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ABSTRACT

This study aimed at comparing the growth and mineralization of 
the femur, tibia, and metatarsus of male and female broiler chicks. On 
the day of hatch, 100 male and 100 female Ross 308 broiler chicks 
were transferred stainless cages with 10 birds per cage. On d 7, 14, 
21, 28, 35, and 42, five males and five females were sacrificed and 
their femur, tibia, and metatarsus were collected. Results showed that 
the tibia was the heaviest and the longest and contained the highest 
content of ash and calcium (Ca) among the three leg bones. The 
femur had the greatest diameter. The weight, length, diameter, and 
ash weight of the femur, tibia, and metatarsus linearly increased with 
age. The ash, Ca, and phosphorus (P) content in the femur and the 
tibia quadratically increased with age; by contrast, these parameters 
in the metatarsus linearly increased with age. The bones grew faster 
in 1 to 21 d of age. The weight, diameter, and ash weight of the three 
bones of males were higher than those of females. The Ca to P ratio 
of the three bones (femur, tibia, and metatarsus) was approximately 
2.0:1. These data indicate that there are differences in bone growth 
and mineralization among the femur, tibia, and metatarsus of male or 
female broiler chicks.

INTRODUCTION

Rapid growth of modern broilers has resulted in skeletal problems, 
particularly in leg bones, thereby reducing broiler growth performance 
and increasing mortality. The leg bones of birds include the femur, the 
tibia, and the metatarsus. Studies have been conducted to determine 
several characteristics of these leg bones. Skinner & Waldroup (1995) 
measured the length, diameter, and ash, calcium (Ca), and phosphorus 
(P) contents of the tibia of broilers. Barreiro et al. (2011) determined 
the growth of the femur of broilers. Applegate & Lilburn (2002) 
characterized the relationship between growth performance and the 
development of the tibia and femur in broilers. However, the growth 
of the metatarsus has not yet been examined. The difference in the 
growth and mineralization among femur, tibia, and metatarsus remains 
unknown.

Therefore, this study was conducted to compare the growth and 
mineralization of the femur, the tibia, and the metatarsus of male and 
female broilers.

MATERIAL AND METHODS

All of the procedures used in this study were approved by the Animal 
Care Committee of Shangqiu Normal University. 
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Birds, diets, and management

On the day of hatch, 100 male and 100 female 
Ross 308 broiler chicks were housed in stainless-steel 
cages with 10 birds per cage. Between d 1 and d 14, 
birds were reared in starter cages (70 cm × 70 cm × 
30 cm) and on d 15, they were transferred to grower-
finisher cages (190 cm × 50 cm × 35 cm). The birds 
were supplied with a mash diet (Table 1) and water ad 
libitum. The lighting program consisted of 24 h of light 
from d 0 to d 14, and 20 h of light from d 15 to d 42. 
Room temperature was maintained at 33 °C from d 0 
to d 3, 30 °C from d 4 to d 7, 27 °C from d 8 to d 14, 
and 20 °C from d 15 to d 42.

Table 1 – Ingredients and nutrient composition of 
experimental diets.
Ingredients (%) 1 to 21 d 22 to 42 d

Corn 56.83 61.99

Soybean meal 32.00 28.00

Soybean oil 1.10 2.20

Swine lard 1.88 1.51

Soy protein isolate 3.98 2.74

Limestone 1.36 1.45

Dicalcium phosphate 1.94 1.36

L-Lysine·HCl 0.14 0.14

DL-Methionine 0.14 0.08

Trace mineral premix1 0.10 0.10

Vitamin premix2 0.03 0.03

Choline chloride 0.20 0.10

Sodium chloride 0.30 0.30

Nutrient composition

Metabolizable energy (kcal/kg) 2972 3069

Analyzed crude protein (%) 21.68 19.69

Analyzed calcium (%) 0.99 0.90

Analyzed total phosphorus (%) 0.69 0.59

Non-phytate phosphorus (%) 0.45 0.35 

1 The trace mineral premix provided the following (per kg of diet): 100 mg iron; 100 mg 
zinc; 8 mg copper; 120 mg manganese; 0.7 mg iodine; and 0.3 mg selenium.
2 The vitamin premix provided the following (per kg of diet): 8,000 IU vitamin A; 1,000 
IU vitamin D3; 20 IU vitamin E; 0.5 mg menadione; 2.0 mg thiamine; 8.0 mg riboflavin; 
35 mg niacin; 3.5 mg pyridoxine; 0.01 mg vitamin B12; 10.0 mg pantothenic acid; 0.55 
mg folic acid; and 0.18 mg biotin.

Sample collection

On d 7, 14, 21, 28, 35, and 42, five males and five 
females were selected and sacrificed. The left femur, 
tibia, and metatarsus of the birds were excised and 
frozen at –20 °C for subsequent analysis (weight, 
length, diameter, ash weight, and ash, Ca, and P 
contents).

Sample analysis

Following the method of Hall et al. (2003), the 
femur, tibia, and metatarsus were boiled for 5 min 
to loosen muscle tissues. Muscles, connective tissue, 

and the fibula bone were completely removed using 
scissors and forceps. The femur, tibia, and metatarsus 
were cleaned and then placed in a container with 
ethanol for 48 h for the removal of water and polar 
lipids. Non-polar lipids were extracted by immersing 
the bones in anhydrous ether for 48 h. Bones were then 
dried at 105 °C for 24 h and weighed. Bone diameter 
was measured at the medial point. Bones were burnt 
in a muffle furnace at 600 °C for 48 h to determine 
bone ash weight. Bone ash content is expressed as a 
percentage of dry bone weight.

Dietary and bone Ca and P contents were 
determined using the ethylene diamine tetraacetic 
acid (EDTA) titration method and the photometric 
method after reaction with ammonium molybdate 
and ammonium metavanadate, respectively. Crude 
protein (CP) content in the diets was determined by 
the Kjeldahl method (PN-1430, Barcelona, Spain). 

Statistical analysis

Data were submitted to two-way analysis of variance 
using SAS software (SAS Institute, 2002). Orthogonal 
comparisons were performed to determine the linear 
and quadratic effects of age on bone growth and 
mineralization. Means were compared by Tukey’s test 
when probability values were significant (p < 0.05).

RESULTS AND DISCUSSION
Bone weight

The bones weighed from highest to lowest in the 
following order: tibia > femur > metatarsus (Table 2). 
Bone weight linearly increased with age. Femur and 
metatarsus weights were influenced by broiler age and 
sex (p < 0.05). Males presented heavier femur, tibia, 
and metatarsus than females (p < 0.05), particularly in 
broilers between d 28 and d 42.

Bone weight increase resulted from the increasing 
feed intake and mineral retention as broilers age; 
however, dietary Ca and P contents decreased from 
starter to grower-finisher phase. Bones grew faster in 
the starter phase (1 to 21 d of age). The bone weight 
of 14-d-old birds increased by 3.6 times compared 
with that of 7-d-old birds; by contrast, the weight of 
42-d-old broilers only increased by 1.3 times compared 
with that of 35-d-old broilers. 

Male broilers had heavier bone weight than 
females because males consumed more feed (Skinner 
& Waldroup, 1995) and presented greater mineral 
retention than females. Studies have shown that the 
weight of the tibia of male chicks is higher than that of 
females (Bond et al., 1991; Yalcin et al., 2001).
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Bone length

The tibia was the longest leg bone (Table 3). The 
femur was longer than the metatarsus from 7 to 28 
d of age (p < 0.05). However, no differences in length 
were observed between the femur and the metatarsus 
from 35 to 42 d of age (p > 0.05). Bone length linearly 
increased with age. Age and sex affected the length of 
the tibia and the metatarsus (p < 0.01).

The tibia was longer than the femur and the 
metatarsus in broilers. Goetting-Fuchs et al. (2012) 
observed similar results in turkeys; in particular, the 
tibia is the longest bone, followed by the metatarsus 
and the femur in 2- to 22-wk-old turkeys. In the 
present study, no differences in the bone length were 
observed between male and female broilers. However, 
Bond et al. (1991) found that males had longer tibia 
than females.

Bone diameter

Femur had the greatest diameter (Table 4). No 
differences (p > 0.05) in the diameter of the tibia and 
the metatarsus were observed (except at 7 d of age). 
Bone diameter linearly increased with age. Age and 
sex influenced the diameter of the femur and the 
metatarsus (p < 0.05). The bone diameter of males 
was greater than that of females (p < 0.05), particularly 
from 35 to 42 d of age.

The bone diameter of 12- to 20-wk-old turkeys 
varied in the following order: tibia > femur > metatarsus 
(Goetting-Fuchs et al., 2012). In the present study, the 
bone diameter of the males was greater than that of 
the females. Applegate & Lilburn (2002) reported that 
28- to 43-d-old male broilers had greater tibia diameter 
than females of the same age; however, no differences 

Table 2 – Comparison of the weight of the femur, tibia, and metatarsus of male and female broilers1.

Age (d)
Femur (g) Tibia (g) Metatarsus (g)

Male Female Mean Male Female Mean Male Female Mean

7 0.20±0.01 0.20±0.01 0.20b 0.24±0.01 0.22±0.03 0.23a 0.16±0.01 0.16±0.03 0.16c

14 0.68±0.02 0.70±0.02 0.69b 0.78±0.07 0.85±0.06 0.82a 0.48±0.05 0.52±0.05 0.50c

21 1.17±0.08 1.17±0.07 1.17b 1.39±0.13 1.29±0.08 1.34a 0.86±0.12 0.79±0.04 0.83c

28 1.76±0.09 1.72±0.18 1.74b 2.18±0.21 2.12±0.23 2.15a 1.28±0.08 1.24±0.22 1.26c

35 2.72±0.19 2.51±0.22 2.62b 3.47±0.27 3.10±0.22 3.28a 2.00±0.24 1.70±0.11 1.85c

42 3.71±0.23 3.37±0.17 3.54b 4.69±0.40 3.97±0.47 4.33a 2.54±0.16 2.22±0.06 2.38c

Source of variation

Age <0.001 <0.001 <0.001

Sex 0.005 0.036 <0.001

Age×sex 0.011 0.152 0.003

a-c Means in the same row without common superscript significantly differ (p < 0.05).
1 Data represent the means of 5 male and 5 female broilers.

Effects of age on bone weight: femur (Linear, p < 0.001; Quadratic, p < 0.001); tibia (Linear, p < 0.001; Quadratic, p < 0.001); and metatarsus (Linear, p < 0.001; Quadratic, p < 
0.001).

Table 3 – Comparison of the length of the femur, tibia, and metatarsus of male and female broilers1.

Age(d)
Femur (cm) Tibia (cm) Metatarsus (cm)

Male Female Mean Male Female Mean Male Female Mean

7 2.83±0.06 2.82±0.14 2.83b 3.59±0.15 3.76±0.09 3.67a 2.60±0.19 2.70±0.05 2.65c

14 3.84±0.16 3.89±0.11 3.86b 4.93±0.34 5.09±0.15 5.01a 3.47±0.15 3.63±0.08 3.55c

21 4.57±0.11 4.61±0.04 4.59b 6.04±0.21 6.00±0.11 6.02a 4.25±0.20 4.15±0.08 4.20c

28 5.09±0.08 5.40±0.09 5.25b 6.97±0.17 7.16±0.07 7.06a 4.82±0.13 4.95±0.15 4.89c

35 5.74±0.29 6.05±0.23 5.90b 8.34±0.41 8.22±0.25 8.28a 5.83±0.26 5.77±0.16 5.80b

42 6.38±0.72 6.20±0.60 6.29b 9.46±0.20 8.98±0.10 9.22a 6.68±0.26 6.30±0.18 6.49b

Source of variation

Age <0.001 <0.001 <0.001

Sex 0.296 0.713 0.577

Age×sex 0.429 0.007 0.008

a-c Means in the same row without common superscript significantly differ (p < 0.05).
1 Data represent the means of 5 male and 5 female broilers.

Effects of age on bone length: femur (Linear, p < 0.001; Quadratic, p < 0.001); tibia (Linear, p < 0.001; Quadratic, p = 0.089); and metatarsus (Linear, p < 0.001; Quadratic, p = 
0.987).
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were observed in tibia diameter between males and 
females from 8 to 21 d of age.

Bone ash weight

Among the three bones, tibia had the heaviest ash 
weight (Table 5). Bone ash weight linearly increased 
with age. Age and sex influenced the ash weight of the 
femur and the metatarsus (p < 0.05); in particular, the 
ash weight of males was higher than that of females.

Minerals are retained faster in the bones during 
the starter phase. Ash weight at 14 d of age was 3.9 
times higher compared with that obtained at 7 d of 
age. By contrast, ash weight at 42 d of age was 1.3 
times higher compared with that of 35 d of age. The 
ash weight of the femur and metatarsus of males was 
higher than that of females in the present study. Bond 
et al. (1991) found that the tibia ash weight of male 
broilers was higher than that of females.

Bone ash content

Tibia presented the highest ash content (Table 6). 
No differences were observed in the ash content of 
the femur and the metatarsus from 7 to 21 d of age 
(p > 0.05). The ash content of the femur was higher 
than that of the metatarsus at 28 d of age (p < 0.05). 
However, the ash content of the femur was lower than 
that of the metatarsus from 35 to 42 d of age (p < 
0.05). The bone ash content of the femur and the 
tibia quadratically increased with age. The highest ash 
content was observed at 28 d of age. By contrast, the 
ash content of the metatarsus linearly increased with 
age. Age and sex influenced the ash content of the 
metatarsus (p = 0.01).

Yair et al. (2012) observed different ash content 
among leg bones; in particular, the ash content of 
the tibia was lower than that of the femur in embryos 
between 14 d and 19 d of incubation, whereas the 

Table 4 – Comparison of the diameter of the femur, tibia, and metatarsus of male and female broilers1.

Age (d)
Femur (cm) Tibia (cm) Metatarsus (cm)

Male Female Mean Male Female Mean Male Female Mean

7 0.33±0.01 0.32±0.01 0.32a 0.29±0.01 0.27±0.01 0.28b 0.25±0.02 0.24±0.01 0.25c

14 0.50±0.03 0.52±0.02 0.51a 0.40±0.03 0.43±0.01 0.41b 0.41±0.03 0.42±0.02 0.41b

21 0.65±0.03 0.64±0.04 0.65a 0.50±0.04 0.48±0.01 0.49b 0.51±0.02 0.51±0.04 0.51b

28 0.82±0.04 0.75±0.04 0.79a 0.58±0.03 0.57±0.04 0.58b 0.53±0.01 0.55±0.06 0.54b

35 1.01±0.04 0.89±0.06 0.95a 0.71±0.07 0.66±0.02 0.69b 0.69±0.02 0.59±0.01 0.64b

42 1.04±0.11 0.97±0.07 1.01a 0.75±0.08 0.68±0.03 0.71b 0.70±0.05 0.64±0.04 0.67b

Source of variation

Age <0.001 <0.001 <0.001

Sex 0.002 0.017 0.003

Age×sex 0.035 0.115 <0.001

a-c Means in the same row without common superscript significantly differ (p < 0.05).
1 Data represent the means of 5 male and 5 female broilers.

Effects of the age on bone diameter: femur (Linear, p < 0.001; Quadratic, p = 0.002); tibia (Linear, p < 0.001; Quadratic, p = 0.002); and metatarsus (Linear, p < 0.001; Quadratic, 
p < 0.001).

Table 5 – Comparison of the ash weight of the femur, tibia, and metatarsus of male and female broilers1.

Age (d)
Femur (g) Tibia (g) Metatarsus (g)

Male Female Mean Male Female Mean Male Female Mean

7 0.09±0.00 0.08±0.00 0.09b 0.12±0.00 0.11±0.01 0.11a 0.07±0.00 0.07±0.00 0.07c

14 0.32±0.01 0.33±0.01 0.33b 0.41±0.03 0.45±0.03 0.43a 0.23±0.02 0.25±0.02 0.24c

21 0.55±0.03 0.56±0.03 0.56b 0.74±0.07 0.69±0.04 0.72a 0.41±0.06 0.38±0.02 0.40c

28 0.86±0.05 0.84±0.09 0.85b 1.17±0.13 1.14±0.10 1.16a 0.60±0.05 0.61±0.12 0.60c

35 1.29±0.05 1.18±0.12 1.24b 1.79±0.33 1.66±0.11 1.73a 0.98±0.13 0.85±0.05 0.91c

42 1.71±0.16 1.55±0.10 1.63b 2.44±0.55 2.08±0.24 2.26a 1.28±0.10 1.12±0.03 1.20c

Source of variation

Age <0.001 <0.001 <0.001

Sex 0.019 0.103 0.009

Age×sex 0.043 0.331 0.013

a-c Means in the same row without common superscript significantly differ (p < 0.05).

Data represent the means of 5 male and 5 female broilers.

Effects of age on bone ash weight: femur (Linear, p < 0.001; Quadratic, p < 0.001); tibia (Linear, p < 0.001; Quadratic, p < 0.001); and metatarsus (Linear, p < 0.001; Quadratic, p 
< 0.001).
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tibia presented higher ash content than the femur in 
broilers post-hatch, between 3 and 7 d of age. 

The rapid formation and mineralization of the tibia 
of broiler chicks occur from d 4 to d 18 and from d 4 
to d 11, respectively (Williams et al., 2000). The ash 
content of the tibia increases from 8 to 22 d of age; 
however, this value decreased at 42 d of age (Barreiro 
et al., 2011), indicated that bones grow faster during 
the starter phase compared with the finisher phase. In 
the present study, the ash content of the femur and 
tibia quadratically increased with age; by contrast, 
the ash content of the metatarsus linearly increased 
with age. The metatarsus exhibited the lowest 
breaking-strength among leg bones (femur, tibia, and 
metatarsus); however, the highest body weight (g) 
endured by per breaking-strength (N) was observed in 
the metatarsus (g/N) (Gu et al., 2010). Therefore, the 

metatarsus should constantly retain minerals to sustain 
the body weight of broiler chicks.

Sex did not affect the ash content of leg bones in 
the present study and no differences were observed 
in the ash content of the tibia of male and female 
broilers in previous studies (Bond et al., 1991; Yalcin 
et al., 2001).

Bone Ca content

The highest Ca content was observed in the tibia 
(Table 7). No differences in Ca content were observed 
between the femur and the metatarsus from 7 to 28 
d of age (p > 0.05). However, the femur exhibited a 
lower Ca content than the metatarsus from 35 to 42 
d of age (p < 0.05). The Ca content of the femur and 
the tibia quadratically increased with age. The highest 
Ca content was observed on 28 and 21 d of age in the 
femur and the tibia, respectively. By contrast, the Ca 

Table 6 – Comparison of the ash content of the femur, tibia, and metatarsus of male and female broilers1.

Age (d)
Femur (%) Tibia (%) Metatarsus (%)

Male Female Mean Male Female Mean Male Female Mean

7 43.9±0.2 43.4±0.8 43.7b 49.4±1.0 49.3±0.7 49.4a 43.7±0.5 42.6±1.4 43.1b

14 47.5±0.8 48.0±0.6 47.8b 53.1±0.7 53.3±0.6 53.2a 48.2±0.7 47.6±1.0 47.9b

21 47.4±1.5 47.9±1.2 47.6b 53.3±0.9 53.6±0.4 53.5a 47.5±1.0 48.4±0.5 48.0b

28 48.9±0.6 49.0±0.6 49.0b 53.7±1.4 53.9±1.4 53.8a 47.3±0.9 48.2±0.1 47.8c

35 47.5±1.7 47.1±1.2 47.3c 51.6±1.7 53.7±0.8 52.6a 49.1±0.8 50.1±0.8 49.6b

42 46.0±1.7 45.8±1.5 45.9c 51.8±1.8 52.5±0.9 52.1a 50.1±0.8 50.6±0.2 50.4b

Source of variation

Age <0.001 <0.001 <0.001

Sex 0.968 0.051 0.237

Age×sex 0.871 0.345 0.010

a-c Means in the same row without common superscript significantly differ (p < 0.05).
1 Data represent the means of 5 male and 5 female broilers.

Effects of age on bone ash content: femur (Linear, p < 0.001; Quadratic, p < 0.001); tibia (Linear, p < 0.001; Quadratic, p < 0.001); and metatarsus (Linear, p < 0.001; Quadratic, 
p < 0.001).

Table 7 – Comparison of the calcium (Ca) content of the femur, tibia, and metatarsus of male and female broilers1.

Age (d)
Femur (%) Tibia (%) Metatarsus (%)

Male Female Mean Male Female Mean Male Female Mean

7 15.6±0.8 15.6±0.6 15.6b 17.5±0.6 17.8±0.5 17.6a 15.4±0.4 15.3±0.6 15.3b

14 17.0±0.3 17.4±0.2 17.2b 19.1±0.3 19.0±0.3 19.1a 17.5±0.4 17.2±0.5 17.3b

21 17.5±0.6 17.5±0.5 17.5b 19.3±0.6 19.9±0.1 19.6a 18.0±0.8 18.2±0.7 18.1b

28 17.4±0.5 17.8±0.3 17.6b 18.8±0.5 19.0±0.5 18.9a 17.7±0.4 18.1±0.5 17.9b

35 17.3±0.7 17.7±0.6 17.5b 18.5±0.7 19.0±0.3 18.7a 18.3±0.2 18.1±0.9 18.2a

42 17.4±0.7 17.5±0.5 17.4b 18.6±0.7 18.7±0.7 18.6a 18.7±0.3 18.8±0.1 18.7a

Source of variation

Age <0.001 <0.001 <0.001

Sex 0.105 0.067 0.961

Age×sex 0.888 0.677 0.812

a, b Means in the same row without common superscript significantly differ (p < 0.05).
1 Data represent the means of 5 male and 5 female broilers.

Effects of the age on bone Ca content: femur (Linear, p < 0.001; Quadratic, p < 0.001); tibia (Linear, p = 0.025; Quadratic, p < 0.001); and metatarsus (Linear, p < 0.001; Quadratic, 
p < 0.001).
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content of the metatarsus linearly increased with age. 
No differences in Ca content were observed between 
male and female broilers (p > 0.05).

Differences in the Ca content of leg bones were 
observed in turkeys. The femur contained higher Ca 
than the tibia in 2- to 22-wk-old turkeys (Goetting-
Fuchs et al., 2012). These data showed the different 
ability of leg bones to retain minerals.

In our study, the Ca content of the tibia and femur 
quadratically increased with age. This result is consistent 
with that reported by Barreiro et al. (2009). Talaty et al. 
(2009) also found that chicks exhibited the greatest tibia 
mineral density at 28 d of age. Similarly to ash content, 
metatarsus Ca content linearly increased with age.

No differences in bone Ca content were observed 
between males and females in the present study. A 
previous research showed that male broilers present 
lower tibia Ca than females from 42 to 56 d of age 
(Skinner & Waldroup, 1995).

Bone P content

Tibia had the highest P content from 7 to 35 d of 
age. No differences were observed in the P content of 
the femur and the metatarsus from 14 to 35 d of age 
(p > 0.05). The metatarsus had the largest P content, 
followed by tibia and femur at 42 d of age (p < 0.05). 
The P content of the femur and the tibia quadratically 
increased with age and reached the highest value at 
28 and 14 d of age, respectively. By contrast, the P 
content of the metatarsus linearly increased with 
age. No differences in bone P content were observed 
between males and females (p > 0.05).

Goetting-Fuchs et al. (2012) reported that femur 
P content was higher than that of the tibia in 2- to 
22-wk-old turkeys. 

The lowest P content of the tibia was observed at 8 
d of age and then increased at 22 d of age; however, P 
content did not increase at 42 d of age (Barreiro et al., 
2009). The percentage of Ca and P of the whole body 
decreased in broilers from 3 to 6 wk of age (Nieß et al., 
2005). These data suggested that the P is retained fast-
er in the tibia and the whole body during starter phase.

Skinner & Waldroup (1995) and Barreiro et al. (2009) 
found that the Ca to P ratio in the tibia of broilers was 
2.0:1. Similar results were observed in the present 
study; in particular, the Ca to P ratio in the femur, tibia, 
and metatarsus was also approximately 2.0:1.

In conclusion, the leg bones of broiler chicks grew 
faster at 1 to 21 d of age compared with 22 to 42 d 
of age. The retention of Ca and P was related with 
the ash content in the three leg bones. These data 
indicate that there are differences in femur, tibia, and 
metatarsus growth and mineralization of male and 
female broilers.
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