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Abstract. The microstructure of limb skeletal bones is closely related to ontogenetic age, localised skeletal growth dynamics,
biomechanical modes of bone load, and possible taxonomic differences. This is important for the investigation of the
problematic issues of ontogenetic changes in the compact bone tissue of domestic ducks. The purpose of the study was to
compare the microstructure of the mid-diaphysis of the humerus and femur bones of Blagovarsky cross ducks, depending
on age and gender. The material for research was the tubular bones of the thoracic (humerus) (n = 72) and pelvic (femur) (n
= 72) limbs of Blagovarsky cross ducks aged 1 day, 10, 20, 30, 90, 196, 268, 341 and 483 days of postnatal ontogenesis of both
sexual groups (females and males of 36 ducks each), a total of 72 ducks. The timing of the selection of ducks coincided with
the technological cycle of their cultivation. Histological sections with a thickness of 5-10 microns were obtained, which were
dyed with hematoxylin Karatsi and eosin, and according to Van Gieson for connective tissue differentiation. Morphometry
determined the quantitative indicators of compact bone tissue in the middle of the diaphysis of tubular bones: the diameter
of the diaphysis, the thickness of the periosteum, compact bone tissue, the diameter of osteons and central channels of
osteons (Havers channels). It was discovered that the growth of the humerus and femur bones in length and thickness is
completed on the 196" day of the postnatal period of ontogenesis in both female and male ducks. It was established that
medullary (cerebral) bone tissue (1.01 = 0.10 mm) appears from the femoral endostus of females, which is formed on the
196 day of the postnatal period of ontogenesis (the beginning of sexual maturity of females) and is further observed in
intensive periods of their egg production on 268 and 341 days (2.43 = 0.56 and 2.55 * 0.62 mm, respectively), and disappears
on the 483" day (0.20 * 0.03 mm) when the duck is not laying eggs. This study for the first time determined the age dynamics
of morphometric parameters of microstructures of compact bone tissue of the humerus and femur and established their sex
differences in ducks of the Blagovarsky cross. The results of comparative morphology studies are necessary for determining
the age, sex, and species of birds based on the microstructure of compact bone tissue in the middle of the diaphysis of tubular
bones, and for the ability to differentiate changes in the occurrence of limb pathologies in poultry

Keywords: humerus and femur, age groups, female, male, microstructure, diaphysis

Suggested Citation:
Pasnichenko, O., Sobek, Z., Tkachuk, S., Yatsenko, I., & Bokotko, R. (2022). Comparative morphology of tubular bones
of Blagovarsky cross ducks in the postnatal period of ontogenesis. Ukrainian Journal of Veterinary Sciences, 13(2), 35-45.

“‘Corresponding author

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 2




Comparative morphology of tubular bones of Blagovarsky cross ducks...

Introduction

Ontogenetic adaptations regarding the shape of limb bones
in birds during the postnatal period of ontogenesis are as-
sociated with the distribution of static resistance and dy-
namic load on the musculoskeletal system. Constant load
on the skeleton of body weight is an important factor in
the formation of the structure, development and strength
of tubular bones [1-3].

The microstructure of the limb skeleton bones is
closely related to the age of the bird, the dynamics of lo-
calised growth of skeletal elements, biomechanical modes
of bone load, and possible taxonomic differences. The
variability of the microstructure of bones from different
parts of the skeleton indicates differences in the rate of its
growth in response to functional loads and the possible
development of pathology [4-6].

Microstructural adaptations are most pronounced in
the lamellar bone. However, compact bone tissue consists of
units known as the Havers system, but some bird species may
not have the typical Havers system described in mammals.

Some studies have shown that long bones, namely
their structure and location of the Havers system, differ de-
pending on the type of animal and the position of the bone
in the skeleton of the limbs. Therewith, histological varia-
tions observed in the compact bone tissue of the mamma-
lian and avian species under study can be associated with
both the mechanical load acting on long bones and their
different lifestyle [7; 8].

Medullary bone is an ephemeral type of bone tissue
that occurs only in sexually mature female birds and is as-
sociated with reproductive function. This tissue is a rapidly
mobilised source of calcium and phosphorus for egg shell
formation [9]. The systemic distribution of medullary bone
in the avian skeleton is used to identify reproductive tis-
sues in tubular bones [10; 11].

Therefore, all of the above is of great importance for
a better understanding of the micro - and macrostructure,
and functional purpose of tubular bones in the postnatal
period of ontogenesis of various bird species, depending on
age and gender characteristics.

The purpose of the study was to determine age and
sex differences in the microscopic structure in the mid-
dle of the bone diaphysis of the stylopodia of ducks of the
Blagovarsky cross.

Literature Review

The dynamics of morphological, geometric, densitometric,
and mechanical parameters of tubular bones vary depend-
ing on the type of animal with different growth rates, and
the position of the bone in the skeleton of the limbs [12-14].

Thus, different microscopic structures and the ab-
sence of the typical Havers system observed in mammals
were discovered in the compact bone tissue of tubular
bones in different bird species [7]. The compact femoral
bone tissue of the sparrow has one side vascular, and the
other — avascular. Vascularisation is represented by primary
vascular channels surrounded by several misplaced osteo-
cytes inside their lacunae, which form primary osteons.
Reduced vascular supply and the appearance of secondary
osteons are associated with bone rearrangement in birds
such as sparrows. On the other hand, in ducks and geese,
compact bone tissue was similar and consisted mainly

of dense Havers tissue, while in some parts of it Primary
osteons were discovered. Morphological variations in the
tubular bone observed in sparrows compared to ducks and
geese in terms of microstructure and its different density
can be explained by the fact that the biomechanical load
on the tubular bone occurs differently in each of the investi-
gated bird species [7].

In the postnatal period of ontogenesis, the tubular
bones of chickens are characterised by a rough surface with
numerous grooves (depressions) that contain small holes.
On the other hand, the bones of chicks, which are as large
as those of adults, but more slender, are characterised by
the presence of single depressions and holes. According to
the histological examination, the author confirmed that
these rough surface textures belong to fibrolamellar bone
tissue. Instead, the smooth textured surface of the tubular
limb bones in adult birds is formed after the growth of
bones in width stops and coincides with their plumage and
reaching sexual maturity [15].

On the example of the growth and development of
Avialans - Cretaceous enantiornithine, those who lived in
the Mesozoic Era can trace the presence of intra-skeletal
osteohistovariability, which identifies complex pre-struc-
tures in tubular bones. Their osteohistological data indicate
a unique strategy for the growth of the middle diaphysis of
tubular bones, characterised by a high rate in Mirarce ea-
toni (terrestrial Late Cretaceous bird). The radius consists
of parallel fibrous bone, similar to histological descrip-
tions of other enantiornithines. Other elements of bones,
on the contrary, are noticeably different from other repre-
sentatives of these bird species. The humerus consists of
a parallel fibrous bone with a middle layer of the original
fibrolamellar bone and several growth lines in the outer sur-
rounding layer and at the border with the endosteum. The
structure of the endosteal and periosteal layers of bone in-
dicates cyclical changes in the rate of its growth. The femur
is represented by sections of coarse compact spongy and
parallel-fibrous bone with numerous secondary osteons,
and only one growth line. Therewith, tarsometatarsus is
predominantly fibrolamellar in texture with several asym-
metric growth lines located behind the entire compact bone
tissue, which forms a strong cortical drift. Growth lines in
both the endosteal and periosteal parts of compact bone
indicate that, as in the humerus, the growth rate of this
bone changed cyclically. Therewith, the two phalanges of
the fingers investigated consist of parallel fibrous bone and
remodelling in areas of rough compact spongy bone [8].

In addition, variability in the evolution of Avialans
is confirmed by changes in the evolution of the three main
bone layers behind the entire compact bone, both between
species and within the same species of extinct Avialans.
However, the most noTable is the adaptive change from the
general lamellar (parallel-fibrous) bone tissue to the fibrol-
amellar complex in the middle part of the compact bone, both
in representatives of the Pygostylia, and Jeholornithiformes.
This change is usually associated with an increase in the
density of compact bone tissue and complexity in the struc-
ture of the neurovascular network [13].

Changes in the condition of the skeleton of the
limbs of poultry depend on the speed of its growth. More
body weight, and in particular, the pectoral muscles, play
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an important role in the development of pathologies of the
pelvic limb skeleton. Such pathologies can be detected by
the method of geometric morphometry, which is a tool for
analysing the dynamics of bone shape and its correlation
with changes in the skeletal movements of broiler chickens.
Weight gain is positively correlated with the curvature of
the anterior-posterior tibial axis; tibial shape and active
behaviour during movement have a positive correlation
by which the genetic lines of broiler chickens can be distin-
guished; the predominance of static behaviour also correlated
with the curvature of the anterior-posterior tibial axis [16].

The movements of poultry (laying hens) that are
raised in enclosures that differ in structure depend on the
type of locomotion (the duration of standing, sitting, walk-
ing, running, flying, and the indicators of jumping, flying,
group running, and walking), the occurrence of genetic
stress associated with the musculoskeletal system and on
breed characteristics. Thus, white-feathered young birds had
proportionally stronger shins and femurs compared to brown
ones. Therewith, the type of locomotion of poultry did not
affect the strength of tubular bones and their deformation
indicators. However, differences in the design of enclosures
for raising chickens can affect the types of movement of
birds and, in turn, the development of their skeleton, which
is confirmed by the appearing deformities [17].

In addition, the condition of the limb skeleton can
be assessed by comparative analysis of bird bone tissue, de-
pending on age, breed, and calcium content in it. Such an
assessment is possible by applying the coefficient of uni-
formity of bone hardness and its correlation with the age
of birds and the strength of bone material, which allowed
reliable assessment of the qualitative condition of tubular
bones, depending on the influence of the internal and ex-
ternal environment. Based on the developed approach, it is
easy to trace the features of the growth and development of
tubular bones in the skeleton of any animal [4].

In the tubular bones, during egg production of fe-
male birds, a medullary bone is formed, which is estrogen-
dependent and its deposition is dictated by skeletal distri-
bution patterns, both pneumaticity and bone marrow; two
environmental factors (body size, food production). Thus, the
presence of medullary bone in the skeleton can be widely
represented in small and diving birds, but more limited - in
large-bodied bird species and those that fly intensively [10; 18].

The microscopic structure of tubular bones, namely
compact bone tissue, is used to differentiate bone fragments
from different animal species. Currently, a large number of
histological studies devoted to the dynamics of compact
mammalian bone tissue are covered in scientific Ukrainian
and foreign literature, but there are insufficient papers on
the microstructure of tubular bones in poultry.

Materials and Methods

The object of the study in 2018 was ducks of the Blagovarsky
cross in the postnatal period of ontogenesis. Ducks
were raised in private production (village Tsebrykove,
Velykomykhailivskyi district, Odesa region). According to
the technology of breeding, the duck population is divided
into the following age groups: rearing young birds aged
1 day, 10, 20, 30 and 90 days, and breeding stock aged
196 days (the beginning of egg production). Therewith, 268
and 341 days are intensive periods of egg production, and
on 483 days egg production stops.
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Keeping ducks is outdoor. The ducks were fed bal-
anced feeds according to their age: wheat, corn, sunflower,
and soy meal, fish meal, vegeTable oil, melusa (shell rock),
monocalcium phosphate, Table salt, baking soda, premix
(vitamins: retinol (a), cholecalciferol (D3), tocopherol (E),
menadiol (K3), thiamine (B1), riboflavin (B2), niacin (B3),
pyridoxine (B6), folic acid (B9), cyancobalamin (B12), mag-
nesium, iron, copper, cobalt, iodine, selenium, methionine,
lysine) [19]. Up to 32 days of the postnatal period of onto-
genesis, a complete diet with the addition of premix was
used (the duck is intensively gaining body weight); after
32 days, a diet without the addition of premix was used.

On the farm, ducks were vaccinated against pasteurel-
losis at the age of 40 days and hepatitis at the age of 60 days.

When working with experimental poultry, the “General
Ethical Principles of Animal Experiments” adopted at the first
National Congress on Bioethics (Kyiv, 2001) were adhered,
which is consistent with the provisions “On the protection
of animals from cruelty” [20] and “European Convention
for the Protection of Vertebrates Used for Experimental
and Other Scientific Purposes” (Strasbourg, 1986) [21].

Before slaughter, the ducks were weighed on VLKT-500
g-M scales (at the age of 1, 10 days) and electronic scales of
the company “Nova” (at the age of 20, 30, 90, 196, 268, 341,
and 483 days) and removed the humerus and femur.

The material for research was the tubular bones of
the thoracic (humerus) (n = 72) and pelvic (femur) (n = 72)
limbs of Blagovarsky cross ducks. Female and male ducks
(36 heads each) were selected for the study at the age of
1 day, 10, 20, 30, 90, 196, 268, 341, and 483 days of postnatal
ontogenesis.

Later, after slaughter, duck carcasses were dissected
and the tubular bones of the thoracic and pelvic limbs
were removed. The left tubular bones were fixed in a 10%
neutral aqueous formalin solution. Then, columns were
cut from the middle of the diaphysis (0.5 cm) and decal-
cified in an 8% nitric acid solution, and degreased and
dehydrated in 96% and 100% alcohol. After that, the al-
cohol-ether was poured into celloidin. Using a Microtome
(Easily ERM3000), histological sections with a thickness
of 5-10 microns were obtained, which were dyed with Kar-
atsi hematoxylin and Van Gieson eosin for connective tissue
differentiation [22].

Light microscopy and photographing of histological
preparations were performed using a MICROmed XS 5520
microscope and a MICROmed - 5.0 Mega CMOS camera.
Subsequently, using the method of histomorphometry,
quantitative indicators of bone tissue were obtained by
optical-visual method. When describing the structure of
tissues, histological nomenclature was observed [23].

The obtained digital results of the study were sub-
jected to statistical processing using the “Microsoft Excel”
software package. Therewith, the arithmetic mean and
its error (M * m), the probability level (P) were calculated
according to the Student's Table (P < 0.05; P < 0.01;
P <0.001) [24].

Results and Discussion

As a result of the study of tubular bones of ducks of the
Blagovarsky cross in the postnatal period of ontogenesis,
the microscopic structure of the middle of the diaphysis
was established and morphometric indicators of micro-
structures of compact bone tissue were obtained (Table 1).
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Table 1. Dynamics of morphometric parameters of compact bone tissue
in the middle of the humerus diaphysis, mm,M*m,n=8

Age, Sex Diaphysis Periosteum Thickness of compact Osteones Ce?g:},;-?iﬁ:ﬁ;gi‘;als
days Q48 diameter thickness bone tissue diameter diameter
| Q 1.10+0.22 0.04 +£0.01 0.15+0.06 0.04 +0.01 0.03+0.01
3 1.19£0.15 0.05 +0.01 0.16 # 0.04 0.05 +0.01 0.04 £0.01
10 Q 1.71+0.15 0.06 +0.01° 0.21+0.03 0.07 £0.01°° 0.05+0.01°
3 1.65 £0.04° 0.06 £ 0.01 0.21 £0.02 0.08 £0.01° 0.06 £0.01°
20 Q 3.12+0.20°° 0.08 +0.02°°° 0.42 +0.06° 0.14+0.06 0.05 +0.00*
3 3.22 £0.21°°° 0.06 +0.01 0.59+0.10° 0.07 £0.01 0.04 +0.00°
20 Q 4.61 +0.34°° 0.11+£0.023 0.54+0.10 0.08 £0.01 0.06 = 0.00°
3 4.82 £0.34°° 0.08 £0.01°° 0.55+0.10 0.07 £0.01 0.05+0.01
%0 Q 7.76 £0.23°°° 0.04+0.01° 0.79£0.03 0.17+0.05 0.09 £0.07
3 8.10 £ 0.44°° 0.04 £0.01°° 0.75 £ 0.03 0.09 +0.01 0.80+0.26
196 Q 7.69+0.33 0.03+0.01 0.60 = 0.05° 1.96 £0.41°°° 0.61+0.21
3 7.25 +0.30 0.03+0.01 0.68 £ 0.07 2.33+0.27°°° 1.23+£0.23°
268 Q 6.44+0.28° 0.03+0.02 0.62 +0.05 2.05+0.17 0.88 +£0.20*
3 7.07 £0.19 0.01 £0.01 0.59 +0.02 1.23£0.39 0.19+0.17°
341 Q 6.95+0.44 0.04 +0.01 0.49 +0.02° 0.07 £0.01°°° 0.01 +0.00°°
3 6.69 £ 0.66 0.03+0.01°°° 0.59+0.06 0.07 £0.01° 0.02 = 0.00*
483 Q 6.95+0.51 0.02£0.01° 0.58 £0.02 0.07 £0.01 0.01 £0.00
3 7.05 £ 0.46 0.03+0.01 0.65+0.04 0.06 +0.01 0.01 +0.00°°

Note: °P < 0.05; °°P < 0.01; °°°P < 0.001, compared to the previous age;

*P < 0.05, compared to the female and male of the previous age

Based on the results obtained, presented in Table 1 it
follows that on day 1 of the postnatal period of duck onto-
genesis, there was no statistically substantial difference in
the dynamics of morphometric parameters of compact bone
tissue in the middle of the humerus diaphysis. On the
10™ day, compact bone tissue continues to rebuild and its

size increases. Thus, the diameter of the humerus diaphysis
of females substantially increases by 1.6 times (P < 0.05), and
males - by 1.4 times (P < 0.05), compared to the previous age.
Therewith, the diameter of the femoral diaphysis of females
increases by 1.7 times (P < 0.05) (Fig. 1, c), and males —
1.6 times (P < 0.05) compared to the previous age (see Table 2).

Table 2. Dynamics of morphometric parameters of compact bone tissue
of the middle of the femoral diaphysis, mm,M*mn =8

Age, Sex Diaphysis Periosteum Thickness of compact Diaphysis Cerzg:‘llésstiﬁgzigilsl;als
days Q4 diameter thickness bone tissue diameter diameter
1 Q 1.64+0.04 0.04 +£0.01 0.23+0.01 0.04 +£0.01 0.03+0.00
3 2.04£0.34 0.03 £0.01 0.36 £0.12 0.05 £0.01 0.03 £0.01
" Q 2.73+0.37° 0.05+0.01 0.30 +0.05 0.06 +0.01° 0.04 = 0.00°
3 3.19£0.17° 0.06 £0.01°° 0.43 £0.04 0.08 £0.01 0.05 £0.01
20 Q 4.84 +0.07°° 0.05+0.01 0.53 +0.03°° 0.07 £0.01 0.03+0.00
3 5.26 + 0.08°°°%* 0.07 =£0.01 0.69 £ 0.04°°* 0.07 £0.01 0.03 +0.00
20 Q 5.87 £0.24°° 0.07 £0.01 0.70 £ 0.06° 0.07 £0.01 0.02 £0.00
3 6,11 £0.19°° 0.07 +0.01 0.60 = 0.02 0.08 +0.01 0.03 £0.01
90 Q 6.00£0.19 0.02 £0.01°° 0.70 £0.04 0.15+0.03° 0.39 £0.37
) 6.86%0.29 0.06 +0.01°* 0.59 = 0.05 0.14+0.03 0.27 £0.22
19 Q 6.29 £0.31 0.04 £0.01°° 0.59 £0.03 2,44 £0.11°°°* 0.54+0.32
3 6.91 £0.33 0.02 £0.01° 0.65 +0.06 1.30 + 0.45° 0.47 £0.29
268 Q 5.95+0.13 0.03 £0.02 0.56 £0.02 1.72 £0.09°°° 0.46 £0.27
d 5.93+0.34 0.02 £0.01 0.63+0.05 2.02£0.10 0.44 £0.24
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Table 2, Continued

Age, Sex Diaphysis Periosteum Thickness of compact Diaphysis Ce?g:i;itgﬁxiggals
days 3 diameter thickness bone tissue diameter di
iameter
341 Q 6.36+0.28 0.06 £0.03 0.54 £0.03 0.08 £0.01°° 0.02 £0.01
d 6.59+0.21 0.03+0.01 0.66 = 0.02* 0.07 £0.01°°° 0.02 +0.01
483 Q 5.98+0.42 0.02 £0.01 0.65+0.05 0.08 £0.01 0.02 +0.01
3 6.64£0.13 0.02 £0.01 0.74 £0.08 0.23£0.17 0.01 £0.00°

Note: °P < 0.05; °°P < 0.01; °°°P < 0.001, compared to the previous age;
*P<0.05;**P <0.01, compared to the female and male of the previous age

In the humerus of females, osteons of irregular shape
with radially directed central channels were discovered,
which increase by 1.8 times (P < 0.01), and in males - by
1.6 times (P < 0.05); in the femur of females, osteons in-
crease by 1.5 times (P < 0.05), and in males — by 1.6 times
compared to the previous age (see Table 1; 2).

A study of the humerus of ducks discovered that
on day 1, the bone tissue of the middle of the diaphysis
was formed, but uneven in thickness. There is an osteonic
type of structure of compact bone tissue. Osteons of irregular
elongated circular shape with a large number of longitudinal
expanded central channels, the concentric bone plates of

which are in the stage of formation (Fig. 1). However, the
density of osteons is uneven. The outer and inner surround-
ing plates are not formed. The outer and inner surfaces of
the osteon layer of the diaphysis are uneven, and the prolif-
eration of cells of the osteogenic layer of the periosteum is
present in its cavities. The bone marrow in the humerus of
females is predominantly red and red-yellow in males, while
in the femur it is red-yellown both females and males.

On the 10™ day of the postnatal period of duck
ontogenesis, proliferation of cells of the osteogenic layer of
the periosteum was detected (Fig. 1, a-d, 1), the formation
of deep lacunae and wide cavities (Fig. 1, a-d, 2).

Figure 1. Microstructure of the cross-section of the middle of the diaphysis
of the humerus (a, b) and femoral (c, d) bones of ducks aged 10 days (female - a, c; male — b, d):
1 - proliferation of cells of the osteogenic layer of the periosteum; 2 — central channels of osteons of various shapes;
3 — bone marrow. Staining with hematoxylin Karatsi and eosin. Magnification x32 (a-d)

The formation of the outer and inner surrounding
plates begins. The bone marrow in the humerus of females
is red-yellow and red in males, and in the femur of females
and males - red (Fig. 1, a-d, 3).

On the 20t day of the postnatal period of duck onto-
genesis, the diameter of the humerus diaphysis of females
increases 1.8 times (P < 0.01), males — 2.0 times (P < 0.001);
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femur of females — 1.8 times (P < 0.01), males — 1.7 times
(P < 0.001) compared to the previous age. Therewith, the
density of osteons increased compared to that of birds of
the previous age, and the diameter of the central osteon
channels (Havers channels) decreased (see Table 1, 2).

On the 30 day of the postnatal period of duck onto-
genesis, the compact bone tissue of the humerus and femur
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is represented by densely arranged osteons of various di-
ameters and shapes (see Table 1). The diameter of the hu-
merus diaphysis of females increases 1.5 times (P < 0.01),
and males — 1.5 times (P < 0.01); femur of females -
1.2 times (P < 0.01) and males — 1.2 times (P < 0.01), compared
to the previous age (see Table 1, 2).

In ducks aged 90 days (see Table 1) the cross-sec-
tional diameter of the humerus diaphysis of females in-
creased by 1.7 times (P < 0.001), and males — by 1.7 times

(P < 0.01) compared to the previous age. Therewith, there
is no statistically substantial difference in the diameter
of the cross-section of the femoral diaphysis of females
and males with such indicators of the previous age (see
Table 2), (Fig. 2, a-d). Osteons are densely arranged, have
a longitudinal and transverse course in the periosteal,
mesostal and endostal zones (Fig. 2, a-d 1), and the spaces
between osteons are filled with insertion (interstitial) bone
plates (Fig. 2, a-d, 2).

Figure 2. Microstructure of compact bone tissue of cross-section of the middle of the diaphysis
of the humerus (a, b) and femoral (c, d) bones of ducks aged 90 days (female — a,c; male — b, d):
1 - osteons with longitudinally and transversely directed central channels; 2 - insertion (interstitial) bone plates;
3 — formed internal surrounding system of bone plates with Cementation lines; 4 - bone marrow.
Karatsi hematoxylin and eosin staining, x30 (a-b), x75 (g)

The diameter of the central osteon channels (Havers
channels) increased slightly during this age period (see
Table 1, 2). External surrounding system of bone plates in
the process of formation. The internal surrounding system of
bone plates is formed and clearly separated by Cementation
lines, it borders the endoost (Fig. 2, a-d, 3). Bone marrow in

the humerus and femur of females and males, mostly yellow
(Fig. 2, a-d, 4). The compact bone tissue of the middle part
of the humerus diaphysis on the 196t day of the postnatal
period of duck ontogenesis is formed due to densely located
osteons in the peri-, meso-, and endostal zones, which have
mainly longitudinal and transverse directions (Fig. 3, a-d, 1).
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Figure 3. Definitive microstructure of the cross-section of the middle of the diaphysis
of the humerus (a, b) and femoral (c, d) bones of ducks aged 196 days (female — a, c; male - b, d):
1 - osteons of compact bone tissue; 2 — formed external and 3 - Internal surrounding systems of bone plates;
4 — medullary (brain) bone tissue. Karatsi hematoxylin and eosin staining, x30 (b-d), x75 (a)

On day 196 of the postnatal period of duck onto-
genesis, there was no statistically substantial difference in
the diameter of the humerus and femoral diaphysis, both
with those of the previous age and between the female and
male. Diameter of osteons in the humerus of females (see
Table 1) increases by 1.5 times (P < 0.001) and males —
by 25.9 times compared to the previous age. Therewith, the
diameter of osteons in the femur of females increases by
16.3 times (P < 0.001) and males — by 9.3 times (P < 0.05) com-
pared to the previous age (see Table 2). Therewith, the diam-
eter of osteons in the femur of females increased by 1.9 times
(P < 0.05), compared with this indicator in males of this age.

During this age period, external (Fig. 3, a-d, 2) and
internal (Fig. 3, a-d, 3) the surrounding systems of bone
plates are formed, their surface is mostly smooth. Medullary
bone tissue is absent in the humerus. The bone marrow in
the humerus of female and male ducks is yellow. This struc-
ture corresponds to the definitive stage of tubular bone
development.

In females of this age period, medullary (cerebral)
bone tissue appears in the bone marrow cavity of the fe-
mur, its thickness is 1.01 # 0.10 mm, which displaced and
replaced part of the bone marrow. Medullary tissue is rep-
resented by bone junctions, and the cavities between them
are filled with oxyphilic protein fluid (Figs. 3, b, 4). This is
due to the onset of sexual maturity and preparation for
the egg production period of the breeding stock of ducks.
The bone marrow in the tubular bones of both females and
males is predominantly yellow.
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The microstructure of the cross-section of the middle
of the duck humerus diaphysis on day 268 of the postnatal
period of ontogenesis is characterised by the presence of
an external surrounding system of bone plates, an osteon
layer that includes osteons and insertion systems of bone
plates (Fig. 4, a-d, 1) and internal surrounding systems of
bone plates.

The diameter of the humerus diaphysis of females
decreases by 1.2 times (P < 0.05) compared to the previ-
ous age. Therewith, the diameter of osteons in the com-
pact femoral bone tissue of females decreases by 1.4 times
(P < 0.001) compared to the previous age.

External (Fig. 4, a-d, 2) and internal (Fig. 4, a-d, 3)
surrounding systems of bone plates on the periosteal and
endosteal surfaces of the osteon layer of compact bone are
formed. Medullary bone tissue is absent in the humerus of
females.

In the femur of females, a layer of medullary bone
tissue of uneven thickness in most of the compact bone
tissue of the middle of the diaphysis. Therewith, the inter-
trabecular spaces of medullary bone tissue are filled with
protein masses and blood cells (Fig. 4, c, 4). This indicates
an intensive period of egg production of the breeding stock
of ducks, which corresponds to the technology of raising
poultry. The bone marrow in the humerus and femur of fe-
males and males is yellow (Fig. 4, c, d, 5).In ducks on 341
days of postnatal ontogenesis, compact bone tissue is rep-
resented by densely located osteons in the peri-, meso- and
endostal zones (Fig. 5, a-d).
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Figure 4. Microstructure of the cross-section of the middle of the diaphysis
of the humerus (a, b) bone of ducks aged 268 days (female — a; male — b): 1 - dense osteon Layer; 2 — external,
and 3 - iternal surrounding systems of bone plates. Karatsi hematoxylin and eosin staining, x30 (c, d); x75 (a, b)
Microstructure of the cross-section of the middle of the femoral diaphysis (b, d) of ducks aged 268 days
(female — c; male — d): 1 — dense osteon Layer; 2 — external, and 3 - internal surrounding systems of bone plates;
4 - layer of medullary bone tissue; 5 — bone marrow.
Karatsi hematoxylin and eosin staining, x30 (c, d); x75 (a, b)

Figure 5. Microstructure of the cross-section of the middle of the diaphysis
of the humerus (a, b) and femoral (c, d) bones of ducks aged 341 days (female — a, c; male - b, d):
1 - dense osteon Layer; 2 — external, and 3 — internal surrounding systems of bone plates;
4 - layer of medullary bone tissue; 5 - bone marrow. Staining with hematoxylin Karatsi and eosin, x30 (a, b); x75 (c, d)
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Insertion (interstitial) systems of bone plates were
discovered, which are parts of previously formed osteons
that were preserved during bone reconstruction. The thick-
ness of the compact bone tissue of the humerus of females
decreases by 1.3 times (P < 0.05) compared to the previ-
ous age. Therewith, in the femur of males, the thickness of
compact bone tissue is 1.2 times greater (P < 0.05) than in
females (see Table 1, 2).

The diameter of osteons in the compact bone tis-
sue of the humerus of females decreases by 29.3 times
(P < 0.001), and in males — by 17.6 times (P < 0.05) com-
pared to the previous age. The diameter of osteons in the
compact femoral bone tissue of females decreases by
21.5 times (P < 0.01), and males — by 28.9 times (P < 0.001)
compared to the previous age.

The diameter of the central osteon channels (Havers
channels) in the compact humerus bone tissue of females de-
creases by 88.0 times (P < 0.01) compared to the previous age.
Instead, the diameter of the central osteon channels (Havers
channels) in the compact humerus bone tissue of males is
2.0 times larger (P < 0.05) than that of females (see Table 1).

External (see Fig.5,a-d, 2) and internal (Fig. 5,a-d, 3)
surrounding systems of bone plates are formed. Medul-
lary bone tissue is absent in the humerus of female ducks.
During this period, the medullary bone layer of the femur
of females has the greatest thickness (2.55 * 0.62 mm), the
cavities between its bone layers are filled with oxyphilic
protein fluid (see Fig. 5, c, 4). The bone marrow in the
humerus of females and males is yellow, and in the femur -
red-yellow (see Fig. 5, d, 5).

The middle of the duck humerus diaphysis is repre-
sented by compact bone tissue on day 483 of the postnatal
period of ontogenesis. It is formed by the outer surround-
ing system of bone plates, the osteon layer, insertion (in-
terstitial) bone plates, and the inner surrounding system of
bone plates. In terms of diaphysis diameter, compact bone
thickness, and osteon diameter, there was no statistically
substantial difference with the previous age of ducks (see
Table 1, 2). Instead, the thickness of the periosteum in the
humerus of females decreases by 2.0 times (P < 0.05) com-
pared to previous ages. Therewith, the diameter of the cen-
tral channels of osteons (Havers channels) in the compact
bone tissue of the humerus (P < 0.01) and femur (P < 0.05)
of males decreases by 2.0 times compared to previous ages
(see Table 1, 2).

Medullary bone tissue is absent in the humerus of
females. The medullary bone layer of the femur of females
almost disappears, its thickness is 0.20 = 0.03 mm. The bone
marrow is yellow, both in the tubular bones of females and
males.

Thus, according to the conducted studies, it was
established that the compact bone tissue of ducks of the
Blagovarsky cross was represented by a formed, but uneven
in thickness layer of bone tissue with a large number of
expanded central channels of osteons. With age, the os-
teon layer of compact bone tissue increases, the osteons
are denser, and the Havers channels decrease in diameter.
Another study reported that compact bone tissue Muscovy
ducks and Egyptian geesewas similar and consisted of dense
Havers tissue with a large number of rounded clusters of
osteons, separated from each other by thick dark lines [7].

Other osteohistological studies have established a
unique strategy for the growth of the middle of the diaphysis
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of tubular bones in Mirarce eatoni (terrestrial Late Cretaceous
bird). The humerus consists of parallel-fibrous bone (with
extremely high vascular porosity for a mature skeleton of
Enantiornithes) with the middle layer of the initial fibrol-
amellar bone and several growth lines in the outer sur-
rounding layer and near the endoost. The endosteal and
periosteal layers in slow-growing bone can be followed by
cyclical changes in the growth rate of the limb skeleton. In
the femur, there are areas of rough compact, spongy, and
parallel-fibrous bone with numerous secondary osteons,
and only one growth line. Therewith, to achieve the appro-
priate size and structure characteristic of an adult, various
remodeling processes occurred in the tubular bone, including
cycles of slow and rapid growth, asymmetric growth within
a single bone element [5; 8; 12].

Morphological variations and dynamics of osteon
density observed in the tubular bones of the above-men-
tioned bird species can be explained by different biome-
chanical loads on these bones, which depend on body weight,
habitat conditions of wild and domestic birds [16-18].

Therewith, the presence of medullary bone tissue
in the middle of the femoral diaphysis of female ducks of
the “Blagovarsky” cross, which appears during egg produc-
tion of the breeding stock, is confirmed by data from other
studies on the formation of the brain bone in the medullary
cavity of long bones of domestic and wild birds, consider-
ing their body weight, ecological (terrestrial, semi-aquatic,
aquatic, migration) and reproductive status (stage in the
egg cycle) [9; 11; 18].

Conclusions

A study of the tubular bones of Blagovarsky cross ducks
using morphological methods demonstrated that the
results obtained vary depending on their age and gender.

From 1 to 10 days of the postnatal period of onto-
genesis, microscopic structure the middle of the diaphysis of
tubular bones of ducks is represented by formed, uneven in
thickness bone tissue, which consists of osteons, whose vas-
cular channels are directed longitudinally, irregular elongated
circular shape, do not have formed concentric bone plates.

By 20-30 days of the postnatal period of duck onto-
genesis, due to the proliferation of cells of the osteogenic
layer of the periosteum, resorption of osteon endoost cells
and bone tissue from the brain cavity, tubular bones grow
in thickness. This process slows down from the 30" day of
the postnatal period of duck ontogenesis, the osteon layer
of bone tissue is compacted and from the 90* day the in-
ternal surrounding system of bone plates with cementation
lines is formed. Therewith, the external surrounding sys-
tem of bone plates is also formed by the 196" day of the
postnatal period of ontogenesis.

The compact bone tissue of the investigated tubu-
lar bones acquires a definitive state on the 196™ day of the
postnatal period of ontogenesis of female and male ducks
of the Blagovarsky cross.

On day 196, female ducks form medullary bone tis-
sue from the femoral endoost. The process of formation
of medullary bone tissue coincides with the beginning of
sexual maturity and the period of egg production of the
breeding stock of ducks (196 days) and intensive periods of
egg production on 268 and 341 days, and on 483 days when
the duck does not lay eggs — completely disappears. In turn,
medullary bone tissue is absent in the humerus of females.
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INopiBHsIEHA MOpPdoJIoTis TPyOUacTHX KiCTOK Ka4oK Kpocy «Biraropapcskuiin
Yy IIOCTHATAJbHOMY I1€pioJii OHTOreHe3y

Onekcaugpa CepriiBua Iacuiuenko!, 36irues Co6ek?, CBiTiana ArimiBaa TRauyk3,
IBan Bonmogumuposuu SInenko?, Poman PomaHoBu4 BoKOThKO?

'OpmecbKuit nep>kaBHUI arpapHUii YHiBepCUTeT
65000, Bys1. [Ta"TeNeliMOHIBCBKA, 13, M. Ofeca, Ykpaina

TIo3HAHCHKMI YHIBEPCUTET MIPUPOSHUUNX HAYK
60-637, Byn. BonHcbKa, 33, M. [lo3HaHb, [Tonbiia

SHatioHaJIbHUIT YHiBEpCUTET GiopecypciB i MpUpogoKOPUCTYBAHHS
03041, Byin. l'epoiB O60ponu, 15, M. Knis, Vkpaina

*IlepskaBHUIT 6IOTEXHONIOTTUHMIT YHiBEPCUTET
61002, Bys1. AlueBCbKUX, 44, M. XapKiB, YKpaiHa

AHoTanifa. MikpocTpyKTypa KiCTOK CKejeTa KiHI[iBOK TiCHO TOB’SI3aHa 3 OHTOT€HETMYHMM BiKOM, JIOKQ/Ii30BaHOIO
IVHAMIKOI0 POCTY CKejieTa, 6ioMexaHiYHMMM peXMaMy HaBAHTaKEeHHS Ha KiCTKY Ta MOSKJIMBUMM TaKCOHOMiUHUMMU
BimMiHHOCTSIMM. Lle Mae Bask/IMBe 3HAUEHHS JJ/Isl BUBUEHHS MPOGIEMHNX MUTAHb OHTOTEHETUYHUX 3MiH KOMITAaKTHOI
KICTKOBOi TKaHMHM CBilicbkol Kauku. MeTa mOCTiIyKeHHS IoJsisgraja B IPOBEJEHHI MOPiBHSIHHS MiKpPOCTPYKTYypU
cepenuuu niadisa mrevoBoi Ta CTETHOBOI KiCTOK KaUuOK Kpocy «BiaroBapcbkuit» 3aeskHo Bif Biky Ta cTaTi. MaTepiasiom
IUISL TOCTiIKeHb CIYTyBaIM TPy6UacTi KicTKM IrpymHoi (11eyoBi KicTku) (n = 72) Ta Ta30BOi (CTerHoBa KicTka) (n = 72)
KiHI[iBOK KauoK Kpocy «byiaroBapchKuii» y Bitli 1 mo6u, 10, 20, 30, 90, 196, 268, 341 i 483 mo6u MOCTHATATIBLHOTO Mepiomy
OHTOTEHEe3y 060X CTaTeBMX IPYI (CAMOK i caMIliB MO 36 Ka4yoK), BCbOro 72 Kauku. TepMiHU Bimbopy Kauok 36irammcs
i3 TEXHOJOTIYHUM LIMKJIOM iX BUPOIIYBaHHS. BUTOTOBJISIM TicTOMOTiUHI 3pi3yu TOBIIMHOIO 5-10 MKM, sIKi ¢apOyBain
remaTokcuiaiHoMm Kapaili Ta eosuHoM, i 3a Bau TisoH mjis nudepeHIiloBaHHS CIIONYYHMUX TKaHMH. MopdomeTpieio
BU3HAUEHO KiJIbKiCHi MOKA3HMKM KOMIIAKTHOI KiCTKOBOI TKaHMHM cepeauHu niadiza TpybuacTux KiCTOK: miaMeTp
niadiza, TOBIIMHY OKiCTS Ta KOMIIaKTHOI KiCTKOBOi TKaHMHM, JiaMeTp OCTeOHiB i I[eHTpajJbHMX KaHajiB OCTEOHIB
(TaBepcoBi kaHanu). BcTaHOB/IEHO, IO PIiCT TJIEYOBOI i CTETHOBOI KiCTOK B JOBXWMHY Ta TOBIIMHY 3aBepPINYETHCS HA
196 06y MOCTHATAIBLHOTO MEPioAy OHTOTeHe3yY K Y CAMOK, TakK i B caMIliB Ka4oK. BCTaHOBJIEHO, 110 3 6OKY eHA0OCTY
CTErHOBOI KiCTKM CaMOK 3’SIBJISIETbCS Meny/sipHa (MO3KOBa) KicTkoBa TKaHuHa (1,01 * 0,10 MmMm), 1m0 GopMyeThCST Ha
196 o6y MOCTHATAJIBLHOIO MepPiofy OHTOreHe3y (ITOYaTOK CTaTeBOi 3pioCTi CaMOK) i Y MOJaIbIIOMY CIIOCTePiraeThCst
B iHTeHCUBHI Mepioau ix HecyuocTi Ha 268 i 341 no6y (BimmosimHo, 2,43 + 0,56 i 2,55 + 0,62 MM), i 3HMKaE Ha 483 M0OOY
(0,20 = 0,03 Mmm), KoM KayKa He HeceTbCs. LIum mocmimkeHHSIM BIiepiie BU3HAUYeHO BiKOBY IMHAMiKy MOP(GOMeTpUIHUX
MOKAa3HMKiB MiKPOCTPYKTYP KOMIIAKTHOI KiCTKOBOi TKaHMHM IJIEYOBOI Ta CTErHOBOI KiCTOK i BCTAHOBJIEHO iX cTaTeBi
BiIMiHHOCTi y Kadok Kpocy «BimaroBapcbkuii». PesyabTaTu AOCTiAKeHb MOPiBHIbHOI Mopdonorii HeobximHi ms
BM3HAUEeHHsS BiKy, cTaTi Ta BMAY NTaxiB 32 MiKpPOCTPYKTYPOIO KOMIAKTHOI KiCTKOBOi TKaHMHM cepenuHu aiacdisa
TPYOUACTHUX KiCTOK, 8 TAKOX AJ1SI BMiHHS AudepeHIil0BaTY 3MiHM 38 BUHMKHEHHSI TATOJIOTii KiHLIiBOK Y CBiliCbKOI MTHII]

KniouoBi cjioBa: rjieuoBa Ta CTerHOBa KiCTKM, BiKOBi rpymu, caMKa, caMmellb, MiKpOCTPYKTYpa, miadis
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