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Background: Stem size is an important element for successful time zero primary fixation of a press-fit
humeral stem in shoulder arthroplasty. Little basic science research, however, has been conducted on the
effects of implant thickness and canal fill on load transfer, contact, and stress shielding. The purpose of
this finite element study was to determine the effects of varying stem thickness on bone contact, bone
stresses, and bone resorption owing to stress shielding.
Methods: Three generic short-stem implant models were developed and varied based on cross-sectional
thickness (thinner e 8 mm, medium e 12 mm, thicker e 16 mm). Using a finite element model, three
outcome measures were determined (1) the amount of bone-to-implant contact, (2) changes in cortical
and trabecular bone stresses from the intact state, and (3) changes in cortical and trabecular strain
energy densities which can predict bone remodeling or stress shielding.
Results: Increasing the size of the humeral stem had no significant effects on bone-to-implant contact
during loading (P > .07). The thinner implant with the lowest canal fill ratio produced significantly lower
changes in stress from the intact state in both cortical and trabecular bone (P < .002). In addition, the
thinner implant resulted in a substantially lower volume of bone predicted to stress shield and resorb
when compared with the medium and thicker stems.
Discussion: The results demonstrate that thinner implants and lower canal fill may be beneficial over
thicker sizes, provided equal initial fixation can be achieved. The thinner implant has a greater degree of
load sharing and increases the mechanical load placed on surrounding bone, reducing the risk of stress
shielding and bone resorption.

© 2021 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/).
Humeral implants for shoulder arthroplasty have evolved over
the years; however, complications such as implant loosening and
proximal stress shielding still occur.5e7,15,24 Some aspects of hu-
meral stem design that have been investigated, in terms of the
effect on bone stress and stress shielding, are implant stem
length and material stiffness or modulus.7,23,25,28 However, some
aspects of humeral stem design and mode of implantation
require further research, such as the effect of implant thickness
and canal fill ratio. In a clinical study, Nagels et al19 investigated
the occurrences of stress shielding in the proximal humerus. The
relative size of the implant in the humeral canal was measured
and correlated with the degree of bone loss. The results showed
that humeral implants with a larger relative stem diameter
for this computer modeling
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increased the occurrences of stress shielding. This study only
investigated radiographic changes in cortical bone and did not
examine changes in trabecular bone or the basic science behind
these adaptations. In addition, the incidence of stress shielding
was correlated with the use of a standard-length humeral stem
and not shorter stems.

Raiss et al21 examined the canal fill ratio of a shorter-stem
implant in a clinical study. The authors found increased bony ad-
aptations and stress shielding with higher fill ratios. The authors
recommended that fill ratios remain lower than 0.7 for anatomic
shoulder arthroplasty and lower than 0.8 for reverse shoulder
arthroplasty using the curved humeral stem examined. Although
the authors provided guidelines, these threshold values for fill ra-
tios can only really be applied to the particular stem shape and type
examined. The identification that stem shape has an influence on
bone adaptations independent of length was reported by Denard
et al.8 In their study, two short-stem implants from different
manufacturers were examined for bone adaptations and found to
have significantly different rates.
r and Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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To better predict the capacity of bone resorption and stress
shielding in orthopedic models, various studies have investigated
changes in strain energy density (SED).1,3,11,12,14,20,26,27 Changes in
SED can be measured across several bone sites using finite element
(FE) computational analysis, and can be used to predict regions of
bone that are likely to resorb when the change in SED is less than
the threshold value of 55%.20 As such, the objective of this FE study
was to determine changes in bone-to-implant contact (BIC), cortical
and trabecular bone stresses, as well as the changes in cortical and
trabecular SED from the intact state when implant thickness was
increased within the proximal humerus using a composite short-
stem humeral implant. The composite short-stem implant was a
design amalgamation of three commercially available short-stem
implants. It was hypothesized that the thickest implant would
result in the greatest amount of BIC, the greatest changes in cortical
and trabecular bone stress from the intact state, as well as the
greatest changes in SED; thus, resulting in an increase in the
percent volume of cortical and trabecular bone expected to expe-
rience stress shielding and resorption.

Materials and methods

Model development

Digital Imaging and Communications in Medicine data from
eight osteoarthritic cadaveric shoulder computed tomography
scans (all men, left, mean ± SD of age ¼ 68 ± 5 years) were pro-
cessed using Mimics Software Suite (Materialise, Leuven, Belgium).
Eight 3-dimensional solid models of the proximal humerus were
created with separate regions of cortical bone and trabecular bone
created through the combined use of automatic threshold-based
segmentation and manual identification of cortical/trabecular
bone boundaries. Cortical bone was separated using an applied
mask with threshold of 226 Hounsfield units,22,30 while a trabec-
ular bone mask was created with manual slice-by-slice segmenta-
tion. After appropriate cortical/trabecular bone separation, the
surface geometries were exported in STL format into SolidWorks
(Dassault Syst�emes, S.A. , V�elizy, France).

The resulting 3-dimensional cortical and trabecular geometries
were further sectioned into head and shaft components. To create
the head component, a humeral head cut plane was created by an
experienced shoulder arthroplasty surgeon (GSA). This cut plane
was also used as a reference to shorten the trabecular bone to a
length of 40 mm distal from this surface, as it has been shown that
trabecular density greatly diminishes after 20 mm beneath the
resection plane.24

Three generic short-stem implant models were created using
SolidWorks CAD software. Implant dimensions were measured
from three commercially available humeral implants: Arthrex
Univers Apex, Biomet Comprehensive Mini Stem, and Wright
Medical/Tornier Aequalis Ascend Flex. The shape and upper/mid-
dle/lower stem dimensions of the three implants were averaged
and used to create the generic implant model (distal stem diameter,
d ¼ 12 mm, mean canal fill ratio ¼ 0.6). This base model was then
scaled to create an implant with a thinner cross section (d ¼ 8 mm,
canal fill ratio ¼ 0.4) and a thicker cross section (16 mm, canal fill
ratio¼ 0.8) (Fig. 1). A stem length of 55 mm from the medial aspect
of the stem was chosen for all configurations to mimic clinical
short-stem implants.

Several humeral head components were also created to ensure
each patient obtained the appropriately sized humeral head. Head
geometry was createdwith an aspect ratio of 1.00:0.85 between the
radius of the head and height of the head, respectively. These
measurements, again, were obtained from head components
currently available commercially (Arthrex Univers Apex, Biomet
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Comprehensive Mini Stem, Wright Medical/Tornier Aequalis
Ascend Flex).

Reference geometries were created in SolidWorks to accurately
align the implants into bone and recreate surgical placement. Two
reference sites were created for the bone geometry: a central canal
axis down the diaphysis termed the “Diaphyseal Axis” and a plane
on the cut surface termed the “Humeral Head Resection Plane.” For
the implant reference locations, each implant was given a central
stem axis named the “Implant Axis” as well as a coincident axis
centered along the anterior-posterior face referred to as the
“Anterior-Posterior Face Axis.”Several mates were then applied to
ensure the implants were strictly confined in the bone. Diaphyseal
and Implant axes were made coincident and the Humeral Head
Resection Plane was made parallel to the Anterior-Posterior Face
Axis. Finally, the appropriate anatomic head diameter was selected
for each specimen by an experienced shoulder surgeon (GSA). The
backside of the humeral head was made coincident with the plane
on the cut surface and was appropriately positioned, once again, by
an experienced shoulder surgeon (GSA). Finally, the humeral head
component was combined with the stem of the implant to simulate
the clinical scenario. This configuration assumed ideal alignment
conditions, which may not precisely replicate the results routinely
obtained clinically.

FE modeling

After implant alignment, all bone and implant geometries were
exported from SolidWorks and imported into Abaqus v6.14 (Des-
sault Syst�emes Simulia Corp., Providence, RI, USA) in STEPAP214 or
ASIC format. To allow for comparisons between the implanted and
native state, identical meshes were required for each specimen
model. For each humeral implant stem investigated, partitions
were created by cutting and reaming the trabecular bone with the
desired implant size. These partitions, along with the head com-
ponents resected in SolidWorks (cortical and trabecular head
components), were assembled and merged while maintaining the
geometrical lines of the implant allowing for identical mesh gen-
eration (Fig. 2). Thus, the intact and reconstructed states resulted in
identical humeral geometries allowing for direct element-to-
element comparison of changes in bone stress.20 The bone and
implant were then meshed with quadratic tetrahedral elements
with a maximum edge length of 2 mm and maximum deviation
factor of 0.06 mm.22

Cortical bone was assigned material properties with a uniform
elastic modulus of E ¼ 20 GPa and Poisson’s ratio of v ¼ 0.3.22

Trabecular bone, being an inhomogeneous structure with nonuni-
form properties, was assigned varying material properties based on
computed tomography attenuation. Properties were applied using
a density-modulus equation.18

To calculate apparent density, the Digital Imaging and Com-
munications in Medicine data were imported into Mimics, where a
linear relationship was applied based on two substances of known
densities placed within the scan: SB3 cortical bone (Gammex,
Middleton WI, USA; r ¼ 1.82 g/cm3) and water (r ¼ 1.00 g/cm3).
From this, variations in density across the computed tomography
scan could be derived and determined for trabecular bone.22

Poisson’s ratio was also set to 0.3 for trabecular bone.22

Implant models were all assigned titanium material properties
(E ¼ 110 GPa, v ¼ 0.3) with the same site-specific frictional char-
acteristics. The under surface of the humeral heads and the distal
humeral stems, where the stem became completely cylindrical, was
polished (m ¼ 0.40), and the proximal region of the humeral stems
was plasma sprayed (m ¼ 0.88). Application of these frictional
properties was applied to be relatively consistent with the clinical
implants that the generic implants were modeled from.



Figure 2 For each humeral implant stem investigated, partitions were created by cutting and reaming the trabecular bone with the desired implant size. These partitions, along
with the head components resected in SolidWorks (cortical and trabecular head components), were assembled and merged together maintaining the geometrical lines of the
implant allowing for identical mesh generation. Thus, the intact and reconstructed state resulted in identical humeral geometries allowing for direct element-to-element com-
parison of changes in bone stress.

Figure 1 Three generic short-stem implant models were created using SolidWorks CAD software. Implant dimensions were measured from three commercially available humeral
implants: Arthrex Univers Apex, Biomet Comprehensive Mini Stem, Wright Medical/Tornier Aequalis Ascend Flex. The shape and Upper/Middle/Lower stem dimensions of the three
implants were averaged and used to create the generic implant model (Middle Panel). This base model was then scaled to create an implant with a thinner (Left Panel) diameter and a
thicker (Right Panel) diameter.
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Figure 3 Cortical and trabecular bone were divided into 8 equal 5-mm slices parallel
to the resection surface to determine proximal bone stresses and capacity of bone
resorption.
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Bone and implant components were assembled in Abaqus to
create 14 FE models (1 intact model þ 3 reconstructed models [3
implant sizes] x 2 abduction angles/load directions for each of the 8
specimens used, totaling 64 models. For this experiment, two load
directions were investigated that correspond to arm abduction
angles of 45� and 75�. Joint reaction forces derived from tele-
meterized shoulder implant data, assuming 50th percentile male
body weight of 88.3 kg, were applied at the articular surface toward
the humeral center of rotation with magnitude of 440N and 740N
for 45� and 75�, respectively.2,17 To complete the development of
the FE models, the distal ends of the humeri were rigidly fixed to
restrict the model in space.

Outcome measures

The amount of BIC, changes in proximal bone stresses from the
intact state to the reconstructed state, and changes in SED (used to
indicate potential for stress shielding) were determined from the FE
simulations. Site-specific averaged values were obtained by
dividing the proximal humerus into eight 5-mm-thick slices par-
allel to the resection surface (Fig. 3). An element was considered to
be in a given slice if the centroid of that element fell within the
region of that slice.

Bone-to-implant contact

The degree of BIC was calculated using a custom-built LabVIEW
code (National Instruments, Austin, TX, USA) by determining the
functional contact area (ie, contact pressure > 0, where load is being
distributed between implant and bone) between the surface ele-
ments of the implant to the surrounding bone. If the surface area of
an element of interest on the implant had a contact pressure
greater than zero, it was considered to be in functional contact with
the bone. The surface area of all the elements on the surface of the
implant that exhibited a functional contact pressure was summed
and then divided by the total surface area of the implant surface
elements in the slice of interest to obtain the percentage of BIC.

Proximal bone stress

Changes in stress between the two states (ie, reconstructed and
intact states) were calculated on an element-by-element basis for
both cortical and trabecular bone using a custom code designed in
LabVIEW. The six stress components (3 normal and 3 shear) were
obtained for each element in the reconstructed and intact states
and then subtracted from one another to obtain the von Mises of
the change in stress for each element.

Strain energy density

To determine the risk of bone remodeling and volume of bone
expected to resorb, the SED for each element was calculated in the
reconstructed and intact states on loading, using a custom code
designed in LabVIEW.

The capacity of bone resorption was determined using a
threshold value of change in SED of 55%, where bone would be
expected to remodel and become stronger, remain the same, or
resorb if the change in SED was greater than, equal to, or less than
this threshold value, respectively.20 Each element in the slice of
interest was placed into one of these three categories depending on
its change in SED. To determine the overall percent volume of bone
with resorbing potential, the volume of the elements that exhibited
change in SED less than the 55% threshold were divided by the sum
of the total volume of the elements in all categories.
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Statistical analysis

All three outcome measures were assessed for statistical sig-
nificance (a ¼ 0.05) using a three-way repeated-measures analysis
of variance (abduction angle, slice depth, and implant size) using
SPSS (IBM, Armonk, NY, USA). Independent variables for the three
tests were examined for sphericity and in the event sphericity was
rejected, the Greenhouse-Geisser correction was applied.

Results

Sixty-four FE models were created to determine the changes in
BIC, proximal bone stresses, and strain energy densities between an
intact humeral model and three reconstructed states (distal stem
sizes: 8 mm, 12 mm, and 16 mm). Changes in BIC, bone stress, and
SED, which are used to determine the capacity of bone resorption,
were examined in eight equal slices for both cortical and trabecular
bone and are presented in the following sections. Results are pre-
sented in terms of abduction angle, which is associated with the
direction of load for that specific angle.

Effect of size on BIC

When the three implants were implanted into the humerus
models, implant size did not overall significantly affect the degree
of BIC (45�: P ¼ .080; 75� P ¼ .076). However, when BIC was
analyzed at each individual slice depth, statistically significant
differences were identified (P < .001, power ¼ 1.0 for both abduc-
tion angles) (Fig. 4). At 45� of abduction and for all slice depths
investigated, increasing implant cross-section from thin tomedium
and increasing from medium to thick had no significant effect on
BIC (percent change in contact ¼ 0.9 ± 0.3%, P ¼ .3 and 5.6 ± 1.1%,

mailto:Image of Figure 3|tif


Figure 4 The percent contact of the humeral implant to bone at 45� and 75� of
abduction. Statistically significant difference is expressed with *P � .05 and **P � .001.
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P ¼ .07, respectively). Examining each slice depth individually, the
implant that resulted in the greatest amount of contact changed
depending on slice. The thin implant produced the greatest amount
of contact in the first 4 slices, the medium produced the most
contact in slices 5-7, and the thick implant produced the greatest
amount of contact in the most distal slice (Fig. 4). Statistically sig-
nificant changes in degree of contact were only observed in the first
four slices.

Effect of size on proximal bone stress

Several statistically significant changes in bone stress were
found throughout the 8 slices for cortical and trabecular bone for
both 45� and 75� articular loading scenarios (Fig. 5).

Cortical bone stresses

At abduction angles of 45� and 75�, both implant size (P < .001,
power¼ 1.0) and slice depth (P < .001, power¼ 1.0) had statistically
significant effects on change in cortical bone stress compared to the
intact state. At 45� of abduction and for all slice depths investigated,
increasing implant size from thin to medium increased the average
change in bone stress by 3.2 ± 0.2% (P ¼ .002) and increasing the
implant size from medium to thicker increased the average change
in bone stress by 10.4 ± 0.6% (P < .001). The thin implant consis-
tently produced the smallest changes in stress compared with the
intact state.

Trabecular bone stress

Statistically significant changes in trabecular bone stress when
compared with the intact state were observed at abduction angles
of 45� and 75� for both implant size (P < .001, power¼ 1.0) and slice
depth (P < .001, power¼ 1.0). For all slice depths investigated at 45�

abduction, increasing implant size caused bone stresses to increase
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by an average of 3.8 ± 2% (P < .001) and 10.9 ± 0.6% (P< .001) for the
thinner to medium and medium to thicker implants, respectively.
Average changes in bone stress for all slices when the arm was
abducted 75� increased by 4.2 ± 0.2% (P < .001) and 12.0 ± 0.6%
(P < .001) for the thinner to medium and medium to thicker
implant sizes, respectively. The smallest implant size resulted in the
smallest percent change in trabecular bone stress for all slices,
except for the most proximal slice, where the largest implant was
found to more closely represent the intact state.

Effect of implant size on the risk of bone resorption

Several significant changes in the SED outcome were found
throughout the 8 slices when increasing implant size in both
cortical and trabecular bone when the arm was loaded at 45� and
75� of abduction (Fig. 6). The results are divided into the following
sections: cortical bone resorbing potential and trabecular bone
resorbing potential. The change in SED is proposed to be directly
related to the risk of bone resorption; thus, results are presented in
terms of percent of bone volume with potential to resorb.

Cortical bone: For abduction angles of 45� and 75�, implant size
(P ¼ .002, power�0.9) and slice depth (P < .001, power ¼ 1.0) had
statistically significant effects on the change in SED and thus the
percent volume of bone with resorbing potential. For both abduc-
tion angles, the smallest implant size consistently produced the
lowest volume of bone with resorbing potential when compared
with the larger sizes. At 45� of abduction and for all slices depths
investigated, increasing implant size from thinner to medium
increased the overall percent volume of bone with resorbing po-
tential by 3.8 ± 0.3% (P¼ .002) and increasing the implant size from
medium to thick increased the average volume by 16.2 ± 1.3%
(P ¼ .004). In all slice depths, the thinner implant size consistently
produced the lowest volume with resorption potential. At 75�

abduction and for all slice depths investigated, the overall bone
volume with resorbing potential increased by 4.3 ± 0.4% (P ¼ .008)
and 17.5 ± 1.4% (P ¼ .003) when increasing the implant size from
thin to medium and medium to thick, respectively. Similar to 45�

abduction, the smallest implant size presented the lowest volume
of bone with resorbing potential in all slice depths. In addition,
when assessing the location of potential bone resorption, higher
levels of bone resorbing potential occurred proximally in the hu-
merus as compared with distally.

Trabecular bone: For all abduction angles, both implant size
(45�: abduction P ¼ .01, power ¼ 0.8; 75� abduction: P ¼ .01,
power ¼ 0.8) and slice depth (45� and 75� abduction: P � .001,
power�0.9) significantly affected the volume of trabecular bone
with the potential to resorb. For both abduction angles, the thinner
implant was most consistent in producing the lowest volume of
bone with resorbing potential in all slice depths when compared
with the other implant sizes.

Discussion

Short-stem and stemless implants have been introduced in an
attempt to limit stress shielding and the amount of trabecular and
cortical bone that is compromised during shoulder arthroplasty.
Recent clinical literature, however, has reported the presence of
stress shielding and bone resorption in some short-stem im-
plants.8,21 The results of this computational FE modeling study
support the clinical literature, that stress shielding occurs in
shorter-stem implants. In addition, our data demonstrated that
selection of a thinner implant with a lower canal fill ratio resulted
in substantially lower alterations in bone stresses from the intact
state. These thinner humeral implants also resulted in a substan-
tially lower volume of bone with stress shielding and resorption

mailto:Image of Figure 4|tif


Figure 5 Changes in proximal bone stress when implant size, and therefore canal fill ratio, were increased at 45� (Left Panel) and 75� (Right Panel) of abduction. Statistically
significant difference is expressed with *P � .05 and **P � .001 (Note: the more favorable outcome for this variable is 0% change in stress from the intact state).

Figure 6 The percentage of proximal humerus bone volume with resorbing potential when implant size, and therefore canal fill ratio, was increased at 45� at 75� of abduction.
Statistically significant difference is expressed with *P � .05 and **P � .00. (Note: the more favorable outcome for this variable is 0% volume of bone resorption).
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potential when compared with the medium and thicker stems.
Raiss et al21 recommended a canal fill ratio of less than 0.7 based on
a clinical evaluation of follow-up radiographs of a curved short-
stem implant. This computational study scientifically supports
the findings of Raiss et al, as the volume of bone expected to resorb
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increased 2%-4% when the canal fill ratio increased from 0.4 to 0.6,
and when the canal fill ratio increased to 0.8, the volume of bone
expected to resorb substantially increased to 16%-18%.

The current work also agrees with the work of Langohr et al16

who investigated a single commercially available short-stem
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humeral implant. The authors reported for trabecular bone that
with a larger implant, there were corresponding increases in the
proportion of bone with resorbing potential, ranging from 1.1% to
5.5 % depending on anatomical quadrant and depth from the
resection plane. The importance of the conclusions of the present
study is that these resulting trends may be applied more generi-
cally, as the tested humeral stemwas created as an average of three
commercially available short-stem implants.

When humeral implant size was increased, statistically signifi-
cant changes in bone stress were observed throughout all slices for
cortical and trabecular bone at both abduction angles, except the
most proximal trabecular bone slice at 75� abduction. On a per slice
basis, the thinner implant was almost always more consistent at
mimicking cortical and trabecular bone stresses in the intact state.
According to Huiskes,13,14 when an implant is placed into bone, the
load applied to the joint is no longer transferred solely through the
cortical shell and metaphyseal trabecular bone but now involves
the interface between the bone and implant. The load applied to the
articular surface is now shared across the bone and implant,10,13

resulting in subnormal bone stresses when compared with the
native loading state.13 It is thus logical to conclude that when an
implant with a relatively larger size is implanted into bone, more of
the load from the articular surface is accepted by the larger stem
when compared with implants with a smaller size. As the larger
stem accepts more of the applied load, less is shared to the sur-
rounding cortical and trabecular bone over the entire length of the
implant. When an implant with a smaller size is inserted into the
bone, there is a greater percentage of the load being shared to the
bone; thus, better matching stress distributions in the native
loading state. This theory is supported by the changes in bone stress
observed in the present investigation.

In the most proximal trabecular bone slice, the larger implant
bettermatched native bone stresses. This likely occurred because of
the larger implant’s closer proximity to the cortical bone. Having
the larger implant contact the peripheral cortical bone results in a
similar load transmission as in the native state, when the sub-
chondral bone transmits loads radially to the peripheral cortical
bone at the humeral neck.22,29 The results suggest that the implant
with the largest cross section may be sharing more of the load in
themost proximal slice with the cortical shell that would otherwise
be shared with trabecular bone when a smaller implant was used,
thus better representing the load distribution in trabecular bone as
seen in the native state. These findings of thicker/larger implant
shape at the most proximal aspect of the humeral neck osteotomy
resulting in more normalized stress may support the use of an
implant collar or trunnion.

Statistically significant changes in the percentage of cortical
bone volume with resorbing potential were observed within the
proximal humerus owing to increasing implant size. The findings of
this experiment show that the thinner implant size was most
consistent at producing the smallest amount of bone volume with
the potential to resorb when compared to the medium and thick
sizes in all depths. Stress shielding with the thinner implant,
however, was only found in the proximal 5 slices, where signifi-
cantly lower bone volumes with resorbing potential were noted
when compared with the other two implant sizes. Thus, it is rec-
ommended that an implant with a smaller diameter should be used
over larger sizes, providing acceptable time zero fixation can be
achieved, to decrease the overall risk of proximal cortical bone
stress shielding. Trabecular bone changes were also observed
across all abduction angles and various slice depths. For all
abduction angles, increasing implant size significantly affected the
volume of trabecular bone that had the potential to resorb.

The findings of this computational study agree with previously
published clinical studies, suggesting that larger stem diameters
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lead to increased occurrences of cortical stress shielding.4,9,19 One
study, investigating relative implant size in the humerus, found
that patients who received a shoulder replacement with a larger
relative stem diameter, which resulted in greater incidences of
cortical stress shielding particularly on the proximal-lateral
aspect.19 Studies investigating stress shielding in the hip found
that larger stem diameters (�13.5 mm), when compared with
smaller stem diameters (�12.0 mm), resulted in greater incidences
(approximately 44% greater) of pronounced cortical bone
resorption.4,9

The strength of this computational study is that it agrees with
previous clinical studies and validates the mechanics of load
transmission and stress shielding. This is important, as it demon-
strates future implant design projects may benefit from computa-
tional finite element modeling to optimize stem geometry and
sizing. In addition, the use of preoperative surgical planning soft-
ware is becoming more common. The addition of basic modeling to
these programs may allow the optimization of humeral stem sizing
to minimize the potential for stress shielding and bone resorption.
Finally, the generic implant created and tested in this study was an
average of three commercially available short-stem designs, as
such, the findings of this study may be more generalizable to
clinically used arthroplasty systems.

The limitations of this study included that only one average
implant shape was studied. In addition, only limited loading ori-
entations were examined, as such, the effects of active internal and
external rotation may be different. In addition, many patient’s
postarthroplasty return to strenuous recreational and occupational
tasks and the increased load of these activities on stress shielding
were not examined.

Conclusion

The aim of this studywas to provide insight on the degree of BIC,
changes in bone stresses from the intact state, and changes in strain
energy density, which can be used to predict stress shielding and
the volume of bone with resorbing potential. Our findings indicate
that BIC did not substantially differ between the ranges of stem
sizes tested. The thinner stem with the lowest canal fill ratio,
however, did produce significantly lower changes in cortical and
trabecular bone stresses from the intact state. In addition, the
thinnest humeral implant also resulted in the lowest volume of
cortical and trabecular bone with resorbing potential when
compared with the medium and thicker implants. In summary,
providing time-zero sufficient humeral implant fixation is attained,
selection of a thinner diameter humeral stem results in a better
stress profile and the lower volume of bone with resorbing po-
tential owing to stress shielding.
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