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ABSTRACT 
 

Centers of ossification and development process in pelvic girdle and leg skeleton in quail after hatching 
were studied. Equal and standard conditions were provided for rearing all the specimens and in certain intervals 
from hatching to 91 days they were sampled. All the bones of leg skeleton in all specimens were cartilaginous 
and in soft tissue form until the end of the first week and then get the ossification process, and this process in 
pelvic girdle bones is from the beginning of the third week. It seems that the proximal tibial center is the only 
secondary ossification center in long bones. Maybe this center causes the bone growth. Three bones of tarsus 
region do not get ossified separately but fuse two bones of proximal row with tibia and one bone of distal row 
with metatarsus, therfore make tibiotarsus and tarsometatarsus, respectively. The center of ossification in digits 
I, II, III seems to be in a proximal-distal sequence although ossification of digit IV in quail is seen as 1, 5, 2, 3, 
and 4. This study has built a collection of natural stages for study of skeletal development of pelvic limb in quail 
(coturnix c. japonica) after hatching. 
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Introduction 
 

Skeletal development in birds has always been a 
subject under attention. The first studies that were 
about bone histogenesis were done by Brachet [4] 
but it was done thoroughly in before and after 
hatching time [9, 31]. 

Leg skeleton in birds, because pentadactyl limb, 
compared to wing skeleton, has been considerably 
under less attention and probably because of that the 
information about natural development of the 
skeleton is rare. 

The mentionable exception is Johnson’s study 
about leg formation in chicken that the primary 
stages of skeletal development are described 
thoroughly but the stages after that are ignored [13]. 

Most investigations about embryonic 
development of leg in birds are about chickens, 
except for some on zebra parakeet, ostrich, duck, and 
larus [5, 29, 32]. 

Many studies are done on chicken with special 
aspects of leg skeletal development, like knee joint 
development [24, 25] or development of a certain 
bone, for example tibiotarsus or tarsometatarsus [9, 
28], with only a now-and-then mentioning of other 
parts of the skeletal system. 

Many different investigations are done about the 
ossification centers in embryonic period that are 

about all mesenchymal, cartilaginous and ossification 
stages [14, 27]. 

Also the natural growth of leg skeleton in quail 
embryo from the primary mesenchymal changes to 
last stages of embryonic period are investigated 
thoroughly [20]. 

Most of the studies are about the embryonic 
period and the best studies about hatching and after 
hatching are mostly done on gallus domesticus [18]. 

There is no citable study until now about the 
ossification centers in quail (coturnix c. japonica) 
after hatching and this investigation studies the 
ossification centers in quail after hatching for the 
first time. 

 
Materials and Methods  

 
This study is done on quail after hatching. 

Fourteen quail (coturnix c. japonica) were kept from 
day one under the same conditions and were reared 
under the standard conditions related to food, 
temperature, humidity and light. 

The main techniques employed are 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 (depending on 
the size of the specimens) and focal-film distance 
100 cm. For radiography the lateral and ventrodorsal 
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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. 

In this study all the birds were sampled from 
hatching until 91 days. 

 

Results:  
 
Ossification time of pelvic girdle: 
 
Ilium, ischium, pubis:  

 
These bones were cartilaginous until the end of 

the second week and after day 21 it was observed as 
a bone in all specimens (Figure 1). The ossification 
starting time of pelvic girdle bones are shown in 
table 1. 

 
 

 
 
Fig. 1: Ilium bone observed in all specimens.21 days. 

 
Table 1: Time of pelvic girdle ossifying. 

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

 
Bone 

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

 
Ilium 
Ischium 
Pubis 

 
Ossification time of pelvic limb bones: 
 
Head of femur:  

 
It was not observed in any of the specimens until 

day 49. It was observed in day 56 in 65% and in day 
63 in more than 90% and after day 70 in all 
specimens. 
 
Trochanter of femur:  

 
It was not observed in any of the specimens until 

day 14. It was observed in day 21 in 70% and in day 
28 in more than 90% and after day 35 in all 
specimens. 
 
Femur:  

 
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. 
Patella:  

 
It was not observed in any of the specimens until 

day 28. It was observed in day 35 in 85% and in day 
42 in all specimens (Figure 2). 
 
Condyle of femur:  

 
It was not observed in any of the specimens until 

day 14. It was observed in day 21 in 70% and in day 
28 in more than 90% and after day 35 in all 
specimens. 
 
Fibula:  

 
It was not observed in any of the specimens until 

day 14. It was observed in day 21 in 80% and in day 
28 in all specimens (Figure 3). 
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Tibiotarsal bone:  
 
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. 
 
Condyle of tibiatarsal bone:  

 
It was not observed in any of the specimens until 

day 7. It was observed in day 14 in 70% and in day 
21 in more than 90% and after day 28 in all 
specimens. 
 

Hypotarsal crest of tarsometatarsal bone:  
 
It was not observed in any of the specimens until 

day 56. It was observed in day 63 in 75% and in day 
70 in 90% and after day 77 in all specimens. 
 
Trochlea of tarsometatarsal bone, Digit I, Digit II, 
Digit III, Digit IV, Metatarsal I:  

 
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. Ossification times of leg skeleton bones 
are shown in table 2. 

 
Table 2: Time of leg skeleton ossifying. 

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

 
Bone 

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

Head of Femur 
Trochanter of Femur 
Femur 
Patella 
Condyle of Femur 
Fibula 
Tibiotarsal bone 
Condyle of tibiatarsal bone 
Hypotarsal crest of tarsometatarsal bone 
Tarsometatarsal bone 
Trochlea of tarsometatarsal bone 
Digit I 
Digit II 
Digit III 
Digit IV 
Phalanges 
Metatarsal I 

 
 
 

 
 
Fig. 2: Patella observed in only one specimen.35 days. 
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Fig. 3: Fibula.28 days. 

 
 
Fig. 4: Hock joint in specimen number 3.21 days. 

 
Discussion  

 
In this study we try to compare leg skeletal 

development in quail after hatching with the pre-
hatching time and more specifically with gallus 
domesticus after hatching because the information 
about the natural development of leg skeleton in 
chick is vast. 

Although the changes happen at different times 
for the mesenchymal density of bone marrow, 
primary cartilage, and ossification in large elements, 
it is clearly observed that the development of the 
skeleton in quail and chick are very similar and this 
can mean that quail and chick are classified under the 
galliformes class [30]. 

Mesenchymal density and first stages of 
cartilage development in femur, tibia, and fibula 
diaphysis in day one is completely observable. 

In chicken, the femur, as the strongest element in 
primary leg skeleton in chondrogenesis period is 
explained, although its development rate is lower 
than development rate of tibia. 

Nonetheless, in quail the tibia is not only the 
strongest element but its development rate is also 
higher even in cartilaginous stage. 

In addition, fibula in chick has more 
chondrogenesis speed compared to tibia [10], yet, in 
quail the development rate of fibula is lower than 
tibia. 

In past studies, it is mentioned that fibula is 
considerably thinner than tibia in cross section. 

And by the increase in ossification process the 
distal end gets thinner than the proximal end. It 
seems impossible that fibula can always have higher 
rate of development compared to tibia in chick [25].  

It seems that patella ossifies a little earlier in 
quail than chicken and after day 35, whereas in 
chicken the ossification is observed after day 63 in it 
[18] but like quail, chicken patella is not also ossified 
after hatching, and until the time it is in late 
incubation period only a weak cartilage is observed 
in it [25]. 

The metatarsus development in quail is like of 
chick in many ways, except for the metatarsus I turn 
to posterior position that happens later in quail. 

Fujioko says that the center of ossification in 
digits I, II, and III seems to be in a proximal-distal 
sequence, but the sequence of ossification in 
phalanges in digit IV is 1, 4, 5, 2, and 3 [12]. 
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The same sequence of ossification is seen in 
quail although the ossification in digit IV is 1, 5, 2, 3, 
and 4 in quail. 

The existence of two rows of ossification centers 
in tarsus joint region in birds (hock joint) is 
completely obvious which is fused with tibia from 
proximal extremity and to big metatarsus from distal 
extremity (Figure 4). 

Previous researchers have put forth this theory 
about bones in tarsus region, too. [22]. At last we can 
say that in tarsus area the bones adjacent to long 
bones are fused and are usually called tibiotarsus and 
tarsometatarsus. When we relate these expressions to 
them no justification about the secondary ossification 
centers in tarsus area mentioned in previous studies 
is acceptable [7, 11]. 

This study confirms the general idea about the 
existence of two centers at proximal row and one 
center in distal row in tarsus and is equal with 
Hogg’s study on gallus domesticus [18] but 
contradicts with Franceschini that declared the 
existence of three centers [11]. 

It seems that the proximal center of tibia is the 
only secondary and real center of ossification in long 
bones that probably exists in all birds (Figure 5). 
This center was ossified in all specimens on day 56 
and just in one specimen on day 70 after hatching 
(Figure 6). If this center causes the increase in the 
size of bone that is a growth plate (Epiphyseal plate) 
and maybe it is a traction epiphysis. 

Some researchers claim that the secondary 
centers only exist in mammals, lizards and in the 
avian tibia and chartilage canal in mammals are 
usually related to the subsequent developments of the 
secondary centers as in lizards [17]. 

cartilage canals are in epiphysis area of bird 
bone and are described by Haines. The first have 
more secondary centers and may destroy during the 

bone pneumatisation and invasion of air bags inside 
the bone. Pneumatisation in long bones increases 
hence there is an unusual relation between species of 
birds. Although the existence if a center in proximal 
extremity of tibia is completely obvious, little 
attention is paid to it. 

Parsons believed that they belong to the group of 
traction epiphyses and he has applied the term to 
them. He suggested that these represented pre-
existing sesamoid bones [26]. 

Some researchers have disagreed with this 
expression and have called them the inter tendon 
centers and by ossification progress, the cartilage 
epiphysis area is placed inside tendon and they also 
believed that these should be differentiated with the 
sesamoids [18, 19]. 

In some studies Parson’s theory is supported 
since it was proved that in some birds there may not 
be a patella and it may be fused with tibia bone. 
Although in this study the existence of patella is 
completely obvious. 

According to previous findings the tibia is 
separate so it is more similar to a sesamoid bone. 

Probably the proximal center of tibia shows the 
preformed joint of sesamoid to tibia and in addition 
is a tool to reinforce the joint of quadriceps femoris 
muscle, too. 

Some of these forms, like the longer length of 
crus bones from proximal elements and specificity of 
tarsus region, in which the proximal elements are 
intensely bond to crus (tibia and fibula), can be an 
adaption to running and locomotion with two legs. 

In birds, in a separate line of pseudosuchian, 
because of the running habit a similar essential 
mechanism has made a structure called tibiotarsus 
(fusing of proximal tarsal row to distal extremity of 
tibia) that this tibiotarsus is one of the specific 
characteristics of the bird class skeleton. 

 

 
 
Fig. 5: Knee joint in specimen number 4.35 days. 
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Fig. 6: Proximal tibial center is open in one of specimens until 70 days. 

 
Conclusion: 

 
By comparison of leg development in quail 

(coturnix c. japonica) and chicken, it is obvious that 
the skeleton elements in both birds are very similar in 
one sequence although the development in the 
chicken is longer than in the quail. 

In this study the existence of epiphyseal plate at 
the proximal extremity of tibia was doubtful that 
maybe causes the increase in the size of the diaphysis 

in all specimens or it was the secondary center of 
ossification that cause the traction epiphysis. 

Maybe the best time to say that all the pelvic 
limb elements are totally formed and ossified is the 
70th day after hatching (Figure 7). 

The final form of the body is very similar in both 
birds. 

Thus, according to the observations of the 
development of pelvic limb, it seems that quail 
(coturnix c. japonica) is also categorized under the 
galliformes class like chicken. 

 

 
 
Fig. 7: The completion of the ossification process in pelvic girdle and limb.70 days. 
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