V Scapula
Density [kg/m’] 8.30 x 10° 4.40 x 10° 1.80 x 10°
Elastic modulus [GPa] 215 100 17
Poisson’s ratio [—] 0.30 0.34 0.30

A Precision 3650 (DELL, TX, USA) workstation was used for the analysis. The software LS-DYNA
ver. R11.1 (LSTC, CA, USA) was used for the static implicit analysis. A comparison was made with simu-
lation results published in the literature [17, 18] to validate the model. The load applied in the literature
was 100 N. The loading direction was perpendicular to the contact surface between the bone and the base
plate. The same loading conditions were used for the comparison of results. The maximum principal stress
results agreed with the literature results (Table 2).
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Table 2. Model validation using maximum principal stress
and micromotion.

Maximum principal stress [MPa]

Our results 2.9
Results from literature [Friedman 2021] 2.5
Results from literature [Farron 2006] 2.9

von
Mises
stress
(MPa)

4.0

(b) (©) @ 00

Figure 3. Von Mises stress distribution. The top images show the
stress distribution in the sagittal plane of the scapular fossa. Left is
anterior. Right is posterior. The lower images show the stress dis-
tribution in the frontal plane at the center of the peg. (a) Abduc-
tion 0°; (b) Abduction 45°; (¢) Abduction 90°; (d) Abduction 135°.

3. RESULTS

The von Mises stress of the scapular fossa was found not up to 135 degrees of abduction after RSA.
The von Mises stress in the scapular fossa was 4.39 MPa at an abduction angle of 0 degrees, which was
higher than at other abduction angles. The stress distribution showed that as the abduction angle in-
creased, the stress of about 1 MPa shifted from the upper screw to the lower screw (Figure 3).

4. DISCUSSION

Interest in RSA has been high, with a series of reports in biomechanical studies as well as clinical stu-
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dies [6, 7, 19, 20]. Attempts have been made to improve implant designs to solve the revision problem, and
new designs of Reverse Shoulder Prostheses have been launched one after another by various manufactur-
ers. As designs evolve, continued discussion and scrutiny of the relationship between each implant and
clinical outcomes should lead to successful RSA. Presumably, the conditions are more severe for the sca-
pular fossa in the lowered position than in the elevated position. If better designs are desired, it may be
necessary to devise ways to reduce the stress on the upper screw. Regarding scapular spine fractures after
RSA, Kennon ef al. reported significantly more scapular and scapular spine fractures in the group where
an upper screw was inserted [21]. The idea that higher stresses around the upper screw will likely lead to
more fractures is consistent with the stress distribution results.

Osteoporosis has been reported to be a significantly higher risk factor in scapula fractures after RSA
[22]. Peri-implant fractures are a complication to be aware of after RSA. For the bone quality of aged pa-
tients for whom RSA is indicated, comparisons with yield stress allow a scientifically based determination
of postoperative fracture risk. Therefore, we performed an analysis assuming cancellous bones aged per-
sons. The von Mises stress was lower than 135 MPa, which is the yield stress on the cancellous bone, and
we inferred that fracture was unlikely [23]. We inferred from this that the RSA for the aged persons would
avoid bone quality-dependent failures. However, there is a lack of evidence to accurately determine the
risk of postoperative fractures.

In this study, we preferred to draw a simple conclusion by reducing the number of divided cases. We
did not dare to increase the parameters and set up the base plate with a glenoid inclination of 0 degrees
and a glenoid version of 0 degrees. First, our report should be interpreted simply in light of this process,
and we are prepared to continue the report with more parameters. A limitation of this study is that the
scapula was treated as a homogeneous material. Because of this, values for stress, strain, and micromotion
are expected to vary. Given the anisotropic nature of bone, however, our conclusion will not be overturned
that prostheses gain stability leading to bone growth.
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