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In this study, stereological volume estimations using 26 cattle metapodia (26 me-
tacarpal and 26 metatarsal bones) and 8 water buffalo metapodia (8 metacarpal
and 8 metatarsal bones) were made. For this purpose metapodia were parallel
sectioned at 1 cm intervals according to Cavalieri principle. Grids with 0.4 cm
probe intervals were superimposed on top of these sections and the matching
points were counted. All of the bone structures and medullar cavity volumes were
calculated with the data obtained from a formulation (V =t x a(p) X XP) as
a spreadsheet using Microsoft Excel® Windows XP In addition, percent ratio of this
volume to whole bone volume was calculated. The mean ratio of bone marrow
space to whole bone structure volume equals 15% in all of the cattle and buffalos.
The difference between whole bone volumes of cattle and water buffalo was
significant (p < 0.05) while the difference in volume of medullary cavity (cavum
medullare) was not significantly different between the two investigated species.
The aim of current study is to present a new method that can be used for the
volumes calculation of whole bones and medullary cavity in metapodial bones
and their percentages. (Folia Morphol 2015; 74, 3: 335-339)
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INTRODUCTION

Beside the fact that, animal fats are not currently
used widely in human diets, they had considerable
importance in daily consumption of ancient people
since their diets were based principally on animal
origin food. The skeleton itself, is an important fat
resource, especially the fats in the bone marrow of
the medullary cavity and the spongy bones. Metacar-
pal and metatarsal bones were important due to its
role as a fat source for the past societies, in which
the animal husbandry was the dominant factor in

community economy, especially before Secondary
Products Revolution [9, 13, 24]. Since the fat provides
more calories compared to proteins and carbohy-
drates [7, 12], fats sources of any kind were highly
important in the past, especially for people who had
strongly limited nutrition sources [19, 20]. The fats are
preferred in diet, because of the facts that they are
easily metabolised and its small quantity sufficiency
for energy supply [19]. It is known, that the concen-
tration of fatty acids present in the bone marrow
exhibits variations [14]. Oleic acid, which is one of the
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unsaturated fatty acids are found more in bones from
the distal parts of appendices such as metapodia [13,
24]. Oleic acid has low melting point, and compared
to the other fatty acids, its nutritional value and fla-
vour is higher [3]. The fattened animals are known to
have more bone marrow compared to animals in poor
condition [27]. Nevertheless, knowing the volume of
metapodial medullary cavity in an animal, even in an
emaciated one, is important to estimate the amount
of bone marrow [18]. In the classical methods where
bone marrows has been attempted to be removed
using bone wall perforations, some difficulties are
faced due to trabecular bone. Similarly, in the efforts
to fill the cavity with water to estimate the volume,
troublesome results were obtained due to spread of
the water to spongy parts of the bone [18]. With the
exception of classical methods where the bone mar-
row is evacuated [8, 18], stereological methods are
preferred over other planimetric methods because it
provides opportunity to evaluate many other aspects
of the bones and yields more realistic estimations.
Stereological methods have been used in histological
and morphometric studies [21, 26].

The objective of this study was to present a new
method that can be used for calculation of volumes
of whole bones and medullary cavity in metapodial
bones and their percentage participations.

MATERIALS AND METHODS

In this study, the material consists of the left me-
tapodia coming from 26 cattle (26 metacarpal and
26 metatarsal bones) and 8 buffalos (8 metacarpal
and 8 metatarsal bones) collected from different slau-
ghterhouses located in Istanbul. All of the buffalos
and cattle were newly completed their development
to reach adulthood. The dual-purpose (milk-meat)
Holstein-Friesian cattle in Turkey were used in this
study. According to Cavalieri principle, the metapodia
were sectioned in parallel at 1 cm intervals along the
bone long axis for stereological calculation of the
volume (Fig. 1). For the medullary cavity, grids with
0.2 cm intervals, and for the whole bone, grids with
0.4 cm intervals were used (Fig. 2).

The cross sections were lined up for placing point
counting great on their top (Fig. 3). The grids were
randomly thrown on top of the cross sections and
the points on the cross sections were counted. Using
these data, whole bone volumes and medullary cavi-
ties volumes were calculated as a spreadsheet using
Microsoft Excel® program. Mean value, standard de-
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Figure 1. Cross-sections of metapodia.
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Figure 2. A combined point counting grid with 1/4 area fraction.
While an encircled cross represents a large area, each cross
without a circle represents 1/4 fraction of the large areas.

viation, and mean of medullary cavity were computed
for cattle and water buffalo metapodia.

Coefficient error (CE), which is used for decision
on the concentration of the points on the grid, was
calculated. Using these calculations per cent ratio
of the medullary cavity with regards to whole bone
volume was calculated for the metacarpal and me-
tatarsal bones.

The following formula was used to estimate the
volumes of total bone and its medullary cavity by
counting the intersecting points between the grids
and the regions of interest [11]:

V=tXxa(p) X 2P

where: t — section thickness (1 cm); a(p) — the area
represented by a point in the grid (0.16 or 0.04 cm?);
> P — total number of points hitting the surface area
of section.

In statistical data estimation (mean value, stan-
dard deviation, coefficient of variation), SPSS 8.0
was used.
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Figure 3. The cross-section of the bones lined up for superimposition of the grid membrane.

RESULTS

After calculations, volumes of the bones in cattle
were stated as 43.08 + 8.701 cm3 for whole meta-
carpus, and 6.35 * 2.230 cm? for medullary cavity
of metacarpus, 52.02 + 10.998 cm3 for whole
metatarsus, and 7.44 = 2.185 cm? for medullary
cavity of metatarsus. The results for water buffalo
were 36.95 = 6.421 cm3 for whole metacarpus,
and 5.45 + 1.770 cm? for medullary cavity of me-
tacarpus, 44.29 + 7.817 cm?3 for whole metatarsus,
and 6.98 + 1.946 cm3 for medullary cavity of me-
tatarsus. Average per cent ratio of the medullary
cavity volume to whole bone volume was 15%
in all metapodia for both species. A significant
difference between the whole bone volumes of

cattle and water buffalo (p < 0.05) was proved.
However it should be noticed, that the medullary
cavity volumes did not significantly differ between
the two species (Table 1).

CE values that were effective in deciding the po-
int frequency on the grids were found as 2% for
whole metacarpus, as 5% for medullary cavity of the
metacarpus in cattle. The corresponding values for
metatarsus were 1% and 5%. In water buffalo, CE
equals 2% for whole bone and 5% for the medullary
cavity in the metacarpal bones.

DISCUSSION

In the case of carbohydrate deficiency, lipids beca-
me the major source of energy [19]. It's well known,

Table 1. The comparison of volumes of whole bone and cavum medullare in metacarpus and metatarsus of cattle and water buffalo

Metacarpus Metatarsus

TBV CMV % TBV CMV %
Cattle (Bos taurus L.), n = 26
Mean 43.08° 6.35° 0.15 52.022 7.442 0.14
Standard deviation 8.701 2.230 0.034 10.998 2.185 0.026
Minimum 18.80 2.50 0.10 25.52 2.84 0.09
Maximum 57.92 10.14 0.22 71.44 10.54 0.19
Coefficient of variation 20.20 35.12 22.66 21.14 29.36 18.46
Coefficient error 0.02 0.05 - 0.01 0.04 -
Water buffalo (Bos bubalis L.), n = 8
Mean 36.95° 5.45° 0.15 44.29 6.98° 0.16
Standard deviation 6.421 1.770 0.028 1817 1.946 0.021
Minimum 29.12 3.72 0.13 33.36 4.76 0.14
Maximum 46.88 9.24 0.21 57.20 10.16 0.20
Coefficient of variation 17.38 32.46 19.15 17.65 27.89 13.36
Coefficient error 0.02 0.05 - 0.02 0.05 -

TBV — total bone volume; CMV — cavum medullare volume; @ ® The difference between the mean values of measurements is statistically significant (p < 0.05)
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when nutrition with foods of animal origin is pra-
ctised, the most important lipid source is the bone
marrow lipids [20]. The main sources of these lipids
are the bone marrow and the spongy bone [20]. The
lipids of the distal extremities such as metapodia are
often preferred for nutrition because they are highly
nutritious, rich in unsaturated fatty acids (particularly
oleic acid), and show variations in types and concen-
trations of the fatty acids [12, 14]. This preference
was not only today’s, but especially that of past
societies [16]. Probably because of this preference, it
has been reported that volumetric calculations were
made by extraction method to predict the amount
of bone marrow in distal extremities [13, 14]. How-
ever, stereological methods are considered as a more
acceptable scientific approach for these calculations
[15, 18], because the classical methods revealed some
difficulties such as injecting fluid to the cavity of bone.
By using Cavalieri principle, which is a stereological
method, not only the volume of bone marrow but
also volume of the bone can be calculated. For this
method, a scientifically acceptable CE value (should
be < 5%) is required [19, 25, 26]. Using appropriate
point concentration ruler that is used to obtain the
CE value, sufficient numbers of cross-sections can be
sampled. In our study, CE value of < 5% was achie-
ved by using this method for both cattle and water
buffalo metapodia. These values indicate that the
numbers of cross sections samples were satisfactory.

The results of the current study indicated that
there was a significant (p < 0.05) difference between
the total volumes of metapodia and metatarsi of
water buffalo and cattle. Possible reason of higher
total bone volume results in cattle can be caused with
higher quantity of the compact bone in cattle as well
as larger size of cattle breeds that were used in the
study. This indicates the presence of a positive correla-
tion between the size of the body and the metapodia.
Despite the difference in total bone volume, there
was no significant difference between the volumes
of metapodial medullary cavity of the two species.
Although a relatively greater value was observed in
cattle, this difference should not be recognised as
a discriminative feature between two species. This
difference which was not found as significant was
probably the result of the body sizes variability among
investigated animals. Another interesting finding in
this study is that the medullary cavity volume com-
pared with the total bone volume ratio was around
15% in both of the metacarpus and metatarsus of
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the both species. Although total bone volume and
the medullary cavity volume were higher (p < 0.05)
in cattle than those values computed for water buf-
falo, our findings indicate that the ratio within the
species remains constant, and this should be seen as
a situation related to the body size. Although pre-
sence of a negative correlation between the width of
medullary cavity and age in cattle has been known
[22], effects of the individual body have not been
taken into consideration in these relations. The cattle
and water buffalos used in our study were the adult
animals that just completed their development and
growth. Although their body size and genders varied,
the ratio of medullary cavity: total bone volume cal-
culated in these animals were almost the same. It has
been thought that the quantity of bone marrow that
will be obtained from these bones would be expected
to be the same. Considering the effect of gender on
the metapodia, morphometric differences between
bulls and cows have been known [1]. Further studies
have been warranted to elucidate the gender diffe-
rences role in the bone volumes. This study provides
an opportunity to evaluate bone volumes in both
water buffalos and cattle, regardless of the gender.
It is noteworthy to underline that, as expected, the-
re were differences in the bone and the medullary
cavity volumes between the individual animals, but
not significant. In studies about metapodia, the di-
mensional index calculations were made usually by
using morphometric measurements. For this purpose,
both radiographic and direct osteometric methods
have been used [4-6, 10, 17, 23, 28]. In these studies,
morphological differences in metapodia [22] together
with the asymmetry of bones were evaluated and
presence of a clear asymmetry in the metacarpus has
been reported [2]. However, volume calculations in
these bones by stereological methods have remained
limited with classical methods (fluid replacement prin-
ciple; the amount of fluid injected into the medullary
cavity or the amount of overflowed fluid). Regarding
the morphometric measurements, the reason why the
correlation between the size of medullary cavity and
the bone width was different in both metacarpus and
metatarsus has been explained by biomechanical stru-
ctures of these bones [22]. Change of the location of
compact bone in both bones is believed to play a role
in this correlation. However, the asymmetry observed
during the morphometric measurements during the
volume calculations still remains as a question mark.
It has not been focused on whether there was a ho-
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motypic variation between the volume measurements.
However, different species have been compared.

CONCLUSIONS

Evaluation of volumetric differences in future stu-

dies that will be planned on asymmetry or homoty-
pical variation studies will be a valuable contribution
to this scientific divagations area. The calculations of
total bone volume and the medullary cavity volume
in this study, will not only enable estimating the
amount of bone marrow, but also contribute to the
biomechanical studies of animals. The relation be-
tween the compact bone thickness and the medullary
cavity volume may be of a valuable importance in
biomechanical some approaches.
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