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Objective: Adequate mechanical support of the medial column is paramount to maintain fracture reduction in locking
plating of proximal humerus fractures. However, intrinsic cortical properties of the medial column are rarely discussed.
The purpose of the study is to describe regional variation of cortex in the medial column.

Methods: A total of 147 healthy participants were eligible for enrollment between December 2016 and December
2018. Subjects were divided into three groups: group A (20–39 years), group B (40–59 years), and group C
(>60 years). For each individual, a color 3D thickness map for proximal humerus was created by cortical bone mapping
(CBM) technique after bilateral shoulders were imaged by computed tomography. Measurement Indices including the
cortical thickness (CTh), cortical mass surface density (CM) and the endocortical trabecular density (ECTD) were deter-
mined, after six regions of interest (ROI) were defined in metaphyseal region. Regional parameter variations were ana-
lyzed by one-way ANOVA.

Results: The CTh, CM and ECTD values were approximately equivalent between genders in the proximal part of the
medial column across all ages (P > 0.05).The greatest difference between sexes was found in CTh and CM values of
middle and distal part (P < 0.05). The CTh and CM within medial column were negatively associated with age
(P < 0.05). The proximal cortical bone of the medial column was thicker and more dense, compared to the lateral col-
umn (P < 0.05). Significant regional variation was found in all measured parameters in group A, but not in groups
B and C.

Conclusion: Our finding proved that regional differences in the distribution of cortical bone in the medial column The
attenuation of cortical bone heterogeneity in the medial column was found after the age of 40 years.
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Introduction

Proximal humerus fractures (PHFs) are the third most
common fragile fracture in the elderly population follow-

ing hip and distal radius fractures.1,2 Internal fixation with
locked plate is currently the primary treatment for patients
who are fully functional. Despite the improvement in fixa-
tion techniques, a large collection of poor outcomes and sur-
gical complications are still prevalent, particularly in the
presence of osteoporosis.3,4 Many factors have been demon-
strated to be responsible for the poor outcome of PHFs,

including low local bone mineral density, medial calcar com-
minution, length of metaphyseal segment, and coronal dis-
placement of the fracture at the onset.3–7 Gardner et al.8

have underlined mechanical support of the medial column
was essential to maintain fracture reduction. They concluded
that accurate reduction of the medial cortex created a load
sharing condition and minimized the forces at the screw-
bone interface. In prior publications, mechanical integrity of
the medial column was re-established with an endosteal fibu-
lar allograft in the comminuted osteoporotic fractures.9 Most
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recent reports showed that locking plate osteosynthesis of
unstable PHFs with medial column disruption augmented
with an endosteal fibular grafting had achieved excellent clin-
ical and radiographic results and reduced mechanical failure
rate.4,10–12

Despite that the importance of the medial column is
increasingly underscored by latest literatures, the exact defi-
nition and intrinsic structural properties of the medial col-
umn were rarely discussed. Sprecher et al.13 presented a
histomorphometric study of the proximal humeral trabeculae
by coronal sectioning. Their results revealed that the medial
metaphyseal region exhibited obvious bone loss in osteopo-
rotic individuals. Tingart et al.14 used peripheral quantitative
computed tomography (pQCT) to show that cortical vBMD
is 17% higher in the distal part compared to the proximal
part of the surgical neck.

Cortical bone mapping (CBM) is a surface-based bone
measurement technique which makes accurate estimation of
measure cortical and endocortical trabecular properties from
clinical CT data. The measurements were repeated at several
thousand independent locations over the surface of the prox-
imal femur. Cortical properties can be displayed as a color
map over the three-dimensional surface of proximal
femur.15,16 CBM had help to detect focal structural weakness
in the hip for predicting an individual’s fracture risk, as well
as assessing treatment response.17,18 Poole et al.17 had the
contralateral femur inspected by CBM in women with femo-
ral neck fractures. They found that patients with femoral
neck fractures presented with a thumbnail-sized patch of
cortical thinning at the superior femoral neck. CBM was also
efficient in detecting rapid increases in cortical mass at key
locations of femur during denosumab therapy in women
with osteoporosis.19 The purpose of this study was: (i) to
describe the regional variation of cortex in the medial col-
umn using CBM; and (ii) to evaluate age- and gender-related
differences in cortical properties of the medial column.

Materials and Methods

Subjects
Recruitment began in December 2016 and was complete by
December 2018. Of 175 Chinese residents screened, 147 were
eligible for enrollment and agreed to participate. There were
71 males and 76 females, with range from 20 to 88 years
(mean, 49.79 years). Participants were stratified into three
groups based on age: group A (aged 20–39 years), group B
(aged 40–59 years), and group C (aged>60 years). Group A
consisted of 24 males and 22 females, with mean age of
29.35 years (range, 20–39 years). Group B comprised
27 males and 22 females, with average age of 49.67 years
(range, 40–59 years). Group C included 20 males and
32 females, with mean age of 67.98 years (range, 60–
88 years). Arm dominance was determined as to which arm
the subject would throw a ball with. The inclusion criteria
included: (i) aged over 20 years; and (ii) local residents who
underwent CT scanning of the shoulder for trauma to rule

out tiny fractures. The exclusion criteria included: (i) history
of metabolic bone disease; (ii) exposure to medications that
affect bone metabolism; and (iii) history of previous humeral
fractures and shoulder surgeries. The study was approved by
the Institutional review Board of Tianjin Hospital
(No. 20160300012). All participants provided written
informed consent. The early part of study has been
reported.20

Cortical Bone Mapping
CT scans were performed in a supine position with a GE
Light Speed VCT (GE, Milwaukee, WI, USA). Scan parame-
ters were 120 KV, mA Auto, 8.8 s/HE; 1.25 mm slice/39.38
HQ. The scan scope covered the highest point of the
acromion to the inferior angle of the scapula. CT values of
pixels were recorded in Hounsfield units (HU).

The cortical parameter measurement using the CBM
technique has been previously described.15,16 First, the profile
of the bone surface was drawn in the CT slices using
Stradwin software (http://mi.eng.cam.ac.uk/�rwp/stradwin/).
A triangular surface mesh with thousands of vertices distrib-
uted uniformly over the proximal humerus surface was cre-
ated. Then, CT data were sampled at each vertex of mesh
using an 18 mm transcortical line. This line runs perpendic-
ular to and through the cortical bone and into the trabecular
compartment. By fitting a model that accounts for the imag-
ing blur to the data samples, cortical and trabecular parame-
ters including the cortical thickness (CTh, mm),cortical mass
surface density (CM), which represents cortical mass per unit
surface area of the cortex, and the endocortical trabecular
density (ECTD), which is the trabecular density directly
adjacent to the cortex, were estimated. Cortical properties
can be shown as a color coded map of humeral surface.

Definition of the Regions of Interest
For cortical distribution analysis, specific regions of interest
(ROIs) were defined within metaphyseal region. After a sin-
gle 3D thickness map was created, the height of the head
was determined by measurement of the distance between the
superior aspect of the humeral head and the most distal edge
of the articular surface (Fig. 1). Using the height of the
humeral head as the reference length, three isometric planes
were constructed at the metaphysis. In each slice, the maxi-
mum transverse diameter of the medullary cavity was drawn.
The intersection of the maximum transverse diameter and
the medial and lateral cortices was the measurement point.
The medial and lateral columns each had three points for
compact bone lamella measurements (Fig. 2). Thus, ROIs 1–
6 were well defined. After data collection, the regional varia-
tion of the medial column was analyzed.

Statistical Analysis
Statistical analysis was performed using SPSS ver.20.0 (SPSS,
Chicago, IL, USA). Differences between lateral and medial
columns were assessed by Student’s t-test or the Mann–
Whitney U-test. One-way ANOVA was used to evaluate site
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differences in cortical parameters at medial columns within
each group. Linear regression analyses were performed to
investigate the effects of age. For all analyses, the level of sta-
tistical significance was established at P < 0.05.

Results

Age- and Gender-Related Differences in Cortical Bone
Quality
The CTh, CM and ECTD values were approximately equiva-
lent between genders in ROI 1 at all ages (P > 0.05). The
CTh and CM values were higher for men than for women in
ROI 2–3 (P < 0.05). The ECTD values were similar between
male and female cohorts in ROI 2–3, irrespective of age
(P > 0.05) (Table 1). It can be seen that men had higher

Fig. 1 Cortical thickness color mapping showing ROIs and slices. Using

the height of the humeral head as the reference length, three isometric

planes were constructed at the metaphysis.

Fig. 2 Location of the measuring points in proximal metaphysis. Line

1, the maximum transverse diameter of the medullary cavity.
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cortical thickness and cortical mass surface density in the
middle and distal part of medial column, whereas no sex-
related differences were seen in the proximal segment.

The CTh and CM values in ROI1-2 was significantly
different between age groups (P < 0.05). Of note, comparison
to baseline group A, the CTh value of ROI 1 in group B was
lower by 19.2%, and in group C by 23.6% in men (P < 0.05).
Similarly, the CM values of ROI 1 in group B decreased by

20.5%, group C by 27.9% (P < 0.05). Among women, the
ECTD values in ROI 2 and ROI 3 decreased significantly
over 60 years by 1.3% and 1.0% (P < 0.05) (Table 1). Linear
regression analysis revealed CTh and CM of the whole
cohort were negatively associated with age in ROI 1-3
(P < 0.05), but not ECTD (Fig. 3). Collectively, these results
showed that age-related bone loss in the medial column var-
ied with sex and measurement site. In men, the loss in bone

Fig. 3 Age-related changes in cortical thickness at the ROI 1–3. The solid line represents the fitted mean from the regression model, and the dashed

lines represent the 95% confidence interval of the prediction.
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cortical thickness and density at the proximal end of the
medial column was marked, whereas in women, the decrease
in endocortical trabecular bone density at the mid-distal end
was pronounced.

Regional Analysis
The cortical parameters of the metaphyseal cortex were mea-
sured medially and laterally at three points each in plane 1–
3. Cortical thickness and cortical mass surface density values
were higher than the corresponding portion of lateral sides
in plane 1 regardless age (P < 0.05), showing that the proxi-
mal part of medial columns had thicker and denser cortices.
The ECTD value was 4% higher in ROI 1 than in ROI 4 of
the group A (P < 0.05). The ECTD value of medial column
were similar to those of lateral one in group B–C (P > 0.05)
(Table 2).

In group A, the highest CTh CM and ECTD values
were seen in ROI 1. Compared to ROI 1, CTh CM and
ECTD in ROI 2 was lower by 13.3%, 19.7% and 6.0%, in
ROI 3 by 12.8%, 19.2% and 1.0% (P < 0.05). However the
medial columns had approximately equivalent CTh CM and
ECTD in ROI 1–3 of group B and C (P > 0.05, Fig. 4). This
implied a gradual decrease in cortical thickness, cortical mass
surface density and endocortical trabecular density from the
proximal to the distal end of the medial column in subjects
aged 20–29 years, but this was not observed in individuals
older than 40 years.

Discussion

In this study, we have identified regional variances in the
cortical properties of the medial column by CBM tech-

nique. Significant age- and sex-related differences were found
in cortical parameters at different measurement points of the
medial column. Our major findings are: (i) higher-quality
indices of cortex were found in the proximal part of medial
columns, compared to the lateral column; (ii) in the age
group of 20–39 years, spatial variability of cortical bone in
the medial column was evident, where the maximum values
of cortical thickness and density were seen in the proximal
portion. However, similar regional variation was not found
in subjects aged above 40 years; (iii) no gender-related differ-
ences regarding cortical parameters were seen in the proxi-
mal segment of medial columns; and (iv) age-related bone
loss in the medial column varied with sex and
measurement site.

Regional Variation of Cortex in the Medial Column
The mechanical behavior of the medial calcar is of utmost
importance in locking plating of proximal humerus.8–12 A
recent multivariable regression analysis found that medial
comminution and insufficient medial support were indepen-
dent risk factors for reduction loss in the proximal humerus
fractures surgery.21 An essential finding of our study was that
cortical shell of medial column adjacent to articular surface
was thicker and denser, compared with the lateral column in
metaphyseal region. Spatial variability of cortical bone in the
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medial column was pronounced in the 20–39 year age group,
with the maximum in cortical thickness and density occur-
ring proximally and showing a progressive decrease from the
calcar to shaft. Leng et al.22 reported that when an axial load
of 600 N was exerted to glenohumeral joint surface in a bio-
mechanical test using finite element method, a maximum
stress of 5.2 MPa was found in the calcar region. Based on
previous literature and our regional analysis, we have
inferred that the medial column is a physiological load-
bearing structure. Its function might be similar to that of
femoral calcar, where load is transferred from the trabecular
bone in femoral head to cortical shell of shaft. However, cor-
tical measurement results of different sites in medial column
tended to be similar in subjects aged over 40 years. The main
reason for this is due to the varing rates of age-related bone

loss at different parts of the medial column. We believe that
the loss of anisotropy in the medial column may be an indi-
cation of its decreased mechanical behavior. Our findings
could be useful for the elucidation of the mechanism of
development and effective fixation of varus-type proximal
humerus fractures.

Age- and Gender-related Differences in Cortical
Properties of the Medial Column
Cortical bone sustains a large proportion of axial loads in the
proximal humerus.20,23 It can withstand much greater
stresses than trabecular bone and experience minimal defor-
mation before failure. The results of our study suggest there
was no difference in proximal part of medial column regard-
ing cortical quality between both sexes across all ages. This

Fig. 4 Regional variation of cortical parameters in cortical thickness (CTh) (A), cortical mass surface density (CM) (B), and endocortical trabecular

density (ECTD) (C). Data for the ROI 1 in group A were labeled as A1, and so on.* marks differences between ROI 1–3 (P < 0.05).
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finding is in line with previous studies that found no gender
differences in the cortical thickness of the weight-bearing
region of the femoral neck.23,24 In this study, reduced cortical
thickness and density in medial column were significantly
associated with age. This was very consistent with a cadav-
eric QCT study of Helfen et al.25 who found that a high cor-
tical porosity and a concurrent reduced cortical thickness at
the surgical neck with aging, which started after 45 years.
However, this age-related bone loss had gender and site dif-
ferences. In men, the sustained reduction of cortical thick-
ness and density at the proximal end of the medial column
were seen after age 40 years. This might be one of the con-
tributing factors to the loss of anisotropy in the cortical bone
of the medial column. In women, the decrease in
endocortical trabecular bone density at the mid-distal end
was pronounced over 60 years. This revealed that there was
a predominance of age-related cortical loss in men, whereas
in women aged over 60 years, trabeculae loss caused by
estrogen deficiency was more common.

Strengths and Limitations
The primary strength of this analysis is its focus on the
medial column of proximal humerus. To our knowledge, this
is the first study to evaluate the inherent attributes of cortical
bone in the medial column, although the mechanical role of
the medial column in maintaining fracture reduction was
widely recognized. Our results are helpful in elucidating the
mechanism of proximal humeral fractures. However, there
are limitations in the study design worth considering. First,
our study included a predominantly Chinese Han population
representative of the Tianjin region, thus our findings may
not generalize to other ethnic groups. Second, is that height
and weight data for all participants were not available, so it
was not possible to make statistical corrections for these con-
founding factors. Third, the sample size was modest, as well
as a cross-sectional design, which limits the power of obser-
vations related to age effects. Finally, regional distribution of
cortical bone within the medial column had been assessed

without biomechanical strength data. Nevertheless, this study
yielded insight into the changes in cortical parameters with
age and sex, which contribute to the mechanical capacity
of bone.

Conclusions
In summary, the current study proved regional differences in
the distribution of cortical bone in the medial column. Fur-
thermore, our results demonstrated that cortical parameters
in the medial column, as measured by CBM, displayed sig-
nificant age- and gender-related differences. The thickest and
highest density of cortex was found in proximal part of
medial calcar in participants aged 20–40 years. The attenua-
tion of cortical bone heterogeneity in the medial column was
found after the age of 40. These data offer new insight into
the intrinsic characteristics of cortical bone in medial column
and may prove to provide useful information on surgical fix-
ation. Future work should determine the loading of the
medial column during different states of motion of the
shoulder.
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