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Morphological parameters of biological material are extremely informative in diagnostic studies, in particular, to determine 
the species, sex, time of death, the term of burial. The most informative object for these tasks is the skeleton, because changes in 
the bones are stored for a long time, while soft tissue is subjected to rotting. Bone tissue is the most durable, but at the same 
time, it is very labile and reacts to all metabolic processes in the body. The object of the study was proximal phalanx, medial 
phalanx and ungular bone of the pelvic limb of cattle ranging in age from newborn to 12 years old. Radiography of the proxim-
al phalanx, medial phalanx and ungular bones of the pelvic limb was performed on the Arman apparatus. The bones were 
subjected to X-ray in the lateromedial projection. The inner and outer sections of the tubular bone were determined. 
The mathematical modeling of the interaction of X-rays and the cortical layer of bones of fingers (proximal phalanx, medial 
phalanx and ungular) of cattle was carried out in this work. It is established that this process is described by Bouger's law. 
The physico-mathematical model of proximal phalanx, medial phalanx and ungular bones has been calculated, on the basis of 
which it was possible to calculate the X-ray densitometric indices of these bones of cattle. The age features of dynamics of X-ray 
densitometric indices of the proximal phalanx, medial phalanx and ungular bones were established and a method of determining 
the age of cattle according to this criterion was proposed. A mathematical model for the proximal phalanx, medial phalanx and 
ungular bones of the pelvic limbs of cattle that can be applied in X-ray densitometry uses: for the average third proximal 
phalanx – section of heterogeneous tubular structure modeled by a semicircle; for a medial phalanx bone – a section of a 
triangular shape; for the ungular bone – a heterogeneous structure, the plantar surface is inscribed in a rectangle. The process of 
interaction of X-rays with the bone structure of the examined pelvic limb bones can be described by Bouguer's law. The developed 
mathematical modeling of this interaction and the algorithm for its analysis is the basis for determining the age of cattle for 
X-ray densitometric indices of the proximal phalanx, medial phalanx and ungular bones of pelvic limbs. By X-ray densitometry of 
the proximal phalanx and medial phalanx bones of the pelvic limbs extremities one can diagnose the age of bovine animals 
from birth to 5 years, but according to ungular bones – from birth to 10 years. X-ray densitometry of medial phalanx and ungu-
lar bones of pelvic limbs can be used for diagnosing bovine cattle in a complex with other morphological, chemical and physi-
cal methods of investigation.  

Keywords: mathematical model; metatarsus; fingers; relative optical density; osteology.  

Introduction  
 

The bone is a multiphase material composed of a rigid collagen 
matrix mixed with solid mineral crystals. The mineral provides bone 
hardness. Without sufficient mineralization, the bone is plastically de-
formed under load. Collagen provides bone viscosity, making it less 
fragile, so that it better resists the fracture. The bone adapts to mechani-
cal stress, largely changing the size and shape that are the main factors 
of resistance to fracture (Turner, 2006). Specific characteristics of the 
skeleton in different species of mammals are interdependent due to 
environmental, adaptive (Zotti et al., 2009, 2010), physiological (Stynd-
er, 2008; Coates et al., 2016), specific (McClure et al., 2001) indicators 
not only in animals but also in humans (Sidoroff et al., 2013).  

In addition to the above factors, one of the main factors in creating 
the effects of muscular load on the bones is a complex network of hor-
mones and growth factors that unite these tissues. One of these hor-
mones, vitamin D, has a profound effect on the calcium content of the 

muscles and bones, their differentiation and development. Vitamin D 
deficiency or vitamin D receptor mutations result in a generalized mus-
cle and bone atrophy, indicating a coordinated action of vitamin D in 
these areas (Girdis, 2015). The significance of the limb skeleton in general 
and its individual links is that they carry informative features that are in-
cluded in the indicators that reliably characterize the species, sex and age 
belonging to the object of research (Mostafa, 2012; Monfared, 2013). 

There are few scientific publications currently available to deter-
mine the age and type of species of agricultural animal according to the 
bones of the fingers or tarsal pelvic limbs. According to scientific re-
sults, in some publications, it is clear that the size and density of meta-
carpal bones of horses and cattle can establish the training stability of 
horses, species, interspecies features of animals. The authors proved the 
existence of a correlation between the weight and sex of the animal and 
the bone mineral density (Keene et al., 2004; Davies et al., 2010).  

Thus, a number of factors can be used to assess the characteristics 
of the species of animals. However, mineral bone density is widely used 
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as an indicator of bone health status. A typical method for evaluating 
bone quality characteristics is densitometric research. Currently, two-
statistic X-ray absorptiometry is used, which is often used to assess the 
bone mineral density of some animals. But, despite the successful use of 
these systems in many different applications, this is a very costly me-
thod that requires timely calibration of the equipment, its reliability and 
cost-effectiveness. Thus, scientists have studied the possibility of deve-
loping a new, affordable and reliable single X-ray absorption system. 
The method is to use a single X-ray source, X-ray sensor and computer 
platform, which together, in general, will allow you to calculate the mi-
neral density of the bone (Jimenez-Mendoza et al., 2011). Known me-
thods of computed tomography, digital radiography, and magnetic reso-
nance are sufficiently sensitive to study bone residual material and to 
determine the causes of death of animals (Amadasi et al., 2014).  

The degree of absorption of X-ray radiation by the bone, depending 
on its parameters (density, chemical composition, thickness), allows us to 
quantify the method of X-ray densitometry (Dicken, 2015). The appli-
cation of X-ray densitometry in combination with mathematical mode-
ling methods allows us to determine age-related densitometric characte-
ristics of bones. This, in turn, allows us to apply an X-ray densitometric 
method in forensic veterinary medicine to determine the age-specificity 
of bone objects.  

Consequently, based on insufficient coverage of the problem of us-
ing X-ray methods in forensic veterinary practice and the lack of well-
grounded osteological algorithms for determining the age of bovine 
animals, it was necessary to adapt the tested methods used in the study 
of tubular bones to determine the age of the animal. The purpose of the 
study is to develop a mathematical model of the proximal phalanx, 
medial phalanx, and ungular bones of the pelvic limbs of cattle; analyze 
the dynamics of the X-ray densitometric indices of these bones and 
propose a way of determining the age of bovine animals according to 
these indicators.  
 
Material and methods  
 

The study material consisted of proximal phalanx (os compedale), 
medial phalanx (os coronale) and ungular (os ungulare) bones of the 
pelvic limb from cattle aged from newborn up to 12 years of age, na-
mely 0–2, 2–4, 4–6, 6–9, 9–14, 14–20, 20–36, 36–60, 60–120 and 120–
144 months of age. The study was conducted in 5 bone samples for 
each bovine age.  

X-ray examination of the proximal phalanx, medial phalanx and 
ungular bone was performed on the Arman apparatus in accordance 
with the following parameters: the voltage on the tube is 120 kV, the 
focal length of the tube to the X-ray film is 90 cm, the current strength is 
210 mA/s, and the exposure is 3 seconds. X-ray of the metatarsal bones 
was carried out in the dorso-palmar projection, and the bones of the 
finger were in the latero-medial with the use of an ND-1 negatoscope.  

Using X-Ray 1-V.3 software X-ray test was carried out, the internal 
and external sections of the tubular bone were determined, scanning the 
X-ray images on film. The resulting image has the form of a matrix in 
which each element corresponds to one point in this image. Analyzing 
the radiograph, its brightness was determined in gradations of shades of 
grey. At this time, a graph of the distribution of brightness is automati-
cally developed in any selected fragment of the X-ray image of the bone 
(densitogram). Program analysis of densitograms allows us to automate 
the process of morphometry of bones with the definition of X-ray densi-
tometric indices (RDP). The results were statistically analyzed in Statis-
tica 8.0 (StatSoft Inc., USA) program pack.  
 
Results  
 

During the study, a comprehensive optic-geometric description was 
used, which is a new approach to the quantitative assessment of the state 
of biological objects, in particular bones. Under these conditions, the 
optical density (the concentration of matter per unit area or total amount 
of matter) and the parameters of the object (area, perimeter, boundary, 
diameter) are analyzed. This allows us to establish the advantages of 
densitometry and morphometry in expert practice. In the case of deter-

mining only the density of bone tissue by the method of indirect X-ray 
densitometry, the result will be subjective. For X-ray densitometry, 
scanners are used in combination with software tools that measure the 
brightness of a computer X-ray image (Fig. 1).  

 
Fig. 1. X-ray of metatarsal bones of cattle,  

obtained using the software module X-rays V.3  

Application of the software module X-rays V.3 allows one to get a 
full-scale digital X-ray image, carry out a detailed photometric analysis. 
In mathematical modeling, the process of creating special methods for 
determining bone tissue parameters is based on a thorough physical and 
mathematical analysis of the interaction of investigated bones with  
X-rays. For this purpose, mathematical models of bones are used and 
their interaction with radiation is described. Therefore, the interaction of 
bone tissue with X-ray radiation is described mathematically and takes 
into account the absorption of X-rays by soft tissues surrounding the 
bone. To do this, we used two measured values determined using X-ray – 
the outer diameter of the thigh (to establish soft tissue compensations of 
influence of soft tissues and the outer diameter of the femur (to deter-
mine the thickness of the bone in the direction of radiation action). 
We used such a model is used to describe the proximal phalanx, medial 
phalanx and ungular bones of the pelvic limb of cattle.  

To simulate the process of X-ray interaction with bone structure, 
we apply Bouguer's law (1):  

yeII µ−= 0 ,                                               (1) 
where I is the intensity of the radiation that passed through the bone 
tissue; I0 – intensity of radiation in the beginning; µ – linear coefficient of 
reduction of radiation; y – is the thickness of the irradiated material layer.  

The linear weakening factor µ in formula (1) characterizes the rela-
tive change in the intensity of the directed radiation per unit thickness of 
the substance and has the following relation to the physical parameters 
of the substance:  

σρσµ
A

Nn A ⋅
== ,                                           (2) 

where n – number of atoms in the volume of matter; σ – coefficient 
representing the general reliability of the scattering or absorption of a 
photon by one atom; NA – the Avogadro number; ρ – the density of 
matter; A is the atomic mass of matter.  

Applying knowledge of the laws of the chemical composition of 
bone tissue, it can be argued that in the case of interaction with it, X-rays 
are mainly absorbed. Taking into account that the cortical bone matter 
has a substantially constant density (ρk), then the linear coefficient of 
attenuation of the radiation by the cortical layer (µk), is also a constant.  

For the calculation of the intensity of the IК (х) of the object’s radia-
tion, the formula (1) determined the thickness distribution (y(x)) in the sec-
tion of compact bone tissue in the direction Y. The result of X-ray emissi-
on through the investigated object is recorded on its X-ray image (Fig. 2, 3).  
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Fig. 2. X-ray image of X-ray emission through a tubular object:  

1 – model of the object under study (passing of rays: a – along the  
middle line (x = 0), b – along the line of greatest thickness (x = r),  

c – by tangent (x = R)); 2 – densitogram of the object;  
3 – X-ray image of the object  

a        b  

Fig. 3. Roentgenogram, model of normal section (a)  
and densitogram with characteristic points of tubular object (b)  

In osteorenentgenology use of X-ray image on negative X-ray films 
is accepted practice, which allows one to analyze X-ray measurement of 
bone size. Using the traditional X-ray one can determine the distribution 
of the optical density of the film (SΣ), proportional to the distribution of 
the intensity of the radiation (IΣ) that passed through the object (3): 

ΣΣ = IS lnγ ,                                                (3) 
where γ is the film contrast ratio.  

The analysis of tubular bones of cattle on a traditional negative X-ray 
image showed that the optical density is maximum for the background 
image (where the investigated bone object is absent), and the minimum – 
for the image of the most dense substance of the object. In the case of an 
analysis of the physical density of the investigated bone object, the more 
convenient concept is "transparency" (T), which is defined as:  

TΣ(x) = Smax – SΣ(x),                                       (4) 
where Smax is the maximum value of the optical density (in this case, 
Smax = γlnI0).  

The maximum value of the function TΣ(x) corresponds to the maxi-
mum transparency of the negative X-ray film and at the same time 
reflects the maximum density of the bone tissue depicted in the X-ray.  

Investigating the proximal phalanx of cattle, it has been determined 
that in the middle third it has a tubular heterogeneous structure (Fig. 4a), 
therefore the mathematical model of the tubular structure is most useful 
for describing the section of this bone (Fig. 4b). However, only half of 
the total cross section of this bone can be modeled by half the ring in the 
thickness R – r (Fig. 4c). For this structure, it is possible to use the calcu-
lation of X-ray densitometric indices by the formula (5):  

( )
222 rR

rRRDP k
com

−
= .                                          (5) 

First of all one should determine it exactly Rk(r), because of the defini-
tion Rk(0) for this bone is quite problematic, and especially from that sur-
face, where the cross section of the bone is most similar to the half-circle.  

а  b  

c  
Fig. 4. Proximal phalanx of cattle (a), its radiograph (b)  

and a macrophoto on a cross section with a densitogram (c)  

During the study of the medial phalanx of cattle, it was determined 
that in the cross-section, it has a cortical layer of triangular shape. On the 
basis of this, we can create an appropriate model of the cortical layer as 
a tubular structure of non-circular cross-section. By densitogram of the 
X-ray image of the medial phalanx of the pelvic limb of the cattle, in the 
lateral projection, (Fig. 5b) one can determine the point of maximum 
brightness Pmax in the selected fragment of the X-ray image. It is easy to 
determine the length of the bone for this guideline (L) to the point with 
Pmax and actually the value Pmax (Fig. 5c).  

For the final determination of the X-ray-densitometric parameters 
of the medial phalanx, in addition to the brightness of the X-ray image 
at the extreme point of the densitogram, the thickness of the cortical 
layer in the direction of the active radiation at the same point should be 
determined. Analyzing the image of the duct of the tubular bone in the 
section on which the densitogram was developed (Fig. 5c), one can 
determine the thickness of the cortical layer 2h at the point Pmax as 
doubling the height of the triangle with 200 inclination angle of hypote-
nuse (а) to the side (L). Then 020sinah = , 020cosaL = , but the 
thickness of the cortical layer at the point Pmax can be defined as 

02022 tgLh ⋅= . This will allow one to calculate the X-ray densimome-
tric parameters of the medial phalanx as:  

364.02202
max

0
max

⋅
=

⋅
=

L
P

tgL

P
RDPcor .                                  (6) 

X-ray densitometric indices of the cortical layer of the ungular bone 
are determined for the plantar surface (Fig. 6). The plantar surface of the 
ungular bone can be entered into a rectangle (Fig. 6a), the length Lung 
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of which can be determined by the densitogram of the X-ray image in 
the lateral projection (Fig. 6b, c, d). The width (h) of the ungular bone, 
according to morphometric studies, for the bovine species animals of 
different ages, is 0.35 Lung. Therefore, in order to determine the X-ray 
densitometric parameters of the ungular bone, it is necessary to measure 
the average brightness of the X-ray image of the plantar surface Rung in 
the middle section. Then the X-ray densitometric parameters of the un-
gular bone can be defined as follows:  

ung

ungung
L

R

h

R
RDPung

×
==

35.0
.                                        (7) 

In the following, we analyzed the relative values of the X-ray densi-
tometric indices of the studied bones. The obtained relative values of  
X-ray density were calculated taking into account the maximum bright-
ness of the bone tissue and its thickness in a certain area of the bone.  

а  b  

c  
Fig. 5. Medial phalanx (a), radiograph in lateral projection (b);  

X-ray of the coronary bone on the transverse section with a densitogram (c)  

It has been established that the general age-specific feature of the dy-
namics of relative values of the optical density of the proximal phalanx 
and medial phalanx bones of the pelvic limb is the growth of these indica-
tors from the birth of cattle to 60-month-age (5 years), and – ungular bone 
to 120-month-age (10 years). In animals older than 60 months of age, the 
X-ray densitometric indicators of the proximal phalanx and medial pha-
lanx tend to decrease, and X-ray densitometric indices of the ungular bone 
of the pelvic limb begin to decrease in animals older than 120 months 
(10 years). The established pattern is the reduction of X-ray densitometric 
indices of the proximal phalanx, medial phalanx and ungular bones of the 
pelvic limb in the distal direction (Fig. 7).  

Minimum densitometric values of the proximal phalanx, coronary, 
ungular bones of the pelvic limb was recorded in animals from birth to 2 
months of age (Fig. 7), and the maximum intensity of increase in X-ray 
densitometric indices was recorded in the period from the birth of cattle 
to 9 months of age. The investigated parameter between these age 
groups (from birth to 2 months of age and from 2 to 4 months of age) 
increases in the following sequence: by 30.8% in ungular bone, by 
25.6% – in the proximal phalanx, by 12.5% – in the medial phalanx.  

a   

b   

c   

d   
Fig. 6. Ungular bone from the plantar surface (a), lateral surface  

of the ungular bone (b), radiograph of the lateral projection  
of the ungular bone with the densitogram (c, d)  

Fig. 7. Age dynamics of X-ray densitometric indices of proximal  
phalanx, medial phalanx and ungular bone of the pelvic limb of cattle: 
along the abscissa axis – groups of animals (day), along the ordinate 

axis – optical density; blue column – proximal phalanx;  
red – medial; green – ungular; n = 5  

In animals from 2 to 4 months of age and from 4–6 months of age, 
the most intensive increases were observed to occur in the X-ray densi-
tometric parameters of the medial phalanx – by 25.9%, the proximal 
phalanx bone – by 22.4% and only by 11.8% – ungular bone. Com-
pared to the previous age groups, there is a reverse trend in the intensity 
of the increase of the investigated parameter.  
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Positive dynamics of increase of X-ray densitometric indices was 
established from 4 to 6 months and from 6–9 months of age. The maxi-
mum increase of this parameter was determined for the ungular bone – 
by 52.6%. At the same time, the indicators of medial phalanx increased 
by 29.4%, and the minimum value of this parameter in this period was 
observed for the proximal phalanx bone – 8.3%.  

With age, the increase in X-ray densitometric indicators (20–36 and 
60–120 months) continues, but the intensity of this process is signifi-
cantly reduced. The maximum increase in the investigated parameter 
was determined for the ungular bone – by 13.8%, the value for the 
proximal phalanx bone was 9.2% and the medial phalanx was 6.8%.  

Compared to the above-mentioned age periods, an increase in X-ray 
densitometric indices was established in animals 9–14 and 14–20 
months. The maximum increase in X-ray densitometric indices was 
again characteristic of the ungular bone – by 24.2%, somewhat less 
intensity was observed in the medial phalanx – by 10.6%, even lower in 
the proximal phalanx bone – by 9.9%.  

Densitometric indices continue to increase in animals 14–20 and 
20–36 months of age. The maximum intensity of increase of the inves-
tigated parameter was determined in the medial phalanx – by 25.0%, 
somewhat less intensity was characteristic for the ungular bone – 
19.5%, in the proximal phalanx – by 7.7%. A peculiarity is that at the 
age 20–36 month old, the densitometric parameters of the bone marrow 
reach maximum values.  

The tendency towards increase in X-ray densitometric parameters 
remains in animals 20–36 and 36–60 months, however, in the majority 
of cases, the intensity of this process is significantly reduced. The maxi-
mum intensity of the increase in the investigated parameter was deter-
mined in the ungular bone – by 8.2%, in the medial phalanx – by 1.5%, 
and in the proximal phalanx the value of X-ray densitometric indicators 
remains constant. In this age period, the values of X-ray densitometric 
indicators of the medial phalanx reach maximum.  

In the period 60–144 months of age there is a tendency to decrease 
in the values of X-ray densitometric indices, with the exception of the 
ungular bone. In the period 36–60 and 60–120 months of age, the de-
crease of X-ray densitiometric indices was determined: 3.1% in the 
medial phalanx and 1.2% in the proximal phalanx. During this age there 
is a tendency to increase – by 1.9% of X-ray densitometric indicators of 
the ungular bone. In animals 60–120 and 120–144 months of age, the 
values of X-ray densitometric indices for all studied bones tend to de-
crease. Particularly, X-ray densitometric parameters of the proximal 
phalanx were reduced by 6.4%, by 5.9% in the ungular bone and by 
1.6% in the medial phalanx. Consequently, the age dynamics of the 
metatarsal bones and the fingers of the pelvic limb of cattle is characte-
rized by periods of constant increase in X-ray densitometric indices, 
while the data for the proximal phalanx reaches the maximum values at 
age 20–36 months, for the medial phalanx at the age of 36–60 months, 
and for the ungular bone at the age of 60–120 months. In the following 
age groups there is a tendency to decrease in these indicators.  

Taking into account the age-specific features of the dynamics of  
X-ray densitometric indicators, a regression analysis of the proximal 
phalanx, medial phalanx and ungular bones of the pelvic limb was per-
formed. It was established that the relationship between the age of cattle 
and the studied densitometric indices for proximal phalanx, medial pha-
lanx and ungular bones is described using nonlinear and linear regres-
sion equations that are individual for each of the tubular bones (Table 1). 
The equation of linear and nonlinear regression was able to be combi-
ned into one for the use of the Heaviside step theta function. By the 
values of the determination coefficients, it was established that there is a 
close correlation between the age of cattle and X-ray densitometric indi-
ces of the proximal phalanx, medial phalanx and ungular bones of the 
pelvic limb. In order to determine the informativity of the calculated 
regression equations for diagnosing the age of cattle, their testing in the 
"blind method of investigation" was performed. To do this, a separate 
collection of the studied pelvic limb bones was created with their con-
sistent X-ray and scan. From digital X-ray images, X-ray densitometric 
parameters were obtained using X-Reus software. The obtained values 
were used to calculate the age of bovine animals, using the correspond-
ing regression equations. Age was determined in months.  

Table 1  
Results of regression analysis of proximal phalanx,  
coronary and ungular bone of the pelvic limb of cattle  

Bones Regression equation 

Coeffi-
cient de-
termina-
tion, (R2) 

Diagnostic 
limits of 
equation, 
month 

Average 
estima-

ted error, 
m 

Proximal 
phalanx 

r1=5954.01x4– 13443.20x3 + 11243.2x2 
– 4094.3x + 547.51 95.0 0–60 3.3 

Medial r1 = 850.65x3 – 901.0x2 + 349.26x – 
42.67 95.0 0–60 3.3 

Ungular 

r1 = (1921.65x3 – 1571.03x2 + 446.79x 
– 35.84)  
*Heviside (0.5 – x) + (29199.11x4 – 
34129.55х3 + 14056.08х2 – 2348.91х + 
137.40) 

99.0   0–120 4.0 

Note: * – Heaviside step theta function.  

 
Discussion  
 

According to the results of the experimental study, it was found that 
the informativeness of each of the studied bones was close to the X-ray 
densitometric indices. The criterion of informativeness in each case was 
the value of the average calculation error (the average of the arithmetic 
sum of the difference between the actual and estimated age). According 
to X-ray densitometric parameters of the proximal phalanx and medial 
phalanx, the age of cattle can be diagnosed from birth to 60 months, and 
according to the parameters of the ungular bone – from birth to 
120 months.  

The specialised scientific literature describes the results of radiogra-
phic studies of bones, both axial and peripheral sections of the skeleton, 
including in forensic veterinary expertise. Currently, scientists have de-
termined that the x-ray criteria of the bones of the distal parts of the free 
thoracic limbs of bovine cattle are informative. Thus, diagnosis of cattle 
age according to osteoscopic and radiographic signs of metacarpal bo-
nes and ungular bone is possible by three age ranges – 0–2, 2–36 and 
36–144 months. The determined macroscopic markers of cattle age 
have been established: according to the bones of metacarpal – the of the 
pronounced roughness of the third bone of the metacarpus, the presence 
or absence of metaphyseal cartilage, epiphyseal-diaphyseal synostosis, 
and the form of the distal canal of the metacarpus; according to the 
ungular – the severity of exostoses, the relief of the plantar surface and 
osteoporosis (Bondarevskyi et al., 2012; Yatsenko et al., 2013).  

Scientists have proven that the morphological parameters of the bi-
ological material are extremely informative in the course of diagnostic 
research, in particular, to determine in the course of forensic examina-
tion the species, sex, time of death and burial (Abuznaid, 2016; Abuz-
naid, 2016) in both animal and human medicine (Shanbhogue et al., 
2015; Chung et al., 2018). The skeleton is the most informative object 
for these tasks, because changes in the bones persist for a long time, and 
soft tissues decay quickly. Bone tissue is the most durable, but is also 
labile, because it "responds" to the dynamics of metabolic processes in 
the body (Suster, 2013). According to the macro- and microscopic fea-
tures of the structure of tubular bones, one can determine both the spe-
cies and age, the presence of possible pathologies in the organism of 
animal, determine the time of its death and natural disintegration or 
deliberate destruction of the remains. By some bones it is possible to 
establish the sex of an animal, the conditions of its maintenance, the 
physiological state of the organism, etc. Of particular importance is the 
ability to detect probable bone parameters during the veterinary and 
sanitary examination (Tkachuk & Stoliarchuk, 2011). This is because 
bone tissue is a sufficiently dynamic structure capable of continuous 
renewal by combining osteogenesis and resorption processes. One of 
the indicators of the growth and development of skeletal bones is the 
change in the ratio between the quantitative and qualitative indices of 
organic and inorganic bone matter. These age characteristics can be 
detected using a number of modern methods: electron microscopy,  
X-ray analysis, X-ray densitometry. According to X-ray densitometric 
methods, it is possible to accurately and objectively identify the degree 
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of mineral saturation of the bone tissue. In the case of poaching or theft of 
animals, distal parts of the animal limbs, which have low commodity 
value, may be abandoned not far from the place where the crime was 
committed. Therefore, conducting the examination procedure for distal 
limbs is extremely important. However, these procedures, based not only 
on macrostructural indices of tubular bones of animals, but also on know-
ledge of their variability in spectroscopic, radiological and other parame-
ters in the wide age range, are absent. This goal can be achieved by creat-
ing a special methodological literature, systematic research, development 
of appropriate computer technologies (Kamianskyi, 2010).  

Our research has established that Bouger's law describes the pro-
cess of interaction of X-rays with bone tissue of the proximal phalanx, 
medial phalanx and ungular bones of the pelvic fins of cattle. Based on 
this law, we have developed mathematical models of this interaction 
and presented an algorithm for analyzing the data obtained to determine 
the age of cattle, taking into account the X-ray densitometric indices of 
the studied pelvic limb bones.  
 
Conclusions  
 

The process of interaction of X-rays with the bone structure of the 
proximal phalanx, medial phalanx and ungular bones of the pelvic 
limbs of cattle occurs according to Bouguer's law. The mathematical 
modeling of this interaction and the corresponding algorithm for the 
analysis of the data obtained is the basic way of determining the age of 
bovine cattle by X-ray densitometric indices of the proximal phalanx, 
medial phalanx and ungular bones of the pelvic limbs. According to the 
X-ray densitometric indices of the proximal phalanx and medial pha-
lanx bones of the pelvic limbs, the age of the animal from birth to 
5 years was diagnosed, and on ungular bones – from birth to 10 years. 
It has been experimentally proved that X-ray of medial phalanx and 
ungular bone of pelvic limb is a necessary method for diagnosing age of 
cattle in combination with other morphological, chemical and physical 
methods of investigation.  
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