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Abstract

The aim of the study was to evaluate geometrical parameters of tibiotarsal bones in geese depend-
ing on age, sex and place in the bone and conditions of breeding. The inner structure of tibio-
tarsal bones of White Koluda® geese (W31) subjected to intensive breeding was analyzed using
peripheral quantitative computed tomography (pQCT). The analyzed bones were derived from
birds representing five age groups: one-day-old as well as birds of 2, 4, 6 and 8 wk of age. Bones
of 10 males and 10 females were isolated from each group. The analysis was conducted at two
levels of the bone: the area of the proximal metaphysis and at half the length of the diaphysis. The
proximal metaphysis was selected for the research as it had higher content of the cancellous bone
than the distal metaphysis. It was known that the cancellous bone was characterized by a higher
rate of metabolic changes. The following geometric parameters were determined: total bone area
(TOT_A), trabecular area (TRAB_A), cortical area (CRT_A), cortical thickness (CRT_THK_C),
periosteal circumference (PERI C), endocortical circumference (ENDO_C) and Strength Strain
Index (SSI). It was found that 6 wk of life may be considered as critical in the postnatal develop-
ment of geese. In the group of 6 wk males in the shafts of the tibial bones, there was a decrease in
the values of the following parameters: TOT_A, TRAB_A, PERI_C, ENDO_C. Whereas in 8 wk,
an attenuation of the values of all geometric parameters of tibiotarsal bones was observed in both
sexes (with the exception of CRT_THK_C), which may have a negative influence on bone resis-
tance to fractures. In this period, a significant decrease in the values of geometric parameters of
tibiotarsal bones could be observed, negatively affecting the resistance of the bone to fractures in
8 wk. The values of SSI parameter at the proximal metaphysis of the tibiotarsal bone decreased in
both males and females in 8 wk. In turn, at mid-diaphysis, the SSI values decreased only in males
in 8 wk. The achieved results and observations justify the use of optimal environmental and nutri-
tional conditions in geese in order to improve the quality of their skeletal system and to minimize
the risk of the occurrence of deformities and fractures of the pelvic limb during the breeding.
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The issues concerning the skeletal development of birds in their postnatal devel-
opment have not been fully analyzed yet. The number of birds in a flock with serious
bone diseases may amount to 30%. Over the last years body weight of geese has
increased (Biesiada-Drzazga et al., 2008). Metabolic diseases of limb bones in meat
birds lead to an increased mortality in a flock and lower quality of the achieved car-
casses. The attempts at the assessment of the quality of the osseous tissue in selected
bird species were motivated by the alarming phenomenon of pathological fractures
and deformations of pelvic limb bones in farm birds (Crespo et al., 1999; Sanotra et
al., 2001; Hester et al., 2004; Horbanczuk et al., 2004; Tatara et al., 2005; Cooper
et al., 2008; Barreiro et al., 2009; Lewis et al., 2009; Talaty et al., 2009; Tykatowski
et al., 2010; Barreiro et al., 2011). The scale of the phenomenon, entailing consider-
able economic losses, resulted in a gradual increase in the interest in the skeleton of
these birds (Tykatowski et al., 2010; Charuta et al., 2011, 2012 a, b, 2014; Charuta
and Cooper, 2012). It is believed that it is caused by, among others, endeavours to
ensure the shortest breeding period possible and, in consequence, achieve the highest
possible body weight as quickly as possible by means of genetic modification. The
rapid increase in the muscle weight of birds compared with their bone mass results in
an increased risk of deformations of bones, including in particular tibiotarsal bones
(Tatara et al., 2007; Charuta et al., 2011, 2012 b; Charuta and Cooper, 2012). A num-
ber of analyses proved that either a tibiotarsal or a tarsometatarsal bone may serve as
a model bone in studies on the quality of the skeleton (Charuta et al., 2013 b).

The method commonly applied to evaluate the quality of the tissue bone in ani-
mals and humans is computed tomography. Thanks to the method, it is possible to
analyze values of the parameters responsible for bone properties such as trabecular
and cortical volumetric bone mineral density (vBMD) system in live birds (Tatara,
2000).

The previous research on the development of the skeleton of turkeys (from 3 wk
to 16 wk), ducks (from 1 day to 8 wk), chicken broilers (from 2 wk to 6 wk) and
ostriches (14-mo-old ostriches) showed significant changes in the values of not only
densitometric but also geometric parameters of the osseous tissue in the entire post-
natal period (Tatara et al., 2007; Charuta et al., 2011; Charuta et al., 2012 a; 2013 b).

Therefore, this paper presents an analysis of selected geometric parameters of
the osseous tissue of tibiotarsal bones, which are considered to be most susceptible
to injuries in the studied farm birds, in geese in the postnatal development. It should
be stressed that no similar studies have so far been carried out and no satisfactory
information on the growth process of bones in the postnatal period and the possibil-
ity of interfering in its course has so far been obtained. However, there are papers
describing this phenomenon in broilers (Yair et al., 2012; Yair et al., 2013).

Material and methods

The study was performed on tibiotarsal bones isolated from White Kotuda®
geese (W31). The studied birds represented five age groups: one-day-old birds as
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well as birds of 2, 4, 6 and 8 weeks of age; from each group 10 bones were isolated
from both males and females. Deformations of the tibial bones were evaluated on
live birds.

The geese were bred intensively and fed with a standard KG1 concentrate from
the moment of hatching up to 3 weeks of life (20.03% protein, 11.97 MJ/kg, cal-
cium 1.36%, phosphorus 0.49%) and with KG2 mixture from 4 to 8 week (18.10%,
12.13MJ/kg, calcium 0.95%, phosphorus 0.49%) (Biesiada-Drzazga et al., 2008).
The geese used the run. Prior to the slaughter the body weight of each bird was deter-
mined. The slaughter and collection of material for research were conducted with the
approval of the 3rd Ethics Committee concerning experiments on animals of Warsaw
University of Life Sciences, Warsaw, Poland (Resolution No. 23/2009).

After the slaughter the analyzed bones were isolated by means of skinning and re-
moving soft tissues with the exception of the periosteum. The tibiotarsal bones were
then weighed using the AXIS AD 300 laboratory balance (AXIS Sp. Zoo Gdansk,
Poland) with accuracy of 300 g/0.001 g and kept in the temperature of -25°C in plas-
tic bags to prevent them from drying out.

The analysis of the structure of the bones was performed using a peripheral quan-
titative computed tomography (pQCT) and XCT Research SA Plus apparatus (Stratec
Medizintechnik GmbH, Pforzheim, Germany). The following parameters were de-
termined: total bone area (TOT_A) (mm?), trabecular area (TRAB_A) (mm?), corti-
cal area (CRT_A) (mm?), cortical thickness (CRT _THK_ C) (mm), periosteal cir-
cumference (PERI C) (mm), endocortical circumference (ENDO_C) (mm), Strength
Strain Index (SSI) (mm?®). The pQCT analysis was carried out at two positions of the
bone: in the area of the proximal metaphysis (18% of the bone length) and at half the
length of the diaphysis (50% of the bone length), at the voxel size of 0.07 mm and
scanning speed of 4 mm/min. The measurement points were determined based on
an initial scanning (20 mm/s). The determined threshold coefficient, differentiating
between the compact bone and the trabecular bone, was at 0.900 cm™.

Statistical analysis

The analyzed factors included: sex, age and place in the bone. All the data are
presented as means + SD. All calculations were performed using the Statistica 9.0
software (StatSoft, Inc. Tulsa, USA). The statistical analysis was performed using
the three-way ANOVA and the post-hoc Tukey’s test. For all comparisons, P-value
<0.05 was considered as statistically significant. Furthermore, correlations between
the analyzed features and body and bone weight were tested using the Pearson’s cor-
relation coefficient (P<0.05).

Results

The results of the performed statistical analyses were presented in Tables 1 to 3.
The highest growth in the body weight was observed in males between 4 and
6 wk, whereas in females between 2 and 4 wk.
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The highest increase in weight of tibia bones in both sexes occurred between
2 and 4 wk of life (Table 1).

The TOT A at the proximal metaphysis was higher than at mid-diaphysis
(P<0.05). The TOT_A values in males in the postnatal development increased from
the first day to the sixth week of life. In eight-week-old males, in turn, TOT A values
decreased at the two studied places of the bone (P<0.05). TOT A values of males
decreased at mid-diaphysis in 6 wk compared to 4 wk (P<0.05) (Table 2).

The values of the TRAB A and CRT A in males at the two analyzed places in the
tibiotarsal bone increased until the sixth week of life and decreased in eight-week-
old birds (P<0.05). TRAB_A values of males decreased at mid-diaphysis in 6 wk
compared to 4 wk (P<0.05).

The PERI C at proximal metaphyses of tibiotarsal bones in males increased in
the postnatal development until the sixth week of life and decreased in the eighth
wk (P<0.05). PERI_C values decreased by 11.22 mm (P<0.05) in 8 wk compared
to 6 wk (Table 2 a). In turn, the parameter at the mid-diaphysis of the analyzed
bones increased throughout the entire period of observations (P<0.05). The values
of the ENDO_C in males increased during the entire postnatal development both at
proximal metaphyses and at half the length of diaphyses until the sixth week of life
(P<0.05) and decreased in eight-week-old males, with the value of the parameter de-
creasing by an average of 0.67 mm at half the length of diaphyses and by an average
of 12.4 mm in the area of proximal metaphyses (P<0.05). The maximum values of
the SSI at the two places of the bone in males were observed in six-week-old birds,
with the values of this parameter decreasing in the eighth week of life by 16.22 mm?
at proximal metaphyses and by 2.71 mm? at mid-diaphyses (P<0.05). CRTH_C val-
ues decreased in the group of 8 wk males in mid-diaphysis compared to 6 wk males
(P<0.05). SSI values in males in both bone sections attenuated in 8§ wk compared to
6 wk (P<0.05) (Table 2 a).

In females the values of TOT A, TRAB A, PERI C and ENDO_C at the proxi-
mal metaphyses of tibiotarsal bones decreased in the sixth and eighth week of the
postnatal development compared to 4 wk (P<0.05). Moreover, in § wk females in
proximal metaphyses of the tibiotarsal bone, SSI attenuated compared to 6 wk fe-
males by 8.32 mm? (P<0.05) (Tables 2 and 2 a).

Significant differences between males and females were found in the values of
the ENDO_C in eight-week-old geese and in the values of the SSI in four-week-old
birds, with the values of the two parameters being significantly higher in males com-
pared to females (P<0.05).

Values of Pearson’s correlation coefficient of body weight and morphological and
geometric parameters in male and female geese at several stages of the experiment
determined in proximal metaphysis and midshaft were presented in Tables 3 and 3 a.

In four- and eight-week-old males at proximal metaphyses TOT A correlated
negatively with body weight, with the values of the correlations being r =—-0.99 and
r =—0.99 respectively (P<0.05), and with bone weight in two- and eight-week-old
geese. TRAB_A correlated negatively with body weight in the fourth (r = —0.99)
and eighth (r = —-0.99) week of life, and with bone weight in eight-week-old geese
in males. Negative correlations were also observed between CRT A and body and
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bone weight in one-day-old males (P<0.05). PERI C correlated negatively with
body weight in the 2nd, 6th and 8th week of life and with bone weight in six- and
eight-week-old males in proximal metaphysis (P<0.05). ENDO_C in eight-week-old
males correlated negatively with body weight and bone weight (P<0.05).

A negative correlation was observed in one-day-old males in proximal metaphy-
sis between the SSI and body weight and bone weight, with the correlation coef-
ficient being r = —0.68 and r = —0.72, respectively (P<0.05). In the group of males,
a negative correlation was also observed in proximal metaphyses between CRT
THK C and body weight on the first day of life: r = —0.68, whereas in the 8th week,
the correlation was positive and amounted to r = 0.73 (P<0.05) (Tables 3 and 3 a).
The above-mentioned parameters at mid-diaphyses did not correlate negatively with
body weight and bone weight at any stage of the postnatal development in males
(P<0.05) (Tables 3 and 3 a).

In eight-week-old females the TOT A, TRAB A, PERI C, ENDO_C, SSI pa-
rameters at proximal metaphyses correlated negatively with body weight and bone
weight (P<0.05). However, considering CRT THK C, the correlations were nega-
tive in 6 wk in relation to body weight r = -0.68, whereas in relation to bone weight,
the correlations were negative in 2 wk: r =-0.97 (P<0.05) (Tables 3 and 3 a). In turn,
at mid-diaphyses in females TOT A and TRAB A, PERI C, ENDO_C and SSI cor-
related negatively with body and bone weight in the 2, 6 and 8 week of life (P<0.05).
Negative correlations were also found in females between CRT A and CRT THK C
and body weight and bone weight (P<0.05). The highest number of negative correla-
tions between geometric parameters and body weight and bone weight were found in
six- and eight-week-old females (Tables 3 and 3 a).

Discussion

The analyzed broiler geese (White Kotuda® geese-W31) were subjected to in-
tensive breeding, as a result of which they attained slaughter maturity in the 8 wk of
life, half as quickly as in the case of the traditional, semi-intensive breeding (from 17
to 24 weeks). Thus, as a result of such fast growth and significant increase in body
weight, the skeleton of geese was particularly susceptible to all deformations and
fractures. The performed analyses made it possible to determine the period in which
the geometric parameters, responsible for the optimal mechanical endurance of the
skeleton of geese, decrease.

It was found that in eight-week-old male geese the values of all the analyzed pa-
rameters, including the strength strain index SSI, decreased at proximal metaphyses.
At half the length of diaphysis in 8-week-old males, too, a decrease was observed in
the values of all the parameters, with the exception of PERI_C. Whereas in females,
the values of TOT A, TRAB A and PERI _C attenuated in 6 wk, two weeks earlier
than in males (it was the period of the most intensive increase of the body weight in
females). The performed research also proved that 6-week-old female geese were
susceptible to deformations and fractures of the tibiotarsal bone (30% of the ana-
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lyzed females), with the deformations being observed in the 6 and 8 wk of life, which
is at a slightly later stage compared with males (10% of the analyzed males).

The research on the development of tibia bones in geese under semi-intensive tra-
ditional breeding (until the 16th week of life) was also conducted using Trabecula®
software (Czerwinski, 1994). The Trabecula® program used in the research analyzed
the radiological image with a resolution of 0.096 mm and distinguished radiologi-
cal trabeculae in accordance with the adopted definition. The programme was based
on an appropriate algorithm used to distinguish radiological trabeculae in accord-
ance with the definition and based on the specific parameters, including the angle
and level of a microdensitometric curve (Charuta et al., 2012 b). The application
of these two research methods showed that a critical moment in the development
of tibia bones in broiler geese, bred till 8 wk, was 6 wk and concerned mostly fe-
males, whereas in a group of geese bred to 16 wk, most deformities and fractures of
tibia bones as well as problems with walking were observed in 6-week-old males, in
which the lowest number, volume and density of radiological trabeculae was found
(Charuta et al., 2012 b).

The Trabecula® software was also used to analyze the tibiotarsal bones of the
Peking domestic ducks (Charuta et al., 2011). The study showed that in six-week-
old females the number, density and volume of radiological trabeculae at proximal
metaphyses decreased. In male ducks, in turn, no statistically significant decrease in
the values characterizing the trabecular bone was found, unlike in geese (Charuta et
al., 2011, 2012 b).

Growth processes of tibia bones in the postnatal period were also observed in
turkeys (Tatara et al., 2007; Charuta et al., 2012 a). The analysis of densitometric
parameters with the use of computed tomography showed that vBMD in diaphyses
increased from 3 wk in both sexes from 688 mg/cm? (3 wk) to 532 mg/cm? (16 wk).
The decrease of vBMD had a significant influence on health condition of the birds.
Attenuation of vBMD values in metaphyses and diaphyses of tibia bones led to the
decrease of bone resistance to fractures. Impaired walking or a total lack of possibil-
ity of moving resulting from deformities of tibia bones led to deformities of thoracic
muscles, thus decreasing the profitability of poultry production. Crespo et al. (1999)
pointed out limb problems in male turkeys. In that case, problems concerned the
femur in male turkey of commercial breeding flock.

The research conducted on broiler chickens using pQCT showed that attenuation
of vBMD occurred in metaphyses of tibia bones in 4 wk (males). In females, how-
ever, vBMD decreased in 6 wk. Thus, in broiler chickens, males were earlier prone to
deformities and fractures of tibia bones than females (Charuta et al., 2013 b).

Life cycle changes in bone mineralization and bone size traits of the tibia and
humerus were evaluated in commercial male and female broilers using dual-energy
x-ray absorptiometry (DEXA) by Talaty et al. (2009). The research showed that tibia
continued to grow, especially after the initiation of the growth spurt at 3 to 4 wk of
age, as indicated by bone length, width, and BMC, but it did not become denser in
minerals after 4 wk of age as its surface area increased.

The frequency of occurrence of limb problems in broiler chickens bred in tradi-
tional production systems in Denmark was analyzed by Sanotra et al. (2001). It was
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concluded that the prevalence of leg problems in broilers in conventional production
systems is very high and compromises the welfare of the birds. One of the main
factors responsible is their high growth rate. The risks of the occurrence of these
leg problems were significantly influenced by body weight and sex of the chicks.
Shim et al. (2012) pointed out limb problems in broiler chickens bred intensively.
Fast-growing broilers are especially susceptible to bone abnormalities, causing ma-
jor problems for broiler producers. The cortical bones of fast-growing broilers are
highly porous, which may lead to leg deformities. Leg problems were investigated in
6-week-old Arkansas random-bred broilers (Shim et al., 2002).

Analysing the value of densitometric parameters during the postnatal develop-
ment, it was stated that attenuating values of vBMD were the sign of insufficient
adaptation of tibia bones to increasing body weight and led to the decrease of resist-
ance of tibia bones to fractures.

In research on other species, Tatara et al. (2012 b) stated lack of sexual dimor-
phism between females and gonadectomized male Polish Landrace pigs. The con-
ducted tests showed lack of sexual dimorphism in the values of following parameters
decisive for the bone condition: trabecular BMD, cortical BMD and cross-sectional
area, second moment of inertia, mean relative wall thickness, cortical index, maxi-
mum elastic strength, and ultimate strength. However, in contrast to the current study,
the study on pigs was performed on hormonally impaired males (Tatara et al., 2012).

In the studies on tibia model of turkeys conducted by Krupski and Tatara (2006),
bone weight, bone length, cortical bone density, bone volume, maximum elastic
strength, and ultimate strength were positively correlated. In the study concerning
vertebral bones in pigs, a positive correlation was found between the investigated
parameters describing bone morphology, namely bone weight and total bone volume
(Tatara et al., 2007). Also, tests on correlations between morphometric and densito-
metric parameters of thigh bones in male Polish Merino sheep conducted by Tatara
et al. (2011 b) have shown positive correlations between mean vBMD, trabecular
BMD, and cortical BMD.

The solutions aiming at the improvement of the bone quality in geese (Charuta et
al., 2012 b), other poultry species (Charuta et al., 2013 a, b; Tatara et al., 2015) and
domesticated animals (Andersen et al., 2008; Krupski et al., 2011) may include en-
riching the animal diet with mineral additives, such as Ca, P, Mg, Cu, Zn (Applegate
et al., 2003; Puzio et al., 2004; Angel et al., 2006; Koztowski et al., 2010; Krupski et
al., 2011; Tatara et al., 2011), vitamins (vitamin D) (Tatara et al., 2011 a), precursors
and metabolites of amino acids (alpha-ketoglutarate, ornithine alpha-ketoglutarate,
3-hydroxy-3-methylbutyrate) (Tatara et al., 2004, 2006, 2008; Sierant-Rozmiej et
al., 2010; Krupski et al., 2011), di- or tri-peptids and to provide animals with optimal
density and breeding temperature.

In summary, it should be stressed that the critical moment in the postnatal de-
velopment of broiler geese is the sixth week of life and concerns mostly males. The
values of geometric parameters of the tibiotarsal bones, used as model bones in the
study on the skeleton of farm birds, decrease dramatically and significantly. It is
corroborated by a decrease of the strength strain index at proximal metaphysic of
the tibiotarsal bone both in males and in females. At mid-diaphysis of the analyzed
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bones, the value of SSI decreases only in males in the final stage of the fattening, i.e.
in the eighth week of life.

The achieved results and observations justify the use of optimal environmental
and nutritional conditions in geese in order to improve the quality of their skeletal
system and to minimise the risk of the occurrence of deformities and fractures of the
pelvic limb during the breeding.
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