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Abstract

Objective- This study was done to give complete topographic information about the position of the lungs 
and trachea in European pond turtle using Computed Tomography (CT) and usual anatomic methods.
Design- Experimental study
Animals- 10 female, adult European pond turtles (Emys orbicularis)
Procedures- All scans were obtained on a two detector scanner. In anatomical study eight turtles were 
dissected. Two other turtles were sectioned transversely.
Results- Our results showed some differences in the tracheal length, position and bifurcation site with 
that of other species. Moreover the topography of the lungs is described in retracted and protruded neck in 
this article.
Conclusion and Clinical Relevance- Most of vital systems, lungs and coelomic part of the trachea, are 
enclosed by the carapace and the plastron so it can not be examined customarily by clinicians. The 
noninvasive diagnostic imaging techniques provide detailed information concerning these organs. The 
general morphological features of the lower respiratory system of the European pond turtle were 
examined by CT images and macroscopically in this study. We found some important dissimilarities with 
other species.  
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Introduction

Turtles in north of Iran, belong to the Emydidae family 
and consist of Caspian pond (Mauremys caspica) and 
European pond turtle. The European pond turtle 
territory is limited to Caspian sea and provinces of 
Golestan, Mazandaran and Ardebil.1 Reptiles, especially 
turtles who inhabit both on land and water, have made
some special adaptations, namely in their respiratory 
system. Many people keep turtles as pets. Therefore, the

anatomic knowledge of turtles should be more carefully 
evaluated and used for therapeutic purposes. 
Respiratory system is one of the most important body 
systems which is assessed at the time of patient routine 
examinations.2, 3 Most of this system, lungs and 
coelomic part of the trachea, are enclosed by the 
carapace and the plastron so it can not be examined 
customarily by clinicians. According to the anatomic 
differences of turtles with that of more common pets, 
routine examination methods and Computed 
Tomography (CT) images of the other small animals 
can not be used for evaluation of their internal organs.4, 5

In these instances the noninvasive diagnostic imaging 
techniques provide detailed information concerning 
these organs.6 Computed Tomography makes precise 
anatomic data which can be used as a reference for 
comparing with the images of the abnormal cases. On 
the other hand, knowledge of the topographic anatomy 
of the respiratory system is essential for using various 
diagnostic imaging techniques. Combination of these
modalities has been done in some turtles6 to have a 
complete imagination of the situation and neighboring 
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of the respiratory system. This study was done to give 
complete topographic information and knowledge about 
the position of the lungs and trachea in European pond 
turtle using CT and usual anatomic methods. Normal 
CT appearance of lungs and gathering practical anatomy 
tips were among the other goals of this study. 

Materials and methods

Animals

In this study, 10 female, adult European pond turtles 
with the mean weight of 350 grams and mean plastron 
length (ventral part of the shell) of 18 centimeters were 
selected. The turtles were caught live from the ponds of 
Gilan province and were transported to the Veterinary 
Faculty of University of Tehran. These turtles were kept 
under the proper conditions, suited for reptiles and fed 
whole Kilka fish.7

CT Examination

Each turtle was medicated with ketamine (10% alfasan, 
25 mg/kg, intramuscular) and diazepam (10mg/2ml 
caspian, 1 mg/kg, intramuscular). All turtles were 
positioned in Ventral recumbency, and all scans were 
obtained on a two detector scanner (Siemens Somatom 
Spirit) vertical to the longitudinal axes of the animal. 
The scanning parameters were as follow: rotation time, 
1 s; slice thickness, 1mm; reconstruction interval, 0.5–1
mm; pitch, 1; X-ray tube potential, 120 kV; and X-ray 
tube current, 100 mA. All helical scans were started at 
the tip of the mandible and covered the entire 
respiratory system. All CT images were reviewed on a 
dedicated computer workstation. Images were examined 
in both lung and bone windows, with window width 
(WW) and window level (WL) adjusted to personal 
preferences (for different parts) and 3D reconstruction 
images was also reviewed in pulmonary pattern for 
further investigation and more thorough study of the 
respiratory system. The length of the trachea and left 
and right bronchus were measured. The images were 
taken in both flexion and extension of the neck and 
limbs. 

Anatomic Examination

After CT examination cases were euthanized for 
medical reasons unrelated to diseases of the respiratory 
system. The carapace-plastron junction of the eight 
turtles was cut by the pin cutter. Muscles attachment to 
plastron was severed and the lungs and trachea were 
evaluated. Air was injected at the proximal part of the 
trachea to evaluate the structure of the lungs and 
trachea. For measuring the length of the trachea and left 
and right bronchus, a digital caliper was used. Two 
other turtles were fixed by 10% Formaldehyde and were 
sectioned transversely. CT images were compared with 

the sections and were labeled according to anatomic 
assessment.  

Statitical Analysis

The data was analyzed with SPSS 16 software and Pair 
sample T method, a probability value (P<0.05) was 
considered statistically significant.

Results

CT Scan Analysis

The topography of the trachea and lungs in the 
protruded neck

In the protruded neck position of the animal, the trachea 
started from the glottis in the midline and continued 
caudally. After a short distance, the trachea made a 
dorsal flexion between the base of the head and the first 
cervical vertebra. After that, the trachea inclined into the 
left side of the neck from the third cervical vertebra and 
entered to the coelomic cavity. The trachea bifurcated 
into two principle bronchi above the acromial process of 
the left scapula at the level of the eight-ninth vertebrae. 
The left bronchus continued dorsally to enter into the 
left lung (immediately after caudal border of the third
rib) but the right one coursed ventrally to enter the right 
lung (a little caudally than the left bronchus). It is 
notable that the right bronchus arched ventral to the 
neck due to the left side positioning of the bifurcation of 
the trachea (Fig 1). As a result, the length of the right 
bronchus (1.90cm) was significantly more than the left 
one (1.37cm) (p<0.05). Each bronchus bifurcated into 
the dorsal and caudal branches inside the lung (Fig 4). 
The bifurcation occurred at the level of the caudal 
border of the third rib. The bifurcation of the right 
bronchus was seen a little caudally in comparison to the 
left one (Fig 3). It should be stated that in many cases 
the dorsal branch itself bifurcated into the cranial and 
caudal branches. Its two branches were adjacent to the 
dorsal surface of the lung and in some cases were at the 
level of the dorsal surface (Fig 4). According to the CT 
number of the pulmonary vessels, they could be easily 
evaluated by their parallel position with that of air ways 
(Fig 5,6).
The main part of the lung extended from the shoulder to 
the pelvic girdles. Each lung possessed a small cranial 
part (apex) which extended on the medial side of the 
scapula beyond the first rib. The apex extended a little 
cranially in the right lung more than the left one. The 
main part of the lungs flattened from the second to the 
sixth ribs and then narrowed at the level of the sixth rib 
caudally. The caudal borders of the lungs were observed 
at the level of the cranial border of the tenth ribs (Fig 3). 
In some specimens the left lung situated more caudally 
than the right and in the others this extension was seen 
in an opposite situation. Caudal to the apices, the medial 



IJVS 2014; 9(2); Serial No:21 

11

borders of the lungs were seen parallel and close to each 
other between the second and seventh ribs. Further than 
they got away from each other caudally. 

The topography of the trachea and lungs in the 
retracted neck

In comparison with the protruded neck, the bifurcation 
of the trachea replaced caudally and was observed at the 
third rib on the left side in the retracted neck position. It 
is important to note that in over flexion of the neck, the 
bifurcation shifted to the level of the fourth rib (Fig 2). 

By this shifting the route of bronchi changed from the 
craniocaudal direction to the caudocranial one (Fig 4). 
However the level of the principle bronchi entrance to 
the lung showed no change (Fig 3). Through the 
retraction, the neck occupied the space between the 
medial borders of the main parts of the lungs (Fig 3). 
This replacement affected the lungs how their apices 
displaced ventrolaterally (Fig 4), and their medial 
borders got away (Fig 3). In some cases in which the 
over flexion of the pelvic limbs occurred the caudal 
extremity of the lungs replaced cranially.  

Figure1- (A,B) Computed tomography images of the Emys orbicularis, transverse plane – bone window, (C-E) Computed 
tomography images, median (C), left paramedian (D), right paramedian (D) plane – bone window, (F) 3D reconstruction 
image (pulmonary pattern). 1. Trachea, 2. skull, 3. hyoid apparatus, 4. tracheal bifurcation, 5. acromion process of scapula, 6. 
left bronchus, 7. right bronchus, 8. apex of the right lung, 9. main part of the right lung.

Figure 2- (A-C) Computed tomography images of the Emys orbicularis, transverse plane – bone window, (D-G) Computed 
tomography images, median (D), left paramedian (E,F), right paramedian (G) planes – bone window, (H) 3D reconstruction 
image (pulmonary pattern). 1.trachea, 2. skull, 3. hyoid apparatus, 4. tracheal bifurcation, 5. left bronchus, 6. right bronchus, 
7. apex of the right lung, 8. main part of the right lung.
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Figure 3- 3D reconstruction images (Pulmonary Vascularization) of the Emys orbicularis, shows bones and respiratory 
system, (A,D) frontal secton, (B,E) right paramedian section, shows right lung, (C,F) left paramedian section, shows left lung, 
In A,B,C images limbs and neck are extended, in D,E,F images limbs and neck are flexed.  1. main part of the lung, 2. apex of 
the lung, 3. scapulla, 4. vertebral column, 5. ilium, 6. femur, 7. Coracoids bone. 8. bifurcatin of the bronchus

Figure 4- 3D reconstruction images (Pulmonary) of the Emys orbicularis. Shows lung and bronchus, (A) neck and limbs are 
flexed, (B) neck and limbs are extended 1.apex of the lung, 2. main part of the lung, 3. bronchus, 4. dorsal branch of the 
bronchus, 5. caudal branch of the bronchus, 6. cranial part of the dorsal branch of the bronchus, 7. caudal part of the dorsal 
branch of the bronchus.
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Figure 5- (A-D) Computed tomography images of the Emys orbicularis, transverse plane – lung window, (F) right paramedian 
plane – lung window. 1. lung lumen, 2. lung pareuchyma, 3. bronchus, 4. blood vessel, 5. caudal branch of the bronchus.

Figure 6- (A-F) Computed tomography images of the Emys orbicularis, Dorsal planes – lung window. 1. blood vessel, 
2. bronchus, 3. caudal branch of the bronchus, 4. blood vessel, 5. caudal branch of the bronchus.
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Anatomy Study 

Anatomic results showed that the trachea was composed 
of the complete cartilaginous rings. Its average length 
was measured about 6.65cm. The proximal part of the 
trachea was observed at the ventral side of the 
oesophagus. At the level of the third cervical vertebra, it 
replaced to the left side of the neck and continued 
caudally by this position to the bifurcation site. The 
tracheal bifurcation situated in the left side of the neck 
within coelomic cavity (Fig7). It was interestingly 
moved to the cranial and caudal with the protrusion and 
retraction of the neck respectively. This moving results 
in the change of the bronchi routes which mentioned in 
the CT results part. Beyond the tracheal bifurcation, the 
left bronchus was accompanying by the oesophagus. 
The right and left bronchi coursed 1.925 and 1.39cm 
before entering the respective lungs. The difference in 
the length mean of the bronchi was significant (p<0.05).
The paired pinkish lungs attached to the carapace 
dorsally and were in contact with the visceral organs 
ventrally (Fig9). In some areas the lungs replaced 
deeply and were seen at a superficial position after 
removing of the ventral body wall and pectoral girdles 
(Fig8). Their cranial and caudal boundaries were 
shoulder and pelvic girdles respectively. Alveolar 
structures had given a special feature to the external 
surface of the lungs (Fig8). No lobation was seen in the 
lungs, but in the transverse sections some septa had 
divided each lung into smaller chambers which their 
internal walls showed reticular formation (Fig9). The 
retracted neck was observed caudally between the 
cranial third of the two lungs. 

  

Figure 9- Transverse section between the third and fourth 
ribs of the Emys orbicularis. 1.lungs, 2.trachea, 3.neck.

Discussion

The general morphological features of the lower 
respiratory system of the European pond turtle were 
examined in this study. They were in accordance with 
those described for chelonians, with some differences. 
The trachea has been reported to have a variable route 
and position in different species. In the Caretta caretta
the trachea is ventral and to the right of the oesophagus.6

It has been reported that in cryptodira species the 
trachea is very short and bifurcates rapidly to allow the 
head and neck to retract.8 The position of the carina 
found in the aquatic species appear to be slightly more 
caudal than in land tortoises, in which the trachea 
bifurcates after coursing a relatively short distance 
down the neck.9 In tortoises and most turtles 
(Cryptodira) the neck vertebrae flex vertically, allowing 
the head to be drawn straight back within the shell. In 

Figure 7- Dorsal recumbency of the Emys orbicularis,
Plastron, viscera except respiratory system, pectoral 
and shoulder girdles are removed. 1. trachea, 2. 
oesophagus, 3. tracheal bifurcation, 4. left bronchus, 5. 
right bronchus, 6. lung.

Figure 8- Dorsal recumbency of the Emys 
orbicularis, Plastron, shoulder girdles and 
fore limbs are removed. 1. trachea, 2. lung.
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these species the most cranial position of the carina 
allows breathing even when the head and neck are 
withdrawn.10 It has been reported that in sea turtles the 
ability to retract the head has been lost,6 so the relatively 
caudal position of the bronchial bifurcation does not 
cause any breathing impediment. In our cases 
notwithstanding ability of neck retraction, the carina 
positioned more caudally than that of the land turtles. In 
this study, however, we observed that the long trachea 
was positioned ventral and to the left of the neck. It 
seems that the left replacement of the lengthened 
trachea in the European pond turtle is a kind of 
accommodation to prevent the pressing of the trachea by 
the neck and underlying hard tissues during the 
retraction. 
It has been stated that the intrapulmonary bronchus of 
the chelonians has no branching.9 It courses in the 
pulmonary tissue as a central airway and branches off 
terminal minor bronchioles for the pulmonary 
chambers.10

In the Emys orbicularis like other chelonians, lungs are 
paired and have typical reticular or honeycomb pattern. 
They were not surrounded by a pleural cavity and were 
attached dorsally to the carapace, which coincided with 
observations made for the chelonians.

In our study the CT images showed 
accurately branching off the main bronchus into the 
caudal and dorsal branches which coursed in the 
respective direction to ventilate the lungs by the 
terminal minor bronchioles. 

11, 12 In our study, 
in some areas the lungs were seen at a superficial 
position after remove of the ventral body wall and 

pectoral girdles. This phenomenon disagrees with the 
Perry, 1989 statement that says”lungs are separated 
from the ventral cavity and viscera by a thin non-
muscular postpulmonary septum”.11

It is reported that the lungs volume is reduced to one 
fifth when the head and limbs are retracted.7 Our study 
showed that the neck retraction decrease the lung 
volume. Examination of the CT images of the protruded 
and retracted neck revealed that two procedures resulted 
in this feature: a. the displacement of the lung apices 
ventrolaterally and b. getting away of the medial 
borders of the lungs. In addition, the flexion and 
extension of the pelvic limb can change the position of 
the caudal extremity of the lung while action of the 
thoracic limb has no effect on it.
Because of high potential of different organs 
differentiation, Computed Tomography is said to be an 
innovative modality in the imaging of the lung for 
clinical diagnosis in small animals.13, 14, 15, 16 Since 
chelonians are enclosed in a bony shell, their physical 
examination is limited. Therefore diagnostic imaging 
can be helpful to gain more complete perspective of 
their internal organs. In addition, our results offer a 
baseline for detailed respiratory studies in the 
chelonians and promote future investigations in this 
field. This study is the -
anatomical features of the lower respiratory system of 
the Emys orbicularis.
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