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Reverse Total Shoulder Arthroplasty
Baseplate Stability in Superior Bone Loss
With Augmented Implant
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Abstract

Background: Glenoid bone loss is commonly encountered in cases of rotator cuff tear arthropathy and can create

challenges during reverse shoulder arthroplasty. In this study, we sought to investigate the biomechanical properties of a

new treatment option for superior glenoid defect, an augmented reverse total shoulder baseplate.

Methods: Three conditions were examined: non-augmented baseplate without defect, non-augmented baseplate with

defect, and augmented baseplate with defect. The augmented baseplates included a 30-degree half wedge which also

matched the created superior defect. The samples were cyclically loaded at a 60
�
simulated abduction angle to mimic

baseplate loosening. The migration and micromotion of the baseplate were measured on the superior edge using a 3D

Digital Image Correlation System.

Results: The migration measured in the augmented baseplate showed no significant difference when compared to the no

defect or defect cases. In terms of micromotion, the augmented baseplate showed values that were between the micro-

motions reported for the no defect and defect conditions, but not by a statistically significant amount.

Conclusion: This study provides biomechanical evidence that augmented baseplates can reduce the amount of micro-

motion experienced by the RSA construct in the presence of significant superior glenoid bone deficiency, but do not fully

restore stability to that of a full contact non-augmented baseplate.
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Introduction

Reverse total shoulder arthroplasty (RSA) is a successful
treatment option for patients with rotator cuff tear
arthropathy. However, concern remains regarding the
long-term results of RSA and potential for implant loos-
ening, especially in the presence of glenoid bone
defects.1,2 Unfortunately, glenoid bone deficiency is
common in patients undergoing RSA. As many as
63% of patients undergoing reverse total shoulder
arthroplasty have some form of glenoid wear prior to
surgery, with 9% of patients presenting with significant
superior glenoid bone deficiency.2 Primary methods of
managing bone deficiency in RSA include bone grafting
and eccentric reaming. These techniques show mixed
long-term results, with concerns regarding implant
stability, joint line medialization, and bone graft
resorption.2–6

Augmented baseplates are now available for the man-
agement of glenoid bone deficiency in RSA. There are
several different augmented RSA designs currently
approved for clinical use; these implants include an addi-
tional metal augment that accommodates glenoid bone
deficiency without the need for excessive eccentric ream-
ing or bone grafting. Some augmented baseplates are
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designed to work in conjunction with eccentric reaming
in an attempt to reduce bone removal prior to implan-
tation. Augmented baseplates are an innovative solution
to glenoid bone loss with good clinical outcomes.
However, the available literature is limited, and only
reports the short to mid-term outcome of augmented
implants.7–10 Laboratory mechanical testing of glenoid
bone deficiency in reverse total shoulder arthroplasty
demonstrates compromised implant stability in the pres-
ence of significant glenoid bone deficiency with tradi-
tional implants.11–14 Other studies have examined the
biomechanics of specific augmented baseplate designs,
typically designed to compensate for small glenoid
defects.13,15 These two studies examined the use of a
full wedge augmented baseplate in conjunction with
off-axis reaming compared to a standard baseplate in
conjunction with eccentric reaming, and determined
that both setups were viable options for RSA.13,15 The
goal of this biomechanical laboratory study is to evalu-
ate the initial fixation stability of an half-wedge aug-
mented baseplate in the presence of a large superior
glenoid bone deficiency compared to a non-augmented
baseplate in the presence or absence of a large superior
glenoid bone deficiency. Our hypothesis is that an aug-
mented baseplate will demonstrate improved stability in
the presence of bone deficiency compared to a non-
augmented baseplate, and will be similar to a non-
augmented baseplate with full backing support.

Materials and Methods

Specimen Preparation

Thirty samples of solid rigid polyurethane bone foam
(Sawbone Inc., Vashon, WA, USA) were machined
into cylinders with a diameter of 40mm and a height
of 80mm; the last 15mm at the height of the sawbone
was tapered inward to create a smaller diameter of
30mm at the end face of the material to model the gle-
noid. The bone foam material used had a density of
0.320 g/cm3 (20 pounds/cubic foot [pcf]), a compressive
strength of 8.40MPa, and a compressive modulus of
210MPa.16 A 30 degree wedge was subsequently
removed from the glenoid face from twenty bone foam
samples to produce a simulated superior glenoid bone
defect that resulted in only 50% of the baseplate having
underlying bone foam support. The remaining ten sam-
ples were left intact to act as a no defect control condi-
tion. All bone foam samples were embedded within
polymethylmethacrylate (PMMA) cement so that 1 cm
of bone foam was exposed.

The Comprehensive Reverse Total Shoulder
Prosthesis system (Zimmer Biomet, Warsaw, IN) was
utilized for this trial. The baseplates were implanted
according to the manufacturer’s recommended

technique. Non-augmented baseplates (diameter
25mm) were fixed to the prepared bone foam samples
using a 30mm central screw and four locking peripheral
screws (15mm anterior/posterior and 30mm superior/
inferior). The augmented baseplate used was also
25mm in diameter with a 30 degree half wedge and
was secured with the same screw configuration as the
non-augmented baseplate. A 36mm glenosphere with
no lateral offset and 3.5mm inferior offset was used
for all tests. Three specific baseplate-substrate configu-
rations were assessed in this study: non-augmented base-
plate without bone defect (“no defect” condition), non-
augmented baseplate with bone defect (“defect” condi-
tion), and the augmented baseplate with bone defect
(“augment” condition).

Following implantation, the constructs were spray
painted to achieve a speckled stochastic pattern on the
exposed surfaces of the baseplate and bone foam to be
used for a full-field displacement analysis using 3D dig-
ital image correlation. The final prepared test constructs
are shown in Figure 1.

The test constructs were then secured within an alu-
minum cylinder that was rigidly mounted to the base of
a servo-hydraulic load frame (mini-Bionix II, MTS
Corp., Eden Prairie, MN) such that the superior-
inferior axis of the glenoid was oriented at 60� relative
to the vertical axis of the load frame actuator (Figure 2
(A)). This orientation produces a maximum joint reac-
tion force via a simulated 60 degrees of abduction.17 As
described in previous work, this angle will produce a
0–650N normal force and a 0–375N superior shear
force.12 The glenosphere was then impacted onto the
baseplate and the humeral tray and poly liner were
mounted to the actuator of the load frame. Mechanical
testing was performed by cyclically compressing the
humeral tray onto the glenosphere from 0 N to 750N
at 1Hz for a total of 5000 cycles.

Data Analysis

A 3D Digital Image Correlation (DIC) system
(ARAMIS Stereo Camera System; GOM GmbH,
Braunschweig, Germany) was utilized to perform a
full-field displacement analysis of the test construct
during the mechanical testing. The ARAMIS 3D DIC
camera system (two 2.3M pixel cameras with Schneider
50mm lenses and 10mm distance ring) was positioned at
a working distance of 175mm from the superior edge of
the sample (Figure 2(B)) to gain a full view of the supe-
rior edge of the implant as well as the supporting saw-
bone as shown in camera snapshots in Figure 3. The
camera setup has a 1936 � 1261 pixel camera resolution,
and with the selected field of view used in this study
(75/45/25mm) a measurement sensitivity of 0.37 microns
in plane and 1.11 microns out of plane was achieved.
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Figure 2. Setup of sample within load frame. A, Anterior view, illustration of 60o application of 750N force. B, Superior view of setup
within load frame, illustrating 175mm working distance for camera system: (a) ARAMIS camera system, (b) load cell, (c) hydraulic load
frame, (d) mounted sample, (e) light source.

Figure 1. Selected samples shown implanted, potted, and spray painted in preparation for testing. A, Top down view of a non-augmented
baseplate. The most superior (bottom) and most anterior (right) points are marked with permanent marker so they are more easily
identified in the camera images. B, Superior view of a non-augmented baseplate implanted with no defect. C, Superior view of a non-
augmented baseplate implanted with 50% defect. D, Superior view of an augmented baseplate implanted with 50% defect.

Figure 3. Full field of view of a selected sample taken by ARAMIS 3D DIC Camera System. A, Image from left camera. B, Image from right
camera.
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The digital image correlation method has been used in
many different areas of biomechanics including bone
and tissue strain analysis,18,19 dental applications,20,21

and knee and hip arthroplasty,22–26 as it allows for full
field measurements of displacement and strain. The
camera system collected full-field displacement data at
10 frames per second at specified intervals during the
testing. This data was collected during the initial 10
cycles of loading, followed by 10 cycle data sets collected
every 100 cycles for the first 1,000 cycles and then every
500 cycles up to 5,000 cycles. In addition, the output of
load cell from the load frame was captured during the
test and synced to the displacement data collected with
the camera system.

The displacement data captured with the camera
system was further analyzed within the GOM Correlate
Professional software (GOM GmbH, Braunschweig,
Germany). The same coordinate frame was applied to
all images with the origin of the reference axes defined
at the most superior point on the baseplate edge, and the
axes oriented so that positive Y was superior, positive X
was anterior, and positive Z was medial (Figure 4(A)).
Motion analysis was focused on displacement in the infe-
rior/superior direction, medial/lateral direction and total
motion (vector sum of Y and Z displacement). There
were two principle analysis techniques utilized. In the
first technique, the CAD models for the baseplates
were imported into the software and aligned by a best-
fit algorithm to the baseplate surfaces that were visible in

the camera images. Subsequently, utilizing rigid body
mechanics, the motion of the region of the baseplate vis-
ible to the camera could be utilized to define the motion
at any point on the CAD model, including points not
directly visible to the camera. The specific points of inter-
est in this study were the most superior point, the most
inferior point, and the tip point at the end of the glenoid
baseplate central stem (Figure 4(B)). The motion of the
superior, inferior, and tip points were then normalized
relative to the position of the aluminum support cylinder
that rigidly held the test constructs. This normalized
motion was defined as baseplate global motion, and
includes strain within the sawbone as well as any dis-
placement between the baseplate and sawbone. The
second analysis technique utilized the software to create
a virtual displacement gauge with endpoints defined at
the most superior point on the baseplate and the sawbone
directly medial to it along the Z axis. These displacement
gauges provide direct measurement of relative motion
between the superior edge of the baseplate and the saw-
bone and are defined as baseplate interfacial motion
(Figure 4(C) and (D)). This interfacial motion analysis
was reported only for the defect and augment conditions
because both of these conditions had identical sawbone
substrates (wedge defect) and therefore identical gauge
lengths and endpoint locations could be utilized for
meaningful comparison.

The global and interfacial motion data and the load
data were further analyzed with a custom LabView

Figure 4. Modifications are made to the camera images to allow for further analysis. A, The axis is defined as well as the surfaces of
interest: baseplate, sawbone, and support. B, Measurement of global motion. The CAD file for this implant is imported into the data and
aligned with the surfaces visible to the camera. This allows for analysis of points not directly visible by the camera. Modifications are made
to the camera images to allow for further analysis. A, The axis is defined as well as the surfaces of interest: baseplate, sawbone, and
support. B, Measurement of global motion. The CAD file for this implant is imported into the data and aligned with the surfaces visible to
the camera. This allows for analysis of points not directly visible by the camera. C/D, Measurement of interfacial motion. Virtual superior
strain gauge for both the defect (C) and augment cases.
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program (LabView 2016; National Instruments Corp.,
Austin, TX, USA), to identify the baseplate point dis-
placements where the load frame was applying maxi-
mum force (750N) and minimum force (0N). These
displacements at maximum load and minimum load
were averaged across each set of 10 cycles collected.
Finally, the averaged displacements at maximum and
minimum load were used to calculate migration and
micromotion values. Migration was calculated by sub-
tracting the averaged displacement at minimum load, as
determined from each test collection interval, from the
initial unloaded position at the beginning of the test.
Micromotion was calculated for each test collection
interval by subtracting the averaged displacement at
minimum load from the averaged displacement at max-
imum load.

Statistical Analysis

The displacements measured for migration and micro-
motion were compared between no defect, defect, and
augment for each point of interest. This comparison was
completed for all cycle counts but our primary focus was
on the initial and final cycles. In most cases, an analysis
of variance (ANOVA) followed by a Tukey post hoc was
performed. In cases where a Levene’s test was

significant, the comparison was completed with a

Welch test followed by a Games-Howell post hoc.

Statistical analysis was performed using SPSS 25

(IBM, Armonk, NY, USA). In all tests, a P � 0.05

was considered significant.

Results

Global Motion

The global migration and global micromotion of the

selected points on the CAD import are presented in

Table 1 and Table 2 respectively, for the initial (cycles

0–10) and final (cycles 4990–5000) data collections. The

data is further categorized into medial displacement and

superior displacement of the superior edge, inferior edge,

and post tip.
The amount of migration was not significantly differ-

ent between sample groups in either the initial or final

cycle counts. The trends for the total migration (Figure 5

(A) and (C)) illustrate an increase in the migration

throughout the test on both the superior and inferior

edges indicating that all sample types migrate to some

extent during the test. As seen in previous tests,12 the

migration has an asymptotic increase throughout the

Table 1. Global Migration Values (Mean � Standard Deviation).

Variable

Initial migration (um) P Value

No Defect Augment Defect

No Defect

vs. Augment

No Defect

vs. Defect

Defect

vs. Augment

Superior edge

Medial displacement 0.23� 4.64 0.04� 4.50 6.55� 15.44 1.00 0.34 0.31

Superior Displacement 1.63� 2.73 0.19� 3.20 0.52� 5.09 0.93 0.97 1.00

Inferior Edge

Medial Displacement �7.42� 8.99 0.66� 5.82 5.26� 16.86 0.38 0.05 0.84

Superior Displacement 1.44� 3.03 0.14� 3.05 0.40� 5.12 0.95 0.98 1.00

Post Tip Edge

Medial Displacement �3.68� 4.56 0.23� 4.44 6.10� 15.60 0.81 0.27 0.49

Superior Displacement �2.15� 6.31 0.44� 2.16 0.06� 5.98 0.70 0.81 1.00

Variable

Final migration (um) P Value

No Defect Augment Defect

No Defect

vs. Augment

No Defect

vs. Defect

Defect

vs. Augment

Superior edge

Medial displacement 39.40� 59.82 23.83� 20.20 25.30� 42.03 0.86 0.90 1.00

Superior Displacement 33.44� 26.15 46.66� 33.10 64.43� 55.64 0.91 0.27 0.77

Inferior Edge

Medial Displacement 5.52� 59.71 �2.12� 33.91 �17.61� 34.42 0.99 0.70 0.91

Superior Displacement 31.96� 24.76 44 .69� 32.26 62.15� 52.89 0.91 0.26 0.76

Post Tip Edge

Medial Displacement 23.18� 57.69 11.76� 25.25 4.82� 27.99 0.95 0.77 0.99

Superior Displacement 17.22� 17.02 33.51� 23.94 42.70� 39.33 0.62 0.19 0.93
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course of testing, showing most migration within

the first 1000 cycles.
As reported in Table 2, significantly greater initial

micromotion was reported for the defect condition

versus the no defect condition when evaluating the

medial (defect 109.3� 29.6 mm vs no defect 61.4�
25.5 mm, p< 0.01) and superior (defect 121.5� 23.5 mm
vs no defect 79.3� 21.6 mm, p< 0.01) micromotions of

the superior edge, and the superior micromotion (defect

116.0� 18.3 mm vs no defect 78.4� 19.6 mm, p< 0.01) of

the inferior edge. These same relationships were also

reported at the end of the test where the defect condition

had significantly greater final micromotion compared to

the no defect condition in terms of the medial (defect

102.9� 28.6 mm vs no defect 59.6� 27.9 mm, p< 0.01)

and superior (defect 112.4� 22.8 mm vs no defect

75.1� 20.3 mm, p< 0.01) micromotions of the superior

edge, and the superior micromotion (defect 107.6�
20.2 mm vs no defect 74.2� 19.0 mm, p< 0.01) of the infe-

rior edge. The augment condition showed initial and

final micromotion values that were between the micro-

motions reported at all locations for the no defect and

defect conditions. There were no significant differences

when the initial or final micromotions of the augment

condition were compared to either the no defect or

defect condition (Table 2). The total micromotion
across cycle counts (Figure 5(B) and (D)) shows a similar
trend for all test conditions and a consistent amount of
micromotion through the entire test sequence.
Additionally, it is shown that the amount of motion

experience by the augment condition is in between the
amount of micromotion experienced in the no defect and
defect conditions both on the inferior and superior
edges.

Interfacial Motion

The interfacial migration and interfacial micromotion of
the virtual displacement gauge on the superior edge of
the test constructs are shown in Table 3 and Table 4
respectively, for the initial (cycles 0–10) and final
(cycles 4990–5000) data collections. The data is further
categorized into medial displacement, superior displace-
ment, and total displacement. As with the global motion
values, there is no significant difference between the
defect and augment condition when examining the initial

and final migration values. In terms of micromotion on
the superior edge, the augment condition showed signif-
icantly less micromotion in all cases compared to the
defect condition both initially and during the final
cycles.

Table 2. Global Micromotion Values (Mean� Standard Deviation).

Variable

Initial Micromotion (um) P Value

No Defect Augment Defect

No Defect

vs. Augment

No Defect

vs. Defect

Defect

vs. Augment

Superior edge

Medial displacement 61.42� 25.52 85.50� 24.04 109.30� 29.60 0.28 0.02 0.29

Superior Displacement 79.31� 21.56 97.16� 28.10 121.49� 23.46 0.31 0.00 0.08

Inferior Edge

Medial displacement 36.07� 24.81 35.23� 25.67 41.44� 43.86 1.00 0.98 0.97

Superior Displacement 78.44� 19.57 94.19� 25.44 116.02� 18.28 0.35 0.01 0.09

Post Tip Edge

Medial Displacement 49.85� 24.39 62.82� 24.23 78.88� 43.75 0.75 0.07 0.58

Superior Displacement 66.53� 18.26 75.04� 20.42 86.29� 18.63 0.83 0.13 0.65

Final Micromotion (um) P Value

No Defect Augment Defect

No Defect

vs. Augment

No Defect

vs. Defect

Defect

vs. Augment

Superior edge

Medial displacement 59.58� 27.87 79.95� 15.87 102.91� 28.63 0.41 0.05 0.29

Superior Displacement 75.12� 20.26 90.81� 24.29 112.37� 22.76 0.36 0.01 0.10

Inferior Edge

Medial displacement 35.04� 27.54 33.07� 18.33 42.19� 42.81 1.00 0.95 0.89

Superior Displacement 74.23� 18.98 87.26� 21.95 107.54� 20.15 0.49 0.01 0.10

Post Tip Edge

Medial Displacement 48.35� 26.98 58.94� 16.07 75.80� 43.52 0.85 0.09 0.51

Superior Displacement 63.14� 18.62 70.17� 17.37 80.94� 16.67 0.91 0.23 0.70
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Discussion

The purpose of this study was to assess the stability of an

augmented baseplate compared to a non-augmented

baseplate in the presence or absence of a superior gle-

noid bone defect utilizing a previously published biome-

chanical testing protocol.12 The results of the global

motion analysis indicated that the presence of a 50%

bone defect of the superior glenoid significantly

increases the global micromotion on the superior edge

of the non-augmented baseplate. This finding is consis-

tent with previous reports showing that glenoid bone

defects reduce baseplate stability.11–13 Furthermore, the

Figure 5. Plots of the global migration of the (A) superior edge and (C) inferior edge and global micromotion of the (B) superior edge and
(D) inferior edge for selected cycle counts throughout testing. The values represent average total motion and are presented as the mean
value �1 standard deviation.

Table 3. Intel’facial Interfacial Migration Values (Mean� Standard
Deviation).

Variable

Initial migration (um)

Augment Defect P value

Medial Displacement 0.21� 0.47 �0.11� 0.65 0.97

Superior Displacement 0.88� 1.46 0.23� 0.90 0.91

Total Displacement 1.32� 1.16 1.30� 0.86 1.00

Variable

Final migration (um)

Augment Defect P value

Medial Displacement 2.72� 1.80 3.77� 1.73 0.83

Superior Displacement 14.78� 9.09 15.79� 3.78 0.99

Total Displacement 15.43� 8.49 16.30� 3.20 0.99

Table 4. Interfacial Micromotion Values (Mean� Standard
Deviation).

Variable

Initial migration (um)

Augment Defect P value

Medial displacement 28.37� 12.86 46.69� 8.02 0.03

Superior displacement 46.64� 14.77 70.00� 9.58 0.01

Total displacement 56.72� 10.69 83.40� 10.26 0.02

Variable

Final migration (um)

Augment Defect P value

Medial displacement 27.99� 11.23 46.02� 7.48 0.02

Superior displacement 45.94� 14.29 68.00� 8.69 0.09

Total displacement 55.03� 10.13 81.56� 9.85 0.01

Martin et al. 7



global motion analysis showed that the average global
micromotion values of the augmented baseplate were
smaller than the values reported for the non-
augmented baseplate in the presence of the bone
defect, and larger than the values reported for the non-
augmented baseplate without the bone defect.
Interestingly, these differences were not statistically sig-
nificant. However, further analysis utilizing virtual dis-
placement gauges to precisely quantify the baseplate-
substrate interfacial motion showed that the augmented
baseplate had statistically significantly smaller interfacial
micromotion on the superior edge as compared to the
non-augmented baseplate with the bone defect. This
study provides biomechanical evidence that augmented
baseplates can reduce the amount of micromotion expe-
rienced by the RSA construct in the presence of signifi-
cant superior glenoid bone deficiency.

The migration values (both global and interfacial
measurements) increased during testing for each test
construct. As seen in previous tests,12 the total migration
reported here has an asymptotic increase throughout the
course of testing, showing most migration within the
first 1000 cycles. There were no significant differences
in migration when comparing across all test condition
groups. This indicates that some degree of migration is
inherent as each construct settles into the substrate
during testing.

There are several choices made when designing this
study to test in the most accurate way possible, while
also optimizing data collection and the analysis process.
As described in a previously published study,12 we uti-
lized a simulated abduction model. Although there are
several different models utilized for RSA baseplate test-
ing, we chose this model because it closely mimics the
forces at the most extreme inferior potion of the ASTMs
cyclic rotation model while also permitting for continu-
ous measurement of baseplate displacement.
Additionally, the ASTM for testing of RSA glenoid
baseplate loosening recommends utilizing bone substrate
that is of 15–20pcf.27 We chose to use 20pcf because it is
within the parameters for glenoid bone stock in the typ-
ical RSA recipient,28 and also provides more testing con-
sistency between samples when compared to cadaveric
samples which typically have significant anatomic vari-
ation. Since the primary goal of this experiment was to
compare between different constructs, we want to reduce
inconsistencies due to very low-density bone substitute.
Finally, because we are using a model with no biological
influence, and therefore examining initial fixation of the
baseplate, we only tested to 5,000 cycles which sufficient-
ly models any forces experienced prior to assistance from
biological impact. Additionally, previous work has indi-
cated that the amount of displacement does not signifi-
cantly change after 1,000 cycles in similar biomechanical
studies.12 This study utilized a 3D DIC system to

characterize the motion of glenoid baseplates. The 3D
DIC method has been used in many different areas of
biomechanics including bone and tissue strain analy-
sis,18,19 dental applications,20,21 and knee and hip arthro-
plasty,22–26 as it allows for full field measurements of
displacement and strain. The use of the high definition
ARAMIS 3D DIC system provides many advantages to
assess the stability of the baseplate. This system can
track the 3-dimensional displacement of multiple regions
of interest with high spatial resolution without having to
directly contact the test sample. This non-contact
approach ensures that the measurement device/sensor
is not physically influencing the motion of the baseplate.
In addition, the system allowed for several post-
processing analysis techniques to be performed on the
images captured during the test. For example, CAD
models of the baseplates were imported, aligned, and
synchronized to the motion captured by the cameras
during testing and subsequent rigid body mechanics cal-
culations were able to assess motion of regions of the
implant not directly visible to the cameras in the original
motion capture. In addition, virtual displacement gauges
can be applied to the motion capture images via post-
processing techniques and be used to track relative
motion between different regions of interest throughout
the testing sequence. A combination of these techniques
was utilized in the present study to report both the
global and interfacial motion of the baseplate constructs.

The global motion analysis utilized the CAD import
and rigid body mechanics to measure the amount of
motion of specific baseplate locations relative to the sup-
port structure. This measurement of baseplate motion
includes any displacement due to deformation of the
bone foam substrate or embedding PMMA and any rel-
ative displacements at the construct interfaces (i.e.
baseplate-bone foam, bone foam-PMMA, PMMA-sup-
port structure interfaces). It is possible that the global
motion measurements contain displacement contribu-
tions from each of the above sources. The interfacial
motion analysis utilized virtual displacement gauges to
directly examine how the superior baseplate edge moves
in relation to the bone foam directly below the baseplate
edge. It is important to note the difference in magnitude
between the global and interfacial values. For example,
the superior edge micromotions reported for the aug-
ment and defect conditions are in the range of 80–120
microns for the global measurements and only 30–70
microns for the interfacial measurements. This difference
indicates that values measured globally may be an over-
estimate of the motion that occurs directly between the
bone foam and the baseplate.

Furthermore, it is important to point out that many
previous studies have utilized externally mounted linear
variable differential transformers (LVDTs) or dial
gauges to track baseplate edge motions at specific
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point locations on the baseplate during biomechanical

testing. Typically, the motion measured with these devi-

ces is described as motion of the baseplate relative to the

bone foam, and the underlying assumption is that there

are no other sources of motion in the construct and that

the bone foam substrate does not deform under loading.

However, if this assumption were true, the interfacial

motion measured in this study would have been equal

to the global motion reported. The fact that the interfa-

cial motion was smaller than the global motion indicates

that there are likely other sources of motion within the

test construct. Therefore, tests conducted where LVDTs

or dial gauges are mounted on an external fixture and

utilized to measure implant relative micromotion are

also likely overestimates of the true interfacial motion

between the baseplate and substrate. Based upon this

analysis, it is suggested that future studies seeking to

accurately measure the baseplate-substrate interfacial

motion should consider use of a 3D DIC methodology

rather than use of externally mounted LVDTs or dial

gauges.
As with all biomechanical studies, there are few lim-

itations with this testing method that make direct com-

parison to the clinical case difficult. Although our

simulated abduction model does provide a simple

model of shoulder force application, further work is

needed to develop a more complex model that can

rotate the implant through a more relevant abduction

arc while maintaining our ability to collect measure-

ments continuously. This type of test would provide

invaluable information regarding the biomechanics of

RSA. Additionally, we only tested one singular type

and size of augmented baseplate. It would be interesting

to examine the impact of different augment sizes in con-

junction with different types of non-uniform glenoid

defects that may more closely mimic anatomical defects

both in size, shape, and location on the glenoid surface.

Various iterations of studies of this type will vastly

increase our understanding of the limitation of augment-

ed baseplates, and how stability is affected by different

anatomical conditions.

Conclusion

The use of an augmented baseplate in the presence of a

large superior glenoid defect does enhance the stability

of the construct when compared to a non-augmented

baseplate implanted with the same large superior

defect, but the augmented baseplate is not able to fully

restore stability to that of the full contact non-

augmented baseplate. These results indicate that this

augmented baseplate could be a viable option for treat-

ment of superior glenoid defects.
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