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Abstract 
Objective- The aim of this study was to determine the age of physical maturity and 

evaluation of radiology and histology of hind limb ossification centers in pigeon. 

Design- Fundamental study. 

Animals- 14 pigeons. 

Procedures- These pigeons were cultivated in identical and standard conditions and 

radiological and histological tests performed every 7 days to 91 days.  

Results- Based on the results of radiology and histology, the hind limb skeletal 

differentiation in pigeons with the appearance of centers of immature cartilages in 

diaphyses of the femur, tibiotarsus and tarsometatarsus at the end of the first week and the 

fibula bone at the end of the third week began. Growth sequences in the femur, tibiotarsus, 

fibula, tarsometatarsus and digits were observed during different stages. The maximum 

growth of these bones was related to the periods of maximum cartilage activity and their 

bone formation, and the femur holds steady its growth relation to the length of the skeletal 

body of the hind limb, although at the end of the fifth week its growth slowed down. The 

histological findings were based on the examination of the proximal extremity of the 

femur. The tissue samples at one day were lack of bone marrow and the bone marrow 

begins to form at the end of the first week. The presence of epiphyseal growth plate in 

samples and its bone formation was confirmed on the basis of radiology early in the fifth 

week.  
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Conclusion and Clinical Relevance- According to this study, the best time to complete the development of bone formation and the 

formation of all parts of the hind limb skeleton of the pigeon is probably 35 days after the hatch. 

1. Introduction 

Skeletal development in birds has always been a topic of 

concern. The first studies on histogenesis were made by the 

bracket,1 but generally done before and after the hatch.8,32 

leg skeleton in birds is considerably less noticeable than 

the skeleton of the wings due to the five-legged position 

(pentadactyl limb), which is probably why the amount of 

information about the natural growth of the skeleton is 

scarce. A notable exception is the study by Johnson (1883) 

about the development of leg in the chick that the early 

stages of skeletal development were described in detail, but 

the subsequent stages were ignored.16 Most investigations 

about embryonic development of leg in birds are about 

chickens, except for some on zebra parakeet, ostrich, duck, 

and larus.2,29,33 Many studies are done on chicken with 

special aspects of leg skeletal development, like knee joint 

development24,25 or development of a certain bone, for 

example tibiotarsus or tarsometatarsus,8,28 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.12,27Also the natural growth of leg skeleton in pigeon 

embryo from the primary mesenchymal changes to last 

stages of embryonic period are investigated thoroughly. 

Most of the studies are about the embryonic period and the 

best studies about hatching and after hatching are mostly 

done on gallus domesticus.14 There is no citable study until 

now about the ossification centers in pigeon after hatching 

and this investigation studies the ossification centers in 

pigeon after hatching for the first time. 

 

2. Materials and Methods 

 

In this study, the growth and differentiation of pelvic 

girdle, hind limb and ossification centers in these areas 

were investigated in post-hatching period in pigeons. The 

14 hatching pigeons were cultivated in identical and 

standard conditions and radiological and histological tests 

performed every 7 days to 91 days. These birds were 

grown under the standard conditions related to diet, 

temperature, humidity and light. The moisture content of 

the storage medium was about 70%, the brightness was 13 

hours, and the temperature of the storage medium was 34-

36°C in the first few days, which gradually decreased to 

about 25-27°C from 14 days afterwards and then the 

temperature was kept constantly. In this study, the methods 

used included the provision of radiographic stereotypes, 

histological sections and tissue staining.  

After each stage of radiography, a sample was taken to 

examine the upper and lower centers of the femur and 

remove the tissue sections. Obviously, the number of 

specimens after the first radiography from 14 to 13 and 

from then on, also decreased and the samples were 

removed from the tissue sections. The radiography 

machine was Dean 44 X-Ray machine, KV 40 and mAs 

3.6.For radiography the lateral and ventrodorsal positions 

were used. The radiographs of the samples were made 

according to a regular sequence, so that radiographs were 

taken every day from the pigeons (in the first week, twice 

(day one and seventh day), and then at the end of the 

second to the thirteenth weeks, radiography was performed 

once). 

At the end of each week following a radiograph, a pigeon 

was randomly selected and with pentobarbital sodium was 

euthanized and the detached leg was placed in 10% 

formalin and then sent to a histological laboratory. In the 

laboratory, after the tissue passage, 5 micron thick sections 

of the proximal end of the thigh bone were prepared and 

then the samples were stained with Hematoxylin and Eosin 

staining. 

 
3. Statistical Analysis 

 

Statistical analyses were done by SPSS package. The data 

were described by Mean, Std. Deviation and Std. Error 

Mean. Statistics are based on cases with no missing values 

for any dependent variable or factor used. 95% Confidence 

Interval of the Mean Difference was statistically 

considered significant. 

 

4. Results 

 

Ossification time of pelvic girdle bones based on 

radiological findings: 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. 
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Table 1. Ossification time of pelvic girdle bones. 

Bone 

Days after hatching 

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

Ilium 
- - - + + + + + + + + + + + 

Ischium 
- - - + + + + + + + + + + + 

Pubis 
- - - + + + + + + + + + + + 

 

 
Figure 1. Ilium bone observed in all specimens. 21st day. 

 

Ossification time of hind limb bones based on 

radiological findings  

 

Hind limb bones were not observed in any of the 

specimens on the first day after hatching due to cartilage of 

these bones. From 7 days later, Femur, Tibiotarsal bone, 

Tarsometatarsal bone, Trochlea of tarsometatarsal bone, 

Digit I, Digit II, Digit III, Digit IV, Phalanges, Metatarsal I 

and from 14 days later, Condyle of  femur, Condyle of  

tibiotarsal bone were seen in all specimens; from 21 days 

later, Head of  femur, Trochanter of  femur and Fibula 

were Suspected in specimens. From 28 days later, Head of 

femur, Trochanter of femur, Fibula, Patella and Hypotarsal 

crest of tarsometatarsal bone in all specimens, they were 

seen (Table 2). 

 

Histological results 

 

Histological results are based on the examination of the 

histological sections of the proximal extremity of the 

femur. During this study, two samples were selected at 

each stage and the femur of each sample was isolated and 

the histochemical process was performed on them.  

 

The tissue samples have no bone marrow at one day and 

the bone marrow begins to form at the end of the first week 

(7 days of age). The presence of the growth plate in 

samples and their closure was confirmed on the basis of 

radiology in the early fifth week. The increase in bone 

length seems to be due to the alteration of the epiphyseal 

cartilage to the bone at the diaphyseal side. With age, 

shape and form of bone blades are formed, and the density 

and volume of blades are reduced. 

 

 
Figure 2. Fibula. 28th day. 

 

 
Figure 3. Patella. 35th day. 
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Table 2. Ossification time of hind limb bones  

 

 

 
Figure 4. Hock joint. 14th day. 

 

Investigating the process of converting cartilage 

tissue into bone tissue in the proximal region of 

the femur on the basis of microscopic 

observations 

 

1-day old: Cartilages that have previously been 

mesenchymal tissue are seen and these cartilages have 

been hypertrophic. The matrix surrounding them has been 

reduced and calcified, which causes the cartilage or 

chondrocyte cells to disappear. When the chondrocyte cell 

is destroyed, from the periosteum (perichondrium), a series 

of nerves and vessels attack the place where the cartilage is 

destroyed. With blood vessels and nerves, osteocytes and 

osteoblasts also go there to replace chondrocytes. The 

nucleus of the cells is lost during its destruction and its 

normal state is lost in the corner and it has a crushy state.  

7 days old: There is cartilage, but on the side lines of the 

cartilage cell, there are osteoblasts with an epithelial form 

that secrete the bone. Also, on the seventh day, we see 

osteoblasts that secrete the initial bone instead of the 

cartilage. There is no calcium in the initial bone and after a 

few days, calcium is deposited on collagen. 

14 days old: Both cartilage and bone appear, but the 

thickness of the bone tissue has increased. Osteoblasts are 

seen that have changed from cubic or squamous to 

cylindrical state, and the height of osteoblasts has 

increased. Cartilage tissue is more restricted and bone 

tissue volume has increased. There are nests inside the 

bone tissue. There is one osteocyte cell in the bone tissue 

and within each cell nest. When osteoblasts secrete the 

bone, the osteoblast cell floats inside the bone tissue and is 

called osteocyte.  

21 days old: Central bone channel is formed. Bone tissue is 

limited to the bone margin and not completely regular 

(woven bone). The osteon or haversian system is not 

completely formed and the cartilage tissue is very low. 

28 days old: It looks like the 21st day, but the haversian 

system has been identified. The woven bone is still there. 

Non-haversian systems also exist. 

 

Bone 
Days after hatching 

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

Head of  femur - - - +- + + + + + + + + + + 

Trochanter of  femur - - - +- + + + + + + + + + + 

Femur - + + + + + + + + + + + + + 

Patella - - - - + + + + + + + + + + 

Condyle of  femur - - + + + + + + + + + + + + 

Fibula - - - +- + + + + + + + + + + 

Tibiotarsal bone - + + + + + + + + + + + + + 

Condyle of  tibiotarsal bone - - + + + + + + + + + + + + 
Hypotarsal crest of  tarsometatarsal bone - - - - + + + + + + + + + + 

Tarsometatarsal bone - + + + + + + + + + + + + + 

Trochlea of  tarsometatarsal bone - + + + + + + + + + + + + + 

Digit I - + + + + + + + + + + + + + 

Digit II - + + + + + + + + + + + + + 

Digit III - + + + + + + + + + + + + + 

Digit IV - + + + + + + + + + + + + + 

Phalanges - + + + + + + + + + + + + + 

Metatarsal I - + + + + + + + + + + + + + 
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Figure 5. Histological section of the proximal extremity of the femur. A. The region of cartilage conversion into bone (1 days old). B. 

Osteoblasts are visible (7 days old). (10×H&E) C. Osteoblasts have been transformed from cubic or squamous to cylindrical state, and 

there is an osteocyte within each cell nest (14 days old). D. The central bone canal is composed and the woven bone is seen (21 days old). 

E. The haversian and non-haversian systems are visible (28 days old). (40×H&E). 

 

35 days old: The bone has a mature state. The non-

haversian system isn’t there and there is a complete 

haversian system. The cartilage has completely 

disappeared and there is no effect of the cartilage model 

(Figure 5). 
 

Calculation results of bone layers by graded 

lens 

Total diameter of the bone: Based on the results, the lowest 

total diameter of the specimens was obtained in one day 

(1626.625 μm) and the highest overall diameter was in 91 

days old (4513.5 μm).In the statistical analysis of the data, 

the increase in overall diameter after one day is 

accompanied by a gradual and regular increase and has a 

linear gradient (Chart 1). 

Inner diameter of the bone: Based on the statistical results, 

the inner diameter increased from 1 to 14 days old at a 

gentle speed and from 14 to 21 days old in a high speed. 

Then, from 21 to 28 days of age, there was a significant 
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decrease and then had increased from 28 days later. This 

increase was followed from the age of 35 to 42 days at a 

high speed and from 42 days of age by a gentle song and 

reached to its maximum at 91 days of age. In fact, it can be 

stated that the growth of the inner diameter of the bone has 

3 stages of increase (1 to 21 days old), decrease (21 to 28 

days old) and increase (28 to 91 days old) (Chart 2). 

Osteocyte thickness of the bone: Osteocyte thickness 

during the period from day 1 to day 35 increased 

significantly so that the peak of bone thickness at 35 days 

old was 702.1 micrometers. After that, the thickness of the 

bone tissue was lowered, so that the minimum thickness of 

the bone tissue was 401.2 micrometers in 91-day 

specimens (Chart 3). 

Periosteum thickness of the bone: According to the data 

analysis, the thickness of the periosteum increases from 1 

to 35 days old. This increase in periosteal thickness from 1 

to 7 days old has a significant increase then increases from 

7 to 21 days old at a gentle speed and from 21 to 35 days 

old at a high speed. The thickness of the periosteum 

decreases gradually over a period of 35 to 56 days of age at 

a gentle speed, and then from 56 to 63 days of age, this 

downtrend continues at a high rate. From 63 to 70 days of 

age, the reduction of periosteum thickness was subtle, so 

there was no difference in the thickness of the periosteum 

(35.105 μm).From 70 to 77 days old, this decrease in 

thickness continued and then remained constant until 91 

days of age. The thickness of the periosteum in 77, 84 and 

91 days old was 32.5975 micrometers (Chart 4).  

Endosteum thickness of the bone: Thickness of endosteum 

increased from 1 to 35 days old. The highest speed of 

increasing in endosteum thickness was observed between 

14 to 21 days old, with the highest thickness of endosteum 

in 35-day specimens, which was 41.2928 micrometers. The 

thickness of endosteum was lowered in specimens after 35 

days old, and this decrease alternatively continued for up 

to 91 days old (Chart 5).The results obtained from 

measuring the thickness of different histologic parts by the 

graded lens are given in table 3. 

  

 

Table 3. The results obtained from measuring the thickness of different histologic parts by the graded lens 

Age Total diameter Osteocyte  Periosteum  Endosteum Inner diameter 

1 day old 1626.625 230.575 - - - 

7 days old 2127.125 350.875 5.1616 7.7424 1763.346 

14 days old 2427.425 431.075 10.025 9.0322 1977.2928 

21 days old 2652.65 521.3 30.075 23.2272 2078.0478 

28 days old 2752.75 677.025 40.1 36.1312 1999.4938 

35 days old 2852.85 702.1 50.15 41.2928 2059.3072 

42 days old 2927.935 651.95 45.135 38.712 2192.138 

49 days old 3303.3 626.875 42.6275 33.5504 2600.2471 

56 days old 4125.125 601.8 40.12 30.9696 3452.2354 

63 days old 4204.2 576.725 35.105 25.808 3566.663 

70 days old 4304.3 501.5 35.105 22.6388 3745.0562 

77 days old 4404.4 451.35 32.5975 20.05 3900.4025 

84 days old 4463.35 426.275 32.5975 18.045 3986.4325 

91 days old 4513.5 401.2 32.5975 16.4 4063.3025 
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    Chart 1. Measuring the total diameter of the bone.                                  Chart 2. Measuring the inner diameter of the bone.   

 

 
               Chart 3. Measuring the osteocyte thickness of the bone.                        Chart 4. Measuring the periosteum thickness of the bone.    

 
        Chart 5. Measuring the endosteum thickness of the bone. 
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5. Discussion 

 

In this study we try to compare leg skeletal development in 

pigeon (Columbiformes) 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 pigeon and chick 

are similar. 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 pigeon 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,9 yet, in 

pigeon 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 pigeon than 

chicken and after day 28, whereas in chicken the 

ossification is observed after day 63 in it14 but like pigeon, 

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 pigeon is like of chick in many ways, except for the 

metatarsus I turn to posterior position that happens later in 

pigeon. Fujioka 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 3.11 The same sequence of ossification is seen in 

pigeon although the ossification in digit IV needs more 

studies to be done in this field. 

During postnatal development of the pigeon, a large 

portion of the skeleton becomes pneumatized, displacing 

the hemopoietic bone marrow. The consequences of 

pneumatization on distribution and quantity of bone 

marrow as well as the availability of other sites for 

hemopoiesis have been investigated;30 bone marrow 

weight and its proportion of whole-body weight increased 

during the first 4 weeks and then decreased in the 

following months. The developing bone marrow showed a 

progressive distribution during the first months of life, 

eventually being distributed proportionally over the entire 

skeleton, except for the skull. At the age of 6 months p.h. 

bone marrow had been displaced, its volume decreasing in 

correlation to increasing pneumaticity and conversion to 

fatty marrow. This generates the characteristic pattern of 

bone marrow distribution in adult pigeons, which shows 

hemopoietic bone marrow in ulna, radius, femur, 

tibiotarsus, scapula, furcula, and the caudal vertebrae.30 

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 (Figure4). Previous 

researchers have put forth this theory about bones in tarsus 

region, too.20 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.6,10 

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 

domesticus14 but contradicts with Franceschini that 

declared the existence of three centers.10 

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. This center was ossified in all 

specimens on day 35 after hatching. 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. 

The closure of the growth plates in the tibiotarsus and the 

tarsometatarsus is the most reliable criterion for age 

determination in birds. Similar to the situation in fetal 

mammals, primary ossification centers arise prenatally in 

the middle part of the diaphyseal cartilage of the avian 

long bones.8 However, unlike in mammals, no secondary 

ossification centers are formed in the epiphyses of the 

appendicular skeleton of birds. Epiphyseal growth plates 

are therefore lacking in avian bones, except at the distal 

end of the tibiotarsus and the proximal end of the 

tarsometatarsal bone, both of which have a growth plate 

formed by the fusion lines between tarsal bones and the 

tibia or the metatarsal bones, respectively. Additionally, a 

secondary ossification center is situated in the craniodorsal 

part of the tibia. It corresponds to the tibial crest center of 

mammals (tibial tuberosity), to which the patellar ligament 

is attached.6,14,21 

The femur shows no growth plates and therefore only the 

thickness of the cartilage covering the femoral head and 
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condyles can give an indication of the age of the animal 

(Figure 5). In contrast, the tibiotarsus contains growth 

plates whose closure provides a criterion for age 

determination. The proximal and distal growth plates of 

the tibiotarsal bone closed around 5 weeks in the 

pigeon(Figure 6 , 7) , whereas in the chicken it occurred 

around 14 weeks. Similarly, closure of the tarsometatarsal 

growth plate occurs around 5 weeks in the pigeon (Figure 

8) in the present study and in the chickens it was around 

14 to 16 weeks.4 

Some researchers claim that the secondary centers only 

exist in mammals, lizards and in the avian tibia and 

cartilage canal in mammals are usually related to the 

subsequent developments of the secondary centers as in 

lizards.13 

Cartilage canals are in epiphysis area of bird bone and are 

described by Hines. 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 of 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.14,15 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.  

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. On 

the other hand, in the pigeon, fusion of the tarsal region 

bones with the tibia and metatarsus occurs in the fifth 

week. 

 

 
Figure 6. Lateromedial view of the proximal end of femur. A. 

21st day B. 28th day 
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Figure 7. Craniocaudal view of the proximal growth plate 

(arrows) of the tibiotarsus. A.28th day. B. 35th day 

 

 
Figure 8. Craniocaudal view of the distal growth plate (arrows) 

of the tibiotarsus. A. 28th day. B. 35th day 
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Figure 9. Dorsoplantar view of the proximal growth plate 

(arrows) of the tarsometatarsus. A. 28th day. B. 35th day. 

6. Conclusion 

 

By comparison of leg development in pigeon 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 pigeon. 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 causes the traction 

epiphysis. In the pigeon, the ossification of the long bones 

of the leg begins at the end of the first week and all the 

elements in these bones are formed at the end of the fourth 

week. Hence the best time to say that all the hind limb 

elements are totally formed and ossified is the 35th day 

after hatching. 
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 نشریه جراحی دامپزشکی ایران

 28(، شماره پیاپی 1)شماره  13، جلد 2018سال 

 

 چکیده

 

 

 اندام حرکتی خلفی پس از هچ در کبوتر یسازاستخوانمراکز  یشناسبافتبررسی رادیوگرافی و 

 

 2سیامک علیزاده، *,2ئیمهدی رضا، 1محمدرضا اوجاقلو

 
 ارومیه، ایران ،دانشگاه آزاد اسلامی ،کده دامپزشکی، واحد ارومیهدانشای دامپزشکی، دکترای حرفه آموختهدانش 1

 ، ایرانهیاروم گروه علوم درمانگاهی، دانشکده دامپزشکی، دانشگاه آزاد اسلامی واحد ارومیه، 2

 

خلفی در  اندام حرکتی یسازاستخوانمراکز  یشناسبافتهدف از این مطالعه تعیین سن بلوغ جسمی و ارزیابی رادیولوژی و  -هدف

 کبوتر بود.

 مطالعه بنیادی. -طرح

 کبوتر. 14 -حیوانات

 یهاشیآزماروزگی  91تا  بارکیروز  7این کبوترها متعاقب هچ در شرایط همسان و استاندارد پرورش یافتند و هر  -روش کار

 انجام شد. یشناسبافترادیولوژی و 

نابالغ در دیافیز  یهاغضروفتمایز اسکلت اندام خلفی در کبوتر با ظاهر شدن مراکزی از  یشناسبافتبر اساس نتایج رادیولوژی و  -نتایج

استخوان ران، تیبیوتارس و تارسومتاتارس در پایان هفته اول و نیز استخوان فیبولا در پایان هفته سوم آغاز شد. توالی رشد در استخوان 

حداکثر  یهادورهبه  هااستخوانطی مراحل مختلفی دیده شد و حداکثر رشد این  ران، تیبیوتارس، فیبولا، تارسومتاتارس و انگشتان در

یممربوط بود و استخوان ران، ارتباط رشد خود را با طول اسکلت اندام خلفی ثابت نگاه  هاآنفعالیت غضروفی و مراحل استخوانی شدن 

بررسی مقاطع بافتی انتهای فوقانی استخوان  بر اساس یشناسبافت، اگرچه از انتهای هفته پنجم میزان رشد آن تقلیل یافت. نتایج دارد

. وجود کندیمفاقد مغز استخوان بوده و مغز استخوان از انتهای هفته اول شروع به تشکیل شدن  یروزگکیبافتی در  یهانمونهران بود. 

 رادیولوژی تأیید شد.و استخوانی شدن آن در اوایل هفته پنجم بر اساس  هانمونهفیزی در صفحه رشد اپی

و تشکیل  یسازاستخوانکامل شدن روند  عنوانبه توانیماین مطالعه، بهترین زمانی را که  بر اساس -و کاربرد بالینی یریگجهینت

 .باشدیمروز پس از هچ  35 احتمالاً اسکلت اندام خلفی کبوتر بیان نمود، یهاقسمتهمه 

 کبوتر ، رادیولوژی،یسازاستخوان، مراکز ، اندام خلفییشناسبافت -کلیدی کلمات

 
 


