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Abstract 

Background and aim: The aim of this study was to evaluate the time of osteogenesis and development pectoral 
girdle elements, wing and the ossification centers of these regions in post-heching time in common myna 
(Acridotheres tristis) with by using radiographic method. 
Materials and Methods: This descriptive study is done on myna after hatching. Fourteen myna (7 male and 7 
female) were reared in similar and standard conditions and radiography was done once every 7 days to up 90 days of 
wing bones. The assigned technique including processing the radiographic image with normal radiography film. 
Results: Differentiation of the wing in myna 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.  
Conclusion: Based on this study, osteogenesis time in the wing bones of myna is 70 days after hatching and some of 
the many contrasts that were mentioned about other birds can be evaluated and compared and also, there was no 
significant difference between male and female myna birds in relation to osteogenesis time. 
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Introduction 
Numerous studies are done about the forming of 

the ossification centers in birds before and after 
hatching (Maddin et al., 2016; Alvarez et al., 2022; 
Adamopoulos et al., 2021). There are studies about 
common myna (Acridotheres tristis) 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 myna, which is rapidly 
changing to a proper bird for many research studies 
like toxicology and teratology (Grarock et al., 2014; 
Grarock et al., 2012; Prasad & Christi, 2014).  

The anatomy of the wing of the birds and the 
patterns related to it are widely studied and there have 
been many attempts for the analysis of the involved 
elements in controlling the differentiation of it (John 
et al., 2017; Kadhim et al., 2013). Most of these 
studies, apart from some exceptions, are mostly about 
domestic poultry (Gallus domesticus) (Pohlmann et 
al., 2017). As there is a lot of information about the 
development of skeleton in Gallus domesticus, we 
can consider them to compare with the results of this 
study on myna (Butler, 2015). Such a comparison 
between two species that are categorized under 
different order of galliformes is of great importance. 
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 (Oznurlu et al., 2016). 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 myna 
(Acridotheres tristis) embryo (Lansdown, 1969). 

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 
(Hogg, 1980; Barbut, 2016). The aim of this study 
was to determine the age of physical maturity and to 
evaluate the formation process of ossification centers 
after hatching in the myna wing skeleton using 
radiological methods and since there is no basic study 
on the time of the formation of ossification centers in 
myna and there is little information about the wing 
skeleton, this fundamental study was conducted in 
this field. 

Materials and Methods 
This descriptive study is done on myna after 

hatching. Fourteen myna (Acridotheres tristis) (7 
male and 7 female) 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. The techniques 
employed include processing the radiographic 
stereotype with normal radiography film. The 
radiography machine was Dean 44 X-Ray machine, 
Hitachi Medical Corporation, Tokyo, Japan, KVp 40-
110 and mAs 0.1-200 and focal-film distance 100 cm. 
The applied KVp and mAs were considered as 40 and 
3.5, respectively. 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 
90 days after hatching. Animal Research Ethics 
Committee of Veterinary Faculty of Islamic Azad 
University approved all experimental procedures (No: 
0506215279). 

Results 
The time of ossification in pectoral girdle and 
sternum 

Scapula, Clavicle, Coracoid and 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. 

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.
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Figure 1. Ventrodorsal radiograph of myna. Sternum observed in all specimens (arrow).14 days. 

 
 

Area Days after hatching 

1 7 14 21 28 35 42 49 56 63 70 77 84 
Scapula - + + + + + + + + + + + + 

Clavicle - + + + + + + + + + + + + 

Coracoid - - + + + + + + + + + + + 

Sternum - - + + + + + + + + + + + 

Table 1. Time of pectoral girdle ossifying. 

 
It was observed in day 56 in more than 90% and 

after day 56 in all specimens. Ventral 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. 
Diaphysis of 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. Ventral epicondyle 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 epicondyle 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 28 in all 
specimens (Figure 4). 

Metacarp I: 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 II: 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 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 (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
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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. 

According to this study seems, time which could 
be as the completion of the ossification process and 
the formation of all parts pectoral limb girdle and 
wing is 70 days after hatching (Figure 6). 

 

 
Days after hatching 

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

+ + + + + + + + - - - - - Head of humerus 
+ + + + - - - - - - - - - Dorsal tubercle of humerus 
+ + + + - - - - - - - - - Venteral tubercle of humerus 
+ + + + + + + + + + + + - Diaphysis of humerus 
+ + + - - - - - - - - - - Venteral epicondyle of humerus 
+ + + - - - - - - - - - - Dorsal epicondyle of humerus 
+ + + + + + + + + + + + - Radius 
+ + + + + + + + + + + + - Ulna          
+ + + + + + + + + + - - - Radial carpal bone   
+ + + + + + + + + + - - - Ulnar carpal bone 
+ + + + + + - - - - - - - Metacarpus I    
+ + + + + + + + + + + + - Metacarpus II     
+ + + + + + + + + + + + - Metacarpus III       
+ + + + + + + + + + + + - Proximal phalanx of digit II 
+ + + + + + + + + + + + - Distal phalanx of digit II   
+ + + + + + + + + + + + - Proximal phalanx of digit III   
+ + + + + + + + + + + + - Distal phalanx of digit III 
+ + + + + + + + + + + + - Phalanx of digit IV                 

Table 2. Time of wing skeleton ossifying. 
 

 
Figure 2. Ventrodorsal radiograph of myna. The arrow indicates head of humerus. 42 days.
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Figure 3. Ventrodorsal radiograph of myna. The arrow indicates dorsal epicondyle of humerus. 63 days. 

 

 
Figure 4. Radial carpal bone (white arrow) and ulnar carpal bone (yellow arrow) in VD view of myna. 28 days. L: left. 

 

 
Figure 5. Metacarpal bone: Metacarp I (white arrow), Metacarp II (yellow arrow), Metacarp III (blue arrow) in VD view of 

myna. 28 days. L: left.
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Figure 6. The completion of the ossification process in pectoral girdle and limb.70 days. 

 

Discussion   
Because of the widespread of the information in 

the field of skeleton development in chick we try to 
compare the development of wing skeleton in myna 
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. Several studies have been performed in 
respect of skeletal development in the birds such as 
Gallus domestics but there is not any published 
evidence regarding skeletal development in myna 
hence, we try to compare the development of wing 
skeleton in this bird with Gallus domestics in this 
study. 

Galiano and Lapointe cite a study of osteogenesis 
bone process on the endosteal bone of pigeons 
(Columbia livia domestica) surfaces by histology, 
autoradiography, microradiography, and electron 
microscopy indicated that medullary bone growth 
was associated with a rapid and dramatic increase in 
total plasma calcium (Galiano & Lapointe, 2019). In 
another study was accomplished by John et al., on the 
ossification centers of the pectoral girdle and wing 
skeleton of the myna, different osteogenesis times 
identified in some bones such as the humerus, radius, 
ulna, carpal and metacarpal bones. This study is 
consistent with our study, except for the timing of 
phalanx bones (John et al., 2017). Crosta et al., 
investigated the time of ossification centers of the 
myna vertebrae, ribs, and sternum and announced that 
the sternum osteogenesis time was immediately after 
hatching, whereas in our study, this was on the 14th 
day after hatching (Crosta et al., 2018), which was 
different from our study. In another study, Grarock et 
al., reported the first onset of primary extraction 
centers in myna on the ninth day of incubation. This 

study showed different growth patterns between the 
long and short bones of the wings and legs (Grarock 
et al., 2014). Sanaei reported that the timing of 
osteogenesis of pigeon bones and compared these 
times with the process of osteogenesis of myna bones, 
and showed that the process of bone osteogenesis in 
these two birds was closely related (Sanaei, 2011). 
The general formula in digit ossification in birds is 
1:2:1 (Maxwell & Larsson, 2009; O’Connor et al., 
2011). But the formula observed in this study was 
usually 2:2:1 that was observed in further studies of 
past researchers about chicken (Welten, 2005). It 
seems that only Bellairs et al., uses this formula 
specifically for Gallus domesticus and it was 
confirmed in few birds studied in this investigation 
(Bellairs et al., 1960).  

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. For adult birds the 
formula 2:3:2 is also mentioned. Maybe the fuse time 
of carpus and manus is after hatching that it is in 
contrast with the findings of past researchers 
(Alizadeh et al., 2014).  

According to Pourlis and Antonopoulos 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 myna in all specimens (Pourlis & 
Antonopoulos, 2011). Also, according to Mitgutsch et 
al., about 1 or 2 months after hatching the chicken 
metacarpus ossifies which is at the end of the 7th day 
for metacarpus III and IV and the end of the seventh 
week for metacarpus II in myna in all specimens. It
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seems that less attention is paid for the development 
of the digits in birds, however, it can be said that 
thefirst center of ossification in digits area of wing 
skeleton in myna is about the end of the first week 
(Mitgutsch et al., 2011). It is probable that the 
development of skeletal in distal portions of myna 
wing happens around the end of the first week with 
special mention of development in metacarpus, and 
digit area. Such a speed can have little result in the 
development of the carpus area. 

The formation process of pectoral limb girdle and 
wing bones in myna (Acridotheres tristis) and 
chicken have little differences but the growth pattern 
is similar in both. In this study, the ossification of the 
long bones of the wing was begun after 7th day and 
the ossification was finished at the end of 63the day. 
The growth plate was not observed in the pectoral 
limb girdle and wing bones. According to this study 
seems, time which could be as the completion of the 
ossification process and the formation of all parts 
pectoral limb girdle and wing is 70 days after 
hatching (Figure 6). 

Conclusion 
The formation process of pectoral limb and wing 

bones skeleton elements in common myna 
(Acridotheres tristis) 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 skeleton 
elements in pectoral girdle and limb is 70 days after 
hatching.  
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  چكيده

سازي اين نواحي در زمان پس از هچينگ  اي، بال و مراكز استخوان كمربند سينه يها زمان استئوژنز و توسعه استخوان يابيمطالعه ارز نيهدف از ا و هدف: نهيزم

  .بود يوگرافيبا استفاده از روش راد )Acridotheres tristis( يمعمول ينايدر م

روز  ٧ماده) در شرايط همسان و استاندارد پرورش يافتند و هر  ٧نر و  ٧( نايم ١٤انجام شد.  يزيپس از جوجه ر نايم يبر رو يفيمطالعه توص نيا ها: و روش مواد

  .بود يوگرافينرمال راد لميبا ف يوگرافيراد يها شهيكل هير رفته شامل تهبه كا كيبال انجام شد. تكن يها از استخوان يوگرافيروزگي راد ٩٠تا  كباري

مچ  يدر پايان هفته اول و نيز نواح نيريو زندز نيريهاي نابالغ در ديافيز استخوان بازو، زندز با ظاهر شدن مراكزي از غضروف ناياسكلت بال در م زيتما :ها افتهي

شد.   دهيدر طي مراحل مختلفي د گشتاندست و ان يها ، مچ دست، قلم نيري، زندز نيريرشد در استخوان بازو، زندز ي. توالديدست در شروع هفته سوم آغاز گرد

دارد  شدن مرتبط بود. استخوان بازو ارتباط رشد خود را با طول تمام بال و اسكلت بال ثابت نگاه مي يو مراحل استخوان يغضروف تيفعال زانيحداكثر رشد به م

بود اما گاهاً نيز به فرمول  ٢:٢:١انگشتان ناحيه حركتي قدامي به طور معمول  يهاي بالغ فرمول بندها اگرچه از پايان هفته سوم ميزان رشد آن تقليل يافت. در نمونه

  .يافت يمكاهش  ١:٢:١

هاي فراواني كه در گذشته در مورد  و مغايرت افتد ياتفاق م نگيبعد از هچ ٧٠در روز  نايبال م يها مطالعه زمان استئوژنز استخوان نيا جيبر اساس نتا :يريگ جهينت

نر و ماده مشاهده  ينايم يها پرنده نيدر ب يدار ينتفاوت مع در رابطه با زمان استئوژنز نيتوان مورد ارزيابي و مقايسه قرار داد همچن پرنده ذكر شده بوده را مي نيا

  .نشد

 بال يها استخوان ،يولوژيزمان استئوژنز، راد نا،يم :يديكل يها واژه

 طب دامپزشكي جايگزين. مجله .يوگرافي) با روش رادAcridotheres tristis( نايبال م يها زمان استئوژنز استخوان يابيارز. زادهيعل امكي، سي، سامان آهنيهاشم منصور
  .٨١٦-٨٠٨): ١٤( ٥؛ ١٤٠١
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