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ABSTRACT: The aim of this study was to evaluate interrelationships of body weight and bone weight and densitometric properties of the tibiotarsus in White Koluda Geese (W31) in the post-hatching period. The study was
performed using dual-energy X-ray absorptiometry (DEXA) and peripheral quantitative computed tomography
(pQCT) at two different parts of tibia: proximal metaphysis and mid-diaphysis. The investigation was performed on
100 bones obtained from males and females at the age of 1, 14, 28, 42 and 56 days of life. All the calculations were
performed using the Statistica 9.0 software (StatSoft, Inc. Tulsa, USA). Pearson’s correlation coefficient of body
weight and bone weight with all the investigated variables of bone was determined. Depending on the method used
for densitometric measurements – DEXA or pQCT, the current study has revealed significant differences in the
number of correlations of bone weight and body weight with the evaluated densitometric parameters. Sex-related
differences in the investigated interrelationships were also found. In the case of proximal epiphysis, negative correlations of vBMD, tBMC, CTR_DEN and CRT_CNT with body weight and bone weight dominated in one-day-old
males. Based on the current observations and the negative correlations of body weight and vBMD, CRT_DEN and
TRAB_DEN obtained in the mid-diaphysis of tibiotarsus at the age of 14 days of life, it was concluded that this
bone is much more prone to deformations and fractures in males than in females.
Keywords: densitometry parameters; tibiotarsal bone; mineralisation; geese
List of abbreviation
BMC = bone mineral content; BMD = bone mineral density; CRT_CNT = cortical bone mineral content; CRT_DEN
= cortical bone mineral density; tBMC = total bone mineral content; TRAB_CNT = trabecular bone mineral
content; TRAB_DEN = trabecular bone mineral density; vBMD = volumetric bone mineral density

Post-hatching development of meat-type poultry
species is characterised by very rapid muscle tissue development and accumulation mainly due to
skeletal muscles such as breast and leg muscles.
Developmental skeletal muscle gain rate is very high
both in relation to the internal organs of the body

and inert constituents of the locomotory system.
Such intensive skeletal muscle gain is not proportional to the developmental formation of the other
systems and tissues, including skeletal system and
bones. Such developmental disproportion between
skeletal muscle tissue mass and bone tissue mass of

Supported by the Faculty of Natural Sciences, Siedlce University of Natural Sciences and Humanities, Siedlce, Poland
(Statutory subject 244/08/S).

682

Veterinarni Medicina, 60, 2015 (12): 682–690

Original Paper

doi: 10.17221/8582-VETMED

the skeleton is strictly connected to breeding selection toward higher slaughter efficacy. As the result
of such breeding selection in meat-type poultry species, the relative percentage of slaughter waste is
reduced in relation to the final body weight (Gille et
al. 1999). The consequence of the imbalance between
the development of skeletal muscles and bone mass
is a higher incidence of pelvic limb bones deformities
and fractures, due to an insufficient adaptation of
the peripheral skeleton to heavy loading by excessive
body weight (Crespo et al. 1999; Crespo et al. 2000;
Horbanczuk et al. 2004; Cooper et al. 2008; Charuta
et al. 2011; Tatara et al. 2011a; Charuta et al. 2012c;
Charuta et al. 2013a; Charuta et al. 2014).
Studies on systemic development of internal organs and bones in broiler chickens, ducks and geese
have revealed age-related increases in the percentage content of skeletal muscles and simultaneous
decreases in the percentage content of internal organs and bones in whole body weight (Murawska
2013). It was shown in experimental studies on
geese that developmental body weight gain is associated with significant decreases in the weight
of pelvic limb bones; however, bone weight of the
cervical vertebrae, wings and chest increase concurrently in relation to whole body weight (Bochno
et al. 2006; Murawska 2013). Studies on peripheral
skeletal system properties in growing meat-type
poultry species have shown that body weight gain
is associated with decreases in the amount of bone
tissue as well as changes in densitometric properties (Charuta and Cooper 2012; Charuta et al.
2012a; Charuta et al. 2012b; Charuta et al. 2012c;
Charuta 2013; Charuta et al. 2013a; Charuta et al.
2013b). The observed developmental changes in
long bones were found to be correlated both with
the age and sex of birds (Beck and Hansen 2004).
Previous studies in meat-type turkeys at slaughter age have shown that volumetric bone mineral
density of the trabecular and cortical bone in distal
epiphysis and mid-diaphysis of long bones of the
pelvic limb is related to its mechanical endurance.
The midshaft of long bones consists of cortical
bone with the highest mineral density and may
serve as the standard reference point for the evaluation of geometrical and densitometric parameters.
Moreover, this reference point is the position for
bone sample loading in the three-point bending
test and for the determination of its mechanical
properties (Tatara et al. 2004a; Tatara et al. 2004b;
Tatara et al. 2006).

Considering that body weight and bone weight
are the main factors contributing to the incidence
of pelvic limb bone weakness and functional quality
of the peripheral skeletal system in poultry species, the aim of this study was to evaluate interrelationships of body weight and bone weight with
densitometric parameters of tibia in growing geese.

MATERIAL AND METHODS
The slaughter and collection of material for research was 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).
The study was performed on one hundred (fifty females and fifty males) White Koluda Geese
(W31). All geese were divided into five age-differentiated groups (n = 10 in each group of males
and females) and were slaughtered on Days 1, 14,
28, 42 and 56 of life. The left tibiotarsal bone was
isolated from each bird, cleaned from soft tissues
and kept frozen in plastic bags at a temperature of
between –25 °C and –30 °C.
During growth, the geese were fed a standard
concentrate that contained 19.5% protein at the
beginning of fattening (11.72 MJ/kg) and 15.5%
protein at the end of fattening (12.14 MJ/kg). The
weight of the bones was determined using a precise
laboratory balance AXIS AD 300 (AXIS, Poland)
with a maximum range of 300 g and precision of
0.001 g. Bone mineral density (BMD) and bone mineral content (BMC) of the bones from geese were
measured using the dual-energy X-ray absorptiometry (DEXA) method and Norland Excell Plus densitometer (Fort Atkinson, WI, USA). A collimated
X-ray beam and software developed for the examination of the bones of small animals (Small Subject
Scan, version 3.9.6) were used. Bones of one-dayold geese were scanned at a scanning resolution of
0.5 × 0.5 mm and scanning speed of 10 mm/s, while
the bones obtained from the remaining groups of
geese (14-, 28-, 42- and 56-day-old) were scanned
using a scanning resolution of 1.5 × 1.5 mm and
scanning speed of 30 mm/s. Bone mineral density
was expressed in g/cm 2 while bone mineral content was expressed in grams. The measurements of
BMD and BMC values were performed for whole
bone samples including trabecular and compact
bone tissue compartments.
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Using peripheral quantitative computed tomography (pQCT) and a XCT Research SA Plus scanner (Stratec Medizintechnik GmbH, Pforzheim,
Germany), densitometric parameters of the tibiotarsal bones were analysed. The measurements
were performed at two sites of the bone; at 18% of
bone length at proximal metaphysis and at 50% of
bone length at mid-diaphysis. Total bone mineral
content (tBMC – mg/mm per 1 mm slice), volumetric bone mineral density (vBMD – total bone
mineral density, mg/cm3), cortical bone mineral
density (CRT_DEN – volumetric mineral density
of the cortical bone, mg/cm 3) and cortical bone
mineral content (CRT_CNT – the mineral content within 1 mm slice of the cortical bone, mg/
mm) were determined. Furthermore, in the proximal metaphysis, trabecular bone mineral density
(TRAB_DEN – volumetric mineral density of the
trabecular bone, mg/cm3) and trabecular bone mineral content (TRAB_CNT – the mineral content
within a 1 mm slice of the trabecular bone, mg/
mm) were measured.
Statistical analysis. All the calculations were
performed using Statistica 9.0 software (StatSoft,
Inc. Tulsa, USA). Pearson’s correlation coefficient
of body weight and bone weight with all the investigated variables of bone was determined and
P-values < 0.05 were considered as statistically
significant.

weight of males was higher by 450 g compared to
that of females (P < 0.05). Gradual but significant
increases body weight values were observed at each
developmental stage both in males and females (P <
0.05). Significant increases in bone weight values
were observed at each developmental stage both in
males and females up to the age of 42 days of life
(P < 0.05). Significantly higher bone weights were
found in 28- and 42-day-old males compared to
age-matched females (P < 0.05; Table 2).
BMD in 14- and 28-day-old females was positively correlated with body weight. A positive correlation of BMD with bone weight was found in
females at the age of 14 and 56 days of life (P < 0.05).
BMC in 28- and 56-day-old females was positively
correlated with body weight. BMC was negatively
correlated with bone weight in one-day-old females
(P < 0.05). However, positive correlation between
BMC and body weight was stated in 56-day-old
females (P < 0.05; Table 3).
vBMD of the proximal metaphysis of one-day-old
males was negatively correlated with body weight
and bone weight, while in two-week-old males
this parameter correlated negatively with body
weight and positively with bone weight (P < 0.05;
Table 4). In 56-day-old males a positive correlation
of with body weight and bone weight was found
(P < 0.05). In 42-day-old females, the vBMD of the
proximal metaphysis was negatively correlated with
body weight and bone weight (P < 0.05). However,
positive correlations of the vBMD of the proximal
metaphysis with body weight and bone weight were
observed in 14- and 56-day-old females (P < 0.05).
A negative correlation between the vBMD of the
mid-diaphysis and body weight and bone weight in
14-day-old males was revealed, while in females
these correlations were positive (P < 0.05). vBMD

RESULTS
Body weight values for males and females at different ages are presented in Table 1. Significant differences in body weight between males and females
were found only in 42-day-old birds and the body

Table 1. Body weight (g) values in male and female geese at the age of 1, 14, 28, 42 and 56 days of life
Age (days)

males
min

max

70

75

14
28
42

690
2140
3300

780
2300
4220

56

4140

4740

1

A–E

Body weight

females

–x ± SD

min

max

–x ± SD

72A ± 5.83

61

68

65A ± 5.91

680
1940
3100

740
2580
3700

708B ± 56.69
2130C ± 191.91
3310*,D ± 264.23

3760

4680

731B ± 58.18
2220C ± 199.80
3760*,D ± 300.55
4450E ± 400.52

means in each column designated with different superscript letters differ significantly at P < 0.05
*means in rows (males vs. females) differ significantly at P < 0.05
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Table 2. Bone weight (g) values in male and female geese at the age of 1, 14, 28, 42 and 56 days of life
Bone weight
males

Age (days)
min

females

max

–x ± SD

min

max

A

–x ± SD

1

0.73

0.85

0.83 ± 0.05

0.57

0.83

0.74A ± 0.07

14

7.05

8.13

7.78B ± 0.71

6.02

0.55

7.38B ± 0.66

,C

28

23.98

24.34

24.16* ± 2.17

18.21

23.70

22.00*,C ± 1.54

42

32.87

35.15

34.06*,D ± 2.38

30.21

34.45

32.35*,D ± 2.26

56

33.54

35.08

34.85 ± 2.41

32.51

34.87

D

33.58D ± 2.35

A-D

means in each column designated with different superscript letters differ significantly at P < 0.05
*means in rows (males vs. females) differ significantly at P < 0.05

of the mid-diaphysis in one-day-old females was
negatively correlated with body weight (P < 0.05).
Positive correlations of the vBMD of the midshaft
with body weight and bone weight were observed
in 42- and 56-day-old females (P < 0.05).
tBMC of the proximal metaphysis of one-day-old
males was negatively correlated with body weight
and bone weight (P < 0.05). In 14-day-old females,
the tBMC of the proximal metaphysis of the tibiotarsus was positively correlated with body weight
and bone weight, while negative correlations of
these parameters were observed in 42- and 56-dayold females (P < 0.05). Moreover, the tBMC of the
proximal metaphysis of the tibiotarsus was positively correlated with the body weight of 28-day-old
females (P < 0.05).
The tBMC values of the midshaft were positively
correlated with body weight and bone weight in
56-day-old males, whilst in one-day-old males a
negative correlation with body weight was found (P <
0.05). Highly positive correlations of the tBMC of the
midshaft with body weight and bone weight were obtained in 42-day-old females, while two weeks later

a negative correlation between these variables was
found (P < 0.05). The tBMC values of the midshaft
were negatively correlated with the body weight of
28-day-old females and the bone weight of one-day
old females (P < 0.05). However, a positive correlation between the tBMC and bone weight of 28-dayold females was seen (P < 0.05).
Positive correlations of CRT_DEN of the proximal metaphysis of tibiotarsus and body weight in
14- and 56-day-old males were observed, while in
one-day-old males a negative correlation was observed (P < 0.05). Positive correlations of CRT_DEN
of the proximal metaphysis and bone weight were revealed in 42- and 56-day-old male geese (P < 0.05). In
14-day-old females, a negative correlation between
CRT_DEN of the proximal metaphysis and body
weight and bone weight was observed (P < 0.05).
Moreover, positive correlations of CRT_DEN of the
proximal metaphysis with body weight in 56-day-old
females, and with bone weight of 42-day-old females
were revealed (P < 0.05). In 14-day-old males, negative correlations of CRT_DEN of the mid-diaphysis
with body weight and bone weight were obtained,

Table 3. Pearson’s correlation coefficient of bone mineral density (BMD) and bone mineral content (BMC) of the
tibiotarsus with body weight and bone weight of males and females at the age of 1, 14, 28, 42 and 56 days of life
BMD

BMC

males

females

males

females

body weight bone weight

body weight bone weight

body weight bone weight

body weight bone weight

Days
1

0.06

0.31

0.21

–0.14

0.08

0.36

–0.61

–0.66*

14

0.07

0.14

0.80*

0.75*

0.22

0.14

0.73

0.53

28

–0.03

–0.03

0.85*

0.58

–0.53

–0.53

0.79*

0.57

42

–0.25

–0.27

–0.38

0.42

–0.03

–0.02

56

0.37

0.41

0.54

0.65*

–0.5

–0.10

–0.35
0.70*

0.46
0.66*

*P < 0.05
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Table 4. Pearson’s correlation coefficient of the investigated densitometric parameters of the tibiotarsus with body
weight and bone weight of males and females at the age of 1, 14, 28, 42 and 56 days of life
Age
(days)

Proximal metaphysis

Mid-diaphysis

males

females

males

females

body weight bone weight

body weight bone weight

body weight bone weight

body weight bone weight

Volumetric bone mineral density (vBMD)
1

–0.91*

–0.88*

14

–0.81*

0.82*

28

0.57

–0.29

0.42

42

0.25

–0.12

–0.64*

56

0.91*

0.85*

0.74*

0.79*

–0.55
0.87*

–0.42

–0.47

–0.10

–0.63*

0.03

–0.84*

–0.91*

0.78*

0.93*

–0.20

–0.39

–0.59

0.38

–0.88*

–0.42

–0.46

0.99*

0.99*

0.42

0.21

0.85*

0.74*
–0.73*

0.90*

–0.38

Total bone mineral content (tBMC)
1

–0.89*

–0.83*

–0.66*

–0.14

0.10

14

0.58

0.58

–0.42
0.94*

–0.25
0.92*

0.30

0.45

–0.36

28

–0.61

0.24

0.96*

0.50

0.57

0.63

–0.70*

42

0.18

–0.19

–0.64*

–0.89*

0.19

0.19

56

0.01

–0.19

–0.82*

–0.77*

0.81*

0.66*

–0.33
0.70*

0.99*

0.99*

–0.82*

–0.77*

–0.45

–0.16

Cortical bone mineral density (CRT_DEN)
1

–0.66*

–0.38

–0.06

–0.29

–0.35

–0.25

14

0.99*

–0.18

–0.94*

–0.96*

–0.80*

–0.79*

0.81*

28

0.63

–0.21

0.38

0.01

–0.30

–0.27

0.15

0.95*
–0.15

42

0.78

0.95*

0.35

0.99*

0.17

0.09

0.96*

0.98*

56

0.97*

0.92*

0.83*

0.62

0.11

0.05

0.83

0.62

Cortical bone mineral content (CRT_CNT)
1

–0.68*

–0.71*

–0.33

–0.07

–0.49

0.04

–0.27

–0.42

14

0.84*

–0.79*

–0.98*

–0.99*

0.47

0.60

–0.29

–0.24

28

0.76*

0.95*

0.71*

0.26

0.44

0.58

0.37

–0.35

42

0.78*

0.94*

–0.70*

–0.84*

0.08

0.06

0.31

0.37

56

0.43

0.24

–0.75*

–0.69*

0.81*

0.66*

–0.75*

–0.69*

Trabecular bone mineral density (TRAB_DEN)
1

0.46

14

0.95*

0.44
–0.60
0.72*

–0.24
0.99*

–0.40
0.97*

–0.44

–0.15

–0.74*

–0.91*

–0.48
0.78*

0.25
0.93*

28

0.99*

0.31

–0.35

–0.04

–0.24

0.25

–0.25

42

0.25

–0.12

–0.60

–0.91*

0.17

0.13

–0.66*

–0.62

56

0.60

0.46

–0.32

–0.02

0.24

0.03

–0.26

–0.02

–0.40

–0.45

–0.68*

–0.26

0.01

Trabecular bone mineral content (TRAB_CNT)
1

0.28

0.19

–0.24

14

0.92*

–0.66*

0.99*

0.99*

–0.69

–0.86*

28

–0.99*

–0.70*

0.82*

0.17

0.14

–0.05

42

0.17

–0.20

–0.60

–0.91*

0.26

0.23

0.99*

56

0.60

0.46

–0.06

–0.07

0.27

0.07

–0.06

0.72*
–0.59

0.87*
0.59
0.99*
–0.07

*P < 0.05

while in females these correlations were positive (P <
0.05). Moreover, in 42-day-old females, positive correlations of CRT_DEN of the midshaft with body
weight and bone weight were obtained (P < 0.05).
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bone weight (P < 0.05). In 14-day old males, a positive correlation between CRT_CNT of the proximal
metaphysis and body weight was also observed.
In 28- and 42-day-old males, CTR_CNT values
of the proximal metaphysis were positively correlated with both body weight and bone weight
(P < 0.05). In 28-day-old females, CRT_CNT of the
proximal metaphysis was positively correlated with
body weight (P < 0.05). However, CRT_CNT of the
proximal metaphysis was negatively correlated with
body weight and bone weight of 14-, 42- and 56-dayold females (P < 0.05). In 56-day-old males, positive
correlations of CRT_CNT of the midshaft with body
weight and bone weight were obtained, while in females the correlations were negative (P < 0.05).
In 14- and 28-day-old males, TRAB_DEN of
proximal metaphysis was found to be positively
correlated with body weight (P < 0.05). In 28-dayold males, TRAB_DEN was found to be also positively correlated with bone weight (P < 0.05). The
TRAB_DEN value of the proximal metaphysis was
found to be positively correlated with body weight
and bone weight in 14-day-old females (P < 0.05).
However, in 42-day-old females TRAB_DEN was
negatively correlated with bone weight (P < 0.05).
In 14-day-old males, TRAB_DEN of the midshaft
was negatively correlated with body weight and
bone weight, while in females these correlations
were positive (P < 0.05). Furthermore, in 42-day-old
females TRAB_DEN of the midshaft was negatively
correlated with bone weight (P < 0.05; Table 4).
TRAB_CNT in the proximal metaphysis was positively correlated with the body weight of 14-day-old
males but negatively correlated with body weight
in 28-day-old males (P <0.05). A negative correlation of TRAB_CNT of the proximal metaphysis with bone weight in 14- and 28-day-old males
was found (P < 0.05). TRAB_CNT in the proximal
metaphysis was positively correlated with the body
weight of 14- and 28-day-old females but negatively correlated with bone weight in 42-day-old
females (P < 0.05). Moreover, a positive correlation
between TRAB_CNT of the proximal metaphysis
and bone weight in 14-day old females was obtained
(P < 0.05). TRAB_CNT of the mid-diaphysis was
negatively correlated with bone weight in one- and
14-day-old males (P < 0.05). Positive correlations
of TRAB_CNT in the midshaft of the tibiotarsus
and body weight in 14- and 42-day-old females
were obtained (P < 0.05). At the age of 14 and 42
days of life, TRAB_CNT of the midshaft and bone

weight were also positively correlated in females
(P < 0.05; Table 4).

DISCUSSION
Skeletal problems observed in farm birds often
centre on pelvic limbs, which bear the entire body
weight. A number of research tests have made it
possible to determine that both the tibiotarsal and
the tarsometarsal bone may serve as model bones
in studies on the quality of the skeleton of farm
birds (Tatara et al. 2005; Charuta et al. 2013c). As
deformations and fractures of the tibiotarsal bones
occurr frequently in geese bred for meat, the current study was focused on determination of interrelationships of body weight and bone weight with
densitometric parameters of tibia. In this study,
the interrelationships were determined for both
sexes of geese at five different developmental stages, between the 1 st and 56 th day of life. It should
be underlined that no research of similar scope
has so far been carried out in this species during
the posthatching period of systemic development.
Depending on the method used for densitometric
measurements, the current study revealed significant differences in the correlations of bone weight
and body weight with the evaluated densitometric
parameters. Evaluation of BMD and BMC using
DEXA method showed significant correlations only
in females. Except for one negative correlation of
bone weight and BMC in one-day-old females, all
the other correlations obtained with this method
were positive. In the case of densitometric measurements with the use of pQCT, both negative and
positive correlations of body and bone weights
were obtained in both sexes of geese. In the case of
one-day-old males and females our study revealed
only negative correlations of body and bone weight
with vBMD, tBMC, CRT_DEN, CRT_CNT and
TRAB_CNT, while TRAB_DEN was not found to
be significantly correlated with these parameters.
A higher number of negative correlations of the
investigated parameters with the body weight of
males and females at the proximal metaphysis than
in the mid-diaphysis found using pQCT confirms
that this part of bone is much more predisposed to
the occurrence of metabolic disorders and mineralisation disturbances that the midshaft of the tibia.
These results are also confirmed by the number
of negative correlations of bone weight with the
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densitometric parameters of males and females in
both these parts of tibia. This study has also shown
sex-related differences of the investigated interrelationships. In the proximal metaphysis of females
tBMC and CRT_CNT were negatively correlated
with body and bone weights of 42- and 56-day old
geese while neither positive nor negative correlations were found in age-matched males. Analogical
results of correlations of tBMC and CRT_CNT with
body and bone weights were observed in the middiaphysis. In 56-day-old females, negative correlations were found in this part of bone, while in males
all these correlations were positive.
During the postnatal development, bones undergo
a structural remodelling process, the aim of which is
to adapt the bone structure in such way that it can
resist gravitational and mechanical forces and play
specific mechanical functions (Komosa et al. 2013).
Adequate BMC, BMD and vBMD values, in particular
at the metaphyses of tibiotarsal bones, are responsible
for mechanical resistance in the period of rapid gain
of body weight. Beside BMD and BMC, long bone
strength is determined by geometrical properties
such as cross-sectional area, second moment of inertia, mean relative wall thickness and cortical index.
However, the attainment of optimal densitometric
and geometric properties of long bones which ensure
maximum bone strength depend mainly on genetic,
hormonal, nutritional, physiological and environmental factors acting during the entire period of growth
and development, as well as later in life in mature
birds (Rath et al. 2000; Krupski and Tatara 2007). It
is worth stressing that metabolic processes are the
most intensive in the trabecular bone of proximal
metaphyses (Czerwinski 1994).
The investigated geese were subjected to intensive
breeding, as a result of which they were ready for
slaughter at the eighth week of life, twice as quickly
as in the case of traditional, semi-intensive breeding,
where such maturity is attained between weeks 17
and 24 of life. Thus, due to their rapid growth and
large increase in body weight, the skeletons of the
geese investigated here were exposed to a significantly high risk of deformations and fractures.
In male quails, vBMD and BMC values at proximal metaphyses decreased in the sixth week of life,
and the BMD values of diaphyses decreased in the
fourth week (Charuta et al 2013a). In male broiler
chickens, in turn, vBMD values decreased in the
fourth week of life at the two analysed sections of
the bone (Charuta et al. 2013b).
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Previously, the osseous structure of the tibia in
geese reared in a semi-intensive system (up to the
16th week) was analysed using computed tomography and Trabelula® software (Charuta et al. 2012c).
It was found that similarly to geese bred until the
8th week of life, in six-week-old males, a decrease
in the number, volume and density of radiologically
identified trabeculae was observed at the proximal
metaphyses of the tibia. It should be underlined that
these parameters make an important contribution
to bone strength. The use of two different methods
for tibia examination has proven that the critical
moment in which the strength of the tibia in males
decreased considerably was in the sixth week of life
(Charuta et al. 2012c).
The Trabecula programme was also used to analyse the tibia obtained from Peking domestic ducks.
It was observed that in six-week-old female ducks
the number and density of radiologically identified trabeculae decreased significantly at proximal
metaphyses. In male domestic ducks, in turn, no
statistically significant decrease of these parameters
characterising the trabecular bone compartment
was found, unlike in geese (Charuta et al. 2011).
In the current study, numerous positive and negative correlations of densitometric parameters of
the tibiotarsus were found. In the case of proximal
epiphysis, negative correlations of vBMD, tBMC,
CTR_DEN and CRT_CNT with body weight and
bone weight dominated in one-day old males, revealing significant and characteristic interrelationships.
Investigations of the densitometric parameters in the
proximal metaphysis of the tibiotarsus in females
and mid-diaphysis in males and females failed to reveal such regular characteristic interrelationships. In
other breeds of domestic birds, negative correlations
were observed between vBMD and body weight and
bone weight, for example in the proximal metaphyses of four- and six-week-old male quails (Charuta et
al. 2013a). In the analysed one-day-old geese tBMC
at the proximal metaphyses correlated negatively
with body weight. In quails BMC correlated negatively with body weight, but only in six-week-old
birds (Charuta et al. 2013a). In turkeys, in turn, no
negative correlations were found between BMC at
metaphyses and diaphyses of tibiotarsal bones and
body weight (Charuta et al. 2012a). However, in another study on growing turkeys between the 4th and
20th week of life, tibia weight was positively correlated with volumetric bone mineral density of the
trabecular and cortical bone, mean volumetric bone
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mineral density as well as maximum elastic strength
and ultimate strength (Krupski and Tatara 2007).
Densitometric parameters and their correlations
with body weight and bone mass were also analysed
in other domestic birds and other species of farm
animals bred for meat, including pigs (Tatara et al.
2007, Tatara et al. 2012, Tymczyna et al. 2012), and
Polish Merino Sheep (Tatara et al. 2011b). However,
in the current study, the interrelationships between
bone densitometric parameters and body weight and
bone weight were varied more than in the earlier studies on turkeys, pigs and sheep. It may be postulated
that the differences observed between the results of
the current study and previous studies may partially
result from the different diagnostic techniques used
(e.g. pQCT and QCT). Even though the principles are
similar in both these methods, the QCT technique
provides data collected from thicker measuring scans
of bone tissues than pQCT, usually reaching a range
of between 0.3–10 mm. In the case of pQCT, standard
single measuring scan thickness varies between 0.07
and 0.5 μm; however, thicker measuring scans require
significantly longer scanning procedures (Tatara et
al. 2005).
In conclusion, the results obtained in this study
have shown interrelationships of body weight and
bone weight with densitometric properties of tibia
in growing geese. The interrelationships were determined for both sexes at five different developmental
stages, between the 1st and 56th days of life. In the case
of one-day old geese, only negative correlations of the
investigated parameters were found. Depending on
the method used for densitometric measurements,
DEXA or pQCT, the current study has revealed significant differences in the number of correlations
of bone weight and body weight with the evaluated
densitometric parameters. Sex-related differences of
the investigated interrelationships were also found.
Moreover, a higher number of negative correlations
of the densitometric parameters at the proximal
metaphysis than in the mid-diaphysis with the body
weight of males and females confirmed that this part
of the tibia is much more prone to the occurrence of
metabolic disorders and mineralisation disturbances
than the midshaft.
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