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Abstract

This study has been undertaken in order to describe the bone mass distribution of the dry human radius via dual x-ray absorp-
tiometry (DXA) with a Norland XR-800 densitometer machine. A sample of 39 dry radius bones was used. Two projections
were made: antero-posterior and lateral, and five regions of interest were selected. The bone densities and the bone mineral
contents of the various regions of the radius in the two projections were compared using Student’s ¢ tests for paired samples,
with statistically significant differences being found in all of the values, except in the proximal extremity (P Ext). The area
of greatest bone mineral content (BMC) was the medial diaphysis (M Diaph), followed by the distal extremity (D Ext), with
the lowest value being found in the proximal extremity (P Ext). As for bone mineral density (BMD), a great symmetry is
observed if we take the mean point of the longitudinal axis as a reference, with it being distributed from highest to lowest from
the central part to the extremities. A correlation study of the BMD and BMC values between the segments themselves and
with the total, in both positions, provides us with a high correlation (p <0.01), with the highest correlation value being found
for the proximal diaphysis (P Diaph) region, indicating the heterogeneous nature of the distribution of the radius bone mass.
Bone densitometry via DXA is useful in order to establish an overview of the structural construction of the human radius.
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Introduction their tissue [3]. The different forces exercised in an appropri-

ate manner over the bone stimulate its formation and remod-

Modern bone mass measurement instruments, such as the
DXA (dual x-ray absorptiometry) and pQCT (peripheral
quantitative computed tomography), allow us to quantify
mineral bone density so as to diagnose different illnesses
affecting the skeleton and to follow their evolution and the
results of distinct treatment applications [1, 2].

For some time now, well-known osteology masters, such
as Wolf, have told us that bones subject to different loads
modify their architecture and the quality and quantity of
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eling, but those that are excessive and continuous may act
negatively, producing atrophy.

Bone density initially adapts to the external loads dur-
ing the growth phases, while the trabecular architecture
adapts later, during development [4]. It is well known that
the osteogenic effect of a force is produced over the site of
its application, in both young and mature bones [5], and is
directly proportional to its quantity [6].

Studies have been conducted on the mechanical loads
supported by the forearm, taking into account sporting activ-
ity (such as tennis, squash) in which the demand of forces
supported by the bone (due to said activity) has a direct
effect on its formation, remodeling and design and, there-
fore, on its final structure and morphology [7-9].

Some studies relate the cortical and trabecular areas in
terms of the percentage found in the different zones of the
radius [10], while others describe “partial” values of bone
mass in the form of BMD (bone mineral density) and BMC
(bone mineral content) [9, 11-13], but only for values of the
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isolated portions and without relating or correlating them
between one another, or with the totality of the bone. Fur-
thermore, these studies were conducted on the forearms of
living individuals.

The purpose of this study is to establish the systemat-
ics of construction of the human radius, through the use of
dry and mature radius bones, without taking into account
any specific demands or extraordinary forces. Furthermore,
given the assessment technique used (DXA), we make no
distinction between cortical and trabecular bones, nor do we
differentiate between the endo-cortical or periosteum areas,
but rather, we assess both BMD and BMC collectively, to
verify that bone tissue distribution is not homogeneous and
that this distribution corresponds to the bone’s trabecular
architecture.

Material and method

A random sample of 39 dry human radius bones, 20 right
and 19 left, from the skeletal collection of the Department of
Surgery, Anatomy Social Medical Sciences of the University
of Alcala (Alcala de Henares, Madrid—Spain), was studied.

The bones came from unidentified (with regards to gen-
der and age) adults. The analyzed samples were normal in
terms of morphology and constitution (shape, size, weight),
excluding any bones having signs of deterioration caused by
deficiencies in preservation, prior pathologies or any other
cause that may alter a proper analysis and thereby undermine
the results.

A Norland XR-800 densitometer with “Illuminatus 4.3.0”
application and analysis software was used for all studies
with an investigation mode.

Each scan session was preceded by a calibration routine
using a standard calibration block supplied by the manufac-
turer. All radius bones used in the study came from cemetery
ossuaries. They were donated voluntarily by the authorities
to the Alcala Medical School.

This technique has a high degree of accuracy and preci-
sion, approaching 1%. Scanning speed was 60 mms, with
and interlineal space of 1 mm and point resolution of 1 mm
horizontal X 1 mm vertical. The defined exploration was
completed as outlined, in an average time of 10—12 min.
Scan acquisition and scan analyses were performed by one
investigator.

The bone was placed well-centered on the examining
board. It was important to verify stability so that its posi-
tion did not vary during the study. Cotton gauze may be
useful for optimal stabilization. The bones were exposed
directly, without water or other materials that may resemble
soft tissue.

Dry radius calculations were performed for the following
magnitudes:
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e BMD: bone mineral density, in g/cm>.

e BMC: bone mineral content, in grams. BMC is defined as
the mass of mineral per unit bone length. Bone mineral
content is obviously a size-dependent parameter (Schoe-
nau, 2004).

e Area: measured area, in square centimeters (cm?).

e Length: total length of the bone, in centimeters (cm).

e Width: total width of the bone, in centimeters (cm).

For the densitometric analysis of the human radius struc-
ture, two projections were performed:

e Postero-anterior position (PA): the longitudinal axis that
passes by the “Margo posterior-Tuberculum dorsale” is
perpendicular to the axis of the examining board.

e Latero-medial position (LM): the axis that passes by the
“Margo interosseous-Incisura ulnaris” is perpendicular
to the axis of the examining board.

To begin the scan, the starting point was situated 0.5 cm
directly above the proximal extremity. A baseline point was
marked below the distal extremity. A third point (goal line)
was marked at 1 cm from the more lateral part of the bone.

For the purpose of this study, the complete bones were
scanned in the two previously mentioned projections
(Fig. 1). Once scanned and for their subsequent analysis, it
was subdivided into five regions of equal length. Specific
equipment system software divides the total bone length

Positions

PA LM Regions of interes

i\ P Ext
1
’l 4 P Diaph
I l M Diaph
u 1 D Diaph
"
' D Ext

Fig. 1 Densitometric image of the radius, scan positions and region
of interest for DXA measurement of BMD and BMC. P Ext (proximal
extremity); P Diaph (proximal diaphysis); M Diaph (medial diaphy-
sis); D Diaph (distal diaphysis); D Ext (distal extremity)
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Table 1 Descriptive statistics BMD BMC

of BMD and BMC for the total

radius and for regions in both PA LM PA LM

positions . . ) .

Media+SD Media+SD Media+SD Media+SD

Total 0.5631+0.113 0.6357+0.128 22.873+£6.125 22.184+5.982
P Ext 0.5218 +£0.113 0.5210+0.115 4.074+£1.200 4.049+1.199
P Diaph 0.6197+0.127 0.6729+0.139 4.608+1.238 4.505+1.224
M Diaph 0.6678 +0.130 0.7668 +£0.144 4.943+1.243 4.831+1.244
D Diaph 0.5827+0.119 0.6835+0.139 4.583+1.218 4.349+1.161
D Ext 0.4665+0.104 0.5765 +0.130 4.802+1.388 4.588+1.342

BMD bone mineral density, BMC bone mineral content, PA postero-anterior position, LM latero-medial
position, SD standard deviation, P Ext proximal extremity, P Diaph proximal diaphysis, M Diaph middle

diaphysis, D Diaph distal diaphysis, D Ext distal extremity

into the indicated number of regions. The total region cor-
responded to the overall area of the bone’s length and height.
The regions of interest were:

P Ext (proximal extremity).

P Diaph (proximal diaphysis).

M Diaph (medial diaphysis).

D Diaph (distal diaphysis).

D Ext (distal extremity).

Total: The total regions correspond to the area of the full
length and height of the bone.

All statistical calculations were performed using “Stat-
graphics Plus” (Version 5.1) and “SPSS” (Statistical Pack-
age for Social Sciences) (Version 15.0). The means and
standard deviations (SD) were calculated for bone mineral
density (BMD) and bone mineral content (BMC). The bone
densities and the bone contents of the various regions of
the radius in the two projections were compared using the
Student’s ¢ tests for paired samples.

Using Pearson’s correlation analysis, the relationships
have been studied, in terms of bone mass and bone density,
between the different parts of the bone, and the relationship
of each predetermined region with the totality of the bone,
seeking potential differences and correlations between the
same. Finally, regression lines have been found along with
prediction equations for the total BMD and total BMC.

Results

The values obtained for BMD and BMC are observed in
Table 1.

When using the middle point of the radius diaphysis
as the reference (in terms of its longitudinal axis), BMD
decreases from greater to smaller, from the central part of
the bone, toward the extremities (Fig. 2). The highest values
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Fig.3 BMC values by regions in both positions

of BMC are also found in the middle region of the diaphysis
(Fig. 3).

When using the Student’s “T” for independent samples
to compare BMD and BMC of the different segments and
of the total radius between left and right radius bones, we
did not encounter any statistically significant differences.

Upon comparing the mean values of the bones in the
antero-posterior and lateral positions (of each segment and
of the total) using the Student’s T test for paired samples,
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Fig.4 Distribution of the % of BMC of left and right radius in LM
position. R: right radius. L: left radius
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Fig.5 Distribution of the % of BMC of left and right radius in PA
position. R: right radius. L: left radius

for BMC and BMD, we find statistically significant differ-
ences in all of the values except in the proximal extrem-
ity (P Ext). The mean values were greater for BMD in the
latero-medial position and for BMC in the postero-anterior
position (Figs. 1, 2).

In the analysis of the distribution of BMC across the bone
and taking into account the regions that we have differenti-
ated, we calculated the percentage of BMC that is repre-
sented by each region with regards to the total radius and in
the two scan positions (Figs. 4, 5).

The region having the greatest % BMC is the M Diaph,
followed by the D Ext. They are followed by the P Diaph and
D Diaph regions, of similar content, and finally, we observe
that the radius region with the lowest % BMC is the P Ext.

A study of correlations of the BMD and BMC values
was conducted, for each of the segments and with the total,
in both positions, finding a high correlation between them
(Table 2), with the greatest correlation value being found for
the P Diaph region.

Figure 6 shows the regression lines with variance bands
at 95%, and the prediction equations for total BMC and total
BMD based on the values of the segment of the proximal
diaphysis (P Diaph) in both positions.
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Discussion

Today, DXA continues to be considered the top means
of diagnosing osteoporosis [14] and although it cannot
reveal the micro-architecture of the bone as is the case
with the “high-resolution Peripheral Quantitative Com-
puted Tomography” HR-pQCT [15, 16] or “high-resolu-
tion Magnetic Resonance” (hrMR) and other more current
methods [17], it eliminates important factors positioned
against imaging studies for the radius in living individuals,
such as the interposition of soft tissues and others that are
caused by the RNM and microTC devices. These devices
require the application of algorithms for the processing of
the images so as to correct for the variation of the results
that they offer, given that they depend directly on the qual-
ity of the images obtained [18].

Despite the recent appearance of these new techniques
for the assessment of the bone strength and quality [19],
densitometry continues to be the technique of choice given
its lower cost and increased ease of application in clinical
practices. The other techniques only provide additional
information [20]. Currently, there is very limited research
on the study of bone micro-architecture in the dry radius
[21], and very few studies of this type have used the DXA,
and those that we have found have considered the ulna
[22] and other long bones such as the femur, the tibia and
the humerus, [23] or short bones such as the calcaneus
[24]. Specifically, and in our case, this is the first study to
examine the complete dry radius via densitometry, given
that some studies of this type have limited their work to the
study of the distal extremity of the bone [21].

Studies have been conducted on variations of BMD and
BMC of human forearms [7, 8, 25-27], the relations, in
terms of width and volume, of the different parts of the
forearm bones [7-9, 11, 28-30] and the variation of these
parameters in their areas of cortical, trabecular or mixed
predominance [31]. Other research has compared the val-
ues of dominant forearm bones with non-dominant values
for a specific sporting activity and in distinct populations
such as in girls [12, 28] or prepubescent boys [4]. With
pQCT, some have found that physical exercise produces a
geometric adaptation of the bone, as well as an improve-
ment in BMD [31].

We compared our results with those obtained in another
parallel study conducted on the ulna [32]. In this forearm
bone, the greatest BMD was found in the region that is
the most proximal to the diaphysis and the greatest BMC
was found in the proximal end. In the case of the radius,
the maximum BMD and maximum BMC were found in
the middle part of its diaphysis (M Diaph). This is the
part of the radius receiving the most mechanical requests,
where muscular insertions are the widest, since the mass
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Table2 Pearson’s correlations Total P Ext P Diaph M Diaph D Diaph D Ext
for BMD by segments in PA
position and LM position; BMD/PA
E;f;;’;l;;‘:rlflf;‘g";jj‘;z BV ot I 949(F%)  981(H) 970(+%) 964(%)  .966(+)
LM position P Ext .949(*) 1 964 (%) .868(+%) .873(*) 913(*)
P Diaph 981(+*) .964(+*) 1 .939(*) .929(%) .922(*)
M Diaph .970(+*) .868(*) .939(*) 1 969(+%) .908 ()
D Diaph 964(**) 873(F*) 929(*%*) 969(**) 1 O11(¥%)
D Ext 966(**) 913(*%*) 922(%%) 908(**) O11(*%) 1
BMD/LM
Total 1 .958(*) .984(*) 970(+*) 979(+*) 963 (%)
P Ext .958 (%) 1 .940(*) .886(*) .896(+%*) .939(%*)
P Diaph 984(*%*) 940(*%*) 1 957(F%*) J955(%%) .930(*+*)
M Diaph 970(**) .886(**) 957(*%*) 1 977(F*) .887(*%*)
D Diaph 979(+%) .896(*) .955(*) 977(*) 1 .920(*)
D Ext 963(+%) .939(¥*) .930(*) .887(*) .920(%*) 1
BMC/PA
Total 1 955(#%) 984 () .970(**) .983 (k) 967 (%)
P Ext 955(#%*) 1 .932(3%) .881(*) .898 () .927 (%)
P Diaph .984(*) .932(%*) 1 973(*%) 969 () .924(*)
M Diaph 970(+*) .881(*) 973(%*) 1 .981(*) .898(*)
D Diaph .983 () .898(*) 969(+*) 981(+*) 1 .939(*)
D Ext 967(*) 927 (%) .924(%) .898(**) .939(%) 1
BMC/LM
Total 1 .960(+*) .982(*) 967(+*) 981(**) 967(+%)
P Ext .960(**) 1 .937(*) .875(+%) .896(+*) .943(%)
P Diaph .982(*) .937(*) 1 966(+*) 966(+*) O17(¢+*)
M Diaph 967 () .875(%*) .966(+*) 1 .985(%*) .890(**)
D Diaph 981(%*) .896(*) .966(**) .985(*) 1 .928(*)
D Ext 967(*F*) 943(%) 917(%*) .890(**) 928(*%*) 1

**The correlation is significant at 0.01 (bilateral)

of the cortical bone is proportional to the value of the
tensions that it supports. In the middle part of the diaphy-
sis, the flexor digitorum superficialis, supinator, prona-
tor teres, and main thumb muscles (flexor pollicis longus,
abductor pollicis longus and extensor pollicis brevis) are
inserted. This musculature conditions the main function of
the thumb and, therefore, is very important for hand pres-
sure. This same circumstance occurred in the densitometry
study of the calcaneus bone by Ferndndez-Camacho et al.,
where the greatest value of BMD was found in the mid-
dle region of the bone. This is in line with the functional
importance of the regions corresponding to the thalamus
with respect to load support.

Cortical thickness and external diameters are the bone
dimensions serving as the main determinants of bone
strength [33]. The highest % BMC found in the M Diaph fol-
lowed by the D Ext may be justified by the bone’s anatomy:
The long narrow medullary cavity is enclosed in a strong
wall of compact tissue which is thickest along the interos-
seous border and thinnest at the extremities. Its lower end is

large, since it forms the main part of the wrist joint [34]. On
the other hand, the highest values of % BMC in M Diaph and
in both projections appear in the right radius bones, suggest-
ing a clear right laterality in the handling of the upper limbs.

In the results obtained from studies carried out with DXA
in children and young adults who play tennis in France, the
distal region of the radius has the lowest BMD and progres-
sively increases until the middle region of the diaphysis, as
occurred in our study, despite the fact that we examined dry
bone, and it is similar in the dominant and non-dominant
arm [11].

As for the parameters measured for BMD and BMC in the
different regions and taking into account the two scanning inci-
dences, we observe that in the LM position, the BMD values
are significantly higher than in the PA position and the BMC
values in the PA position are significantly greater than in the
LM position, except in the “P Ext” region (proximal extrem-
ity) where in both incidences the mean values of BMD and
BMC do not have significant differences. The “cylindrical”
morphology of the proximal extremity of the radius results in
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Fig.6 Correlation of the P Diaph region, regression line with variance bands at 95%

both incidents having values that are constant or at least that
have no significant differences between them. These findings
are consistent with the gross anatomy.

The distal fractures of the radius represent one-sixth of all
fractures that are treated by traumatology departments. Taking
only the forearm into account, 74.5% of these are fractures of
the distal metaphysis and/or epiphyses in Spain [35]. Schala-
mon et al. [36] found that distal fractures of the radius are most
common in young Austrians, coinciding with the lower values
of BMD with respect to the rest of the bone and as revealed
in this study.

The main limitation of our study is that it is based on a
random sampling of “dry radius bones” without knowing “a
priori” their origin with regards to gender, age, physical activ-
ity of donor, etc.
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Conclusion

DXA is capable of explaining the heterogeneous nature of
the construction of the human radius bone and, therefore,
its construction systematics.

Moreover, these data not only reveal morphological
aspects, but also provide information on biomechanical
properties. These can be derived from cortical bone thick-
ness or density of cancellous bone by finite element analy-
sis. Such biomechanical data, together with morphometric
parameters, can significantly contribute to the develop-
ment of new prosthesis and implants, which account for
both morphological diversity and biomechanical aspects.
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The bone structure of the radius may also be studied in

living individuals, a possible extension of this study which
would serve to compare these results with those obtained in
forearm densitometry studies (bone with soft tissues).
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