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 The skeletal development of pectoral girdle elements, wing and the ossification centers 

in these regions after hatching were investigated in some groups of birds. These birds 
were reared in similar and standard conditions and sampled in specific intervals from 

hatching to 91 days. Differentiation of the wing in quail starts with the appearance of 

centers of undeveloped cartilages in humerus diaphysis, radius, and ulna at the end of 
the first week, and also carpal regions in the beginning of the third week. The growth 

sequence in humerus and radius, ulna and carpus, metacarpus, and digits are observed 

in various stages. Maximum growth is related to the maximum cartilaginous activity 
and ossification stages. Humerus, keeps its growth connection constant with the length 

of the whole wing skeleton, although its growth scale lessens from the end of the third 

week. In adult specimens the formula of the digits of the fore limb is usually 2:2:1 but it 
sometimes decreases to 1:2:1. In this investigation some of the many contrasts that were 

mentioned about other birds can be evaluated and compared. 
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INTRODUCTION 

 

 Numerous studies are done about the forming of the ossification centers in birds before and after hatching. 

There are studies about quail before hatching and embryonic period but there is no fundamental investigation on 

the time and place of the ossification centers after hatching and there is little information about the wing 

skeleton in quail (Coturnix c. japonica), which is rapidly changing to a proper bird for many research studies 

like toxicology and teratology. 

 The anatomy of the wing of the birds and the patterns related to it are widely studied [16,26] and there have 

been many attempts for the analysis of the involved elements in controlling the differentiation of it [1,2,30]. 

 Most of these studies, apart from some exceptions [18,19], are mostly about domestic poultry (Gallus 

domesticus). 

 As there is a lot of information about the skeletal development in gallus domesticus, we can consider them 

to compare with the results of this study on quail. 

 Such a comparison between two species that are categorized under different order of galliformes is of great 

importance [35]. 

 The development of long bones in poultry from the histogenesis process of all the wing skeleton part to the 

differentiation of mesenchymal cells to chondroblasts and osteoblasts are described with a lot of details [8]. 

 Lansdown’s study has surveyed the differentiation of mesenchymal cells to chondroblasts and osteoblasts 

and the development method of cartilage and bone structure in humerus and wing skeleton considering the age 

of the quail (coturnix c. japonica) embryo [17]. 

 Hogg’s study that was done on gallus domesticus showed the time of appearance of ossification centers 

after hatching in different parts of the wing skeleton [15]. 

 In this study the formation process of the ossification centers in the wing skeleton of quail after hatching is 

investigated. 

MATERIALS AND METHODS 

 

 This study is done on quail after hatching. Fourteen quail (coturnix c. japonica) were kept from day one to 

the end of the studies under the same conditions and were reared under the standard conditions related to food, 

temperature, humidity and light. 
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 The techniques employed include processing the radiographic stereotype with normal radiography film. The 

radiography machine was Dean 44 X-Ray machine, KV 40-110 and  mAs 0.1-200 and focal-film distance 100 

cm. 

 For radiography of the specimens the lateral and ventrodorsal position were used. Preparing  the 

radiographs was on the specified times which means radiography was done twice on the first week (first and 

seventh days) and then once at the end of second, third, fourth, fifth, sixth, seventh, eighth, and ninth week and 

after the ninth week until the full maturity stage and completion of skeletogenesis radiography of specimens was 

done every two weeks. 

 Study of the centers on the specimens continues until 91 days after hatchig. 

 

Results: 

The time of ossification in pectoral girdle and sternum: 

Scapula, Clavicle, Coracoid, Humerus:  

 On the first day after hatching this bone was not observed in any specimen because it was cartilaginous and 

was observed in all specimens after day seven. 

 

Sternum: 

 It was not observed until the seventh days in any specimen. After day 14 it was observed in all specimens 

(Figure 1). The ossification starting time of pectoral girdle is shown in table 1. 

 

 
 

Fig. 1: Sternum observed in all specimens.14 days. 

 
Table 1: Time of pectoral girdle ossifying. 

Days after hatching 

 

1      7     14      21     28     35      42     49     56      63     70      77     84     91 

 

Bone 

 

-      +      +       +       +       +        +       +       +       +       +       +       +       + 

-     +       +       +       +       +        +       +       +       +       +       +       +       + 
-     +       +       +       +       +        +       +       +       +       +       +       +       + 

-      -       +       +       +       +        +      +        +       +        +      +       +       + 

 

Scapula 

Clavicle                                   
Coracoid                                               

Sternum 
 

Ossification time of wing bones: 

Head of humerus:  

 It was not observed in any of the specimens until day 35. It was observed in day 42 in more than 90% and 

after day 49 in all specimens (Figure 2). 

 

Dorsal tubercle of humerus:  

 It was not observed in any of the specimens until day 49. It was observed in day 56 in more than 90% and 

after day 56 in all specimens. 

 

Venteral tubercle of humerus: 

  It was not observed in any of the specimens until day 42. It was observed in day 49 in 80%, in day 56 in 

95% and after day 63 in all specimens. 

Humerus: 

 On the first day after hatching this bone was not observed in any specimen because it was cartilaginous and 

was observed in all specimens after day seven. 
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Venteral condyle of humerus:  

 It was not observed in any of the specimens until day 42. It was observed in day 49 in 60%, in day 56 in 

85%, in day 63 in 95%, and after day 70 in all specimens. 

 

Dorsal condyle of humerus:  

 It was not observed in any of the specimens until day 42. It was observed in day 49 in 60%, in day 56 in 

85%, in day 63 in 95%, and after day 70 in all specimens (Figure 3). 

 

Radius:  

 On the first day after hatching this bone was not observed in any specimen because it was cartilaginous and 

was observed in all specimens after day seven. 

 

Ulna:  

 On the first day after hatching this bone was not observed in any specimen because it was cartilaginous and 

was observed in all specimens after day seven. 

 

Radial carpal bone:  

 It was not observed until the seventh day in any specimen. After day 14 it was observed in more than 95% 

and after day 21 in all specimens. 

 

Ulnar carpal bone:  

 It was not observed until the seventh day in any specimen. After day 14 it was observed in more than 95% 

and after day 21 in all specimens (Figure 4). 

 

Metacarp II:  

 It was not observed in any of the specimens until day 21. It was observed in day 28 in 50%, in day 35 in 

80%, in day 42 in 95%, and after day 49 in all specimens. 

 

Metacarp III:  

 On the first day after hatching this bone was not observed in any specimen because it was cartilaginous and 

was observed in all specimens after day seven. 

 

Metacarp IV: 

 On the first day after hatching this bone was not observed in any specimen because it was cartilaginous and 

was observed in all specimens after day seven (Figure 5). 

 

Proximal and distal phalanx of digit II:  

 On the first day after hatching these bones were not observed in any specimen because they were 

cartilaginous and after day 7 they were observed as joined together. After day 21 they were separable.  

 

Proximal and distal phalanx of digit III: 

 On the first day after hatching these bones were not observed in any specimen because they were 

cartilaginous and after day 7 they were observed as joined together. After day 21 they were separable. 

 

Phalanx of digit IV:  

 On the first day after hatching this bone was not observed in any specimen because it was cartilaginous and 

after day 7 it was observed as joined to proximal of digit III. After day 21 these two were separable. The 

ossification starting time of wing bones is shown in table 2. 

 
Table 2: Time of wing skeleton ossifying. 

Days after hatching 

 
1      7     14      21     28     35      42     49     56      63     70      77     84      91 

 

Bone 

-       -       -        -        -        -        -+      +       +        +       +       +      +       + 

-       -       -        -        -        -         -       -       -+       +       +       +      +        + 

-       -       -        -        -        -         -      -+      -+       +       +       +       +       + 

-       +      +       +       +       +        +       +        +       +       +       +      +       + 

-       -       -        -        -        -         -      -+       -+        -+      +      +      +       + 

-       -       -        -        -        -         -      -+      - +       -+       +      +      +       + 

-       +      +       +       +       +        +      +        +         +       +      +      +        + 

Head of humerus 

Dorsal tubercle of humerus 

Venteral tubercle of humerus 
Humerus 

Venteral condyle of humerus 

Dorsal condyle of humerus 
Radius 

Ulna 

Radial carpal bone 
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-       +       +       +       +       +        +      +        +        +       +      +      +        + 

-       -      -+       +        +       +        +      +        +        +       +      +      +        + 

-       -      -+       +        +       +        +      +       +        +       +       +      +       + 

-       -       -        -       -+      -+      -+       +       +        +       +       +      +        + 

-      +      +       +        +       +       +      +       +        +       +         +       +       + 

-      +       +       +       +       +        +      +       +        +       +        +       +       + 

-      +       +       +       +       +        +      +       +        +       +        +       +       + 
-      +       +       +       +       +        +      +       +        +       +         +      +       + 

-      +       +       +       +       +        +      +       +        +       +         +      +       + 

-      +       +       +       +       +        +      +       +        +       +        +       +       + 
-      +       +       +       +       +        +      +       +        +       +        +       +       + 

Ulnar carpal bone 

Metacarp II 

Metacarp III 

Metacarp IV 

Proximal phalanx of digit II 
Distal phalanx of digit II 

Proximal phalanx of digit III 

Distal phalanx of digit III 
Phalanx of digit IV 

 

 

 
 

Fig. 2: Head of Humerus. 42 days. 

 

 
 

Fig. 3: Dorsal Condyle of Humerus. 63 days. 

 

 
 

Fig. 4: Radial Carpal Bone(Red arrow) and Ulnar Carpal Bone(Blue arrow). 21 days. 
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Fig. 5: Metacarpal Bone: Metacarp II(Blue arrow), Metacarp III(Red arrow), Metacarp IV(Green arrow). 21 

days. 

 

Discussion:   

 Because of the widespread of the information in the field of skeletal development in chick we try to 

compare the development of wing skeleton in quail with gallus domesticus in this study. 

 In adult birds the differences observed in the formula were interesting as it illuminated the contrasts in past 

studies. 

 The general formula in digit ossification in birds is 1:2:1 [4, 5, 28]. But the formula observed in this study 

was usually 2:2:1 that was observed in further studies of past researchers about chicken [15, 22]. 

 It seems that only Bellairs et al (1960) uses this formula specifically for gallus domesticus and it was 

confirmed in few birds studied in this investigation [5]. 

 On the other hand, the formula 2:3:2 is also discussed for gallus domesticus that was not seen in the 

specimens of this study and that it may be mentioned for the inferior row of phalanges that exists as an extra and 

in embryo but it is synthesized with the proximal row later [5,11]. 

 For adult birds the formula 2:3:2 is also mentioned [6].  

 Maybe the fuse time of carpus and manus is after hatching that it is in contrast with the findings of past 

researchers [31]. 

 According to Schinz et al (1973) about 1 or 2 months after hatching the chicken metacarpus ossifies which 

is at the end of the first week for metacarpus III and IV and end of the seventh week for metacarpus II in quail in 

all specimens [32]. 

 It seems that less attention is paid for the development of the digits in yet it can be said that the first center 

of ossification in digits area of wing skeleton in quail is about the end of the first week. 

 It is probable that the skeletal development in distal elements of quail wing happens around the end of the 

first week with special mention of development in metacarpus, and digits area. Such a speed can have little 

result in the development of the carpus area. 

 

Conclusion: 

 The formation process of pectoral limb and wing skeleton elements in quail (coturnix c. japonica) and 

chicken have little differences but the growth pattern is identical in both. 

 Ossification of the long bones in wing area beginning at the end of the first week and at the end of the ninth 

week all the elements in these bones are formed. 

 The obvious point was that there are no secondary ossification centers in pectoral girdle and limb. 

 The best time to mention as the completion of the ossification process and the formation of all bone 

elements in pectoral girdle and limb is 63 days after hatching (Figure 6). 

 

 
 

Fig. 6: The completion of the ossification process in pectoral girdle and limb.63 days. 
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