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ARTICLE INFO Hypothesis/Background: Patient-specific implants have become an increasingly researched area to

improve surgical outcomes. Patient-specific implants have been suggested to provide advantages for

Keywords: better implant alignment and thus improve surgical outcomes. One such area for application is in the use
Humeral canal of intramedullary nails for humeral fracture stabilization. However, the anatomy of the canal is not well
Anatomy defined, especially in a larger scale demographic study.

:L‘;;aecrizdylar fossa Methods: In this observational cross-sectional study, axial computed tomography scans of 150 humeri
Humeral shaft were used to measure the cortical thickness and canal width in both coronal and sagittal orientations.
Fractures Measurements were made at 7 evenly spaced levels along the humerus from the surgical neck to the

point immediately superior to the supracondylar ridge. X-rays were used to measure the valgus,
recurvatum, and procurvatum angles, along with their associated locations. Demographic data recorded
included age, gender, body mass index (BMI), race, and ethnicity.
Results: The mean coronal canal widths decreased inferiorly from the surgical neck to midshaft before
increasing to the supracondylar fossa. Mean sagittal widths decreased along the complete course of the
canal. The ratio of coronal to sagittal canal widths decreased from 1.09 at level 1 to 0.83 at level 5 before
increasing to 1.30 at level 7. Females had significantly smaller canal widths and cortex thicknesses in both
the sagittal and coronal planes throughout the course of the canal. There were no significant differences
in canal widths among ethnicities. Age was positively correlated with the canal width in the coronal and
sagittal orientations but was negatively correlated with cortical thickness in all 7 levels. BMI was not
significantly correlated with canal width.
Conclusion/Discussion: The data included in this study may be used to determine standard widths and
measurements of the humerus. However, there are notable patterns or differences in the shape of the
medullary canal of the humerus between subgroups. This study is the first to conduct a larger scale
demographic investigation comparing the humeral canal characteristics among sex, ethnicity, age, and
BMI. These data may serve as a platform to further investigate the course of the medullary canal.
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Level of evidence: Anatomy Study; Imaging

Fractures of the humeral shaft account for about 3% of all adult algorithms have historically included nonoperative techniques

fractures®, and 60% of all humeral fractures occur in the middle-
third of the humerus. The treatment algorithm for such fractures
is variable depending on the type and severity of the fracture. These
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such as compressive functional bracing using a Sarmiento
brace.'®?3 However, open fractures, neurovascular injury, patho-
logical fractures, intra-articular extension, bilateral humeral frac-
tures, and failure of conservative treatment are indications that
surgical intervention should be discussed.”® The 2 most widely
used surgical techniques include plate osteosynthesis and intra-
medullary nailing.>’

Open reduction internal fixation techniques using compression
plating were created to achieve fixation of long bones when con-
servative bracing was unsuccessful.>” Plate osteosynthesis became
the gold standard of humeral fracture fixation, and while it yields
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high union rates,>**>3> compression plating requires direct visu-
alization and operation at the fracture site. This increases the risks
of infection, radial nerve injury, blood loss, and periosteal blood
supply disruption.®'>1823 As a result, surgical treatment and sta-
bilization of humeral diaphyseal fractures have evolved over the
years to include other potential techniques such as nailing.*>

Stabilization of the humerus may be achieved internally
through the medullary canal using an intramedullary nail (IMN).
Nailing has been used by Clement and Zhao et al who have
displayed data that indicate equivalency or improved outcome
over nonoperative and plating techniques.”>” IMNs may decrease
the risks that come from plating while also having theoretical
benefits of smaller incisions, a less invasive procedure, fewer
complications, shorter union times, preservation of biology, and
allowing for early motion and stability.®"'° Despite the potential
benefits of using an IMN, surgeons have reported variable results
with the procedure due to situational limitations. Intramedullary
nailing has undergone several iterations of improvement; how-
ever, current designs and procedures still have complications
including under-reaming of the cortex, nonunion/malunion, nail
loosening, and osteonecrosis. 8172026273435

There has been increased interest and use of patient-specific
and anatomic-specific implants in orthopedic surgery, including
total knee arthroplasties, total hip arthroplasties, and corrective
osteotomies. Benefits have been reported to include better align-
ment accuracy, shorter operating time, and decreased average de-
viation of implant position.'> However, there has not been much
research regarding anatomy-specific intramedullary nailing. This
may in part be due to limited current data on the medullary canal in
regards to measurements of the various diameters throughout the
shaft and the curvature along its course. Current literature is lack-
ing in sample size and comparison among demographics.'*430
Other studies mainly focused on angulation but with nonuniform
methodologies.! This raises the question as to how IMNs and
osteosynthesis plates were designed given the paucity of literature.
While aberrancies in 3-dimensional structure have been shown to
impact fracture risk in lower extremity surgery, these have not yet
been characterized in the upper extremity.>*">> However, it can be
inferred that aberrant 3-dimensional geometry could also lead to
similar intraoperative risks in the humerus.

It has been suggested that some fracture fixation failures are
attributed to an incompatibility between the implant and
anatomic canal shape.'® Therefore, as these techniques were not
anatomically designed, if a consistent and reproducible ratio of
medullary canal diameter between proximal and distal ends can
be characterized, the variability of the patient population can be
better defined leading to a better anatomical understanding of the
humerus.

Methods

The literature on the humeral medullary canal was reviewed,
with a recent study by Schwarz et al measuring the angles and
canal width at 7 equally spaced levels.? Given that their protocol
seemed to be complete, and the basis for which they developed
the protocol was well based, we adopted the previously validated
method by Schwarz et al. However, their study had a limited total
sample size of 30 that restricted its ability to conduct de-
mographic comparisons as it was underpowered.>* We hoped to
validate and expand further on their findings with a larger sample
size including measurements of angles of 4 curvatures of the
humerus. Our investigation is the first to expand on that study,
using a sufficient sample size determined by power analysis to
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1608 patients with CTs and
XRs of humerus reviewed
from 2011 to 2021

\»

v
150 CTs and XRs were used
for analysis

1458 excluded

Figure 1 Flowchart showing patient selection process for study.

achieve statistical significance in comparing humeral character-
istics as we determined this to be the most important data.

This study retroactively evaluated 150 humeri computed to-
mography (CT) scans and 150 humerus X-rays from any adult pa-
tients seen at the University Medical Center in Lubbock, Texas from
2011 to 2021. The sample size was determined based on a power
analysis aimed at ensuring sufficient power to detect a specified
effect size with an assumed standard deviation and alpha level of
0.05. Our biostatistician, D.A., verified the calculations, confirming
that a sample size of 150 would achieve the necessary statistical
power to reliably identify differences of clinical relevance in the
humeral canal measurements. The Institutional Review Board of
Texas Tech University Health Sciences Center in Lubbock approved
this study. Patients with current or history of humeral fractures,
prostheses, nailing, or tumors were excluded due to the potential of
these conditions to change the measurements of the humerus from
its original state. Other imaging was excluded due to poor resolu-
tion. If not falling under the previous exclusions, patients were
chosen based on the clarity of their imaging regardless of their
reason for needing imaging (Fig. 1).

Consistency in imaging was achieved through retrospective
comparison to ensure that the orientation of the humerus on
radiology was within acceptable limits. Only CT scans that had
slices directly perpendicular to the long axis of the humerus were
used for width measurements. All X-rays were true laterals or true
anterior-posterior images for accurate and consistent angle mea-
surements. All measurements were completed using the mea-
surement tools within Cerner PowerChart. Axial CT scans were
used to measure total humerus and medullary canal widths in the
coronal and sagittal plane at 7 equally spaced levels along the
humerus, from the surgical neck to the point immediately superior
to the supracondylar ridge (Fig. 2). Total cortical thickness was
calculated for both coronal and sagittal planes by subtracting the
canal width from the total humerus width. The varus and valgus
angles were measured using anterior-posterior X-rays using the
Cobb angle tool within Powerchart as demonstrated in Figure 2,
where the angle of intersection between 2 lines placed parallel to
the canal was calculated. Lateral X-rays were used for measuring
procurvatum and recurvatum angles. The apex location of each
angle was marked and divided by the total humerus length to
determine the proportional location of the angle apex in regards to
the total humerus length. Demographic data recorded included
age, gender, body mass index (BMI), race, and ethnicity. In the
ethnicity category, humeri measurements from non-Hispanic
Whites, Hispanics, and other (Blacks and Asians) are represented.
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Figure 2 Lateral (left) and AP (right) of a representative humerus. (A) Width measurement locations are demonstrated by the markings 1-7. (B) Angle measurements, where A-

procurvatum angle; B- recurvatum angle; C- varus angle; D- valgus angle.

Statistical analyses

Data were described using means and standard deviations.
Pearson correlation coefficients were calculated to evaluate the
relationship between age and BMI with cortical thickness measures.
Average canal width and cortical thickness measures were compared
among groups using t-tests and analysis of variance. Because these
hypotheses were prespecified, adjustment of P values for multiple
testing was not performed. In all analyses, statistical significance was
determined with an alpha of less than 0.05 using the SAS software,
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

The mean coronal canal widths decreased inferiorly from the
surgical neck (20.9 mm at level 1) to approximately midshaft (10.9
mm at level 5) before increasing to the supracondylar fossa (12.5
mm at level 7, Table I). Mean sagittal canal widths decreased along
the complete course of the canal, from 19.4 mm at the surgical neck
to 9.7 mm at the supracondylar fossa (Table I). All coronal canal
widths were statistically significantly different from each other
except for levels 4 and 7, 4 and 6, and 5 and 6. All sagittal canal
widths were significantly different from each other except for levels
3 and 4, as well as 5 and 6. The ratio of coronal to sagittal canal
widths decreased from 1.1 at level 1 to 0.83 at level 5 before
increasing to 1.3 at level 7 (Fig. 3). The mean cortical thickness in
the coronal plane increased from 5.4 mm at level 1 to 9.0 mm at
level 7, although levels 3 to 7 were similar in thickness (Table I).
Sagittally, the cortex thickened from level 1 to 4 before thinning to
level 7.
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Males and females shared similar coronal canal width patterns,
where the mean width decreased from the surgical neck to level 5
before increasing to the supracondylar fossa (Table II). Additionally,
the mean canal widths in the sagittal orientation decreased
throughout the complete course in both sexes. However, females
had significantly smaller canal widths in both the sagittal and
coronal planes throughout the course of the canal (Table II). The
cortex of the humerus at all 7 levels, coronally and sagittally, was
also significantly thinner among females than among males
(Table III). There were no observed differences in canal widths
among ethnicities. However, Hispanics had a significantly thinner
cortex at level 7 in the coronal plane (Table III). Patients with
osteopenia, osteoporosis, or osteoarthritis had a statistically
significantly wider mean sagittal canal width at level 6 compared to
their healthy counterparts (13.4 mm compared to 11.9 mm,
P = .019). Patients with these conditions also had thinner coronal
cortices in levels 3 to 6 and thinner sagittal cortices in levels 4 to 6
(all P values < .05).

The ages ranged from 19 to 92 years. Age was weakly positively
correlated with canal width in the coronal orientation, where levels
5 to 7 reached significance (Table IV). Age was also positively
correlated with canal width in the sagittal orientation, where levels
2 to 7 reached significance. Furthermore, increased age correlated
with decreased cortical thickness in both the coronal and sagittal
planes (Table V). All levels reached significance except for level 7 in
the coronal plane and level 1 in the sagittal plane. No significant
correlations were observed between BMI and canal widths. How-
ever, BMI was weakly positively correlated with coronal cortical
thickness, reaching significance in levels 1 to 2 and levels 4 to 6
(Table V).
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Mean canal width and cortical thickness measurements at each of the 7 levels in the coronal and sagittal orientations.

Average canal width (mm)

Average total cortical thickness (mm)

Coronal level 1 20.87 +3.39 5.39 + 1.48
Coronal level 2 1535+ 2.72 6.69 + 1.49
Coronal level 3 13.72 + 2.55 8.65 + 1.97
Coronal level 4 11.73 + 2.31 8.82 +2.04
Coronal level 5 10.85 + 2.08 8.74 + 2.00
Coronal level 6 11.14 + 1.98 8.48 + 1.98
Coronal level 7 12.46 + 2.08 9.03 + 2.58
Sagittal level 1 19.38 + 3.68 5.85 + 1.40
Sagittal level 2 15.81 + 3.37 7.98 + 1.97
Sagittal level 3 14.68 + 3.21 891 +2.14
Sagittal level 4 14.02 + 2.86 9.73 + 2.10
Sagittal level 5 13.24 + 2.34 945 + 2.07
Sagittal level 6 12.05 + 2.05 8.79 + 1.81
Sagittal level 7 9.70 + 1.81 8.62 + 1.87
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Figure 3 Mean coronal to sagittal canal width ratios at each of the 7 levels.
Table II
Gender and race differences in mean canal widths (mm) for coronal and sagittal orientations.
Male Female P value Non-Hispanic White Hispanic Other P value
Coronal level 1 22.40 18.98 <.0001* 20.94 20.84 20.79 1980
Coronal level 2 16.57 13.85 <.0001* 15.60 15.13 15.35 .638
Coronal level 3 14.67 12.55 <.0001* 13.90 13.41 14.16 399
Coronal level 4 12.72 10.51 <.0001* 11.77 11.47 12.42 258
Coronal level 5 11.71 9.79 <.0001* 10.66 10.95 11.05 663
Coronal level 6 11.91 10.18 <.0001* 10.82 11.19 11.86 110
Coronal level 7 13.00 11.75 .0003* 12.34 12.46 12.76 734
Sagittal level 1 21.26 17.06 <.0001* 19.02 19.49 20.05 525
Sagittal level 2 17.36 13.90 <.0001* 15.59 15.66 16.88 289
Sagittal level 3 15.85 13.25 <.0001* 14.66 14.30 15.92 130
Sagittal level 4 14.67 13.23 .0025% 13.99 13.88 14.57 625
Sagittal level 5 13.68 12.70 .0124* 13.21 13.16 13.56 .788
Sagittal level 6 12.63 11.34 .0001* 11.96 12.06 12.24 .859
Sagittal level 7 10.13 9.15 .0012* 9.51 9.83 9.82 593

“Statistically significant at o < 0.05.

Four angles were consistently observed. The mean varus, valgus,
procurvatum, and recurvatum angles were 3.1 + 1.8°, 3.3 + 14°,
3.3 £ 1.7°, and 104 + 2.4°, respectively (Table VI). The proportional
location of the varus, valgus, procurvatum, and recurvatum angle
apexes were 0.44 + 0.04, 0.60 + 0.04, 0.45 + 0.04, and 0.71 + 0.03 of
the total humerus length, respectively (Table VI). There were no
significant sex differences in the angles or their locations. The only
significant ethnicity differences were in the location of the
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recurvatum apex, where Hispanics had a more superior apex
compared to non-Hispanic Whites, and others (P =.042). Compared
to patients with no bone conditions, patients with osteopenia,
osteoporosis, or osteoarthritis had a significantly smaller mean
recurvatum angle (8.9° vs. 10.5°, P = .009), with no additional
differences.

The only difference observed between left and right humeri was
that the procurvatum apex was more inferiorly located in the left
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Table III
Gender and race differences in mean cortical thicknesses (mm).
Male Female P value Non-Hispanic White Hispanic Other P value

Coronal level 1 5.61 5.12 .0463* 5.43 5.39 5.29 932
Coronal level 2 6.98 6.34 .0103* 6.84 6.60 6.59 625
Coronal level 3 9.17 8.03 .0005* 8.86 8.39 8.93 339
Coronal level 4 9.59 7.86 <.0001* 9.04 8.58 8.94 441
Coronal level 5 9.55 7.74 <.0001* 9.03 8.31 9.26 .061
Coronal level 6 9.39 7.37 <.0001* 8.78 8.10 8.85 116
Coronal level 7 10.06 7.72 <.0001* 9.50 8.41 9.69 .027*
Sagittal level 1 6.25 5.37 .0001* 5.89 5.84 5.80 969
Sagittal level 2 8.68 7.11 <.0001* 791 7.93 8.29 730
Sagittal level 3 9.66 7.99 <.0001* 8.87 8.89 9.05 945
Sagittal level 4 10.46 8.83 <.0001* 9.78 9.63 9.92 .840
Sagittal level 5 10.31 8.40 <.0001* 9.59 9.32 9.44 777
Sagittal level 6 9.51 7.91 <.0001* 8.99 8.48 9.15 .184
Sagittal level 7 9.48 7.54 <.0001* 8.78 8.33 9.06 204

“Statistically significant at o, < 0.05.

Table IV
Canal widths at each of the 7 levels correlation with age and BMI.

Age correlation

Age correlation P value

BMI correlation BMI correlation P value

Coronal level 1 0.01485 .8603
Coronal level 2 0.14507 .0839
Coronal level 3 0.11186 1851
Coronal level 4 0.12955 1230
Coronal level 5 0.16712 .0460*
Coronal level 6 0.19206 .0216*
Coronal level 7 0.18183 .0292*
Sagittal level 1 0.11576 .1686
Sagittal level 2 0.23612 .0045*
Sagittal level 3 0.32478 <.0001*
Sagittal level 4 0.39110 <.0001*
Sagittal level 5 0.36696 <.0001*
Sagittal level 6 0.32150 <.0001*
Sagittal level 7 0.20090 .0161*

—0.03604 .6702
0.00964 .9093
0.02874 7351

—0.04697 .5788

—0.07032 4057

—0.04929 .5602

—0.01697 .8406

—0.04347 .6075

—0.05215 .5376

—0.07335 3873

—0.04021 .6347

—0.05229 .5380

—0.14381 .0889

—0.16376 .0515

BMI, body mass index.
“Statistically significant at o < 0.05.

Table V
Cortical thickness at each of the 7 levels correlation with age and BMI.

Age correlation

Age correlation P value

BMI correlation BMI correlation P value

Coronal level 1 —0.23738 .0043*
Coronal level 2 —0.28952 .0005*
Coronal level 3 —0.26733 .0013*
Coronal level 4 —0.39905 <.0001*
Coronal level 5 —0.28406 .0006*
Coronal level 6 —0.27262 .0010*
Coronal level 7 —0.13481 .1060

Sagittal level 1 —0.10043 2327

Sagittal level 2 —0.34618 <.0001*
Sagittal level 3 —0.38919 <.0001*
Sagittal level 4 —0.34702 <.0001*
Sagittal level 5 —0.28816 .0005*
Sagittal level 6 —0.26632 .0014*
Sagittal level 7 —0.19744 0177+

0.23813 .0043*
0.21999 .0085*
0.10265 2258
0.29391 .0004+
0.19864 .0178*
0.20324 .0153*
0.10380 2157
0.07615 3677
0.16065 .0562
0.12899 1274
0.11390 1771
0.10480 2162
0.16461 .0511
0.14607 .0817

BMI, body mass index.
“Statistically significant at o, < 0.05.

humerus compared to the right (0.46 + 0.04 vs. 0.45 + 0.04 of the
total humerus length, P =.03).

Discussion

Similar to findings by Drew et al and Schwarz et al, overall
mean sagittal canal widths narrowed the whole length of the
canal, while coronal widths narrowed before widening at the
distal segment.'"*® Mean widths were also very comparable
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between studies, with less than 1 mm difference at each level.
The mean coronal to sagittal canal width ratios at each level
reflected the changes in sagittal and coronal width along the
length of the canal. Ratios steadily decreased from the surgical
neck to approximately two-thirds down the canal before the
increase in coronal widths at levels 6 and 7 caused the ratio to
also increase. Therefore, the majority of the canal is slightly
wider sagittally, except for the distal end where it is wider
coronally (Fig. 4).
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The average angle measurements in degrees for males, females, non-Hispanic (NH) Whites, Hispanics, other race, and total, along with the average locations of the angle apices

along the length of the canal.

Measure Male Female NH White Hispanic Other Total

Varus angle 3.31 2.96 2.94 3.29 3.45 3.1

Varus apex location 0.44 0.44 0.44 0.44 0.43 04

Valgus angle 333 3.25 3.17 3.34 3.73 33

Valgus apex location 0.6 0.6 0.6 0.6 0.59 0.6

Procurvatum angle 3.43 3.26 3.21 343 3.78 33

Procurvatum apex location 0.46 0.45 0.45 0.45 0.45 0.5

Recurvatum angle 10.67 10.04 10.54 9.95 11.56 103

Recurvatum apex location 0.71 0.71 0.72* 0.7* 0.73* 0.7
NH, non-Hispanic.

"Statistically significant at o, < 0.05.
Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7
$:194
S:15.8
L b2 152 s: 121
$:9.7
C:209 C:154 (o L% 4 C:1L7 C:109 m @

Figure 4 Scaled axial cross-sectional representations of the canal at each of the 7 levels. — lines labeled C are in the coronal orientation and | lines labeled S are in the sagittal

orientation. The lengths are scaled in relation to each other.

Overall angles measured in this study were also similar to
Schwarz et al’s findings. These consistent findings display promise
as it denotes potential consistency in the data. Our investigation
was the first to examine the location of the angles as well as the
varus angle, which was seen in the majority of the study popula-
tion. The varus and procurvatum apexes were at a similar location,
approximately just proximal to the midshaft. The valgus angle apex
was located just distal to the midshaft, while the recurvatum was
even more distal, at approximately three-fourths of the total hu-
merus length. This is also comparable with Akpinar et al, who
measured recurvatum angles found to be at the distal one-third
part with an average of 9° angulation.' These bends along the ca-
nal should be noted when inserting IMNs to avoid cortical perfo-
ration and iatrogenic fractures.’®

There are currently no substantive studies performed
comparing the intraoperative fracture rate between males and fe-
males during humerus intramedullary nailing procedures. How-
ever, the gender differences observed in this study may help
explain the increased risk that females have for intraoperative
fractures in the humeral shaft during upper extremity operations
like shoulder arthroplasties and humeral head replacements.>"*®
Compared to their male counterparts, females had significantly
smaller canal widths and thinner cortices along the entire canal,
with no differences in the angles or their locations (Tables Il and III).
Although it has been shown that females have thinner cortices than
males, this study is the first to report significant gender differences
in the canal width over its entire course.>’ Females contribute to
the majority of both proximal and shaft fractures of the humerus,"”
emphasizing the importance to address the high prevalence of
intraoperative fractures in this large demographic. Due to the
narrower canal and thinner cortex in females, customized IMNs
based on gender and specific patients’ measurements would likely
reduce the discrepancy of intraoperative fractures between males
and females.

Hispanics were the only race/ethnicity group with a significant
difference in the cortex width compared to non-Hispanic Whites,
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and other races. Hispanics were found to have a significantly
thinner cortex at level 7 in the coronal plane (Table III). Also, in
regards to the location of the recurvatum apex, Hispanics were the
only ethnicity with a significant difference, with a more superior
apex compared to all other ethnicities. In previous studies, the
anatomical differences between ethnic groups have been limited to
Arab, Asian, African American, and Caucasian populations with
small sample sizes.!*?* This study provides insight into the
anatomical morphology of the Hispanic population. The differences
between measurements in this study may also explain the lower
fracture rate found in Hispanic populations despite having similar
bone density to Caucasian populations.* While the study popula-
tion mirrors the population of West Texas, the external validity of
this study may not reflect on a wider population outside of the
Southwestern United States. Inconsistencies in rates of intra-
operative fracture due to IMN procedures between different races
and ethnicities are important to address to achieve better surgical
outcomes.

Older patients tended to have wider canals in both orientations
(Table 1V) and smaller cortical thickness in most levels (Table V).
This is in contrast to previous findings of no significant correlations
between age and medullary canal width.>° The findings in this
study align with the knowledge that the aging process contributes
osteopenia, which leads to canal widening and cortex thinning.?? In
contrast to the previous study, the larger sample size of this study
may have captured the effects of demineralization as part of natural
aging. Due to the high prevalence of humeral fractures in older
patients, age is an additional factor that should be considered when
IMN operations are performed.'”

Limitations

While our study was conducted based on the absolute number
of humeri required for statistical analysis, in an effort to extract all
the potential from the data, post hoc subgroup analysis was per-
formed. However, we acknowledge that the study is not powered
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statistically to make subgroup analyses and would benefit from a
larger study to define whether these findings are consistent and
bear out among other populations. The questions we identify based
on these results may benefit by being further addressed with a
larger study in which the right power required for each individual
subgroup is identified. Limitations in regionality of the study hav-
ing only 3 ethnic groups (Non-Hispanic White, Hispanic, and Other)
represented were also noted. Additionally, we are aware that there
may be slight inconsistencies in imaging, such as the tilt of the
humerus when the image was taken in both CT scans and X-rays;
however, we compensated for this by excluding images that were
not true anterior-posterior and laterals based on rotation of the
upper extremity. In addition, this study used a cross-sectional
design that limits the ability to determine causality regarding the
relationship between age and bone thickness.

Future directions

Further research directions include studies that are more
representative of the ethnic makeup of the population of the United
States as a whole, such as seen in the national census. Other factors
affecting bone composition and shape could be explored and linked
to surgical complications during IMN procedures. We attempted to
define the issues of bone morphology that most highly correlate
with the reasons we have problems with intramedullary nailing. As
these data have not been addressed previously, we believe that
these findings are significant enough to affect outcomes through an
IMN design change or a completely new design that would allow
our study to bear out into the future. Further clinical research
studies would be needed to determine if the customized IMNs
result in fewer complications and intraoperative fractures and lead
to improved outcomes.

Conclusion

This study’s findings indicate significant demographic variations
in the anatomy of the humeral medullary canal, necessitating the
development of demographic-specific IMNs. By addressing these
anatomical differences, we can potentially reduce the incidence of
complications and intraoperative fractures, thereby enhancing the
efficacy of orthopedic treatments. Our research emphasizes the
critical need for personalized orthopedic solutions to improve pa-
tient outcomes.
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