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Background: Bone quality influences humeral implant selection for shoulder arthroplasty. However,
little is known about how well bone near the humeral resection represents more distal cancellous bone.
This investigation aimed to quantify the correlations between the apparent density of sites near the
humeral head resection plane and cancellous sites throughout the metaphysis.
Methods: Using computed tomography data from 98 subjects, apparent bone density was quantified in
65 regions throughout the proximal humerus. Pearson's correlation coefficient was determined
comparing the density between samples from the humeral resection and all supporting regions beneath
the resection. Mean correlation coefficients were compared for (i) each sample region with all support
regions, (ii) pooling all sample regions within a slice, and (iii) considering sample regions correlated with
only the support regions in the same anatomic section.
Results: Stronger correlations existed for bone sampled beneath the resection (0.33 ± 0.10�
r � 0.88 ± 0.10), instead of from the resected humeral head (0.22 ± 0.10� r � 0.66 ± 0.14). None of sample
region correlated strongly with all support regions; however, strong correlations existed when sample
and support regions both came from the same anatomic section.
Discussion: Assessments of cancellous bone quality in the proximal humerus should be made beneath
the humeral resection not in the resected humeral head; and each anatomic quadrant should be assessed
independently.

© 2021 The Author(s). 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/).
Introduction The number of commercially available shoulder arthroplasty
Shoulder arthroplasty has become an effective surgical treat-
ment for osteoarthritis (OA), inflammatory arthritis, fracture, and
cuff tear arthropathy. The incidence of shoulder arthroplasty is on
the rise, and current trends show no indication of its use being
decreased.15 In a recent global assessment, Lübbeke et al found the
incidence of shoulder arthroplasty increased from 5 to 13 people
per 105 of the population from 2002 to 2012, where the data were
available (ie, Norway, Sweden, and New Zealand). Similarly, in the
United States, the number of shoulder arthroplasty cases per year
has increased from 47,000 in 200813 to 66,000 in 201123 and is
projected to reach 188,000 in 2025.7
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implants has grown alongside this demand. A variety of traditional,
short, and stemless humeral components have been approved for
use; each of which relies on varying degrees of support from the
metaphyseal cancellous bone. Shoulder surgeons now have several
options regarding implant selection, sizing, and technique; all of
which must be balanced in pursuit of the most favorable outcome.
An objective metric may assist surgeons with implant selection and
fixation method to optimize and personalize care for a given pa-
tient. Premature implant failure seems to be influenced at least in
part by poor primary stability at the time of surgery, prosthesis
loosening, instability, and periprosthetic fracture.3,4,9 Improving
initial implant stability reduces micromotion at the implant-bone
interface and promotes implant osseointegration.12

In balancing these many factors and selecting the appropriate
implant for a patient, shoulder surgeons often rely on a subjective
assessment of bone quality, colloquially called the “thumb test.”
During this test, the surgeon infers bone quality by applying thumb
pressure to the cancellous bone of one or both surfaces of the hu-
meral head resection plane and subjectively gauging the bone's
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND
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resistance to deformation.17 Not surprisingly, similar subjective
manual touch assessments of bone quality have been shown to
diverge among surgeons and depend greatly on surgical experi-
ence.28 Subjective tactile assessments of bone quality can be sup-
plemented with tools such as the osteopenetrometer11,24 and the
DensiProbe10,18,25,26 that collect objective data on bone quality in
the spine, hip and knee, though neither is commonly used in
shoulder arthroplasty.

Bone mineral density is an objective surrogate metric of bone
quality, which has been shown to predict approximately 60%-70%
of bone strength variations.1 However, before a tool is developed to
assess the bone that is readily available at the resection surface, it is
important to know if the local bone quality available for measure-
ment at the resection surface correlates well with the cancellous
sites that ultimately support humeral implants throughout the
metaphysis because cancellous bone is known to have regionally
varying inhomogeneous material properties.2,27,29

While a previous investigation of patient and cadaveric
computed tomography (CT) scans has quantified the regional
apparent density variations that occur within the proximal humer-
us,20 these data have not been assessed for its intra-site correlations,
and it is unknown how well the resection-site bone density varia-
tions correlate with changes in the remaining metaphyseal bone.

The purpose of this investigation was to quantify the correla-
tions that may exist between the apparent density of sample sites
near the humeral head resection plane and the support sites that
remain to interface with an implanted humeral stem. It was hy-
pothesized that bone density sampled distal to the resection will
correlate better with the support regions than that sampled prox-
imal to the resection (ie, the resected humeral head) and that
correlations will be stronger between sample and support regions
that lie within the same anatomic section (ie, anterior sample to
correlate best with anterior support, and so on).

Materials and methods

The CT scans from 98 subjects were classified as per their gle-
nohumeral OA condition by a shoulder surgeon (G.S.A.) with 15
years of experience, using a method that has demonstrated clinical
reliability (Nowak 2010, Walch 1999). Subjects' humeral heads
were categorized as either nonarthritic (25 men: 71 ± 16 years; 16
women: 70 ± 12 years), Walch type A (symmetric) osteoarthritic
(15men: 62 ± 11 years; 16 women: 69 ± 14 years), orWalch type B2
(anterior erosion) osteoarthritic (11men: 64 ± 11 years; 15 women:
69 ± 7 years). The CT scans for the OA cohorts were from a patient
population, while the nonarthritic scans were obtained from a
cadaveric population. Ethics approval was granted by the appro-
priate institutional review board.

Mimics research software (Materialise Inc; Plymouth, MI, USA)
was used to reconstruct the Digital Imaging and Communications
in Medicine CT scan data and to isolate the voxels corresponding to
humeral tissue of interest using the software's masking features.
Each humeral mask was then separated into an external cortical
component and the remaining internal cancellous bone and
humeral canal. The surgeon (G.S.A.) then virtually selected
several landmarks on the humeral head, as well as the most
superior-lateral and inferior-medial points on the resection surface,
to define a surgical resection plane. Together, these points were
used to construct a consistent humeral coordinate system with the
x- and y-axes on the resection plane, directed toward the lateral and
anterior sides of the humerus, respectively, and the z-axis directed
distally into, and perpendicular to, the resection plane (Fig. 1). The
internal section of the humerus containing the cancellous bone and
canal was then exported as a 4-dimensional point cloud including
CT attenuation (ie, [x, y, z, HU]).
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Each point cloud was then analyzed using a custom LabVIEW
code (National Instruments; Austin, TX, USA). The CT attenuation
data (HU) was linearly calibrated22 and converted into apparent
density (g/cm3). The program also divided the internal section of
each humerus into 13 slices thatwere 5-mmthick andparallel to the
humeral head resection plane (3 above the resection,10 beneath the
resection). The geometric center of each slice was then used to
further subdivide the bone into five anatomic regions including a
central circular section with diameter equal to half of the canal
diameter and four 90� peripheral sections centered about the
anterior, posterior, medial, and lateral sides of the humerus (Fig. 2).
The average apparent density (rAVG) was then quantified for each
subsection of the cancellous bone and canal. These densities have
previously been reported,20 but a summary is presented in Table I.

The average density of each anatomic region within the two
slices directly proximal to and distal to the resection plane (ie,
sample regions) was correlated with the density quantified in each
anatomic region of all slices beneath the resection plane (ie, sup-
port regions). Correlations were performed using Microsoft Excel's
data analysis package (Microsoft Corporation; Redmond, WA, USA),
and Pearson's correlation coefficient (r) was determined for each
sample-support section pair. Previous work has demonstrated that
the greatest cancellous bone density lies in the first 20 mm beneath
the resection plane, suggesting that this region plays an important
role in supporting implants after shoulder arthroplasty.20 Accord-
ingly, each support region was further classified as being either
proximal (0-20 mm beneath the resection) or distal (20-50 mm
beneath the resection). The division of sample and support regions
is shown in Figure 2.

To determine if any one anatomic region correlated best with
the support regions, the mean and standard deviation of the
Pearson's correlation coefficient were then quantified between
each anatomic sample region independently with all support re-
gions. Similarly, to test if a whole sample slice would correlate well
with the support regions, the mean correlation coefficients were
then quantified for all anatomic regions pooled together within
each sample bone slice (ie, all together). Finally, to determine if
comparisons were improved if sample and support regions were
taken from the same anatomic sections, the mean of the correlation
coefficients was quantified for each slice only considering sample-
support region pairs that were within the same anatomic section
(ie, anatomically paired). Correlation strength was assessed to be
strong for r � 0.7, moderate for 0.7 > r > 0.3, and weak for r � 0.3.

Results

Individual sample-to-support site density correlation co-
efficients found from pooling the subjects together are presented in
Supplementary Figures S1-S4,with Tables II and III summarizing the
mean and standard deviation values for all demographics. Regard-
less of arthritic classification, better apparent density correlations
were found when the bone distaletoethe humeral head resection
planewasused as the sample region (0.33±0.10� r�0.88±0.10), as
opposed to the bone proximal to the resection in the resected hu-
meral head (0.22 ± 0.10 � r � 0.66 ± 0.14). Correlations with the
distal support region (ie, 20-50 mm beneath the resection) were
generally poor (r � 0.3) to moderate (0.3 < r < 0.7) regardless of
which sample region was used; however, several strong (r � 0.7)
correlations were found with the proximal support region.

Comparisons made using a single anatomic sample region

The correlation strengths found between any 1 anatomic sample
region and all support regions were mixed (�0.03 ± 0.20 �
r � 0.80 ± 0.11), with none strongly correlated for B2 OA subjects



Figure 2 Visualization of the subdivision into the 5 anatomic regions of interest (A)
and the division of the proximal humerus into the thirteen 5-mm slices parallel to the
humeral head resection plane (B). Note the sample region, as well as the division
between proximal and distal support regions in part B.

Figure 1 Visual progression of the data segmentation from CT masking to humeral
coordinate system construction and 4D point cloud development for data analysis. CT,
computed tomography.
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(r � 0.63 ± 0.27). The anatomic sample regions that produced the
strongest and weakest correlations with the proximal support re-
gion changed depending on which bone slice was sampled
(Tables II and III). At 5-10 mm proximal to the resection plane, the
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strongest correlations were found in the lateral section
(r ¼ 0.55 ± 0.10) and the weakest in the posterior section
(r ¼ 0.48 ± 0.12). Using the slice 0-5 mm proximal to the resection,
the best correlations also came from the lateral region
(r ¼ 0.62 ± 0.14) and the poorest from the anterior region
(r ¼ 0.51 ± 0.13). Distal to the resection plane, from 0 to 5 mm, the
best correlations came from the central region (r ¼ 0.70 ± 0.11),
while the worst were from the anterior region (r ¼ 0.60 ± 0.14).
Finally, samples taken from 5 to 10 mm distal to the resection were
strongest using the posterior region (r ¼ 0.72 ± 0.12) and weakest
using the medial region (r ¼ 0.64 ± 0.14).

Comparisons made from all sample regions pooled together in each
slice

Similar trends in correlation strength persisted when the cor-
relations from all anatomic regions were pooled across each sample
slice to assess the proximal support region's apparent density
(Tables II and III). Again, pooling the OA conditions, the correlations
were stronger for the sample regions distal to the resection plane
(0-5mmbelow: r¼ 0.65 ± 0.14; 5-10mmbelow: r¼ 0.67 ± 0.14), as
opposed to those proximal to the resection plane (5-10 mm above:
r ¼ 0.51 ± 0.09; 0-5 mm above: r ¼ 0.56 ± 0.12).

Comparisons made considering anatomically paired regions

Regardless of which slice was used as the sample slice and
which OA classification the subjects belonged to, the strongest



Table I
Mean (standard deviation) apparent density data [g/cm3] from all 98 subjects pooled together and broken down as per anatomic section and slice depth in 5-mm increments
relative to the humeral head resection plane.

Slice depth [mm] Trabecular bone apparent density [g/cm3]

Anterior Posterior Medial Lateral Central

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Above resection þ10 to 15 0.35 (0.10) 0.36 (0.12) 0.38 (0.10) 0.34 (0.11) 0.32 (0.10)
þ5 to 10 0.24 (0.08) 0.24 (0.10) 0.28 (0.08) 0.24 (0.09) 0.21 (0.08)
þ0 to 5 0.17 (0.06) 0.16 (0.07) 0.21 (0.06) 0.18 (0.06) 0.18 (0.07)

Below resection �0 to 5 0.14 (0.05) 0.13 (0.05) 0.17 (0.05) 0.15 (0.05) 0.12 (0.06)
�5 to 10 0.12 (0.04) 0.12 (0.05) 0.17 (0.06) 0.13 (0.04) 0.06 (0.04)
�10 to 15 0.13 (0.04) 0.11 (0.05) 0.15 (0.06) 0.12 (0.04) 0.04 (0.02)
�15 to 20 0.13 (0.04) 0.12 (0.05) 0.11 (0.06) 0.11 (0.04) 0.03 (0.02)
�20 to 25 0.12 (0.06) 0.12 (0.05) 0.08 (0.05) 0.11 (0.04) 0.03 (0.03)
�25 to 30 0.11 (0.06) 0.11 (0.05) 0.08 (0.04) 0.11 (0.05) 0.03 (0.02)
�30 to 35 0.10 (0.06) 0.10 (0.06) 0.08 (0.04) 0.11 (0.05) 0.02 (0.02)
�35 to 40 0.09 (0.06) 0.09 (0.05) 0.08 (0.04) 0.10 (0.05) 0.02 (0.02)
�40 to 45 0.09 (0.05) 0.09 (0.06) 0.08 (0.05) 0.10 (0.05) 0.02 (0.02)
�45 to 50 0.09 (0.05) 0.09 (0.06) 0.08 (0.05) 0.10 (0.05) 0.02 (0.01)

Table II
Mean (standard deviation) of Pearson's coefficients of correlation between each sample region and the proximal support region that lies 0-20 mm beneath the humeral head
resection, broken down as per sample slice depth, anatomic region and pooling technique, as well as subject osteoarthritis classification.

Pearson's coefficient of correlation with the proximal support region (0-20 mm)

Sample slice Anatomic region Pooled demographics Non-arthritic B2 OA Symmetric OA

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

5-10 mm above resection Anterior 0.49 (0.08) 0.46 (0.16) 0.11 (0.18) 0.68 (0.07)
Posterior 0.48 (0.12) 0.58 (0.12) 0.39 (0.22) 0.46 (0.07)
Medial 0.49 (0.05) 0.52 (0.13) 0.36 (0.22) 0.63 (0.08)
Lateral 0.55 (0.10) 0.54 (0.16) 0.29 (0.16) 0.70 (0.10)
Central 0.54 (0.11) 0.69 (0.13) 0.22 (0.14) 0.62 (0.07)
All pooled 0.51 (0.09) 0.56 (0.16) 0.28 (0.21) 0.62 (0.11)
Anatomically paired 0.57 (0.10) 0.57 (0.16) 0.40 (0.19) 0.66 (0.11)

0-5 mm above resection Anterior 0.51 (0.13) 0.58 (0.18) 0.07 (0.28) 0.66 (0.08)
Posterior 0.58 (0.12) 0.64 (0.14) 0.50 (0.22) 0.64 (0.09)
Medial 0.52 (0.07) 0.63 (0.12) 0.33 (0.19) 0.57 (0.12)
Lateral 0.62 (0.11) 0.65 (0.16) 0.44 (0.17) 0.73 (0.08)
Central 0.58 (0.15) 0.68 (0.15) 0.36 (0.22) 0.73 (0.08)
All pooled 0.56 (0.12) 0.63 (0.15) 0.34 (0.26) 0.67 (0.11)
Anatomically paired 0.66 (0.14) 0.66 (0.15) 0.54 (0.19) 0.76 (0.09)

0-5 mm below resection Anterior 0.60 (0.14) 0.73 (0.15) 0.27 (0.30) 0.67 (0.13)
Posterior 0.67 (0.13) 0.75 (0.12) 0.58 (0.28) 0.70 (0.13)
Medial 0.60 (0.13) 0.64 (0.16) 0.46 (0.21) 0.66 (0.12)
Lateral 0.68 (0.14) 0.75 (0.16) 0.62 (0.20) 0.69 (0.13)
Central 0.70 (0.11) 0.76 (0.10) 0.56 (0.21) 0.78 (0.09)
All pooled 0.65 (0.14) 0.73 (0.14) 0.50 (0.27) 0.70 (0.13)
Anatomically paired 0.82 (0.14) 0.84 (0.15) 0.79 (0.18) 0.85 (0.11)

5-10 mm below resection Anterior 0.65 (0.13) 0.77 (0.14) 0.31 (0.29) 0.72 (0.11)
Posterior 0.72 (0.12) 0.80 (0.11) 0.63 (0.27) 0.74 (0.11)
Medial 0.64 (0.14) 0.56 (0.19) 0.57 (0.16) 0.78 (0.11)
Lateral 0.65 (0.16) 0.68 (0.19) 0.62 (0.23) 0.65 (0.16)
Central 0.71 (0.11) 0.69 (0.13) 0.61 (0.25) 0.79 (0.10)
All pooled 0.67 (0.14) 0.70 (0.17) 0.55 (0.27) 0.74 (0.13)
Anatomically paired 0.88 (0.10) 0.89 (0.10) 0.84 (0.14) 0.91 (0.08)
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correlations were found when each anatomic sample region was
compared only with the same anatomic section of the proximal
support regions (Tables II and III); for example, when the anterior
sample region was compared with the anterior support region. For
B2 OA subjects, the anatomically paired correlations ranged from
0.40 ± 0.19 to 0.84 ± 0.14, depending on sample slice depth. Simi-
larly, for type A OA subjects, the anatomic correlations ranged from
0.66 ± 0.11 to 0.91 ± 0.08, and for nonarthritic subjects, the
anatomic correlations ranged from 0.57 ± 0.16 to 0.89 ± 0.10,
depending on sample slice depth.
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Discussion

Substantial differences presented between sample and support
site apparent bone density correlations depended on which
resection site was sampled and whether that site was compared
with the entire support region or only its anatomic counterpart.

As hypothesized, using bone samples from regions proximal to
the resection plane resulted in poorer correlations than those
immediately distal to the humeral head resection. Clinically, this
suggests that assessments of the bone quality from the resected



Table III
Mean (standard deviation) of Pearson's coefficients of correlation between each sample region and the distal support region that lies 20-50 mm beneath the humeral head
resection, broken down as per sample slice depth, anatomic region and pooling technique, as well as subject osteoarthritis classification.

Pearson's coefficient of correlation with the distal support region (20-50 mm)

Sample slice Anatomic region Pooled demographics Nonarthritic B2 OA Symmetric OA

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

5-10 mm above resection Anterior 0.23 (0.11) 0.13 (0.13) 0.04 (0.16) 0.56 (0.10)
Posterior 0.22 (0.10) 0.30 (0.15) 0.35 (0.11) 0.47 (0.08)
Medial 0.37 (0.05) 0.17 (0.15) 0.39 (0.11) 0.51 (0.06)
Lateral 0.23 (0.12) 0.21 (0.15) 0.23 (0.13) 0.58 (0.07)
Central 0.25 (0.10) 0.35 (0.14) 0.25 (0.15) 0.50 (0.05)
All pooled 0.26 (0.11) 0.23 (0.16) 0.25 (0.18) 0.52 (0.08)
Anatomically paired 0.28 (0.11) 0.22 (0.16) 0.25 (0.18) 0.55 (0.08)

0-5 mm above resection Anterior 0.25 (0.11) 0.23 (0.14) �0.03 (0.20) 0.57 (0.07)
Posterior 0.33 (0.11) 0.32 (0.16) 0.54 (0.10) 0.54 (0.07)
Medial 0.29 (0.10) 0.30 (0.14) 0.33 (0.12) 0.43 (0.08)
Lateral 0.25 (0.15) 0.31 (0.15) 0.39 (0.10) 0.57 (0.08)
Central 0.23 (0.15) 0.33 (0.15) 0.45 (0.14) 0.56 (0.08)
All pooled 0.27 (0.13) 0.30 (0.15) 0.33 (0.24) 0.53 (0.09)
Anatomically paired 0.30 (0.14) 0.29 (0.14) 0.39 (0.18) 0.55 (0.09)

0-5 mm below resection Anterior 0.33 (0.10) 0.38 (0.15) 0.17 (0.21) 0.55 (0.08)
Posterior 0.38 (0.14) 0.44 (0.15) 0.55 (0.11) 0.53 (0.10)
Medial 0.44 (0.09) 0.39 (0.13) 0.40 (0.13) 0.59 (0.09)
Lateral 0.34 (0.14) 0.44 (0.13) 0.61 (0.13) 0.46 (0.11)
Central 0.36 (0.16) 0.49 (0.15) 0.53 (0.11) 0.59 (0.11)
All pooled 0.37 (0.13) 0.43 (0.15) 0.45 (0.21) 0.54 (0.11)
Anatomically paired 0.40 (0.13) 0.42 (0.15) 0.48 (0.14) 0.56 (0.10)

5-10 mm below resection Anterior 0.39 (0.11) 0.41 (0.16) 0.24 (0.17) 0.56 (0.08)
Posterior 0.48 (0.14) 0.49 (0.16) 0.56 (0.13) 0.66 (0.10)
Medial 0.55 (0.08) 0.44 (0.10) 0.55 (0.12) 0.71 (0.10)
Lateral 0.39 (0.11) 0.39 (0.13) 0.65 (0.14) 0.43 (0.10)
Central 0.49 (0.15) 0.57 (0.13) 0.56 (0.14) 0.70 (0.09)
All pooled 0.46 (0.14) 0.46 (0.15) 0.51 (0.20) 0.61 (0.14)
Anatomically paired 0.48 (0.12) 0.47 (0.13) 0.54 (0.16) 0.62 (0.14)
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humeral head yield little insight into the variations in bone quality
where the implant is supported. In general, poorer correlations
were observed with samples that were further away from the
support region; however, this is also partially attributed to the
overlapping of the support and sample regions when assessing
bone beneath the resection. Although better correlations can be
found by sampling the bone beneath the resection, it is important
to consider the implications that the samplingmethodmay have on
the integrity of this region as it is also involved in supporting
implant structures after arthroplasty.

It was also hypothesized that correlating each subsection of the
bone through anatomically paired sample and support regions
would yield stronger relationships than if any 1 subsection from the
sample regions was compared with all sections from the support
regions, and this too was found to be true. Although there were
instances of some anatomic sample sections correlatingmoderately
(0.3 < r < 0.7), or even strongly (r � 0.7), with all of the support
regions of the nonarthritic and type A OA populations, the same
was not true for B2 OA subjects. Owing to the asymmetric nature of
OA in the Walch-B2 population, the anterior region consistently
produced weak correlations with all other anatomic sections. Given
that B2 OA subjects are often candidates for shoulder arthroplasty,
we advise against making inferences regarding the entire support
region from any 1 anatomic site when sampling bone density.

However, the present results indicate that these regional dis-
parities in apparent density attributed to local OA conditions can be
overcome if each anatomic section sampled is only used to infer the
trends in apparent density that exist in the same anatomic section of
the support region. Simply put, inferences drawn about the quality of
bone in the anterior region of the resection plane should only be
considered for the anterior support region, not the posterior, lateral,
medial, or central regions, and so on. This has implications for how
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surgeons should perform and interpret their “thumb tests.” It is
recommended that surgeons use the bone beneath the humeral
head resection when making their assessments and that they
consider testing all anatomic quadrants of the resection to make
inferences about each independently. For example, a soft anterior
resection may indicate a softer anterior region further down the
metaphysis but should not be considered when making inferences
about the lateral metaphyseal bone quality.

As previously discussed, correlations between the apparent
densities of the sample and support regions were found to decrease
in strength as the distance between the two regions increased. This
spatial relationship, coupled with the general decrease in bone
density observed as you move distally down the humeral canal,20

accounts for the poor correlation coefficients found with the
distal support region (20-50 mm beneath the resection plane).
However, studies have indicated that bone density diminishes in
this more distal region,20 which may suggest that the proximal
support region (0-20 mm beneath the resection) plays a larger role
in supporting an implant's fixation features, although this still
requires direct investigation.

Bone density was chosen to assess bone quality in the present
study because it can be assessed nondestructively, and it is well
correlated with bone strength.1 It is also commonly used to infer
material properties when constructing in silico finite element
models of joints for its strong linear relationship with cancellous
bone's elastic modulus.16,19,21 Previous assessments of bone density
from different joints throughout the body have suggested that bone
density is heterogenous on a more macroscopic joint-to-joint
level.5,6,8,14 Within the humerus, Diedrichs et al5 demonstrated
that proximal density is strongly correlated contralaterally, but they
noted only poor-to-moderate correlations between ipsilateral
proximal and distal humeral joint density. This investigation has
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built on the reported microscopic internal density distribution of
the proximal humerus20 and provides surgeons with more context
when assessing resection bone quality via assessments such as the
“thumb test.”

This investigation is the first to assess how well the apparent
densityofbonenear thehumeralheadresectionplane correlateswith
the cancellous bone that ultimately supports a humeral stem after
implantation. Although the present findings benefit from a relatively
large population of 98 subjects, this study is not without its limita-
tions. The use of a cadaveric population as a nonarthritic control
resulted in a slightly older nonarthritic population than either of the
OA cohorts; however, all cohorts did have subjects with overlapping
ages, and carewas taken to ensure that cadaveric sampleswere “fresh
frozen” to reduce the likelihood of bone degradation postmortem. In
addition, the inclusion of clinical subjects necessitated the use of
clinical CTscan resolutions asopposed tomicro-CT. As a consequence,
themeanslice thicknessof thescans fromwhichdensitywasassessed
was larger than it couldhavebeen, at 0.9±0.3mm,although this is far
smaller than the average slice thickness (5 mm) of the regions of in-
terest investigated and was a trade-off accepted to include a clinical
shoulder arthroplasty population. The inclusion of populations of
patients with OA that did ultimately undergo shoulder arthroplasty
yielded important insights regarding the strength of correlations
between anatomic regions, which would have been missed in non-
arthritic or type A arthritic subjects alone.

The purpose of the present investigationwas limited to assessing
the strength of the correlation between cancellous bonedensity from
multiple siteswithin the proximal humerus. Futurework is needed to
determine appropriate methods for quantifying this density intra-
operatively and to determine the relationship, if any, that may exist
between these density measures and primary implant fixation. The
quantitative nature of such relationships could eventually be used to
help identify which humeral implant type is best suited for a patient
when objectively considering their bone quality.

Conclusions

When “thumb testing” or performing other intraoperative as-
sessments of humeral bone quality, the strongest correlations be-
tween sampled and supporting bone density can be found by
assessing each anatomic region (anterior, posterior, medial, lateral,
central) independently and using the bone distal to the humeral
head's resection plane to make the assessment. Assessments of bone
quality at the resection surface correspond to the anatomic region in
which the implant will seek primary fixation, be that central, pe-
ripheral, or a combination thereof. Any methods used to assess bone
density beneath the humeral resection plane should exercise caution
to avoid substantially compromising themetaphyseal bone that is left
behind to support an implant post-arthroplasty.
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