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IQUANTITATIVE COMPOSITION|

BONE COMPOSITION
Recall that bone is comprised of these components:

(1) inorganic matrix (subscript a for ash) of hydroxyapatite, plus other minerals and
impurities

(2) organic matrix (subscript o) of collagen and proteoglycans

(3) water (subscript w) both bonded to proteoglycans & collagen and free

QUANTITATIVE COMPOSITION

Consider some region or sample of bone with a characteristic length of approximately 1 mm or
so. The mass m and volume V are comprised of material (subscript m) and voids (subscript v). It
is generally accepted that the material portion is comprised of the inorganic matrix, organic
matrix, and associated water; the voids are comprised of the true voids and their contents. The
true voids in osteonal bone consist of Haversian canals, Volkmann's canals, and resorption
cavities; in trabecular bone, the true voids consist of the trabecular pores. Thus, osteocyte
lacunae and canaliculi are considered to be part of the material portion of bone.

The total mass and volume of the region of bone is m; =m_+m, and V; =V,_ +V,, respectively.
The volume fractions of each are the bone volume fraction

_ material volume _V,

B, =BVF = -
total volume  V;
and the porosity

_void volume 'V,

\

" total volume  V,

Note that B, + p, =1. One of the primary determinants of the mechanical properties of bone,

especially with respect to properties of trabecular bone, is apparent density. Strictly, the
apparent density is the ratio of the total mass to the total volume of the sample of bone , or

_ totalmass _m; _—m, +m,
P~ {otal volume V. V.
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Since m, =p, vV, and m, = pV.

viv?

p* :meVF+pvpv

Apparent density is typically determined in the laboratory using the hydrated weight method. In
this method, the bone sample is kept hydrated, but the true voids are cleared of their contents.
Thus, the apparent density usually reported in the literature does not include the contents of the
true voids and is simply the ratio of the material mass to the total volume of the bone sample, or

_ material mass _ m

~ total volume ~ V,

m

and since p, =0

p:meVF = Pn (1_ pv)

Therefore, knowing the apparent density of the bone sample, the material density can be
determined once the porosity is determined. Porosity is one of the easier to determine of the
microarchitectural measures of bone and will be discussed next. Typical values for apparent
density in humans are 0.22 g/cm® for adult vertebral body trabecular bone and 1.9 g/cm® for
osteonal bone. This stark difference reflects the high porosity (75% to 95%) of trabecular bone
and the low porosity (5% to 10%) for osteonal bone, as well as the fact that trabecular bone is, in
general, less mineralized than osteonal bone due to its higher turnover rate. Other typical values
are

s = 3.2 glem® o = 1.1 glcm? (tissue that is mostly water) ow=1.0glem?

Another primary determinant of bone mechanical properties is the mineral content, denoted as
the bone mineral content (BMC) or ash fraction (A)

mineral mass m
BMC=A=————— =12
dry mass m,

The mineral content is determined by first heating the sample of bone (to at least 100°C) to
vaporize the water. This step is fairly involved, as the vessels (typically ceramic) used for drying
the sample must first be cleared of water by heating for 1 day in an oven at 700°C, and then the
sample is considered dry if its daily weight change is less than 1%. After drying, the sample is
weighed to determine its dry mass. The sample is then "ashed" at 700°C for 18 hours to vaporize
the organic material. The sample is weighed to determine its ash mass. The ash fraction of
osteonal bone is around 65%. A bone mineral density (BMD) can be defined as the ratio of the
ash mass to the total volume of the sample of bone, or

_ashmass m
total volume  V;

a







