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Bone mineral density: review

Bones

Bone mineral density is one of the most important factors to measure
bone quality. It is a biophysical parameter of critical experimental
importance, and has been used in poultry production as a tool to assess
bone quality because it is a reliable and non-invasive method.

Bones have an essential role in normal growth and development of
vertebrate individuals. Its development process is a complex sequence
of interrelated events in space and time, leading to bone formation.
There are two processes of bone development: intramembranous bone
formation, and endochondral bone formation. Cell mechanisms are
identical in both process, with intramembranous bone formation being
responsible for the definitive shape of a limited number of bones which
are not pre-formed by cartilage. Endochondral bone formation involves
the activities responsible for the formation of bones that bear weight,
which also are responsible for the elongation of most skeletal mass
during growth. The continuous addition of cartilage and its later
replacement by bone are the essence of the process of elongation
(Howlet, 1980; Banks, 1991; Thorp, 1992; Almeida Paz et a/, 2005).

Bone mineral density

Bone tissue rigidity results from the deposition of calcium and
phosphorus as hydroxiapatite during bone mineralization process. Both
minerals make up about 70% of the bone composition; the remaining
30% consist of organic matter, mainly of collagen (Kélebo & Strid, 19883;
Field, 1999; Bruno, 2002). Hydroxyapatite and aluminum have similar
density, and thus many authors conducted studies aiming at relating
bone mineralization degree with aluminum density, and concluded that
it is possible to compare, using radiological study, the amount of calcium
and phosphorus deposited in the bones to the amount of aluminum
found in a pre-determined scale (Lobel & Dubois, 1973; Kélebo & Strid,
1988a; Kalebo & Strid, 1988b). this technique for determining bone
mineralization degree is called Optical Densitometry in Radiographic
Images.

This technique is an area of Sensitometry, which studies the
photochemical action of light on sensitive emulsions, providing a means
to measure this action, and to determine the relation between the
amount of light received by a sensitive film and the amount of silver salt
that will be reduced by direct blackening or by a developer (Louzada,
1994, Garton et a/. (1994) e Louzada (1997). In addition, this technique
can replace the bone density determined using a photodensitometer,
which is conventionally used (Tavano et a/, 2000).

Bone mineral density can also be measured using bone mineral
composition, bone breaking strength, and Seedor index (Seedor, 1995),
among others (Orban et al/, 1983). In an experiment with White Leghorn
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chickens, Zhang & Coon (1997) found that breaking
strength, also called bone strength, is not a function of
bone ash percentage, but rather a function of bone
volume. Bone volume is taking into consideration in
the Seedor index. Therefore, these measures are very
important when measuring bone quality as they are
closely related.

Bone mineral density: influences

Some factors can directly or indirectly influence bone
tissue development in poultry, and thus, its density.

As with other tissues that compose living beings,
bone development is closely linked to two main factors:
genetic expression of the proteins responsible for body
development, and nutritional supply that poultry receive
in their diets. Balanced diets will supply nutrients in the
adequate amounts to promote the proper development
of the entire body, including the bone tissue.

In general, bone tissue development — including its
density — is affected by several factors that can be
divided in two categories: endogenous factors —
inherent to the animal itself, and exogenous factors,
which do not depend on the animal itself (Bruno, 2002).

Endogenous factors are mainly represented by
hormones (parathyroid hormone, growth hormone,
IGF-I and I, dihydroxi-vitamin D, calcitonin, retinoids
and interleukins, etc. (Burwell, 1986; Price & Russel,
1992, Watkins, 1999). It must be noted that dietary
energy, which can be considered as the fuel that
regulates body development as a whole, including
hormone activity, is indirectly linked to bone tissue
development.

Among the endogenous factors, genetics has not
been much studied as an influence on bone
development. It is well-known that modern broiler lines
were primarily improved to increase feed intake, which
lead to a higher capacity of muscle deposition. This
promoted a higher weight load on the bone system,
which may have contributed to an increase in the
incidence of bone abnormalities. Aiming at evaluating
the influence of genetics on bone radiographic density
(as well as on other parameters of bone growth, studies
performed in our laboratory studied bone development
of 3 different genetic groups, characterized by
different growth rates. The results showed that the
genetic selection imposed to birds did not change the
developmental pattern of the density of the long bones
of broilers. Bone development rate changes as a
function of the different genetic traits of each group,
but developmental pattern is exactly the same. This
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lead us to think that, regardless the genetic selection
processes to which the birds are submitted, bone
development as a whole, including bone mineral
density, has a predetermined pattern of genetic
expression, which is manifested with no changes. This
is consistent with the fact that bone tissue
development is a priority when animal tissues are
formed.

Another aspect that is correlated with bone
mineralization process, and therefore, with density, is
the activity load or physical stimulation to which the
birds are submitted. Experiments were carried out to
assess higher demand of physical activity on bone tissue
development (Bizeray et a/., 2000) For instance, Fleming
et al. (1994) verified that birds raised on battery cages
had lower mineral density values as compared to those
raised on litter, demonstrating that the environment
may influence bone tissue quality.

Bone densitometry applications

Some disease, such as osteoporosis, osteopenia, and
osteochondrosis were studied using bone densitometry
measurement technigue in dogs, rabbits, cattle, horses,
and humans (Louzada et a/, 1990; Garton et a/,, 1994;
Jeffcott & Henson, 1998, Bourrin et a/., 2002; Huang
etal,2002; Kastl et al, 2002), but here are few studies
on poultry.

According to Whithead & Fleming (2000),
osteoporosis is a physiological condition in which bones
become less dense, more porous, and more susceptible
to fractures (incidence increases in 30%). In commercial
layers, which are housed in cages, this bone condition
is favored by the accelerated bone development and
sexual maturity due to genetic selection for higher
production and to calcium sequestration for egg
production. Julian (1998), in a study on problems related
to rapid development of broilers, found a higher
incidence of bone problems, such as deformities,
defects, and porosity in birds select for rapid growth.

Louzada (1997) carried out a study using broilers as
a model for methodology standardization and clinical
application of optical densitometry in radiographic
images, and reported that the efficiency of this
densitometric technique is evidenced when mean
values expressed in aluminum millimeters are compared
to calcium percentage means of bone specimens.

When studying tibial dyschondroplasia in broilers
using optical densitometry in radiographic images,
Almeida Paz et a/ (2004) found a relation between
densitometry values and the incidence of this disease.
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The increase in optical densitometry in radiographic
images corresponded to an increase in the severity of
the lesions. This occurred because the lesion boundary
regions are characterized by bone sclerosis, which
increases BMD of the studied bone structure. According
to Pharr & Bargai (1997) e Cruess & Dumont (1985),
bone regions with lesions may have higher radio-
density due to new bone deposition or to mineralization
of dead osteocytes, thereby presenting high bone
mineral density values. Crespo et al/. (2002),
microscopically evaluating and following-up ashes,
calcium, phosphorus, manganese, and zinc content in
the femura of male and female turkey with or without
fractures, concluded that there is higher mineral
concentration and formation of calluses in the
fractures, which results in higher radiographic density
at the site of the lesion.

In the experiment carried out by Onyango et a/.
(2003), the author evaluated bone densitometry as an
indication of bone ash percentage in the tibiae of
broilers. They used diets containing different calcium
and phosphorus levels, and concluded that the best
indication of bone ashes is bone resistance, and that
bone mineral density presents a correlation of 86%
with ashes percentage, being therefore a good
indication.

Hester et a/. (2004) found an increase in bone
mineral density in the tibiae of 15- to 25-week-old
Leghorn hens. When these birds were submitted to
fasting for 10 days, bone mineral density decreased.
In a study performed by Schreiweis et a/. (2003), the
authors assessed bone mineral density of the tibia and
the umerus of white Leghorn hens fed diets with
different calcium levels (hypercalcemic 5.4%,
recommended calcium 3.6%, and hypocalcemic 1.8%),
and concluded that bone mineral density follows a
negative linear trend as dietary calcium is reduced.
When assessing bone resistance of the fémur and the
umerus of brown and white Leghorn hens at the end
of the production cycle (65 weeks of age), Korver et
al. (2004) found higher bone resistance in brown hens,
probably because these are heavier than the white
hens.

Calcium and its influence on bone mineral
density

Calcium requirements of broiler breeders is very high,
particularly during the active period of eggshell
formation. Calcium used for this purpose derives directly
from the diet and indirectly from the medullar bone
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through a process of bone resorption (Kienholz et al,
1961; Landauer, 1967; Wilson et a/, 1980; Wilson,
1983; Luquetti et al, 2002; Julian, 2005). The proportion
of calcium derived from these two sources varied
according to the period of the day, during the night,
when dietary calcium sources are not available, the
bird mobilizes calcium from the bones, whereas during
the day, most calcium comes from the diet. It is well-
known that the higher the contribution of calcium from
the skeleton for eggshell formation, the worst is the
eggshell quality.

Literature review shows that bone mineral density
values are affected by many factors, such as age, sex,
type of production, diet, and management. In broiler
breeders reared under dark house systems and fed
balanced diets, tibial and femural bone mineral density
are influenced by age (increases with age), weight,
and egg production. They usually deposit bone minerals
during the period preceding the beginning of lay, and
bone mineral density decreases as egg production
increases. According to Almeida Paz et a/ (2006),
femura suffer more changes in bone mineral density
during lay in broiler breeders, which suggests that this
bone is able to provide calcium more easily for
maintaining mineral homeostasis. However, when bird
requirement increases, the tibia is the main bone
supplying this requirement.

According to Julian (2005), the femur of layers is
the main bone responsible for calcium supply for
eggshell formation. When dietary calcium is not
available, the femura of these birds are fragile, porous,
and with thin walls. In this circumstance, birds start to
remove calcium from the medullar bones, which may
lead to death. According to Maggioni (1998), the use
of bone calcium for eggshell formation occurs when
the calcium available in the diet does not supply the
bird’s needs.

Calcium deficiency leads to an incomplete
calcification of the produced organic matrix. This
deficiency may also be due to lack of calcium in the
feed oro of pro-vitamin-D hormone, which is important
for the absorption of Ca?* and (PO,)** ions by the small
intestine (Junqueira & Carneiro, 2004).

Some authors studied bone mineral density in birds,
and found very different results, demonstrating the
influence of many factors on this characteristic. In a
study carried out by Almeida Paz et a/ (2004), BMO
value found in the tibiae of 42-day-old male broilers
varied between 1.46 and 1.77 mm Al, whereas Louzada
(1997), studying the same parameter in 53-day-old
broiler, found 1.77 and 1.96mm Al. In an experiment
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carried out by Oliveira et a/. (2005), bone density values
found for the tibiae of 42-day-old broilers were 2.47
and 3.50mm de Al. Araujo et a/. (2004) performed a
trial with layers during the second egg production cycle
using different dietary sodium levels, and obtained tibial
bone density values of 4.0 and 81mm de Al
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