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Abstract 25 

 
Background: European pond turtle is one of the two species of freshwater turtles in Iran. 
Regarding clinical examinations and diagnostic imaging techniques, it is necessary to have 
complete anatomical information of the examined animal. 
Objective: This study was done to provide complete morphometric and normal 2D computed 30 

tomographic scanning information of the vertebrae in European pond turtles.  
Methods: Ten European Pond turtles were used in this study. CT-Scan images were taken from 
each anesthetized turtle. Morphometric parameters were measured in the CT-Scan images of the 
vertebral column. 
Results: Atlas was the shortest of the cervical vertebrae, and the eighth cervical vertebra was 35 

shorter than the previous vertebrae. The articular surface of the caudal articular processes of the 
eighth cervical vertebra was bent, and these surfaces were almost vertical. Transverse process 
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width had remained constant in the cervical vertebrae. The transverse process was not observed 
in the dorsal vertebrae. 1st dorsal vertebra had a different shape than others. 
Conclusions: The particular shape of the last two cervical vertebrae, especially the arched shape 40 

of the eight vertebrae. The seventh and eighth cervical vertebrae have the largest transverse 
distance between caudal articular processes seem to be essential features in cervical motion. The 
limited space of the caudal cervical vertebrae inside the shell chamber can be the reason for 
reduction in length of these vertebrae. It seems that the absence of spinous process in the seventh 
and eighth cervical vertebrae of the neck is related to their specific position in the neck 45 

retraction.  
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Introduction 

The skeletal system is a very important compartment of the body, and usually, the position of 
other systems is defined according to this system. On the other hand, the elements of this system 
are used as a topographic guide in diagnostic imaging methods furthermore cases where the 
direct study of bones is necessary (Sisson and Grossman, 1975). 55 

European pond turtle is one of the two species of freshwater turtles in Iran. No diagnostic 
imaging studies have been performed on the skeletal system of this species. However, similar 
studies have been done on other species. So far, various studies have been performed on different 
organs of the body in different species of turtles in the world, including joint radiological and 
anatomical works the following: 60 

In 2006, Valente and colleagues examined radiographs of the neck and trunk of a Caretta 
caretta. They provided helpful indicators for identifying internal organs, including the bronchi, 
Coracoid bone, and Acetabulum (Valente et al., 2006). In 2007, Valente et al. studied the 
radiographical anatomy of the limbs of the Caretta caretta and described their normal 
radiographic profiles. The researchers also used 3D CT-Scans to describe this anatomy (Valente 65 

et al., 2007). In 2007, Valente et al. analyzed a CT-Scan of the vertebrae and coelomic cavity of 
the red sea turtle (Caretta caretta). They noted some essential points, such as the position of the 
various organs of the coelomic cavity compared to the carpus and vertebrae. One of the essential 
points of these researchers' study was that the trachea is bifurcated more cranially in other turtles 
than this species, which has been attributed to the inability of this species to contract its neck 70 

(Valente et al., 2007a). In 2019, Young et al. did a comparative limb bone scaling study in turtles 
(Young, et al. In 2019). In 2019, Ampaw et al. did a compressive study of the deformation and 
failure of trabecular structures in a turtle shell (Ampaw, et al. 2019). In 2017, Schachner et al. 
did a study on the pulmonary anatomy in a common snapping turtle (Schachner, et al. 2017). In 
2019, Ricciardi et al. did a multidetector computed tomographic study of the lungs in the 75 

loggerhead sea turtle (Ricciardi, et al. 2019). 

In 2012, Tyler and Walter studied topologically the relationship between the scapula and the rib 
cage. They found that the shoulder girdle was located inside the shell and in front of the rib cage 
(Tyler and Walter, 2012). In 2003, Sheil examined the morphology of bones during the 
embryonic period in the Apolone spinifera and compared it with another tortoise species. Adult 80 

tortoise bones have also been studied in detail in this study (Sheil, 2003). In 2009, Marcelo and 
colleagues studied bone morphogenesis during the embryonic period of the Pelodiscus Sinensis, 
a Chinese soft-shelled tortoise, focusing on the pattern and ossification sites. They found 
differences between this species and Apolone spinifera at different bone formation times 
(Marcelo et al., 2009). In 2004, Walter reviewed a comparison of the bone morphology of the 85 
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Testudines order, which includes wetland and terrestrial species, and their initial results suggest 
that ontogenic changes in skeletal structure may be one of the main reasons for differences 
within species of this order (Walter, 2004). 

In 2005, Sheil & Greenbaum re-examined the formation time of different bones in the body of 
Chelydra serpentine and noted differences between species based on previous studies of other 90 

species (Sheil & Greenbaum, 2005). In 2007, Marcelo and colleagues studied the carpal and 
tarsal bones in 25 species of adult side-necked turtle and found greater diversity in manus and 
pes morphology (Marcelo et al., 2007). In 2020, Davari et al. studied the anatomical features of 
the lungs in the Caspian Pond Turtle by CT scan (Davari et al., 2020). In 2014, Zehtabvar et al. 
studied the anatomical features of the coelomic cavity in the European pond turtle by CT-Scan 95 

and radiography (Zehtabvar et al., 2014). In 2015, this researcher also studied the anatomical 
features of the non-respiratory organs of the European pond turtle coelomic cavity (Zehtabvar et 
al., 2015). 

Regarding clinical examinations and diagnostic imaging techniques, it is necessary to have 
complete anatomical information of the examined animal, and it is necessary to consider these 100 

features in various studies. Also, in order to be able to interpret the injuries to the spine and the 
shell and to better understand the relative position of the internal organs of the body, normal 
radiographs and CT-Scans are suitable tools to achieve the above goals. This study analyzed the 
anatomical and 2D CT-Scan images of the vertebral column and compared the results with other 
available sources. By doing this study and similar studies, the first and necessary steps can be 105 

taken to identify better, preserve, and maintain this biological reserve. In addition, using 
morphometric measurements has attempted better to interpret the spine structure in the European 
pond turtle. 

 

Materials and Methods 110 

Individuals: Ten male adult European pond turtles (Emmys orbicularis) with an average weight 
of 450±45.22g. The specimens were kept in reptile suitable conditions for one week for to get 
used to the environment and return to normal conditions. During this period, whole fish carcasses 
(Black Sea sprat, Clupeonella cultriventris) were used to feed the turtles. 

The identification keys provided in the references were used to select the turtles to separate the 115 

males from the females. In this species, the iris in males is reddish and orange, while it is almost 
yellow in females. The number of yellow spots on the head and neck of males is smaller and 
lesser than females. In addition, males have sunken plaster compared to females (Alinezhad, et 
al. 2019). 

Computed Tomography (CT) Scanning: 120 
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The Siemens Somatom Spirit II CT-Scan machine was used to prepare images. After transferring 
the samples to the radiology department of the Small Animal Hospital of the Faculty of 
Veterinary Medicine, University of Tehran, the turtles were anesthetized by intramuscular 
injection of ketamine (25 mg/kg) and diazepam (1 mg/kg) (Carpenter and Marion, 2018). 

Technical parameters for this imaging protocol were as follows: Rotation time, ls; slice 125 

thickness, 1mm; reconstruction interval, 0.5-1 mm; pitch, 1; X-ray tube potential, 120 kV; and 
X-ray tube current, 130 mA. 

Appropriate Window width (WW) and Window level (WL) were selected to take each section's 
graph mentioned in each section's CT-Scan image results. Bone windows were used to check the 
images. The turtles were not euthanized after the study, and studies were performed on CT-Scan 130 

images. The turtles studied in this article are still alive and well at the time of writing. 

 

Morphometric study: 
After analyzing the CT scan images and identifying the different sections, the parameters were 
measured in the CT scan images of the vertebral column. The measured parameters are described 135 

in table 1. The results of the measurements are shown in tables 2-4. Morphometric mensuration 
from digital CT images was performed with Syngo MMWP VE40A software.  

Statistical analysis: 

Statistical analyses were done by SPSS software version 24.0. The descriptive statistics 
described by Mean±SD. Parameters were compared by running paired sample t-test analysis. A 140 

p-value less than 0.05 was statistically considered significant. 

 

Results 

2D CT- Scan: This species had eight cervical vertebrae, ten dorsal vertebrae, two sacral 
vertebrae, and twenty-five caudal vertebrae. The cervical vertebrae were highly mobile, and 145 

there were no cervical ribs. The dorsal vertebrae were immobile and fused. The Neural spines 
were fused and were integrated from the back with carapace Neural plate. The sacrum had two 
vertebrae. The tail also had twenty-five highly mobile caudal vertebrae (Figures 1). 

The cervical region had eight vertebrae which each had a specific shape. The first and eighth 
vertebrae were significantly wider compared to their length. 150 

Atlas (1st Cervical vertebra) had two neural arches, a centrum and an intercentrum. The cranial 
part of the vertebra included a cranial articular cavity to articulate with the occipital condyle. The 
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ventral part of the centrum had a crest. The centrum had a foramen on either side (Lateral 
vertebral foramen) (Figures 1&2). 

Axis (2nd Cervical vertebra) was more elongated than the atlas. The width was significant in the 155 

region of caudal articular processes. Transverse processes were located on both sides of the 
cranial surface of the centrum (Figures 1&2). 

The third, fourth and fifth cervical vertebrae were very similar. The intervertebral foramen was 
formed between the vertebrae. This foramen was also formed between the second and third 
vertebrae. The transverse process was located in the cranial part of the vertebrae (Figures 1&2). 160 

The sixth cervical vertebra was similar in appearance to the earlier vertebrae. The caudal 
articular processes were arched (Figures 1&2).  

The general shape of the seventh vertebra was similar to the earlier vertebrae but wider. No 
spinous process was observed in this vertebra. Caudal articular processes were arched (Figures 
1&2). 165 

The eighth cervical vertebra had a unique shape. The length of the vertebra was shorter than the 
previous vertebrae. The articular surface of the Caudal articular processes was sharply indented 
and was bent, and these surfaces were almost vertical. Caudal articular processes were larger 
than cranial articular processes and had more arches than other vertebrae. No spinous process 
was observed in this vertebra (Figures 1&2). 170 

The ribs, dorsal vertebrae, and dermal bones had formed a single bone called the carapace. The 
count of dorsal vertebrae was ten, to each of which a pair of ribs (costal heads) was attached 
(Figures 1&2). 

1st dorsal vertebra had a different shape than the rest of the vertebrae, and its shape was 
significantly altered to articulate with the 8th cervical vertebra. A large articular surface was seen 175 

between the eighth cervical vertebra and the first dorsal vertebra. From the cranial part of the 1st 
dorsal vertebra's centrum, two delicate bone rods were elongated toward the second rib and 
finally attached to the cranial rim of the second rib head (Figure 1). The rest of the dorsal 
vertebrae were similar in appearance. It should be noted that the transverse process was not 
observed in the dorsal vertebrae. 180 

The costal heads were connected proximally to the vertebrae and distally to the dermal bones. 
These plates were the costal dermal bones. The first and second costal heads were attached to the 
first costal dermal bone, and the ninth and tenth costal heads were attached to the eighth costal 
dermal bone (Figure 1). Due to the fusion of the dorsal vertebrae, there were no intervertebral 
foramens between them, but very small lateral vertebral foramens were observed. 185 
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The sacrum had consisted of two vertebrae. These vertebrae were not bonded to the carapace. 
Transverse processes in the first sacral vertebra had an articular surface for the Ilium (Figures 
1&2). 

The tail had twenty-five caudal vertebrae. Transverse processes became smaller in the caudal 
vertebrae. The length of the vertebrae towards the caudal was gradually reduced. (Figure 2). 190 

Morphometric study: Results of morphometric studies of different parts of the vertebral column 
have shown in the 2-4 tables. As shown in Table 2, in the cervical vertebrae, the size difference 
between C1 and C2 was statistically significant concerning VBH, and the Vertebral body height 
had reduced (p<0.05). The difference in VBH size from C2 to C4 was not significant, and the 
vertebral body height had remained constant (p>0.05). The difference in VBH size from C4 to 195 

C6 was significant, and the Vertebral body height had reduced (p<0.05). The difference in VBH 
size between C6 and C7 was not significant, and the vertebral body height had remained constant 
(p>0.05). The difference in VBH size between C7 and C8 was significant, and Vertebral body 
height had increased (p<0.05). 

In the cervical part of the vertebral column, the difference in VBL size from C1 to C8 was 200 

significant, and the vertebral body length had increased from C1 to C4 and had decreased from 
C4 to C8 (p<0.05). Atlas was the shortest of the cervical vertebrae.  
Regarding TPW, the size difference from C1 to C8 was insignificant, and the transverse process 
width had remained constant (p>0.05). Concerning TDCA, the size difference between C2 and 
C3 was not statistically significant, and the transverse distance between caudal articular 205 

processes had remained constant (p>0.05). The difference in TDCA size between C3 and C4 was 
statistically significant, and the transverse distance between caudal articular processes had 
reduced (p<0.05). The difference in TDCA size from C4 to C6 was not significant, and the 
transverse distance between caudal articular processes had remained constant (p>0.05). The 
difference in TDCA size between C6 and C7 was significant, and the transverse distance 210 

between caudal articular processes had increased (p<0.05). The difference in TDCA size 
between C7 and C8 was not significant, and the transverse distance between caudal articular 
processes had remained constant (Table 2) (p>0.05). The seventh and eighth vertebrae have the 
largest transverse distance between caudal articular processes. 
As illustrated in table 3, in the dorsal vertebrae, the size difference from D1 to D8 was not 215 

statistically significant concerning VBH, and the Vertebral body height had remained constant 
(p>0.05). The size difference between D8 and D9 was statistically significant, and the vertebral 
body height had increased (p<0.05). There was no significant difference between the VBH size 
of D9 and D10, and vertebral body height had remained constant (p>0.05). It should be noted 
that the difference in VBH size of C8 and D1 was statistically significant, and the vertebral body 220 

height had reduced (p<0.05). 
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Concerning dorsal vertebral VBL, as seen in Table 3, the size difference between D1 and D2 was 
statistically significant, and the vertebral body length had increased (p<0.05). The difference in 
VBL size from D2 to D7 was not significant, and the vertebral body length was constant 
(p>0.05). The difference in VBL size between D7 and D8 was statistically significant, and the 225 

vertebral body length had reduced (p<0.05). VBL size difference from D8 to D10 was not 
significant, and vertebral body length was constant (p>0.05). It should be noted that the 
difference in VBL size between D1 and C8 was not statistically significant, and the vertebral 
body length was constant (p>0.05). 

As shown in Table 3, in the dorsal vertebrae, the size difference from D1 to D10 was not 230 

statistically significant for TDCA, and the transverse distance between caudal articular processes 
had remained constant (p>0.05). It should be noted that the difference in TDCA size between D1 
and C8 was not statistically significant, and the transverse distance between caudal articular 
processes had remained constant (p>0.05). 

As described in Table 4, in the sacral and caudal vertebrae, the size difference from S1 to Ca3 235 

was not statistically significant regarding VBH, and the vertebral body height had remained 
constant (p>0.05). It should be noted that the difference in VBH size between S1 and D10 was 
not statistically significant, and the vertebral body height had remained constant (p>0.05). 

As shown in Table 4, in the sacral and caudal vertebrae, the size difference from S1 to Ca1 was 
not statistically significant concerning VBL, and the vertebral body length had remained constant 240 

(p>0.05). It should be noted that the difference in VBL size of D10 and S1 vertebrae was 
statistically significant, and the Vertebral body length had reduced (p<0.05). The difference in 
VBL size between Ca2 and Ca1 was statistically significant, and length had reduced (p<0.05). 
The difference in size from Ca2 to Ca3 was not statistically significant, and the vertebral body 
length had remained constant (p>0.05). 245 

As demonstrated in table 4, in the sacral and caudal vertebrae for TPW, the size difference 
between the S1 and S2 vertebrae was statistically significant, and the transverse process width 
had reduced (p<0.05). The difference in TPW size between Ca1 and S2 was statistically 
significant, and the transverse process width had reduced (p<0.05). The difference in TPW size 
between Ca1 to Ca3 vertebrae was not statistically significant, and the transverse process width 250 

had remained constant (p>0.05). 

As shown in table 4, in sacral and caudal vertebrae, the difference between S1 and S2 vertebrae 
was not statistically significant regarding TDCA, and the transverse distance between caudal 
articular processes remained constant (p>0.05). It should be noted that the difference in TDCA 
size between S1 and D10 was statistically significant, and the transverse distance between caudal 255 

articular processes had reduced (p<0.05). The difference in TDCA size between Ca1 and s2 was 
significant, and the Transverse distance between caudal articular processes had reduced (p<0.05). 
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The difference in TDCA size between Ca1 and Ca3 was not significant, and the transverse 
distance between caudal articular processes has remained constant (p>0.05). 

 260 

Discussion 

Few studies have simultaneously investigated turtles’ bones' anatomy and radiological 
appearance (Valente et al., 2006 and 2007). In some of these studies, the settings of the radiology 
device and the required voltage for preparing radiographs of the desired quality in sea turtles 
have been considered. According to the findings of these studies, in the anterior one-third of the 265 

carapace length, it is better to increase the kilo voltage and decrease it in the posterior one-third. 
It has also been suggested that it is best to use mammography films for more details in reptiles 
(Valente et al., 2006). In the present study, considering the used CT-Scan technique, the exact 
location of the bone structure was detectable, and the problems seen due to bone overlap on 
radiography were resolved. 270 

In the present study, a large articular surface was seen between the eighth cervical vertebra and 
the first dorsal vertebra. In other words, since the head moves closer to or farther away from the 
body by moving these two vertebrae, the range of motion between the two vertebrae was wide, 
the joint surface is semicircular, and the contact surface between them was increased. In order to 
increase the range of motion between these two vertebrae, an arch has been created on the neck 275 

to allow the head to move as much as possible towards the shell. The cervical vertebrae of 
European ponds are very similar to those of Apolone spinifera, and both have eight highly 
mobile vertebrae (Sheil, 2003). However, in sea turtles, the first seven vertebrae of the neck are 
mobile, and the eighth cervical vertebra is fused to the Carapace. Since sea turtles cannot pull 
their heads toward the shell, they do not have a caudal arch of the neck. Their vertebrae's length 280 

is approximately equal, while the European pond turtle's caudal cervical vertebrae's length is 
reduced compared to the cranial cervical vertebrae. The particular shape of the last two cervical 
vertebrae, especially the arched shape of the eight vertebrae. The seventh and eighth vertebrae 
have the largest transverse distance between caudal articular processes seem to be essential 
features in cervical motion. It seems that the absence of spinous process in the seventh and 285 

eighth cervical vertebrae of the neck is related to their specific position in the neck retraction. 
It seems that the limited space of the caudal cervical vertebrae inside the shell chamber can be 
the reason for reduction in length of these vertebrae (Zehtabvar et al., 2022). In a study, Valente 
et al. analyzed radiographs of the neck and trunk of the Caretta caretta. They developed a series 
of landmarks used to identify internal organs, such as the bronchi, sternum, and acetabulum. 290 

They mentioned that by viewing radiographic images, it is possible to determine a relationship 
between lateral and medial landmarks and to address the location of the coelomic cavity organs 
compared to the dermal plates of the carapace and the spine (Valente et al., 2006). In another 
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study in 2007, Valente et al. analyzed the CT-Scan of the spine and the coelomic cavity of the 
Loggerhead Sea turtle (Caretta caretta). The researchers used anatomical slices to interpret the 295 

CT-Scan images better. They also determined the position of various organs of the coelomic 
cavity compared to the carapace and spine, which facilitated the interpretation of other diagnostic 
techniques such as radiography and sonography, and they also could ease biopsy and surgery. 
(Valente et al., 2007a). These researchers also noticed that the intervertebral and lateral vertebral 
foramen in the Loggerhead Sea turtle is similar to the European pond turtles. 300 

Since the carapace is attached to the spine, carapace trauma can lead to spinal cord injury and 
neurological symptoms. Radiography is the best way to diagnose this fracture type in turtles. 
Radiographs taken by Valente et al. in 2006 from the trunk of a Caretta caretta showed 
significant overlap, especially in the cranial part of the Carapace, in such a way that nuchal 
bones, entoplastron, and vertebrae in this part were indistinguishable (Valente et al., 2006). As 305 

mentioned in the European pond turtle (Emmys orbicularis) Dorsal vertebrae, the structure of the 
transverse process was not observed; As mentioned in the references, the Transverse process has 
located in the thoracic region and attached to the intertransverse ligaments and muscles related to 
this region (König, et al. 2007). It seems that the lack of the Transverse process in the dorsal 
vertebrae of the current study turtle is related to the deformation of the ribs and the absence of 310 

the muscles and ligaments mentioned earlier in the coelomic cavity. In addition, it should be 
noted that the transverse process was observed in the cervical, sacral, and caudal vertebrae, and 
subsequently, the function of this structure was required in these parts. Transverse processes 
have created the widest width in the 1st sacral vertebra. 

In 2015, Werneburg et al. studied the development of vertebrae shape and neck retraction in 315 

modern turtles with a geometric and morphometric approach. Modern turtles have neck 
retraction ability, one group is side-necked (pleurodiran), and the other is hidden-necked 
(cryptodiran). They have stated that the anatomical changes that led to the vertebral shapes of 
modern turtles have not been well understood yet. It has been mentioned that there is no 
correlation between the construction of formed articulations in the cervical centra and neck 320 

mobility. Excessive mobility between the vertebrae, together with a change in the shape of the 
vertebrae, has led to a more advanced ability to contract the neck (Werneburg, 2015). European 
pond turtle is a type of hidden-necked (cryptodiran) examined in our study. Our study examined 
the spine's structure so that several essential structural features and compatibility of the articular 
vertebrae were observed for the neck retraction process. It has been noted that in turtles that 325 

cannot retract the neck, the cervical vertebrae are compact and short. In general, it has been 
pointed out that using the morphometric method is one of the best methods to study the structural 
differences of cervical vertebrae in turtles (Werneburg, 2015). In our study, the morphometric 
method was used to analyze vertebrae changes in different areas. 

It has been reported that the cervical vertebrae of cryptodiran are compressed dorsoventrally, 330 

which was almost observed in our study (Werneburg, 2015). Werneburg, in 2015 reported that 
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the articular surface of the caudal articular process of the eighth cervical vertebra is almost 
vertical, which was also observed in our study. Concerning muscle adaptation involved in the 
movement, broad cervical vertebrae are more suitable for cryptodiran, whereas long cervical 
vertebrae in pleurodires (Werneburg, 2011).  335 

Turtles have a group of HOX genes that influence the arrangement of axial skeletal components. 
Modifying some of these genes leads to sudden changes in development (Asadi Ahranjani, et al.  
2016). The shape and position of the bones in the turtle's body can also be evaluated 
developmentally. It has been said that this position is similar to that of reptiles, amphibians, and 
early mammals. In 2012, Lyson et al. examined the relationship between the scapula and the rib 340 

cage topologically and found that the scapula in the turtles is placed vertically inside the shell 
and in front of the ribs. This position is also seen in early Amniotes such as amphibians, laying 
mammals, and reptiles of the Lepidosaur group. They concluded that turtles' developmental 
studies should be compared with laying mammals and reptiles of the Lepidosaurus group, which 
are more similar to turtles, instead of mice and chickens (Lyson & Joyce, 2012). 345 

The neck of cryptodires, by contrast, is characterized by cervical joints that become increasingly 
more mobile towards the posterior. This observation may explain the orderly anterior-posterior 
shape patterning that their vertebrae form in morphospace (Herrel et al., 2008). 

Regarding neck retraction, the main part of this movement is done with the retrahens capiti 
collique muscle, which is done ventrally to the cranium and ventrolaterally in all turtles (Herrel 350 

et al., 2008). Other muscles that function to revert the retracted neck are attached to the dorsal 
surface of the vertebrae in cryptodires, so the wide cervical vertebrae are a feature of this group 
of turtles. In the European pond turtle, we observed that the last two cervical vertebrae are not 
wider than the others, but the distance between the caudal articular process is greater than the 
earlier vertebrae. 355 

According to the present study results, it can be concluded that the use of diagnostic imaging 
techniques such as CT-Scan in the study of the skeleton is beneficial. Because using this 
technique, facilitates determining the correct direction and position of the bones. In this study, 
the position of different parts of the European pond turtle spine in 2D CT-Scan images was 
determined, which can be used to diagnose various issues. The course of resizing different parts 360 

of the spine was also examined. 

Due to the close relationship between the bones and the muscles and the effect of their tension on 
the shape and the formation of various processes on the bones, it is recommended to analyze the 
muscles of this species. It is also suggested to compare the skeleton of this species with other 
freshwater-dependent species and identify the differences between them. 365 

 



   

12 

 

Acknowledgments 

 The authors wish to express their appreciation to everyone that assists us in this study 

 

References 370 

1. Alinezhad, A.H., Zand, S., Rezvani, Y., Shahbazi Kordlar, Z., Arefi, S., Zehtabvar, O. 
(2019) Skeletal system. In: Anatomy of Reptiles, Noorbakhsh Ltd., Tehran, Iran. ISBN: 
8-72-7309-600-978. 

2. Ampaw, E., Owoseni, T.A., Du, F., Pinilla, N., Obayemi, J., Hu, J., Nigay, P.M., Nzihou, 
A., Uzonwanne, V., Zebaze-Kana, M.G., Dewoolkar, M., Tan, T., Soboyejo, W. (2019) 375 

Compressive deformation and failure of trabecular structures in a turtle shell. Acta 
Biomaterialia. 1; 97:535-543. https://doi.org/10.1016/j.actbio.2019.07.023. PMID: 
31310853. 

3. Asadi Ahranjani, B., Shojaei, B., Tootian, Z., Masoudifard, M., Rostami, A. (2016) 
Anatomical, radiographical and computed tomographic study of the limbs skeleton of the 380 

Euphrates soft shell turtle (Rafetus euphraticus). Veterinary Research Forum, 7(2):117-
124. PMID: 27482356. 

4. Carpenter, J.W., Marion, C. (2018) Reptiles. In: Exotic Animal Formulary. (5th ed.)  
Saunders. Philadelphia, USA. p. 103-104. ISBN: 9780323498036. 

5. Davari, F., Zehtabvar, O., Molazem, M., Tootian, Z., Soltani, M., Khanamooie-Ashi, M. 385 

(2020). Computed Tomographic Anatomy of the Trachea, Bronchi and Lungs in the 
Caspian Pond Turtle (Mauremys caspica). Iranian Journal of Veterinary Surgery, 15(1), 
70-77. https://dx.doi.org/10.30500/ivsa.2020.218718.1210 

6. König, H.E, Hans-Georg, H. (2020) Vertebral column. In: Veterinary Anatomy of 
Domestic Animals: Textbook and Colour Atlas. (7th ed.) Thieme. New York, USA. p. 390 

103-127. ISBN-10: 3132429333 
7. Lyson, T. R., & Joyce, W. G. (2012). Evolution of the turtle bauplan: the topological 

relationship of the scapula relative to the ribcage. Biology letters, 8(6), 1028-1031. 
https://dx.doi.org/10.1098%2Frsbl.2012.0462. PMID: 22809725. 

8. Ricciardi, M., Franchini, D., Valastro, C., Ciccarelli, S., Caprio, F., Eyad Assad, A., Di 395 

Bello, A. (2019) Multidetector Computed Tomographic Anatomy of the Lungs in the 
Loggerhead Sea Turtle (Caretta caretta). The Anatomical Record, 302(9):1658-1665. 
https://doi.org/10.1002/ar.24030. PMID: 30418708. 

9. Schachner, E.R., Sedlmayr, J.C., Schott, R., Lyson, T.R., Sanders, R.K., Lambertz, M. 
(2017) Pulmonary anatomy and a case of unilateral aplasia in a common snapping turtle 400 

(Chelydra serpentina): developmental perspectives on cryptodiran lungs. Journal of 
Anatomy, (6):835-848. https://doi.org/10.1111/joa.12722. PMID: 29063595. 



   

13 

 

10. Sheil, C. A. (2003). Osteology and skeletal development of Apalone spinifera (Reptilia: 
Testudines: Trionychidae). Journal of Morphology, 256(1), 42-78. 
https://doi.org/10.1002/jmor.10074. PMID: 12616574. 405 

11. Sheil, C. A., & Greenbaum, E. (2005). Reconsideration of skeletal development of 
Chelydra serpentina (Reptilia: Testudinata: Chelydridae): evidence for intraspecific 
variation. Journal of Zoology, 265(3), 235-267. 
https://doi.org/10.1017/S0952836904006296. 

12. Valente, A. L. S., Cuenca, R., Zamora, M., Parga, M. L., Lavin, S., Alegre, F., & Marco, 410 

I. (2007a). Computed tomography of the vertebral column and coelomic structures in the 
normal loggerhead sea turtle (Caretta caretta). The veterinary journal, 174(2), 362-370. 
https://doi.org/10.1016/j.tvjl.2006.08.018. PMID: 17084649. 

13. Valente, A. L., Cuenca, R., Parga, M. L., Lavín, S., Franch, J., & Marco, I. (2006). 
Cervical and coelomic radiologic features of the loggerhead sea turtle, Caretta 415 

caretta. Canadian journal of veterinary research, 70(4), 285. PMID: 17042381. 
14. Valente, A. L., Marco, I., Zamora, M. A., Parga, M. L., Lavín, S., Alegre, F., & Cuenca, 

R. (2007b). Radiographic features of the limbs of juvenile and subadult loggerhead sea 
turtles (Caretta caretta). Canadian Journal of Veterinary Research, 71(4), 305. PMID: 
17955906. 420 

15. Werneburg, I (2011). The cranial musculature of turtles. Palaeontologia electronica, 
14(2):15A-99p.  https://doi.org/10.5167/uzh-48569 

16. Werneburg, I., Wilson, L.A.B., Parr, W.C. H., Joyce, W.G. (2015) Evolution of Neck 
vertebral Shape and Neck Retraction at the Transition to Modern Turtles: An Integrated 
Geometric Morphometric Approach, Systematic Biology, 64(2), 187–204, 425 

https://doi.org/10.1093/sysbio/syu072. PMID: 25305281. 
17. Young, V.K.H., Baeza, J.A., Blob, R.W.  (2019) Comparative limb bone scaling in 

turtles: Phylogenetic transitions with changes in functional demands? Journal of 
Morphology. 1–11. https://doi.org/10.1002/jmor.20968. PMID: 30811074. 

18. Zehtabvar, O., Tootian, Z., Vajhi, A., shojaei, B., Rostami, A., Davudypoor, S., 430 

Sadeghinezhad, J., Ghaffari, H., Memarian, I. (2014). Computed Tomographic Anatomy 
and Topography of the Lower Respiratory System of the European Pond Turtle (Emys 
Orbicularis). Iranian Journal of Veterinary Surgery, 09(2), 9-16.  

19. Zehtabvar, O., Vajhi, A., Rostami, A., Ekim, O., Vosoogh-Afkhami, A., Davudypoor, S., 
Sadri, S. (2022). Anatomical and Normal 3D CT-Scan Study of the Vertebral Column 435 

and the Shell of the European Pond Turtle (Emys orbicularis). Iranian Journal of 
Veterinary Surgery, 17(1), 33-43. https://dx.doi.org/10.30500/ivsa.2022.321001.1287 

20. Zehtabvar, O., Vajhi, A.R., Tootian, Z., Rostami, A., Shojaei, B. (2015). Computed 
tomographic anatomy and topography of the non-respiratory organs of coelomic cavity of 
European pond turtle (Emys orbicularis). Journal of Veterinary Research, 70(4), 411-418. 440 

https://dx.doi.org/10.22059/jvr.2016.56461 
 



   

14 

 

 

 

 445 

 Emys) اروپايي ايبركه پشتلاكدر  هامهره ستون بعدي دو آناتومي تي سيمطالعه مورفومتريك و 

orbicularis)  

  

، 4، مرضيه قليخاني5، سميه داودي پور4، عليرضا وثوق افخمي3، امير رستمي2، عليرضا وجهي*1اميد زهتاب ور
 4 450سيدحسين مدرس

  شكي دانشگاه تهران. بخش آناتومي گروه علوم پايه دانشكده دامپز1

  . گروه جراحي و راديولوژي دانشكده دامپزشكي دانشگاه تهران2

  . گروه طب داخلي دانشكده دامپزشكي دانشگاه تهران3

  . دانشجوي دكتراي عمومي دامپزشكي دانشكده دامپزشكي دانشگاه تهران4

 455  . متخصص راديولوژي دامپزشكي از دانشكده دامپزشكي دانشگاه تهران5

  

  

  

  هچكيد

 460هاي پشت آب شيرين ايران است. براي انجام معاينات باليني و روشاي اروپايي يكي از دو گونه لاكپشت بركهلاكزمينه مطالعه: 

  است. يضرور نهيمورد معا وانيح كالبدشناسيداشتن اطلاعات كامل تصويربرداري تشخيصي، 

پشت ها در لاكوير سي تي اسكن دو بعدي طبيعي از مهرهاين مطالعه با هدف تامين اطلاعات كامل مورفومتريك و تصاهدف: 
  اي اروپايي انجام شد.بركه
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هاي قبلي خود كمتر بود. هاي گردني كمترين طول را داشت و طول مهره هشتم گردن از مهرهمهره اطلس در بين مهره روش كار:
 465هاي هاي عرضي در مهرهرارگرفته بود. زايدهسطح مفصلي زايده مفصلي خلفي مهره هشتم گردن خمش شده و به صورت عمودي ق

  هاي گردني ثابت بود.  پشتي مشاهده نشد. فاصله بين زوايد عرضي در مهره

دار بودن مهره هشتم. مهره هفتم و هشتم گردن داراي شكل خاص دو مهره آخر گردني، خصوصا قوس نتيجه گيري نهايي:
رسد براي حركت گردن اين حالت لازم است. دليل كوتاه شدن به نظر مي بيشترين فاصله عرضي زوائد مفصلي خلفي هستند كه

رسد عدم وجود زائده خاري در مهره هفتم و تواند باشد. به نظر ميطول دو مهره آخر گردن، فضاي كم موجود در لاك براي آنها مي
 470  هشتم گردن به دليل موقعيت خاص آنها در جمع شدن گردن باشد.

   :يديكل هايواژه

 يمورفومتر ،يياروپا ايبركه پشتلاك ،آناتومي يت يس، ون مهرهست
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Figure 1. A-G: Transverse CT Images of the European pond turtle (Bone window), Different parts of the 
image are labeled. H: Sagittal CT Image (Bone window). 

A: 1. Carapace, 2. Plastron, 3. Acromion, 4. Humerus, 5. 8th Cervical vertebrae, 6. Skull, B: 1. 1st Dorsal 
vertebrae, 2. 8th Cervical vertebrae, 3. Skull, 4. Scapula, 5. Acromin, C: 1st Dorsal vertebrae, 2. 7th Cervical 490 

vertebrae, 3. Head of the 1st rib, 4. Supra occipital process, 5. Atlas, 6. Coracoid, D: 1. 2nd Dorsal vertebrae, 2. 
Head of the 2nd rib, 3. 7th Cervical vertebrae, 4. Axis, 5. Coracoid, E: 1. 3rd Dorsal vertebrae, 2. 6th Cervical 
vertebrae, 3. 3rd Cervical vertebrae, 4. Coracoid, F: 1. 4th Dorsal vertebrae, 2. 5th Cervical vertebrae, 3. 4th 
Cervical vertebrae, G: 1. 10th Dorsal vertebrae, 2. Head of the 9th rib, 3. Femur, 4. Ilium, H: 1. Carapace, 2. 

Plastron, 3. Cervical part of the vertebral column, 4. 8th Cervical vertebra, 5. Dorsal part of the vertebral column 495 
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Figure 2. A-F: Dorsal CT Image of the European pond turtle (Bone window), Different parts of the image are 500 

labeled. 
A: 1. Carapace, 2. Dorsal part of the vertebral column, 3. Vertebral canal, 4. Head of the rib, B: 1. Dorsal part of the 

vertebral column, 2. Carapace, 3. 1st Dorsal vertebra, 4. Head of the 1st Rib, C: 1. 8th Cervical vertebra, 2. Carapace, 3. 
Scapula, 4. Dorsal part of the vertebral column, 5. 7th Cervical vertebra, 6. 6th Cervical vertebra, D: 1. Carapace, 2. Scapula, 3. 

7th Cervical vertebra, 4. 5th Cervical vertebra, 5. Ilium, 6. 1st Sacral vertebra, 7. 2nd Sacral vertebra, E: 1. Carapace, 2. Scapula, 3. 4th 505 
Cervical vertebra, 4. Skull, 5. Ilium, 6. Caudal vertebrae, F: 1. Carapace, 2. Mandible, 3. 3rd Cervical vertebra, 4. Axis, 5. 

Atlas, 6. Skull, 7. Ilium, 8. Caudal vertebrae 
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