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For the first time computed tomography has been used to analyze densitometric and geometric
parameters in proximal metaphyses and the mid-diaphyses of tibiotarsal bones in broiler
chickens in posthatching development as influenced by age and sex. The research was
conducted on 60 tibial bones of 2-, 4- and 6-week-old broiler chickens (Ross 308) (10 males
and 10 females in each age group). Statistical analysis has been conducted with the use of
one-way ANOVA and Fisher�s exact test. Calculations have been performed separately for
each sex, with age as a differentiation variable and separately for each of the developmental
stages, with sex as a differentiation factor. Pearson�s correlation coefficient have been
calculated. Also, relative bone density has been determined. It was observed that volumetric
bone mineral density (vBMD) in the diaphyses was two times higher (app. 550 cm3) than in
the proximal metaphyses (app. 230 cm3) of the tibiae in broiler chickens. In the proximal
metaphyses of the tibiotarsal bones, densitometric and geometrical parameters increased
with age of the birds. Densitometric parameters (vBMD, BMC) in 6-week-old males displayed
(slightly) higher values than in females. It is worth emphasising that in both sexes bone
mineral content (BMC)was higher in the tibial proximal metaphyses than in the diaphyses. At
the mid-diaphysis, most of the densitometric and geometrical parameters, i.e. bone mineral
content (BMC), Strength-Strain Index (SSI), periosteal circumference (PERI_C), endosteal
circumference (ENDO_C), cortical area (CRT_A), trabecular area (TRAB_A) and bone area
(TOT_A), tended to grow with the birds� age. vBMD (volumetric bone mineral density in situ)
is the only parameter that did not grow with age. It was also observed that in males in 4 wk,
vBMD in the proximal metaphyses displayed the lowest values during posthatching
development (217.47 cm3). Also between 2 and 4 wk of the development, vBMD in the
diaphyses decreased from 637.64 cm3 to 539.12 cm3, (P#0.05). What is important is that
vBMD and BMC are parameters that play a key role in bone mineralization. However, there
was no correlation observed between them. Analysis of Pearson�s correlation coefficient
showed that BMC in both bone sections displayed positive correlation with all the geometric
and densitometric parameters (except for vBMD). It may be concluded that vBMD is
independent of other parameters.The strongest correlations were observed between BMC and
TRAB_A, and TOT_A in the proximal metaphysis, they were (r = 0.98) and (r = 0.98)
respectively, P#0.01, and between BMC and CRT_A at the mid-diaphysis (r = 0.99), P#0.05. It
was demonstrated that in the group of males, decreasing vBMD in the proximal metaphyses
between 2 and 4 wk and in the diaphyses from 2 to 6 wk during posthatching development, as
well as decreasing relative bone weight, from 1.03% to 0.79%, led to deformities and breaks
of the tibiae, whichmay have a negative effect on the productivity of the broiler chickens flock.
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The internal structure of bones including densi-
tometric and geometric parameters is a fundamen-
tal factor counteracting extensive usage of the

bone tissue while it performs its basic functions:
supportive, locomotor and protective. Modern
farming led to a very high pace of birds’ growth,



particularly to a fast gain of muscle weight. Thus,
tibial bones are strongly loaded by muscles and
more prone to various mineralization disorders
and even fractures (CHARUTA et al. 2011). Disorders
in the development of pelvic limbs (OLKOWSKI

et al. 2011; STOFANIKOWA et al. 2011) as well as
the attenuation of bone density BMD in tibiotarsal
bones were observed in many species of poultry:
laying hens (JEDRAL et al. 2008), broiler chickens
(BOND et al. 1991; WILLIAMS et al. 2004; SHIM et

al. 2012), ducks (CHARUTA et al. 2011, 2012a),
geese (CHARUTA et al. 2012d), turkeys (CHA-

RUTA et al. 2012b, 2012c; CRESPO et al. 2000) and
quails (CHARUTA et al. 2013). The defects were
also found in ostriches (COOPER et al. 2008; HOR-
BAÑCZUK et al. 2004). The problems with lower
limb bones concern mainly males (CHARUTA et al.
2012c; TALATY et al. 2010).

Deformities of tibiotarsal bones in broiler chick-
ens may lead to a decrease in productivity of the
flock resulting in bone fractures (RATH et al. 2000).

The factors influencing bone disorders may in-
clude improperly balanced diet and shortage of nu-
tritional elements. The highest number of metabolic
disorders occurs in the cancellous bone tissue
(CHARUTA et al. 2008, 2011).

Material and Methods

All experiments were approved by the III Local
Ethics Committee in Warszawa (application 73/2009
dated 19.11.2009).

The research was conducted on 60 tibiotarsal bones
of 2-, 4- and 6-week-old broiler chickens (Ross 308)
(10 males and 10 females in each age group). The
birds were kept on a traditional bedding. Water
and feed were provided ad libitum. The birds were
fed with full-portion mixtures for broilers accord-
ing to the age: Starter 1 at 1-3 wk (21% protein, 12 MJ),
Grower at 3-5 wk (19% protein, 12.5MJ), Finisher
at 5-6 wk (17% protein, 12.5MJ). The average use
of the feed on 1 kg of the weight growth was 1.97
kg and the survival rate was app. 94%. Bird den-
sity: 10 birds/m2, max 33 kg/m2. Bedding type:
long-cut rye straw. Bedding thickness: app. 6 cm.

The bones for analysis were cleaned of the mus-
cles. Then, they were weighed on an AXIS AD 300
precise balance, range 300 g/ 0.001g and frozen for
storing at -25oC to -30oC. Then, using a high reso-
lution peripheral quantitative computed tomogra-
phy (pQCT) XCT Research SA Plus (Stratec
Medizintechnik GmbH, Pforzheim Germany), the
analysis of the densitometric and geometric pa-
rameters of the tibiotarsal bones was conducted:
vBMD – volumetric bone mineral density (mg/cm3);
density of the bone (in situ); BMC – bone mineral

content per 1mm slice (mg/mm); mineral content
of the total bone within a 1 mm slice; SSI –
Strength-Strain Index in mm3; PERI_C – peri-
osteal circumference in the “circular ring model”
in (mm); ENDO_C – endosteal circumference in
the “circular ring model” in (mm); CRT_A – corti-
cal area in (mm2). The area that is assigned to be
pure cortical; TRAB_A – trabecular area in (mm2).
Cross sectional area of the trabecular area after the
cortical and subcortical areas were peeled off;
TOT_A – total bone area in mm2. Cross sectional
area of the bone after the tissue was peeled off.

Computed tomography independently deter-
mined the density both of the trabecular bone and
the compact bone.

Tomographical analysis of the proximal meta-
physis was performed at 18% of the bone length,
whereas the analysis of the middle of the diaphysis
was performed at 50% of the bone length at the
voxel of 0.07 mm and the scanning speed of 4
mm/min. The area for the analysis was determined
after initial scanning (20 mm/s) and morphometric
bone measurements. The threshold coefficient,
differentiating the compact bone from the cancel-
lous bone, was determined at 0.900 cm-1.

Statistical analysis

All data is presented as means ± SEM. The data
was found to be normally distributed. Parametric
test was used for statistical analysis (one-way
ANOVA and Fisher’s exact test). Calculations
were performed separately for each sex, with age
as a differentiation variable and separately for
each of the developmental stages, with sex as a dif-
ferentiation factor. The level of statistical signifi-
cance was set at P-value #0.05. Pearson’s
correlation coefficient (r) were determined.

Moreover, relative bone weight was calculated
as a ratio of body weight and bone weight:

Relative bone density =
bone weight

body weight
x 100%

Results

The obtained results have been presented in the
following tables: Table 1, Table 2, Table 3, Table 4,
Table 5, Table 6.

Two-week-old males weighed app. 60 g more
than two-week-old females. The analysis of body
mass results in both sex groups showed that the
largest increase in body mass during posthatching
development occurred between 2 and 4 weeks of
life in both sexes. However, it was higher in males,
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1185 g, at (P#0.05) (Table 1). Compared to fe-
males, males displayed statistically larger body
mass from 2 weeks until the end of rearing (P#0.05).
Also tibiotarsal bones in males between 2 and 4 weeks
displayed the highest increase of weight during the
entire posthatching development period, it was 9.3 g,
(P#0.05) (Table 1).

Based on body mass and bone weight, relative
bone weight was calculated. It is a very important
factor, which indicates bone strength and deform-
ity risk or even bone break incidence (Table 6). In-
dexes presented in the table show that relative bone
weight in males decreased between 2 and 6 weeks
of posthatching development. In females, on the
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Table 1

Mean values (x) and ± SEM of densitometric and geometric parameters in the proximal
metaphysic of tibiotarsal bones of males and females depending on age. Mean values of
body weight and bone weight

Analysed feature/Age Male (x ± SEM) Females (x ± SEM)
Densitometric parameters

vBMD (mg/cm3)
2 wk 227.34 a ± 4.87 223.55a ± 6.37
4 wk 217.47 a ± 5.44 239.45 a ± 5.2
6 wk 229.20 a ± 5.44 222.61 a ± 6.37

BMC (mg/mm)
2 wk .38 a ±1.71 4.98 a ± 1.48
4 wk 28.11 b ± 1.91 24.36 b ± 1.21
6 wk 43.28 c ± 1.91 35.99 c ± 1.48

Geometric parameters
SSI (mm3)

2 wk 0.23 a ± 1.77 1.08 a ± 2.91
4 wk 2.76 b ± 1.98 6.55 a ± 2.38
6 wk 14.27 c ± 1.98 20.63 b ± 2.91

PERI_C (mm)
2 wk 23.87 a ± 1.01 16.63 a ± 1.27
4 wk 40.23 b ± 1.15 35.61 b ± 1.03
6 wk 48.52 c ± 1.15 45.30 c ± 1.27

ENDO_C (mm)
2 wk 23.80 a ± 1.11 16.13 a ± 1.38
4 wk 39.97 b ± 1.25 34.89 b ± 1.13
6 wk 47.55 c ±1.25 43.99 c ± 1.38

CRT_A(mm2)
2 wk 0.28 a ± 0.48 1.30 a ± 1.1
4 wk 1.69 a ± 0.54 3.83 a ± 0.90
6 wk 7.02 b ± 0.54 8.97 b ± 1.10

TRAB_A (mm2)
2 wk 20.49 a ± 3.19 9.2 a ± 3.8
4 wk 58.06 b ± 3.57 45.3 b ± 3.1
6 wk 85.00 c ± 3.7 73.6 c ± 3.8

TOT_A (mm2)
2 wk 45.58 a ± 7.19 22.13 a ± 8.45
4 wk 128.99 b ± 8.04 101.89 b ± 6.90
6 wk 189.38 c ± 8.04 164.99 c ± 8.45

Body weight (g)
2 wk 395 a ± 20.450 339 a ± 9.23
4 wk 1580 b ± 22.864 1341 b ± 13.10
6 wk 2550 c ± 22.864 2263 c ± 32.59

Bone weight (g)
2 wk 4.0 a ± 0.371 3.4 a ± 0.20
4 wk 13.3 b ± 4.15 10. b ± 0.07
6 wk 20.9 c ± 0.41 20.31 c ± 0.52

a, b, c Means within a column with different superscripts are significantly different (P#0.05).



other hand, relative bone weight reached its lowest
value in 4 weeks.

Tables 1 and 2 present the values of densitomet-
ric and geometrical parameters of the two analyzed
sections in the tibiotarsal bone.

It was observed that in the first two weeks, the in-
vestigated traits displayed higher values in both
bone sections in males as compared to females
(P#0.05). The exception were CRT_A and SSI in
metaphyses, whose values were higher in females.
In the case of these parameters, statistically sig-
nificant differences were observed between both
sexes in 2 weeks (P#0.05).

Based on the analysis of densitometric parame-
ters it was also concluded that in both sexes vBMD

was two times lower at the mid-diaphysis than in
the metaphyses (Tables 3, 4).

Tibial proximal metaphyses in 4 wk of post-
hatching development of males displayed a de-
crease in vBMD. However, no statistically
significant differences in vBMD were observed
between different age groups of males (Table 1).
In females, on the other hand, vBMD decreased in
6 wk but there were no statistically significant dif-
ferences between this group and 2-week- and 4-
week-old females. The obtained results show that
in males vBMD at the mid-diaphysis decreased
during the entire posthatching development pe-
riod, i.e. from 2 weeks to 6 weeks. The difference
in vBMD in males between 2 and 6 wk was as
much as 98 mg/cm3, at (P#0.05) (Table 2).

Table 2

Mean values (x) and ± SEM of densitometric and geometric parameters in the mid-
diaphysis of tibiotarsal bones of males and females depending on age

Analysed feature/Age Males (x ± SEM) Females (x ± SEM)
Densitometric parameters

vBMD (mg/cm3)
2 wk 637.64 a ± 12.59 588.40 a ± 17.15
4 wk 606.22 a ± 14.07 647.98 b ± 15.66
6 wk 539.12 b ± 14.07 538.77 a ± 19.18

BMC (mg/mm)
2 wk 6.61 a ± 1.24 3.22 a ± 0.76
4 wk 22.03 b ± 1.38 21.59 b ± 0.69
6 wk 30.14 c ± 1.38 31.61 c ± 0.85

Geometric parameters
SSI (mm3)

2 wk 5.53 a ± 2.35 2.09 a ± 1.89
4 wk 35.24 b ± 2.63 31.24 b ± 1.72
6 wk 62.42 c ± 2.63 69.46 c ± 2.11

PERI_C (mm)
2 wk 11.37 a ± 0.41 8.26 a ± 0.35
4 wk 21.36 b ± 0.46 20.49 b ± 0.32
6 wk 26.34 c ± 0.46 27.13 c ± 0.39

ENDO_C (mm)
2 wk 6.62 a ± 0.33 5.11 a ± 0.38
4 wk 13.40 b ± 0.37 12.32 b ± 0.35
6 wk 18.09 c ± 0.37 18.90 c ± 0.43

CRT_A (mm2)
2 wk 6.82 a ± 1.12 3.35 a ± 0.73
4 wk 22.01 b ± 1.25 21.30 b ± 0.67
6 wk 29.30 c ± 1.25 30.10 c ± 0.82

TRAB_A (mm2)
2 wk 4.66 a ± 0.69 2.45 a ± 0.58
4 wk 16.38 b ± 0.77 15.11 b ± 0.53
6 wk 24.96 c ± 0.77 26.42 c ± 0.65

TOT_A (mm2)
2 wk 10.0 a ± 1.6 5.45 a ± 1.3
4 wk 36.0 b ± 1.7 33.56 b ± 1.18
6 wk 55.0 c ± 1.7 58.69 c ± 1.45

a, b, c Means within a column with different superscripts are significantly different (P#0.05).
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Table 3

Mean values (x) and ± SEM of densitometric and geometric parameters in the proximal
metaphysis et particular ages depending on sex

Analysed feature Sex 2 wk (x ± SEM) 4 wk (x ± SEM) 6 wk (x ± SEM)
Densitometric parameters

vBMD (mg/cm3)
males 227. 34 ± 5.46 217.47* ± 4.72 229.2 ± 7.06

females 223.55 ± 6.11 239.45* ± 3.85 222.61 ± 7.06

BMC (mg/mm)
males 10.38* ± 0.5 28.11 ± 1.65 43.28 ± 2.46

females 4.98* ± 0.56 24.36 ± 1.34 35.99 ± 2.46
Geometric  parameters

SSI (mm3)
males 0.23* ± 0.14 2.76 ± 1.51 14.27 ± 4.32

females 1.08* ± 0.16 6.55 ± 1.23 20.63 ± 4.32

PERI_C (mm)
males 23.2*± 0.5 40.23* ± 1.05 48.52 ± 1.82

females 16.63 *± 0.54 35.61* ± 0.86 45.30 ± 1.82

ENDO_C (mm)
males 23.87* ± 0.48 39.97* ± 1.14 47.55 ± 1.99

females 16.63 *± 0.54 34.89* ± 0.93 43.99 ± 1.99

CRT_A(mm2)
males 0.28* ± 0.12 1.69* ± 0.69 7.02 ± 1.42

females 1.30* ± 0.2 3.83* ± 0.56 8.97 ± 1.42

TRAB_A (mm2)
males 20.49* ± 0.77 58.06* ± 2.86 85.80 ± 5.94

females 9.94* ± 0.86 45.80* ± 2.34 74.31 ± 5.94

TOT_A (mm2)
males 45.58 *± 1.71 128.99* ± 6.47 189.38 ± 13.26

females 22.13* ± 1.91 101.89* ± 5.28 164.99 ± 13.26

Body weight (g)
males 395*  ± 20.450 1580* ± 22.864 2550*  ± 22.864

females 339* ± 9.23 1341*  ± 13.10 2263* ± 32.59

Bone weight (g)
males 4.0 * ± 0.371 13.3*  ± 4.15 20.9  ± 0.41

females 3.4 * ± 0.20 10.1* ± 0.07 20.31  ± 0.52

*Means within a column are significantly different (P#0.05).

Table 4

Mean values (x) and ± SEM of densitometric and geometric parameters in the mid-
diaphysis et particular ages depending on sex

Analysed feature Sex 2 wk (x ± SEM) 4 wk (x ± SEM) 6 wk (x ± SEM)
Densitometric parameters

vBMD (mg/cm3)
males 637.64* ± 12.89 606.22 ± 20.03 539.12 ± 15.86

females 588.4* ± 12.89 647.98 ± 16.35 538.77 ± 15.86

BMC (mg/mm)
males 6.61* ± 0.30 22.03 ± 0.79 30.14 ± 1.9

females 3.22* ± 0.30 21.59 ± 0.64 31.61 ± 1.9
Geometric parameters

SSI (mm3)
males 5.53* ± 0.27 35.24 ± 1.47 62.42 ± 4.13

females 2.09* ± 0.27 31.24 ± 1.20 69.46 ± 4.13

PERI_C (mm)
males 11.37* ± 0.25 21.36 ± 0.43 26.34 ± 0.56

females 8.26* ± 0.25 20.49 ± 0.35 27.13 ± 0.56

ENDO_C (mm)
males 6.62* ± 0.20 13.40 ± 0.48 18.09 ± 0.46

females 5.11* ± 0.20 12.32 ± 0.39 18.90 ± 0.46

CRT_A (mm2)
males 6.82* ± 317 22.01 ± 0.77 29.0 ± 1.71

females 3.35* ± 0.31 21.30 ± 0.63 30.10 ± 1.71

TRAB_A (mm2)
males 4.66* ± 0.19 16.38 ± 0.65 24.96 ± 1.09

females 2.45* ± 0.19 15.11 ± 0.53 26.42 ± 1.09

TOT_A (mm2)
males 10.36* ± 0.43 36.40 ± 1.44 55.45 ± 2.43

females 5.45* ± 0.43 33.56 ± 1.18 58.69 ± 2.43

*Means within a column are significantly different (P#0.05).
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Pearson’s correlation coefficient analysis showed
that there was no correlation between vBMD and
the other densitometric and geometric parameters
in the proximal metaphysis. CRT_A is an exception.
This trait displayed a positive correlation, r = 0.26,
at (P#0.05), (Table 5).

In the group of females, on the other hand,
vBMD at the mid-diaphysis increased between
2 wk and 4 wk by app. 60 mg/cm3, (P#0.05), but
between 4 wk and 6 wk vBMD unfavorably de-
creased by as much as 109 mg/cm3, at P#0.05 (Ta-
ble 2).

Another investigated densitometric parameter in
the tibia of broiler chickens was BMC.

BMC in both sexes was higher in the proximal
metaphyses than in the diaphyses. Both in males
and in females BMC in tibial proximal metaphyses
increased during the entire posthatching develop-
ment period. The largest increase of BMC was ob-
served between 2 weeks and 4 weeks. In this period,

BMC increase could be observed for both sexes:
app. 17 mg/mm for males and app. 19 mg/mm for
females (P#0.05), (Table 1).

Analysis of Pearson’s correlation coefficient
showed that BMC in both bone sections displayed
positive correlation with all the geometric and den-
sitometric parameters (except for vBMD at the
mid-diaphysis, which was r = - 0.23 but the differ-
ence was not statistically significant). The strong-
est correlations were observed between BMC and
TRAB_A, and TOT_A in the proximal metaphy-
sis, they were (r = 0.98) and (r = 0.98) respectively,
P#0.01, and between BMC and CRT_A at the
mid-diaphysis (r = 0.99), P#0.05.

When analyzing the SSI values in both bone sec-
tions, it was concluded that they were significantly
lower in the proximal metaphysis in relation to dia-
physis. The proximal metaphyses of males were
characterized by lower values of SSI compared to
females, e.g. in the group of 4 wk males, the SSI
value amounted to 2.76 mm3, while in females at

Table 5

Pearson’s correlation coefficient for densitometric and geometric parameters, body weight
and bone weight in particular bone sections

Proximal metaphysis

vBMD BMC SSJ PERI_C ENDO_C CRT_A TRAB_A TOT_A Body
weight

Bone
weight

vBMD 1 0.03 0.26 -0.04 -0.06 0.26 -0.10 -0.12 0.01 -0.03

BMC ns 1 0.50 0.98 0.97 0.55 0.98 0.98 0.94 0.91

SSI ns ** 1 0.47 0.43 0.97 0.46 0.44 0.63 0.64

PERI_C ns ** ** 1 0.99 0.51 0.98 0.98 0.94 0.91

ENDO_C ns ** ** ** 1 0.47 0.98 0.98 0.92 0.90

CRT_A * ** ** ** ** 1 0.50 0.50 0.69 0.69

TRAB_A ns ** ** ** ** ** 1 1.0 0.93 0.92

TOT_A ns ** ** ** ** ** ** 1 0.93 0.91

Body weight ns ** ** ** ** ** ** ** 1 0.98

Bone weight ns ** ** ** ** ** ** ** ** 1

Middle of the diaphysis

vBMD BMC SSJ PERI_C ENDO_C CRT_A TRAB_A TOT_A Body
weigh

Bone
weight

vBMD 1 -0.23 -0.40 -0.33 -0.48 -0.23 -0.40 -0.40 -0.43 -0.46

BMC ns 1 0.96 0.98 0.94 0.99 0.98 0.98 0.94 0.93

SSI ** ** 1 0.96 0.96 0.96 0.98 0.98 0.95 0.96

PERI_C * ** ** 1 0.98 0.98 0.98 0.98 0.96 0.95

ENDO_C ** ** ** ** 1 0.94 0.98 0.98 0.97 0.96

CRT_A ns ** ** ** ** 1 0.97 0.97 0.94 0.92

TRAB_A ** ** ** ** ** ** 1 1.0 0.97 0.97

TOT_A ** ** ** ** ** ** ** 1 0.97 0.97

Body weigh ** ** ** ** ** ** ** ** 1 0.98

Bone weight ** ** ** ** ** ** ** ** ** 1

**Correlation is significant at the P#0.01. *Correlation is significant at the P#0.05. ns =  not significant.
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the same age it was higher by 3.79 mm3, at
(P#0.05), (Table 1). Table 2 presents the SSI val-
ues at mid-diaphyses. It was concluded that in both
gender groups this indicator increased during the
post-natal development at (P#0.05).

Pearson’s correlation coefficient allowed for de-
termining a correlation in proximal metaphysis
and mid-diaphysis between SSI and CRT_A,
which amounted r = 0.97 for proximal metaphysis
and r = 0.96 for mid-diaphysis, at P#0.01. In mid-
diaphysis, strong correlations between SSI and
TRAB_A (r = 0.98) and TOT_A (r = 0.98) were
observed at P#0.01. The analysis of geometric val-
ues of both sections of tibial bone revealed that the
average PERI_C and ENDO_C values were
greater in diaphysis in males at P#0.05 (Table 3).

In the proximal metaphysis, both PERI_C and
ENDO_C during the posthatching development in
both sexes increased between 2 and 6 weeks, at
(P#0.05). Similar correlations were observed in
mid-diaphyses of tibiae (Tables 1, 2).

When analyzing the CRT_A of the surface of
compact osseous tissue it was concluded that the
proximal metaphysis of the tibiotarsal bone, its
surface increases during the development in both
sexes, however statistically significant differences
were observed in both sexes only between 4 and 6 wk
(P#0.05). Statistically significant differences between
males and females at the proximal metaphysis
were observed only at 2 weeks (P#0.05). In meta-
physis, CRT_A also increases during the develop-
ment in both sexes – statistically significant
differences were observed between sexes
(P#0.05), (Table 2).

The surface of trabecular bone TRAB_A in the
proximal metaphysis was significantly greater
than the CRT_A surface, e.g. in six-week-old
males, TRAB_A was 85 mm2, and CRT_A only
7 mm2. In the diaphysis, the proportions were dif-
ferent as CRT_A was greater than TRAB_A on the
bone cross-section. For six-week-old males, the
values of bone surface amount to respectively:
29.30 mm2 i 24.96 mm2 (Table 2).

The Pearson’s correlation coefficient in the case
of CRT_A showed positive correlation in the
proximal metaphysis of bones with SSI (r = 0.97)
and with BMC (r = 0.55), at P#0.01, in the meta-
physis of tibial bones, the correlation between
these characteristics amounted to: r = 0.96 and r =
0.99, respectively at P#0.01, (Table 5).

The total bone surface, TOT_A, was also calcu-
lated for diaphysis and metaphysis of tibial bones.
It was concluded that during the entire post-natal
development in both sexes, TOT_A increased
(P#0.05). The differences between sexes in
TOT_A, were noted in the proximal diaphysis in
weeks 2 and 4, and in the mid-metaphyses, only in

week 2 (P#0.05). The total bone surface TOT_A
was positively correlated with BMC, CRT_A and
TRAB_A at diaphyses and metaphyses of tibial
bones (Table 5).

In males, during the posthatching development,
a loss of relative bone weight was observed from
1.03% to 0.79% (Table 6).

Discussion

Sexual dimorphism is very common in birds. It is
visible as morphological differences and it stems
from different physiological purpose of both
sexes. According to the most recent studies
(TATARA et al. 2012a), it is manifested by hormo-
nal and metabolic differentiation resulting in dif-
ferent amounts of muscle tissue, its amino-acid
composition, body mass and skeletal properties.

The result of our own research on body mass in
Ross 308 at the second week of life, when the ob-
servation was initiated, indicate a significant sex-
ual dimorphism expressed in different body mass
of males and females. Body weight of males at the
second week of life was higher by 55 g compared
to females (P#0.05).

The results obtained in our research also indicate
sexual dimorphism related to bone mass. In the
second week, the females had lighter bones than
males by 0.6 g (P#0.05). It was also confirmed by
other (ROSE et al. 1996). The author concluded
that the tibial bones of female broilers are less
prone to deformation than male bones, which was
confirmed by our research.

Tibiotarsal bone was used in the study. The
choice of this bone was deliberate. Other research-
ers investigating this bone (TATARA et al. 2005)
showed significantly higher values of mechanical
and geometrical parameters and higher minerali-
zation than in other bones of the pelvic limb. For
that reason the tibiotarsal bone proved to be have
greater mechanical resistance and for that reason it
was more fit for research than the femur.

Our own research also indicates that between the
second and fourth week of life, the broilers (Ross 308)

Table 6

Relativeboneweight inchickenbroilers

Relative bone weight

Males Females

2 wk 1.03% 0.97%

4 wk 0.84% 0.75%

6 wk 0.79% 0.89%
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during posthatching period in males, experienced
the highest increase of body mass. Also during that
period, in males, in both examined bone sections,
where vBMD increase was not observed, the val-
ues of this parameter decreased.

So the values of vBMD in the fourth week in
males, were too low in order to maintain the high
body mass without any harm to the tibial architec-
ture. Both in the proximal metaphysis and in mid-
diaphysis, lower values of vBMD during weeks 4
in males resulted in bends and even breaks of tibio-
tarsal bone. The relative tibial mass, decreasing
during the development in males caused further
bone deformation. Deformations and breaks were
located on the border of the proximal metaphysis
and diaphysis in males. High circuits of ENDO_C
as well as low values of the predicted SSI in proxi-
mal metaphysis amounting only to 2.76 mm3 (two
times higher in females) also influenced the weak-
ness of the shin in males.

Based on the presented results (Table 5) it was
concluded that in both bone sections, the parame-
ters (TRAB_A, BMC, CRT_A, PERI_C, ENDO_C
and SSI) were strongly correlated. The densi-
tometric parameters in the proximal metaphysis of
the tibial bone did not show this correlation in rela-
tion to other parameters. It can be concluded that it
is independent to other parameters. CRT_A was an
exception which was correlated with vBMD (r =
0.26) at (P#0.05). When analyzing the correlation
coefficients it was concluded that the BMC pa-
rameter significantly affected the remaining densi-
tometric and geometric parameters (P#0.01). It
was also concluded that along with the increase of
body mass in chickens, the values of the following
parameters increased: BMC, SSI, PERI_C, ENDO_C,
CRT_A, TRAB_A, TOT_A.

When analyzing the proximal metaphysis of
tibiotarsal bone, it was concluded that in this sec-
tion, all densitometric and geometric parameters
increased gradually with the poultry age. Densi-
tometric parameters (vBMD, BMC) in males at the
sixth week, were (slightly) higher than in females.
It is also worth emphasizing that BMC in proximal
metaphysis of tibial bones in both sexes was higher
compared to the diaphysis. Among the geometric
parameters in the 6th week, TRAB_A, TOT_A and
PERI_C were higher in males, while SSI and
CRT_A were higher in males (Table 1).

The next examined bone section in broiler chick-
ens was the mid-diaphysis of the tibial bone. It was
shown that the densitometric and geometric pa-
rameters during the second week are higher in
males. The same parameters were most often
higher in females during the 6th week (with the ex-
ception of vBMD). Most of the parameters, both
densitometric and geometric (BMC, SSI, PERI_C,

ENDO_C, CRT_A, TRAB_A, TOT_A ), showed
a tendency to increase with age. The vBMD (volu-
metric bone mineral density in situ) is the only pa-
rameter that did not show any correlation with age.
It was also concluded that vBMD was significantly
higher in diaphysis and it amounted to approxi-
mately 600 mg/cm3, while the proximal metaphy-
sis of the tibial bone was characterized by a
significantly lower bone density, only approxi-
mately 230 mg/cm3 (Table 1, 2). It is worth empha-
sizing that vBMD, as well as BMC are key
parameters in bone mineralization, however we
did not observe any positive correlations between
them. Loss of vBMD can suggest insufficiency of
minerals in diet or disorders of their absorption.
Bones with mineral deficiency are more suscepti-
ble to bending and breaking. Numerous authors in-
vestigated the dependencies between body mass of
animals, bone mass and values of geometric and
densitometric parameters of bones.

KRUPSKI and TATARA (2007) showed that the
values of densitometric and mechanical bone pa-
rameters in mid-tibia increased with age of birds.
In examined turkeys, during the development of
tibiotarsal bone, no drops in vBMD values were
observed.

ONYANGO et al. (2003) conducted research on
the influence of calcium and phosphorus on the
skeleton and metabolism. It was showed that BMC
and vBMD parameters increase with the increas-
ing amount of Ca and P in the organism. Such de-
pendencies were also obtained by ROWLAND

(1968). These studies showed high correlation be-
tween the densitometric parameters (BMC and
vBMD) and the use of diet containing substantial
amounts of Ca and P. These data suggest that den-
sitometric parameters (vBMD, BMC) were very
sensitive to calcium and phosphorus insufficien-
cies in the diet of poultry. As a result, the high con-
centration of vBMD and BMC can prevent bone
diseases, including tibiotarsal bone. We did not,
however, observe any correlation between densi-
tometric parameters (Table 5).

Pearson’s correlation coefficient in our own re-
search showed that BMC values in proximal meta-
physis and diaphysis were positively correlated
with body weight BW, body mass and densitomet-
ric and geometric parameters at P#0.01. The study
of TYMCZYNY et al. (2012), which were con-
ducted on pig mandibule revealed that BMC was
positively correlated with all densitometric and
geometric parameters as well as mass and man-
dibule length. However, as far as vBMD is con-
cerned, the researchers observed no statistically
significant correlations with body weight, man-
dibule weight, mandibule length, bone volume or
cortical bone density. There is a positive correla-
tion between vBMD and cortical bone density,
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bone mineral density, bone mineral content, maxi-
mum elastic strength, ultimate strength. In pig, the
densitometric and geometric parameters were in-
vestigated in the femur and tibial bones (TATARA

et al. 2012b). In these studies, the obtained results
did not show statistically significant differences in
weight, length, volumetric mineral bone density of
the trabecular and cortical bone, vertical and hori-
zontal diameters of the mid-diaphysis, cross-
sectional area, secondo moment of interia, mean
relative wall thickness, cortical index, maximum
elastic strength and ultimate strength of femur and
tibia in males (P#0.05). Also in swine the analysis
of bone mineral content (BMC) in L1-L4 vertebrae
showed positive correlation of this parameter with
bone weight (TATARA et al. 2007).

In other studies, TATARA et al. (2011) analyzed
the correlations between densitometric, geometric
and morphometric parameters of the femur bone in
5 month old Polish Merino sheep. The obtained re-
sults showed significant correlations between mor-
phometric, densitometric, and mechanical parame-
ters of the femur. Statistically significant correla-
tions between the vBMD of cortical bone, maxi-
mum elastic strength (Wy) (r = 0.61) and ultimate
strength (Wf) (r = 0.57) indicate the highest value
of this densitometric parameter for mechanical
strength prediction of bones in vivo. In other spe-
cies of experimental animals such as rats, exami-
nations of the femur revealed that the strength and
stiffness of the integrated diaphysis were found to
depend on both cross-sectional interia and body
weight and not on bone mineral density (FERRETTI

at al. 1993a; 1993b). As a result of the differences
obtained in the previous studies on turkeys, pigs,
sheep and rats as well as on our own research, we
can conclude that the processes of modeling and
restructuring of bones are species-specific.

However, when we analyze the correlation be-
tween the parameters of the tibiotarsal bone in its
separate sections, as well as the values of different
parameters obtained during the course of post-
hatching development, use of the tibia as a model
bone for studies on the skeleton quality in poultry
can be acknowledged. It is also worth emphasizing
that in order to better understand the values of den-
sitometric, geometric and durability parameters it
is necessary to conduct similar analyses in several
bone locations because, as showed in our studies,
the values of these parameters in different bone
sections are variable.
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