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INTRODUCTION 
 
In recent years pet reptiles have been steadily gaining in popularity, with bearded dragons 

(Pogona spp.) being especially beloved by both beginner and experienced reptile keepers [1]. 

As such, they are regularly presented to veterinarians [2]. Reasons for a consultation may 

range from unspecific symptoms like lethargy, apathy and loss of appetite to specific signs for 

respiratory tract diseases such as nasal discharge, heavy breathing patterns or dyspnoea [3]. 

Infectious diseases of the respiratory tract in general can be caused by bacterial [4-7], viral [4, 

5, 7-14], fungal [5, 15] or parasitic [16] pathogens. Due to their special anatomy and 

physiology, the use of a standard diaphragm stethoscope can be possible but is affected 

through the adventitious sounds produced between the scales of the bearded dragon and the 

stethoscope diaphragm [17]. Therefore, diagnostic imaging techniques are necessary for 

diagnosis of respiratory tract diseases. In this situation, an accurate knowledge of the anatomy 

and its display by means of diagnostic imaging is mandatory. 

 Conventionally, the respiratory tract can be separated into an upper and lower respiratory 

tract. The division of the respiratory tract in reptiles is not unique among different authors. 

Anatomical compositions of the reptilian nose and the oropharynx [18-21] can be found in 

literature. Additionally, specific publications on the skull and partially the nose of the White-

nosed blindsnake (Liotyphlops albirostris) [22], various lacertidian lizards [23], the Round 

island boa (Casarea dussumieri) [24], the Green iguana (Iguana iguana), the Argentine black 

and white tegu (Tubinambis merianae) and the Bearded dragon (Pogona spp.) [25, 26]. Even 

if Banzato et al. [25] describe the anatomic, radiographic and computed tomographic 

appearance of the bearded dragon´s head, a specific analysis and description is lacking, until 

today.  

In the first part of this study the nose and the oropharynx, together forming the upper 

respiratory tract, were evaluated. The anatomy and its appearance were examined through 

radiographic and computed tomographic imaging. 

The second part of this study deals with the anatomy, histology and visual representation of 

the lower respiratory tract by radiography and computed tomography. The study includes an 

analysis of the physiological measurements of the lower respiratory tract in healthy, adult 

bearded dragons of both sexes and reproductive statuses. We can read publications of the 

anatomy of the larynx, trachea and lungs in reptiles in general [27-31], as well as the Central 

netted dragon (Ctenophorus nuchalis) [32], the Argentine black and white tegu (Tupinambis 

merianae) [33], the Frilled lizard (Chlamydosaurus kingii) [34] and the Savannah monitor 
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(Varanus exanthemicus) [35], but to the author´s knowledge, there are no targeted evaluations 

of the bearded dragon´s lower respiratory tract to date. Reptiles also possess a unique 

histological composition of their lower respiratory tract, which needs to be understood by the 

examining veterinarian to diagnose pathological circumstances. Information of the general 

histological composition of the reptilian respiratory tract can be found in current literature 

[36, 37], as well as descriptions of the Barking gecko (Ptenopus garrulus maculatus) [38], the 

Mississippi-Alligator (Alligator mississipiensis) [39] and the Hermann´s tortoise (Testudo 

hermanni), the Marginated tortoise (Testudo marginata) and the Greek tortoise (Testudo 

graeca) [40], but an evaluation of the histological appearance of the lower respiratory tract of 

the bearded dragon is lacking.  

For the practitioner, not only is the anatomy and histology, but moreso its appearance on 

diagnostic imaging important for the enhanced examination and reliable diagnosis of 

respiratory tract diseases in bearded dragons. There are several books and essays on 

diagnostic imaging like radiographies of exotic species [41-46] and computed tomographic 

imaging in reptiles [41, 43, 46-51], but only two papers, which contain relatively little 

information about the presentment of the bearded dragon´s respiratory tract in x-rays and CT-

scans [25, 52]. Until today, there is no comparative evaluation of the bearded dragon´s 

respiratory tract, which covers not only the anatomical and histological specialities in this 

species, but also analyse imaging information of the respiratory tract through radiography and 

computed tomography. This dissertation is meant to make a contribution to the better 

understanding, diagnosing and treatment of the bearded dragon´s respiratory tract. 
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LITERATURE 
 

 

BEARDED DRAGONS AS PET REPTILES 

 
As Bearded dragons (Pogona spp.) have a calm temperament and require relatively simple 

housing, these lizards are becoming more and more popular pets among reptile owners [7, 53, 

54]. Bearded dragons are agamid lizards in the genus Pogona. They belong to the family 

Agamidae, the order squamata and the class reptilia in the kingdom of animalia. Bearded 

dragons live in dry areas of Australia, requiring a dry terrarium with a basking spot of up to 

40°C. As juveniles, these lizards eat mainly insects, whereas the adults feed primarily on plant 

matter [55]. In captivity, bearded dragons can reach an average age of 10-15 years [53].  

Because of their popularity as pet reptiles, bearded dragons are frequently seen by 

veterinarians [1, 2, 7, 56, 57], which makes accurate knowledge of this species mandatory for 

the clinician.  

 

 

CHARACTERISTICS OF THE REPTILIAN RESPIRATORY TRACT 

 
The respiratory tract of the bearded dragon can generally be divided into the upper respiratory 

tract and the lower respiratory tract. The upper respiratory tract in reptiles consists of the 

nostrils,  the nasal vestibule, the nasal cavity and the nasopharyngeal duct, whereas the lower 

respiratory tract contains the larynx, the trachea and the lungs [30, 31, 58-67]. Unsurprisingly, 

certain details in the form and function of this organ system vary among different reptile 

species which can be attributed to their species-specific lifestyle and evolutionary adaptation. 

The nostrils are located on the rostral or rather lateral aspect of the maxillary or premaxillary 

bones, varying in the particular species. In chelonians, the nostrils reside narrow to one 

another at the rostral aspect of the maxilla, whereas in snakes, both nostrils lie further apart. 

This condition is dependent on the usually broader skull of serpents in comparison to 

chelonians. Generally speaking, lizards possess the widest distance of both nostrils to each 

other [62].  

In lizards, the larynx can be found at the caudal aspect of the tongue. The trachea proceeds 

caudally through the neck and bifurcates further distal when compared to chelonians. The 
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bronchi enter the lungs, which lie bilaterally inside the pleuroperitoneal cavity. Certain 

species possess intrapulmonary bronchi [59]. 

In chelonians, the larynx also lies adjacent to the tongue root. The bifurcation of the trachea 

occurs rather proximally in relation to the neck in tortoises and rather distally in pond turtles. 

This can be explained with the generally longer neck in pond turtles [68, 69]. The bronchi 

enter the equally sized lungs at their proximal aspect. Both lungs extend far caudally in the 

pleuroperitoneal cavity [59].  

In contrast, snakes show a remarkably different anatomical topography. The larynx is situated 

in the rostral region of the buccal cavity. It leads into the long trachea, that runs inside the 

pleuroperitoneal cavity, passes the base of the heart and merges into the lung. In most snake 

species, only one lung is developed and possesses adjacent air sacs [31].The dimension of the 

lung parenchyma is dependent on the amount of oxygen that is needed for the particular 

lifestyle. Rather inactive or rarely moving animals like agamid lizards are likely to have 

simple, sac-like lungs whereas aquatic or active species like turtles or caimans possess 

multichambered lungs with cartilaginous parenchyma [30].  

 

 

ANATOMY 

THE SKULL 

The skull of reptiles varies greatly in its size and relation to the entire body. The size and 

topography of the organs inside an animal´s head are in direct connection with the size of the 

head itself, e.g. in a broad skull, the nasal and oral cavity fill in the broad space in contrast to 

a long and narrow skull, which forces the organs to show a different distribution. The 

ossification pattern and the characteristics of the skull of the Bearded dragon (Pogona spp.) 

have been studied by Ollonen et al. [26]. The author described the compressed and triangular 

global skull shape as well as the shortened snout region in these agamid lizards in general and 

in specific. Typical anatomical features in agamids include an exposed neurocranium, the 

posteriorly expanded maxilla, a shortened preorbital region, the firm connection of the 

ectopterygoid with the temporal bones and the lack of a lacrimal bone. Additionally, bearded 

dragons share common anatomical features with iguanid lizards, for example the lack of a 

postfrontal bone, large temporal fenestra, an angular process in the jaw and a reduced vomer.  

Concordantly to Ollonen et al. [26], the authors Banzato et al. [25], who give an overview of 

the heads of the Green iguana (Iguana iguana), the Argentine black and white tegu 
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(Tupinambis merianae) and the Bearded dragon (Pogona spp.) describe not only the 

triangular head with the short preorbital region in these reptiles, but also point out the 

different dental features. In contrast to iguanid lizards, agamid lizards show a combined 

dentition of acrodont and pleurodont teeth and not only acrodont teeth.   

The Boa constrictor (Boa constrictor) shows features of a typical snake skull. The snout 

region and the brain case are the fixed regions of the skull, whereas the palatomaxillary 

apparatus, which can be compared to the maxilla in mammals, and the supratemporal, 

quadrate, articular, surangular, dentary, coronoid and splenial bones are loosely attached. In 

the Boa constrictor, the joints between the supratemporal and quadrate bones and the lower 

jaw are comparably extremely loose. The musculature of the head is very well developed in 

these overall muscular snakes [70].  

The Round Island boa (Casarea dussumieri) is comparing to the boa constrictor a rather small 

snake. To date, its phylogenetic origin is not fully discovered. However, due to its appearance 

this snake species is frequently compared to larger boid snakes. In comparison to the boa 

constrictor, the contacts of the nasal and the prefrontal bone with the frontal bone are smaller 

in the round-island boa. Additionally, it shows a parietal absence and a supraoccipital 

reduction of the sagittal crest as well as a reduction of the coronoid and the splenial bones 

[24].  

The White-nosed blindsnake (Liotyphlops albirostris) contains a comparably overall 

expanded snout complex including the premaxilla, nasals, prefrontals and maxillae. 

Additionally, the maxillae show a transverse orientation and are very mobile. The premaxilla 

has a trapezoidal shape and the nasals are fused [71].  
 

 

THE REPTILIAN RESPIRATORY TRACT 

The subdivision of the whole respiratory tract into an upper and a lower respiratory tract is 

inconsistent in temporary literature. Some authors define the upper respiratory tract to reach 

from the nostrils to the trachea and the lower respiratory tract to include the lungs and 

eventually the bronchi regarding the particular reptile species [60]. In our study, we assume 

the upper respiratory tract in reptiles to be the part of the respiratory tract that leads the air 

from the nostrils to the laryngeal aditus (aditus laryngis)  [62, 65]. The upper respiratory tract 

in reptiles consists of the nostrils (nares), the nasal vestibule (vestibulum nasi), the nasal 

cavity (cavum nasi) and the nasopharyngeal duct (ductus nasopharyngeus) [18, 20, 23, 31, 58, 
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59, 62, 72, 73]. Generally, the nostrils lead the air from the environment into the short nasal 

vestibule. From the vestibule, the air proceeds into the nasal cavity. The nasal cavity consists 

of the respiratory part (pars respiratoria) and the olfactory part (pars olfactoria), which are 

both separated by a concha, which represents a medial projection of the lateral wall of the 

nasal cavity. Caudal to the olfactory region lies the antorbital space, which can be described 

as a blind recess proceeding from the olfactory region of the nasal cavity caudally towards the 

orbita [74]. The nasopharyngeal duct leads the air from the respiratory part of the nose into 

the oropharynx. Therefore, it enters the oral cavity in the choana, where the inspired air is 

directed through the palatine grooves caudally towards the larynx [59]. The topographical 

relationship of the nasal vestibule and the nasal cavity varies greatly among different reptile 

species dependent on the particular form of the head and the tongue. According to Matthes, 

the nasal vestibule and the nasal cavity are positioned in series in fissilinguists (forked 

tongue) and brevilinguists (short tongue), whereas in crassilinguists (fleshy tongue) and 

vermilinguists (worm-like tongue) the nasal cavity might lie medially to the nasal vestibule 

[18]. The latter can be found in the bearded dragon, which possesses a compact, triangular 

head and a big, fleshy tongue [28]. The upper respiratory tract of reptiles has multiple tasks. 

Primarily, it leads the inspired air into the larynx and trachea and finally the lungs, where the 

vitally essential oxygen can be introduced to the blood circulation. Additionally, it provides 

an olfactory area, which allows the animal to perceive its environment´s scents. This olfactory 

information is evaluated and interpreted by the reptile and reveals essential information for 

inter- and intraspecific communication like hunting, fighting and reproduction. The 

Jacobson´s organ is located in close relationship to the nasal vestibule and the nasal cavity. Its 

duct opens into the palatine groove cranially to the choanal entrance of the nasopharyngeal 

duct [20, 72, 74].  

 

 

UPPER RESPIRATORY TRACT 

NARES  

 
The reptilian nose starts with the nostrils and ends with the nasal cavity, which proceeds with 

the nasopharyngeal duct into the palatine groove. The position and shape of the nostrils varies 

markedly within different reptile species and is dependent on the development of nasal 

musculature on the variably shaped head and specific characteristics like hunting or rather 
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nutritional habits or their natural habitat and its natural climate [18, 20, 21, 23, 31, 53, 58, 59, 

72, 73]. Remarkable varieties in the appearance of the nose can be found in the Pig-nosed 

turtle (Carettochelys insculpta) [75], which uses its trunk-like nose not only to inspire air and 

inhale scents, but also to rummage in the ground to find food. Also, the Hognose-snake 

(Heterodon nasicus) [76] shows a specialised nose, which possesses a hook that is used by the 

snake for digging. In bearded dragons, the nostrils are covered with keratinized dermis, which 

can also be observed inside the lumen and is regularly renewed through ecdysis [77], but does 

not show any specialities comparable to the pig-nosed turtle and the hognose-snake. 

 

 

VESTIBULUM NASI 

 

The nostrils lead the inspired air into the nasal vestibule [18-20, 23, 59, 72]. In agamid 

lizards, it proceeds from the lateral aspect of the cranial part of the animal´s head into a 

rostromedial direction towards the nasal septum. Its lumen shows an equal diameter on its 

way further inside the head. Just at the level of the nasal septum, the vestibule turns caudally 

and merges into the nasal cavity [72].  

 

 

CAVUM NASI  

 

The nasal cavity consists of two fundamental parts, the respiratory part (pars respiratoria) 

and the olfactory part (pars olfactoria), which in return leads into a blind recess; the antorbital 

space [18, 20, 23, 72, 78]. After the vestibule turns caudally to lead into the nasal cavity, it 

increases in diameter and shows a tubular form. Its two parts are separated by several 

characteristics. The most prominent separation is the concha, which projects medially from 

the cavity´s lateral wall [20, 72]. Additionally, the nasolacrimal duct enters between the two 

areas [74] and the epithelium changes from a respiratory epithelium to a sensory, olfactory 

epithelium [20]. The olfactory region continues into the nasopharyngeal duct. It is a short and 

narrow, tubular canal, which leads the inspired air into the palatine groove. The olfactory 

region also opens caudally through a small entrance into the antorbital space. It is a blind 

recess lying between the nasal cavity and the orbita [18]. The olfactory region with its 

olfactory epithelium allows for the analysis of environmental scents, which plays an 

important role in inter- and intraspecific communication in many reptile species [19].  
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PARANASAL SINUSES  

 

Generally, paranasal sinuses function in humidification, phonation and heat storage [79]. 

Paranasal sinuses are developed in mammals and birds, but are generally lacking in reptiles 

[80]. One exception is the Mississippi alligator (Alligator mississippiensis), in which true 

paranasal sinuses can be observed [81]. We can only speculate if the presence of paranasal air 

sinuses in alligators might be beneficial for the sustainment of their large head during long 

times of waiting for prey in the water.   

 

 

DUCTUS NASOPHARYNGEUS 

 

After the inhaled air has passed the nasal vestibule and the nasal cavity it needs to be led 

further caudally and ventrally towards the lower respiratory tract. Therefore, the 

nasopharyngeal duct directs the air from the respiratory region of the nasal cavity into the 

palatine groove of the oral cavity [18, 20, 23, 27, 59, 82]. The palatine groove is margined by 

the vomerine cushion on its medial and a mucosal fold on its lateral aspect [27].  

 

 

OROPHARYNX 

 

In mammals, the oral cavity contains the first part of the digestive tract which runs through 

the oral cavity and crosses the respiratory way in the pharyngeal region. Additionally, the 

respiratory way starts at the nostrils, proceeds through the nasal cavity, enters the pharynx 

with the nasopharyngeal duct and crosses the digestive path inside the pharynx [83].  

Quite different in reptiles, we can find inconsistent descriptions of the pharynx or rather the 

oropharynx. Few authors describe the oropharynx [84-86] as the nasopharyngeal duct enters 

the oral cavity rostrally and does not cross the digestive tract similar to mammals. In contrast, 

other authors [62] mention the pharynx if diseases are recognized inside the caudal oral cavity 

in reptiles.  
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LOWER RESPIRATORY TRACT 

LARYNX AND HYOID 

 
In bearded dragons, the larynx lies in the ventral region of the oropharynx and adjacent to the 

root of the tongue. The larynx is a hollow organ containing cartilage, musculature, ligaments 

and mucosa and functions as a tube which leads the inspired air into the trachea [6, 27-29, 31, 

36, 53, 60, 62, 66, 82, 87-91].  

In mammalian species, the laryngeal skeleton consists of the cricoid cartilage (cartilago 

cricoidea) in the caudal region, the thyroid cartilage (cartilago thyreoidea) in the ventro-

lateral region, the two arytenoid cartilages (cartilagines arytaenoideae) on the dorsal side of 

the larynx, and the epiglottis (cartilago epiglottica) which closes the larynx rostrally during 

the process of swallowing. Additionally, an inconsistent number of sesamoid cartilages 

(cartilagines sesamoideae) as well as corniculate cartilages (processus corniculati) and 

cuneiform cartilages (processus cuneiformes) might be present regarding the mammalian 

species. The laryngeal cavity in mammals can be divided into the laryngeal vestibule 

(vestibulum laryngis), which is the proximal region of the larynx, a middle laryngeal cavity 

(glottis), which contains the vocal apparatus, and the infraglottic cavity (cavum 

infraglotticum), which lies distal and runs caudally into the tracheal tube [92].   

In reptiles, the larynx contains three cartilages. The biggest of all three is the cricoid 

(cartilago cricoidea), which might sometimes be called thyreocricoid (cartilago 

thyreocricoidea), [36, 62] regarding its phylogenetic origin as the aggregation of the thyroid 

and the cricoid cartilage. In reptiles, a ventral medial process (processus ventralis) can be 

found on the rostroventral aspect of the cricoid. The spherical cricoid is bilaterally 

accompanied by the two triangular arytaenoid cartilages. It is mandatory to indicate the 

importance of the tracheal rings which complete the laryngeotracheal skeleton. The entrance 

of the larynx forms the laryngeal aditus (aditus laryngis).  The epiglottic cartilage (cartilago 

epiglottica) does not exist in reptiles like it does in mammalian species [27]. The laryngeal 

skeleton in reptiles forms a single laryngeal cavity. Therefore, a division of the organ as seen 

in mammalian species is lacking and a medial laryngeal cavity, which contains the vocal 

apparatus is absent. Therefore, many authors refer to the laryngeal aditus as the glottis [31, 

59, 63]. Sound production in reptiles is developed to different extends among various reptilian 

species. In contrast to birds, which mainly produce their inter- and intraspecific sounds 

through the syrinx [92-94], reptiles do mainly produce hissing sounds by pushing air through 
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their glottal lips [95]. Reports of the existence of vocal cords in reptiles can for example be 

found for gecko species [38, 96], snakes [97], alligators [39] and tortoises [40]. It is 

mandatory to mention, that the vocal cords found in reptiles lie adjacent to the luminal surface 

of the larynx, contrary to mammals where these cords cross the lumen of the larynx. As the 

mechanism of sound production among different reptile species is different due to their 

particular anatomical features and true vocal sounds comparable to mammals are rare to find 

in reptilian species, we rather refer to the frequently called “glottis” as the laryngeal aditus.  

Evolutionary studies reveal that in amniotes the laryngeal cartilages arise from the posterior 

pharyngeal arches and may contain mesodermal components in amniotes [98, 99].   

Reptiles like the bearded dragon possess two main muscles which open and close the glottis. 

The dilatator or cricoarytaenoideus muscle (musculus cricoarytaenoideus) origins mainly 

from the cricoid and does only partially surround the arytaenoids [27]. In ophidians, it also 

comprises the first tracheal rings. The compressor muscles lie bilaterally as a dorsal laryngeal 

muscle (musculus laryngeus dorsalis) and a ventral laryngeal muscle (musculus laryngeus 

ventralis), although the separation is likely to be hardly definable in many lacertilian reptiles. 

They tend to show two laryngeal sphincter muscles, one on the right and one on the left side, 

which merge on the dorsal aspect of the larynx. The sphincter origins from the hyoid body 

and the ventral middle process of the cricoid [27].  

The larynx lies on the hyoid, which consists of the hyoid corpus (corpus hyoideum), lingual 

process (processus lingualis), hyoid cornua, hyoid bars or epihyals, ceratobranchials, 

epibranchials and the second epibranchials [90]. Both organs are connected by a ligament, 

which is called hyothyreoid ligament (ligamentum hyothyreoideum) by Henle [36]. The name 

“hyothyreoideum” was accurate in former times (1839) as “thyreoid” described a shield-like 

structure. Nowadays, one would choose the term “hyocricoid” to be more accurate as the 

ligament origins at the base of the hyoid and inserts ventrally on the cricoid cartilage. The 

ligament also serves as the anchorage for the compressor muscle [36, 100].  

 

 

TRACHEA 

 

The trachea of reptiles is a tubular organ which leads the inspired air from the laryngeal aditus 

towards the lungs [31, 59, 66, 82, 88, 89, 101-106]. Its embryological origin is the ventral 

wall of the entodermal intestine [107]. It runs inside the neck, being accompanied by the 

oesophagus dorsally and the adjacent musculature ventrally. In reptiles, the air tube consists 
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of a variable number of complete or incomplete cartilaginous tracheal rings, whereas its 

diameter stays stable along its way caudally [27, 29, 31, 59, 60, 66, 88, 102-104, 106, 108]. A 

fibrous ligament connects the first tracheal ring with the larynx [27]. The air tube may or may 

not bifurcate and release two bronchi. The proportion of the trachea and its bronchi as well as 

the entrance of the bronchi into the lungs diverges among different reptile species [6, 31, 59, 

60, 66, 101, 103, 104, 106]. In snakes, the trachea runs through the pleuroperitoneal cavity, 

passes the heart and enters in either one or both lungs. In most serpents, only rudiments of the 

left lung exist. Accordingly, the trachea does not have to bifurcate and simply enters the 

existing lung. In contrast, some snake species possess a very small left lung. In these animals, 

the trachea subdivides, and each bronchus penetrates one lung. In chelonians, the trachea does 

also enter the pleuroperitoneal cavity and passes the heart. In tortoises, the air tube bifurcates 

rather cranially before each of the bronchi access one lung, whereby the bifurcation occurs 

further caudally in pond turtles, which possess a generally longer neck [68, 69]. In lizards, the 

bifurcation of the trachea occurs rather caudally, approximately at the base of the heart. A 

fairly specific description of the respiratory tract exists for the Green lizard (Lacerta viridis) 

[109], in which the principle bronchi of the trachea enters each lung shortly after its 

bifurcation.  

 

 

LUNGS 

 

The general anatomy of the reptilian lung differs from that of mammals. Reptiles possess sac-

like lungs, which show different forms and functions regarding the particular reptile species. 

Many authors [6, 28, 30-32, 53, 59, 60, 64, 66, 82, 88, 101-104, 106-115] describe the gross 

reptilian lung structure but nearly every composer defines the respiratory organ by different 

characteristics.  

For example, the lung ultrastructure can be defined by its distribution (homogenous, 

heterogenous), its parenchymal type (edicular, faveolar, trabecular) and its structural type 

(single-chambered or unicameral, transitional or paucicameral, multi-chambered or 

multicameral) [30]. Some authors may use exemplary reptile species for the description of the 

particular lung type (Sphenodon-type, Lacerta-type, Iguana-type, Monitor-type). Additionally, 

a muscular and a cartilaginous lung type can be differentiated [29, 106, 113].  

As these classifications do not by far take every detail into consideration, Perry [30] proposes 

in his latest composition a more precise graduation of the following structures regarding the 
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lower respiratory tract: extrapulmonary structures (trachea/ae and bronchus/i), external 

features of the lung/s (hilus/i, prehilar lung, posthilar lung, lung surface, lung margin), 

internal features of the lung/s (supraparenchymal structures like intrapulmonary airways, 

chambers, lobes, niches, central lumen), parenchyma (faveolar, edicular, trabecular), 

descriptive characterization (deep versus shallow partitioning and dense versus sparse 

partitioning), morphometric characterization (percent of parenchyma, surface area-to-volume 

ratio, parenchymal surface area) and subparenchymal structures (trabeculae, septal 

components).  

In general, we can summarize general parenchymatous patterns for particular reptilian 

suborders: Testudines possess multichambered lungs [30, 64]. They have an intrapulmonary 

bronchus which is unbranched and reinforced by cartilage. The group of lepidosaurs consists 

of rhynchocephalians, sauria, gekkota, scincomorpha, anguimorpha and snakes [116, 117].  

The rhynchocephalians like the tuatara (Sphenodon punctatus) have single-chambered lungs, 

that contain homogeneously distributed edicular parenchyma [30, 64]. Sauria involve the 

families of iguanidae, agamidae and chameleonidae [116], of which in all of these the 

transitional lung type has been described [30, 64]. The lungs of gekkota are considered to be 

single-chambered with a row of dorsomedial niches on their inner surface [30, 64, 118]. They 

can show a faveolar to edicular parenchyma, whereas some species can show a partially 

trabecular one. In scincomorph lizards, the lung anatomy is to date poorly evaluated. Small 

bronchi have been described in some species, but others show a gecko-like inner lung 

structure [119]. In scincomorph reptiles with an elongated body form, the right lung might 

even be reduced. The anguimorphs need to be subdivided into the anguioidea and the 

varanoidea. The subgroup of anguioidea can possess either equally sized lungs or a well-

developed and a reduced lung according to the body shape of the particular species. The lung 

is generally single-chambered with only small lung parenchyma which may even reduce from 

the cranial to the caudal part of the inner lung [30, 64]. Varanoidea and helodermatids possess 

multi-chambered lungs which makes them uncommon among lizards. Their lungs are large, 

have a heterogenous partition and contain a secondary bronchus that is cartilage-assisted. In 

snakes, the left lung is either reduced or completely lacking regarding the species [30, 31, 59, 

64]. The trachea bifurcates caudally to the heart´s apex to enter either one or two lungs. 

Snakes possess – in contrast to lizards – tissue around the trachea which enables the animal 

for gas exchange [59]. Their lungs might be single- or multi-chambered with edicular and 

homogeneously distributed to faveolar and heterogeneously dispersed parenchyma showing 

the great variety of lung structure among snakes, which can be explained with the different 
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habitat shown in multiple snake species. Crocodylian reptiles do all possess multi-chambered 

lungs, which is the only commonality among these animals. Except for this, their lung tissue  

can appear very different [30, 64].  

 

 

SEPTA 

 

The fixation and margination of the reptilian lungs is realized by multiple septa, which may 

be present or rather developed to a different degree among the distinct reptile species [28, 32, 

59, 60, 82, 119-121]. The pleuroperitoneal cavity is cranially bordered by the transverse 

septum (septum transversum). It origins from the pericardium which fuses with the mesentery 

of the yolk sac to form the transverse septum, which hinders the cranial expansion of the lung. 

A second septum – the postpulmonary septum (septum postpulmonale) – arises from the 

transverse septum, which connects with the mesentery of the kidney and the dorsal mesentery. 

It can be found at the caudal border of the lungs and may be developed to a different degree 

regarding the size and nutritional status of the animal. In some reptiles, there might be a third 

septum, called posthepatic septum (septum posthepaticum). It appears when a recess is 

formed between the liver and the pleuroperitoneal cavity and can be found between the caudal 

margin of the liver and the inner pleuroperitoneal wall. As we can see cranial and caudal 

mesenteries inside the reptiles´ pleuroperitoneal cavity which affect the lungs, there is also a 

thin layer of mesentery, which fuses the dorsal aspect of the lungs to the dorsal 

pleuroperitoneal wall. Ventrally, the lungs are unattached and can therefore be shifted by 

other organs [120, 121].  

 

 

BLOOD SUPPLY 

 

The arteries of the reptilian lung origin from the right and left pulmonary artery (arteria 

pulmonalis dexter et sinister), which leave the ventricle with the pulmonary trunk and run 

towards the lung [122, 123]. The large pulmonary veins in reptiles, namely the right and left 

pulmonary vein (vena pulmonalis dexter et sinister) transport the venous blood from the lungs 

towards the left atrium. Few compositions [88, 109, 118, 124, 125] deal with the general 

vascularisation of the lung in reptiles. The authors share the consensus that the pulmonary 
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arteries and veins do run mainly on the dorsal aspect of the respiratory organ, but a detailed 

description is lacking.  

 

 

HISTOLOGY 

LARYNX 

The histological composition of the larynx is barely evaluated for reptiles. General 

descriptions can be found in Henle´s [36] and Leydig´s [37] evaluations of the reptilian 

respiratory tract. The larynx follows a regular rule in its architecture. Starting from the 

luminal side, the larynx can be divided into a mucous tunic (tunica mucosa), a 

fibromusculocartilaginous tunic (tunica fibromusculocartilaginea) and the adventitia (tunica 

adventitia). The mucous tunic can be subdivided into the ciliated epithelium and the lamina 

propria, which consists of connective tissue. The fibromusculocartilaginous tunic includes the 

cartilaginous layer of the cricoid and the arytaenoids and a sheet of musculature. The 

adventitia includes the perichondrium as a layer of connective tissue and the mucosa, which 

circumvents the whole larynx and delimits it towards the oropharynx.  

Whereas the histology of the bearded dragon´s larynx hasn´t been studied in former times, 

one can find essays about the larynx of other reptile species. The composition of Rittenhouse 

[38] about the larynx and trachea of the Barking gecko (Ptenopus garrulus maculatus) 

confirms the general composition of the reptilian larynx. Additionally, it deals with the vocal 

cords of this animal. The cords consist of elastin and lie beneath the lamina propria of the 

laryngeal mucosa. Vocal cords cannot be found in every reptile species and so it is also absent 

in bearded dragons. A similar paper can be found about the Mississippi-alligator (Alligator 

mississipiensis) by Riede [39]. Similar to Rittenhouse, the author describes the larynx and 

confirms the general composition but focuses on the vocal cords of the animal. In this reptile, 

the vocal cords contain epithelium, a lamina propria and musculature.  

 

 

TRACHEA 

Generally, the composition of the trachea is comparable to that of the larynx except for the 

laryngeal musculature. We can find a mucous tunic (tunica mucosa) with ciliated epithelium, 
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a cartilaginous tunic (tunica cartilaginea) containing the incomplete tracheal rings and an 

adventitia (tunica adventitia) with its connective tissue and mucous membrane. Henle [36] 

and Leydig [37] describe the universal composition of the reptilian trachea, mentioning the 

respiratory epithelium and the typically incomplete tracheal cartilages. Additionally, Rothley 

[29] not only summarizes Henle´s and Leydig´s results, but adds examinations of the tracheal 

cartilage within different species. He assumes, that lizards and snakes possess cell-rich 

cartilage whereas the trachea of tortoises shows fibrous cartilage. Also, the connective tissue 

that surrounds the cartilaginous rings is thicker in tortoises than it is in snakes and lizards. 

Concerning the development of the tracheal rings and the adjacent musculature, Rothley 

describes his findings that the rings in tortoises and lizards are incomplete but generally only 

show a small gap which is bridged by smooth musculature. Contrary to this situation, the 

trachea of snakes shows a greater gap and possess a bigger amount of musculature to support 

the trachea. Tucker [126] compares the trachea and its functional characteristics among 

different animals, including the Carpet python (Morelia spilota variegata). He analyses the 

ability of this snake species to remove pathogens from the inner surface of the trachea by the 

mucous producing cells and the cilia, which transport the pathogens towards the larynx. The 

trachea of the Broad-snouted caiman (Caiman latirostris) was examined by Santos [127], who 

confirms the general composition of the trachea which can be found in reptiles.  

 

 

LUNGS 

In contrast to the reptilian larynx and trachea, the histology of the lung of reptiles is relatively 

well described by former authors [28-30, 36, 37, 64, 107, 113, 120, 124, 128-131]. On their 

luminal side, the reptilian lung shows a polygonal honeycomb structure. There is 

disagreement about the nomenclature of these spaces among different authors through the past 

years. Moser [114] subdivides the lung into septa, niches and crypts, whereas Marcus [111] 

uses the terms ridges and septa. A classification into septa and alveoli of first, second and 

third order is made by Rothley [29], whereas Duncker [120] just uses the term septa. In 

current literature [30, 32], the evaluations show more uniformity as mostly the term 

“trabeculae” is used and therefore serves for the description of the bearded dragon´s lung in 

this publication. However, the histological composition of the reptilian lung follows a general 

rule: The outer pleura consists of squamous epithelial cells and is circumvent by an adventitia 

that contains connective tissue. On the luminal side of the lung follows a lamina propria, 



 16 

which can be subdivided into a layer of connective tissue and smooth musculature. From the 

lamina propria arise the trabeculae of first order. These, which are the biggest trabeculae, 

possess a cartilaginous core that gives more stability. These first-order-trabeculae show 

respiratory epithelium on one side and multiple capillaries on the other side. In fact, there is 

no description of the histology of the bearded dragon´s lung, but composition´s about other 

reptiles are published. Fleetwood et al. [132] worked on the lung parenchyma of the 

Loggerhead sea turtle (Caretta caretta), which show the presence of an intrapulmonary, 

cartilage-reinforced bronchus. Maina et al. [35] published an article about the lungs of the 

Savannah monitor lizard (Varanus exanthemicus) and the Pancake tortoise (Malacochersus 

tornieri). Both species show a heterogenous lung parenchyma where the cranial area inhabits 

smaller gas exchange units than the caudal part. In contrast to the savannah monitor, which 

possesses primary and secondary septa, the pancake tortoise additionally has tertiary septa. 

The Central netted dragon (Ctenophorus nuchalis) was examined by McGregor et al. [32], 

who confirmed the general composition of reptilian lungs for this species and added 

information about the presence of alveolar type II cells by scanning and transmission electron 

microscopy. Meban [109] published his findings of the lung of the Green lizard (Lacerta 

viridis) and Perry et al. [118] examined the New caledonian giant gecko (Rhacodactylus 

leachianus) of which their respiratory organs follow the general construction of reptilian 

lungs. Additionally, Klemm et al. [33] described the microanatomy of the lung parenchyma of 

a Gold tegu (Tupinambis nigropunctatus) and Beddard [34] published his findings of the 

microanatomy of the Frilled lizard (Chlamydosaurus kingii). In contrast, the lungs of the 

Greek tortoise (Testudo graeca) [133] contains an intrapulmonary bronchus and shows 

intertrabecular septa between the trabeculae of first, second and third order. In 

Chamaeleonidae one can find apart from the generally valid composition of the histological 

lung structure finger-like extensions, which extend caudally inside the pleuroperitoneal cavity 

[134]. 

 

 

DIAGNOSTIC IMAGING 

RADIOGRAPHY 

Radiography is an important tool in confirming diagnosis in reptile medicine. Several review 

articles about radiography in reptiles can be found by Banzato et al.[41], DeShaw et al. [42], 

Hernandez-Divers et al. [43, 135], Holmes et al. [44, 45], Lauridsen et al. [50] and Schildger 
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et al. [46]. Additionally, compilations about digital radiography compared to conventional 

radiography are published [42, 136, 137] and underline the importance and practicability of 

radiography as a diagnostic tool in veterinary medicine. In lizards, a dorsoventral, and at least 

one lateral projection, are crucial to obtain a comprehensive overview [44, 45]. In tortoises, a 

dorsoventral view in combination with a lateral and a craniocaudal view is mandatory for the 

complete evaluation of the animal, especially regarding the presentment of the lungs [138]. In 

tortoises and small lizards, the lateral or rather craniocaudal images can be taken with the 

animal sitting on an elevated box or foam block whereas the x-ray machine can be turned in a 

90-degree angle to take the picture [138]. Additionally, one can position lizards on one side 

and fixate them. Limb retraction provides a superior view of cranial and caudal aspects of the 

pleuroperitoneal cavity. This technique is especially applicable in big lizards, if an evaluation 

of the heart or the pelvic region including the colon and the kidneys is required [45]. In 

snakes, dorsoventral and lateral views are performed by stretching the animal out either in a 

ventral or lateral recumbency [44]. In general, anatomical features of reptiles are equally 

detected in radiographic imaging as in mammals. Bones show a higher density than soft tissue 

and fluids, which in turn show a higher density than air. To obtain an objective evaluation of a 

radiograph, distinctive anatomical reference points like specific vertebrae or bones and their 

relation to each other can be taken into consideration, although international, unitary rules are 

lacking [138-140]. 

Examples of frequently performed diagnostic techniques using radiography in lizards are 

gender determination [141] and gastrointestinal contrast medium studies [86, 142]. The 

physiological appearing lower respiratory tract of reptiles should generally appear uniformly 

air-filled. The dermatological features like the shell in chelonians and the differently 

developed scales in lizards have to be taken into consideration and may cause adventitious 

overlying with the lung tissue [44, 45, 138].  

 

 

COMPUTED TOMOGRAPHY 

Computed tomography [41, 43, 46-49, 51, 143] is gaining more importance in exotics. 

Contrary to radiography, CT-scans enable the examiner to interpret not only a three-

dimensional picture of the patient but also the evaluation of different levels of the animal´s 

body. Therefore, computed tomography is a valuable additional diagnostic tool. Regarding the 

particular reptile species, the animal can be examined with or without chemical restraint. 
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Snakes and lizards usually need to obtain general anaesthesia to prevent them from moving 

during the scan [144]. In contrast, tortoises sometimes can be examined by tying or adhering 

their shell to a plastic block. In this method it is essential that the animal´s legs cannot reach 

the plastic box or the table to hinder an unwanted jumping off the block. A description of the 

normal computed tomographic anatomy of the pleuroperitoneal cavity in the Green iguana 

(Iguana iguana), the Argentine black and white tegu (Tupinambis merianae) and the Bearded 

dragon (Pogona spp.) can be found in Banzato et al. [52], Borgonovo et al. [145] as well as in 

Mans et al.´s compilation about the lung volume measured via computed tomography in Red 

eared sliders (Trachemys scripta elegans) [146]. Additional to these abstracts, papers about 

the use of computed tomography for the diagnosing of diseases of the respiratory tract are 

published for Indian pythons (Python molurus) [147, 148], Leopard tortoises (Geochelone 

pardalis pardalis) [149] and Loggerhead turtles (Caretta caretta) [150]. 

One of the advantages of the use of computed tomography in reptiles is the possibility to scan 

through different levels of the patient and therefore avoid the overlying of dermatological 

features or other organs of the pleuroperitoneal cavity with the lung tissue [43, 46, 49, 51].  

 

 

MICRO-COMPUTED TOMOGRAPHY 

Micro-computed tomography (mCT) is a tool used if an especially detailed examination of a 

specific structure is desired. Due to its long duration time of several hours, it is only 

applicable for scientific research or studies of abiotic material. Micro-CT studies in lizards 

have been performed for the evaluation of their skull morphology and development [26, 151, 

152], tooth renewal [153] as well as investigations on regenerative strategies following 

autotomy [154].  

 

 

RESPIRATORY DISEASES 

GENERAL CONSIDERATIONS 

Reptiles can show several signs for diseases of the respiratory tract like nasal obstruction, 

nasal discharge, and dyspnoea. These symptoms may present on their own or in combination 

with unspecific symptoms like apathy, lethargy or loss of appetite. These mostly infectious 
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diseases can be caused by viral, bacterial, fungal and parasitic pathogens, which can occur 

solitary or in combination [3, 5-7, 60, 62, 63, 65, 66, 77]. It is important to mention, that most 

of the respiratory diseases in reptiles are a combination of different pathogens.  

 

VIRAL DISEASES 

Viral diseases are frequently reported in reptiles. Authors verified Adenovirus infections [4, 8, 

9, 11], Paramyxovirus infections [10, 12], Herpesvirus infections [13] and Iridovirus 

infections [14], of which the Adenovirus and the Paramyxovirus could be detected in bearded 

dragons in particular.  

 

BACTERIAL DISEASES  

In reptiles, gram-negative bacterial flora is considered to be physiological and bacterial 

infections of the respiratory tract are rarely stand-alone [66]. Instead, one can frequently find 

secondary bacterial infections following primary viral diseases. Regularly isolated bacteria 

are Pseudomonas spp., Klebsiella spp., Proteus spp., Aeromonas spp., Salmonella spp. and 

Staphylococcus spp., which can be part of the normal flora [155]. Sometimes, one may be 

able to detect anaerobic bacteria like Fusobacterium spp., Clostridium spp. and Bacteroides 

spp. [66]. For example, Evans et al. found a mixture of gram-negative bacteria, including 

Morganella morganii, Acinetobacter calcoaceticus, Serratia marcenscens, and Pseudomonas 

spp. in free-living eastern Box turtles (Terrapene carolina carolina), suffering from chronic 

bacterial pneumonia [156]. In addition, apart from the listed bacteria we have to mention 

Mycoplasma-infections [4], which can regularly be detected in mediterranean tortoises but 

may also affect lizards.  

 

FUNGAL DISEASES 

Apart from the frequently diagnosed viral and bacterial respiratory infections, one may be 

able to isolate funguses, for example in microbiological samples of lung flushes [5, 155]. 

Mycotic diseases of the respiratory tract of reptiles might be secondary to viral or bacterial 

diseases. However, funguses should also be considered whenever respiratory signs are present 
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in a reptile. For example, Schmidt et al. [15] could detect hypocrealean fungi in pulmonary 

granulomas in reptiles.  

 

 

PARASITIC DISEASES 

Not only viral, bacterial and mycotic pathogens can be associated with respiratory diseases in 

reptiles, but also parasites may cause primary respiratory signs by migrating through mucosal 

tissue of the respiratory organs. Pentastomids, have been described especially in snakes, 

whereas nowadays one may find them almost exclusively in wild-caught animals. 

Pentastomids migrate up the respiratory tract before they get swallowed and enter the 

digestive tract.  Kalicephalus spp. and Rhabdias spp., especially Rhabdias fuscovenosa, are 

also known to cause primary respiratory diseases [16, 66].  

 

 

 

BLOOD CHEMISTRY EVALUATIONS 
 

Examinations of blood of reptiles can be performed whenever knowledge about the health 

status of inner organs is required [157, 158]. In bearded dragons, blood samples are usually 

taken from the ventral coccygeal vein (V. coccygea ventralis) [159]. For the interpretation of 

the blood measurements, the examining veterinarian can find information about the 

characteristics of haematology and clinical chemistry in bearded dragons. Ellman [160] 

published findings of blood values in adult bearded dragons. The author examined a group of 

21 bearded dragons, including one male, one female, and their offspring. He described the 

tendency of thrombocytes in bearded dragons to clump shortly after blood sampling and 

pointed out the higher Glucose levels in the examined lizards in contrast to other reptiles. 

Additionally, Bain [161] examined the blood of 32 wild-caught bearded dragons (10 females, 

22 males) for the amounts of cholinesterase after exposure to different levels of fenitrothion, 

but did not evaluate any other blood parameter. He showed that bearded dragons with the 

highest exposure to fenitrothion congruently showed markedly higher activity-levels of CHE. 

Rivas et al. [162] analyzed CHE-levels in eight gravid female Green turtles (Chelonia mydas) 

nesting at two different places in Mexico. In this publication, the authors suspect an uptake of 

organchlorides into the egg which leads to a lower CHE-level in the gravid female. 
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Additionally, Allebrandt et al. [163] point out the importance of cholinesterase for the 

embryological development in the chicken (Gallus gallus) and the zebrafish (Danio rerio).  

In the Tenerife Lizards (Gallotia galloti), Sanchez-Hernandez et al [164] could show a 

connection between high levels of agrochemicals and low levels of cholinesterase in the 

blood. The authors evaluated the blood of 420 lizards on the Island La Palma (Canary Islands, 

Spain) and saw significant lower BChE-levels in animals from agriculture areas than from the 

reference locations.  
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MATERIALS AND METHODS 
 

The study can be divided into an anatomical, histological and diagnostic imaging part. All 

animals of the anatomical and histological study were adult, weighed at least 150 g and died 

or were humanely euthanized due to incurable diseases not affecting the respiratory tract. The 

bodies of ten bearded dragons were prepared for gross anatomical examinations of the 

respiratory tract and its topography inside the pleuroperitoneal cavity. The larynx, trachea and 

lungs of 5 bearded dragons were prepared for histological examinations. Three animals were 

dissected transversely or rather sagittally. Additionally, the respiratory vascularisation was 

prepared of five bearded dragons. One deceased bearded dragon was examined with a micro-

CT. The animals of the diagnostic imaging study contained 39 adult bearded dragons.  

 

 

ANATOMICAL AND HISTOLOGICAL PREPARATIONS 

 

Animals that had to be euthanised for reasons of incurable diseases or that passed away were 

used for gross anatomic examinations and sampling for histological analysis. Both males and 

females with a minimum bodyweight of 150 g were used. The bodies were either examined 

directly after death or stored in a freezer at -18 °C and thawed shortly before the 

examinations. 

For the preparation of the respiratory tract and its septa, ten animals were examined. 

Therefore, they were positioned in dorsal recumbency. First, the skin was incised on a 

paramedian line between the pectoral girdle and the pelvis. Afterwards the pleuroperitoneal 

cavity was opened in the same way. In the cranial and caudal part, additional incisions on 

both the right and the left side had to be made through the skin to gain full access to the 

organs. First, the septa were observed and photographed. For the determination of the position 

and distribution of the respiratory tract, the septa as well as the liver, the gastrointestinal tract 

and the heart had to be removed from the pleuroperitoneal cavity.  

To obtain the best possible results, the samples for the histologic examinations had to be taken 

within two hours after death. Five animals which had to be euthanised for reasons of severe 

illnesses or injuries were used for sampling after their death was confirmed via auscultation 

with the ultrasound doppler for at least ten minutes. The body was then opened medially from 

cranial to caudal between the pectoral girdle and the pelvis. If present, highly developed fat 

bodies were removed from the pleuroperitoneal cavity. The pectoral girdle was opened by 
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cutting out the sternum. The liver was detached from its ligaments and the portal vein was 

ligated and cut before the organ could be removed from the pleuroperitoneal cavity. 

Afterwards the heart was detached from its ligaments and its blood vessels after ligating and 

cutting the associated arteries and veins. If present, ovaries were ligated and the delicate 

ligaments connecting the ovaries with the pleuroperitoneal wall and the lungs were severed. 

For the removal of the gastrointestinal tract, ligatures were positioned at the transition zone 

from the oesophagus to the stomach and close to the cloaca. The mesogastrium was removed 

and the stomach as well as the intestines could then be taken out of the animal´s body. The 

fine connection between the oesophagus and the trachea was carefully divided. Finally, the 

larynx was isolated from the tongue and the hyoid. The whole lower respiratory tract could 

then be taken out of the pleuroperitoneal cavity. The organ was first washed out with sterile 

saline solution and stored in formalin. The larynx was positioned on the top and the caudal 

end of the lungs on the bottom of the formalin-filled container to enable the complete effusion 

of the air and avoid possible artefacts through the presence of air blisters. The solution 

contained 4 % formaldehyde stabilized with methanol. For further processing, the organ was 

cut with a rotary microtome (Leitz 1512, Leitz Meßtechnik GmbH, Wetzlar, Germany) and 

the slices were passed into permeable boxes and flushed under flowing water for two hours. 

Afterwards, the samples got inlayed into alcohol with a concentration of 70%. Before the 

slices could be dyed and examined, they were embedded in paraffin, transferred into a block 

and dragged [165, 166]. The samples were dyed in 6 different stainings: haemetoxylin-eosin, 

masson, resorcin-haemalum, PAS-haemalum (periodic acid schiff reaction) and alcian blue 

with a pH of 1 and 2. 

The histological samples were evaluated using a microscope (Zeiss Axio Scope A.1, 

Oberkochen, Germany) with 5x, 10x and 40x magnification. Photographs were taken with a 

microscope camera (Axio Cam ICc 5) and an imaging processing software (ZEN lite 

software, Zeiss, Oberkochen, Germany).  

Five animals were used for the examination and description of the lung´s blood vessels. 

Therefore, a mixture of latex and wall paint (Alpina COLOR Voll- und Abtönfarbe, M-DF01, 

Alpina Farben GmbH, Ober-Ramstadt, Germany) was injected into the arteries (red) or veins 

(blue), using a venous catheter. It contained: latex, acrylic resin dispersion, titanium dioxide, 

colored pigments, mineral fillers, water, additives and preservative agents 

(methylisothiazolinone, benzisothiazolinone). For the preparation of the arteries, the mixture 

was injected into the ventricle. The veins could be effused by injecting the material into the 

left atrium. Afterwards, animals were immersed in a fixative solution at a temperature of 
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+3°C. The solution was made in the Institute for Anatomy of the University of Veterinary 

Medicine in Hanover, Germany: It contained: 6000 ml water, 450 g potassium acetate, 300 g 

chloral hydrate, 180 g boric acid, 132 g sodium sulphate, 108 g sodium bicarbonate, 60 g 

salicylic acid, 54 g sodium chlorate and 6 g potassium sulphate (Peter´s solution). 

 

 

FULL BODY SECTIONING 

 

Three cadavers were used for the transverse or rather sagittal sectioning of bearded dragon 

heads. Either deceased animals were used, or those with incurable diseases were humanly 

euthanized. After death was confirmed through sonography, the bodies were stored in a 

freezer at -18°C. Therefore, they were accurately positioned in a ventral recumbency with 

their front- and hindlimbs sited in physiological posture. For further preparations, the cadaver 

was brought in a dorsal recumbency while it was still frozen. Epoxy resin moulding material 

(NIGRIN Performance Polyesterharz, S392651, INTER-UNION, Landau, Germany) was 

mixed with hardening agent (NIGRIN Härter, CO2283, INTER-UNION, Landau, Germany) 

until a light pink coloured mass was obtained. The epoxy resin was spread over the external 

body wall from the pectoral to the pelvic girdle. The occurring heat due to the hardening 

process was attenuated by pouring cold saline solution over the recently applicated mass. 

After one could observe that the epoxy resin was completely solid, the bearded dragon 

cadavers were again stored in a freezer at -18°C. The slices were prepared in the Institute for 

Anatomy of the University of Veterinary Medicine in Hanover, Germany. The animals were 

cased in a refrigerator box with cool packs to prevent them from thawing. In the laboratory, 

the heads were sawed transversally or horizontically with a commercial electrical band saw 

and a slice thickness of 5 mm. Subsequently, the slices were cleaned with commercial 

alcoholic solution with a concentration of 65 % and photographed. They were then packed 

and labelled and restored in a freezer at -18°C. 

 

 

DIAGNOSTING IMAGING STUDY 

GENERAL EXAMINATION 

39 bearded dragons with a minimum body weight of 150 g (14 females with present follicles, 

12 females without follicles, 13 males) were part of the x-ray study, of which 6 (2 females 
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with follicles, 2 females without follicles, 2 males) were also examined via CT-scan. The 

study was approved by the Institutional Animal Care and Use Committee at the University of 

Veterinary Medicine Hanover, Germany and the Lower Saxony State Office for Consumer 

Protection and Food Safety (Protocol number: 33.9-42502-05-18A281). The animals were 

privately kept pet reptiles or shelter animals, as well as lizards from various collections in 

Lower Saxony, Germany. Prior to the collection of the images, a physical examination 

including sex determination, inspection and if necessary palpation of the skin, the skeleton, 

the extremities, the nares, oral cavity, eyes and tympanic membranes, the pleuroperitoneal 

cavity, cloaca and tail as well as weighing the animal and measuring the snout-vent and snout-

tail-lengths was performed. The presence of follicles in the females was confirmed with 

palpation of the pleuroperitoneal cavity during the general examination or sonographic 

inspection. If a faecal sample was available, an examination was passed in the in-house 

laboratory. Therefore, a native sample was prepared by adding 0.02 ml of an isotonic solution 

(Sterofundin ISO® B.Braun Melsungen AG, Melsungen, Hesse, Germany) to a small amount 

of faeces on a specimen slide and covering it with a cover slip and examined with a 

microscope (A. Krüss Optronic GmbH, Hamburg, Germany). A flotation was assessed by 

filling a plastic cylinder with the faecal sample up with sated sodium chloride solution laying 

a cover slip on the surface. This sample was left for 20 minutes and examined afterwards 

microscopically.  

In cases of shelter animals, the results of recently performed faecal examinations in the 

particular institution were collected as well. 

Afterwards blood samples were collected from the ventral coccygeal vein (V. coccygea 

ventralis) using a 22-gauge needle and a 1-ml-syringe. Blood could be collected from 38 of 

the 39 bearded dragons. The blood sampling was carried out by inserting the needle at an 

approximately 45-degree angle into the ventral midline of the second third of the lizard´s tail. 

For the complete blood count, an amount of 0.75-1 ml blood was taken. Lithium-heparin and 

microhematocrit tubes were used for the blood collection prior to the analysis. For the packed 

cell volume (PCV), the microhematocrit tube was centrifuged for two minutes before it was 

interpreted (SiGMA Laborzentrifugen Model 1-14).  

The complete blood count included alanine aminotransferase (ALT), glutamate 

dehydrogenase (GLDH), alkaline phosphatase (ALP), aspartate aminotransferase (AST), 

cholinesterase, creatine kinase (CK), bilirubine, urea, uric acid, cholesterine, glucose, 

fructosamine, total protein (TP), albumin (all analysed with Cobas C 311 analyzer, Roche 

Diagnostics Deutschland GmbH, Mannheim, Germany), sodium, potassium, ionized calcium, 
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chloride, total calcium, phosphours, pH, pAtm (analysed with Rapidlab 1200 system, Siemens 

Healthcare Diagnostics GmbH, Eschborn, Germany).  

 

 

RADIOGRAPHIC IMAGES 

The x-rays were taken in 7 different projections (Gierth HF 400 High frequency diagnostic x-

ray system, GIERTH X-Ray International GmbH, Riesa, Germany). 3 images were taken 

from the whole animals including a dorsoventral view and two lateral views. For the 

dorsoventral view, the animals were placed on imaging plates in a ventral recumbency. As 

bearded dragons are generally very calm animals, barely any restraint methods were 

necessary for the dorsoventral view of the animals in this study. Visual barriers, like plastic 

boxes or the veterinarian´s hand, were occasionally used to prevent the lizard from running 

off the imaging plate. The lateral images were both taken with a beam path from the left to the 

right side of the body. For the first lateral projection the animal was sitting on a plastic-

covered foam block. The x-ray machine was turned around in a 90 degrees angle. Restraint 

mechanisms were identical with those for the dorsoventral view. The second lateral view was 

performed with the animal lying on the right side and the extremities being stretched out to 

the front, respectively the back. 4 x-rays were taken from the head in a dorsoventral, 

ventrodorsal and 2 lateral positions (each from the right and the left side). One person safely 

restrained the animal by holding the pectoral girdle and the forelimbs with one hand and the 

pelvis and the hind limbs with the other hand. The animal´s head was then positioned on the 

plate and a second person gently fixed it by spanning a paper towel over the head. The 

animal´s recumbency was then changed regarding to the planned view. All 7 images were 

taken with a focal film distance (FFD) of 60 cm, a voltage of 42 kV and the length of time of 

the electrical current varying between 1.96 and 2.05 mAs. For the storage of the imaging data 

an optical disk was used. The data were analysed and digitalised with a dataproceeding unit 

(Processor CR35-X; AGFA HealthCare GmbH, Bonn, Germany) using mammography 

imaging plates (Mammography Film CRMM 3.0 Extremities; AGFA HealthCare GmbH, 

Bonn, Germany). The veterinarian as well as the assistant were protected from radiation using 

commercially available protection coats, thyroid shields and gloves. 

Afterwards, the x-rays were examined and evaluated. Measurements included: the length of 

each lung field on the dorsoventral projection, the length of the lung on both lateral 

projections (therefore, the first rib bearing vertebra was defined as the reference point for the 



 27 

length measurements), the widest spot on the dorsoventral projection, three diameters of the 

trachea (directly caudal to the larynx, in the center of the organ and just cranial to the 

transition zone of the lung), the distance from the most caudal point of the trachea to the 

dorsally located vertebra and the sternum. Finally, the length and width of the head as well as 

the distances from the cranial border of the orbitae to the occiput and the apex of the maxilla 

to the caudal margin of the orbitae were measured.  

 

 

CT-SCANS  

The CT-images were taken with the animal in anaesthesia (Brilliance TM, 64 channel CT 

scanner, Philips GmbH, Germany) at the Small Animal Clinic of the University of Veterinary 

Medicine Hannover. The settings of the voltage were 120 kV and the length of time of the 

electrical current 150 mAs with a rotational time of 400ms. The increment was -0.9mm and 

the slice thickness 0.67mm, while the table traverse was 0.64mm. If an accurately 

symmetrical placement of the animal was not obtainable, the pictures were digitally 

reconstructed afterwards. 

A light isoflurane anaesthesia was sufficient for the scans. The bearded dragons were then 

placed in plastic boxes, where they were positioned in a straight posture. Both fore- and 

hindlegs were gently stretched out. The scans were performed from cranial to caudal. The 

obtained images were examined and evaluated. Measurements included the diameter of the 

trachea and the length and the width of the lungs.  

The evaluation and measurements within the radiographs and CT-images were performed 

with the easyIMAGE software (Veterinärmedizinisches Dienstleistungszentrum (VetZ) 

GmbH, Germany) 

 

 

MICRO-CT SCANS 

One deceased male bearded dragon was examined via micro-CT scan with the Xtreme CT 

(Scanco Medical AG, Switzerland) at the Small Animal Clinic of the University of Veterinary 

Medicine in Hanover, Germany. The tube voltage was 60 kV and the tube current intensity 1 

mA. The averaging time mannered 300 ms. The slice thickness was 41 µm and the number of 
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pictures per 180° rotation 1000. Therefore, it was placed straight in ventral recumbency inside 

the scanner.  

 

 

STATISTICAL ANALYSIS 

 

For statistical data analysis the software SAS 9.4, using the “SAS Enterprise Guide” version 

7.15 (SAS Institute Inc., Cary, NC, USA) was used. 

The investigation on normal distribution of the parameters was done by Shapiro Wilks Test 

and visual assessment of qq-plots of the model residuals.  

Because of rejection of the normal distribution assumption, distribution free nonparametric 

methods including the Kruskal-Wallis one-way analysis by variance and the Wilcoxon signed 

rank-test were used. A p < 0.05 was used to determine statistical significance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 29 

Anatomy and diagnostic imaging techniques of the upper respiratory 

tract of the Bearded Dragon (Pogona spp.) 
 

Kathrin Reiners, DVM 1, Elisabeth Engelke, DVM, Dr. med. vet.2, Christiane Pfarrer, 
DVM, Dr. med. vet.; Prof. 2, Michael Fehr, DVM, Dr. med. vet.; Prof., Dipl. ECZM (Small 
Mammals)1, Karina Mathes, PD, DVM, Dr. med. vet., Cert Spec Reptiles, Dip. ECZM 
(Herpetology)1 
 

Affiliation: From 1 Clinic for Small Mammals, Reptiles and Birds, University of Veterinary 
Medicine Hannover, Foundation, Buenteweg 9, Hannover, Germany and 2 Institute of 
Anatomy, University of Veterinary Medicine Hannover, Foundation, Hannover, Germany  
 
Stage of the manuscript: prepared 

 

Abstract 
 

The aim of this study was to describe the anatomy and dimensions of the upper respiratory 

tract in bearded dragons (Pogona spp.) and its x-ray and computed tomography presentation.  

57 lizards were included in the study, of that 14 deceased and 39 living individuals. Ten 

deceased bearded dragons were dissected to examine the anatomy and dimension of the upper 

respiratory tract from the nostrils to the oropharynx. Three bearded dragon cadavers were 

sawed up transversally and one sagitally to compare the findings to that of computed 

tomography (CT)-images of the head. One deceased lizard was further examined by a micro-

CT-scanner. Thirty-nine clinically healthy adult bearded dragons (12 males, 27 females) 

underwent a radiographic study in four different x-ray beam projections of the head 

(dorsoventral, ventrodorsal, lateral right to left and lateral left to right). Additionally, six of 

these animals (2 males, 4 females) also underwent computed tomography.  

The results of the dissections, the radiography and the computed tomography allowed for a 

detailed description of the anatomy and diagnostic imaging of the upper respiratory tract of 

this species. The results were correlated with each other. Distinct parts of the respiratory tract 

could be identified on the radiographic as well as the CT-images in every examined bearded 

dragon.  

These results may serve as a guideline for the interpretation of subsequent studies of the head 

of bearded dragons, which will facilitate accurate diagnosis of diseases of the upper 

respiratory tract in this species. 
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Introduction 
 

In Germany as well as other European countries and the United States, bearded dragons 

(Pogona spp.) are commonly kept pet reptiles [54, 56]. Therefore, they are frequently 

presented to veterinarians. Clinical signs of respiratory tract diseases can regularly be 

observed.  The symptoms include nasal discharge, dyspnoea and breathing sounds. 

Additionally, unspecific apathy and/or inappetence can occur in reptiles [5, 6, 60, 63, 66], 

such as lizards [3, 7], turtles [14, 156] and snakes [147]. Infectious diseases of the upper 

respiratory tract in reptiles can be caused by viral [4, 8-14], bacterial [4, 147, 156] and fungal 

[15] pathogens exclusively or in combination [3, 5, 60-63].  

Though auscultation is possible, the use of a standard diaphragm stethoscope is often 

unrewarding. This is due to adventitious sounds produced between the scales and the 

stethoscope diaphragm. Therefore, the use of diagnostic imaging techniques including 

radiographs [42, 136, 137] and computed tomography [47-49, 51, 145, 147-150] for the 

examination of the reptile´s respiratory tract is recommended [25, 41, 43, 46, 50, 52, 70, 135, 

138-140].   

Radiography and CT-scans can be performed with little or no restraint of the patient, which 

makes them valuable diagnostic tools.  Image interpretation depends on accurate knowledge 

of the anatomy and topography, as well as the dimensions and margination evaluation of 

organs. The poor contrast in reptiles is exacerbated by superimposition phenomena because of 

a pleuroperitoneal cavity rather than separated body cavities (i.e. thorax and abdomen). Image 

degradation associated with the reptile´s scales and keratinized skin may lead to difficulties in 

interpretation [44, 45]. Unfortunately, evidence-based knowledge regarding the anatomy of 

this species is lacking. General descriptions of the reptile´s upper respiratory tract can be 

found [18-21], although recent publications are rare. Literature of the skull and in parts of the 

upper respiratory tract of the White-nosed blindsnake (Liotyphlops albirostris)[22], various 

lacertidian lizards [23], the Round island boa (Casarea dussumieri) [24], the Green iguana 

(Iguana iguana), the Argentine black and white tegu (Tubinambis merianae) and the Bearded 

dragon (Pogona spp.) [25, 26] is published, but a specific description of the anatomy of the 

bearded dragon´s upper respiratory tract is lacking. 

The aim of this study was to examine and describe the anatomical structures of the upper 

respiratory tract of bearded dragons and the correspondent radiographic and CT appearance.  
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Materials and methods 
 

Gross anatomic examinations 

 

Ten bearded dragons which had to be euthanized or passed away from severe illness, 

excluding those with respiratory diseases, were dissected. Dead animals were stored in a 

freezer at -18°C and thawed before preparation. Recently deceased animals were examined 

immediately. For the dissections, the lizards were placed into dorsal recumbency. First of all, 

the accessible parts of the upper respiratory tract were explored.  A visual inspection of the 

nostrils, the choana, the nasopharyngeal duct, the oropharynx, the tongue and the larynx was 

performed and documented. Following a small skin incision at the pectoral area of the ventral 

body wall, a prolonged exposure towards the apex of the mandible was created. The skin of 

the head was removed from the medial incision towards the mandibular arches whereas a 

blade was used to separate the dermis from the subjacent musculature. Subsequently, the 

mandible, together with its conjoined tissue, had to be separated from the remaining head to 

gain full access to the buccal cavity. Therefore, the temporomandibular joints were 

decomposed by the use of tongs. The partition of the cranium from the mandible revealed a 

significantly better access to the distinctive parts of the upper respiratory tract and allowed 

further and more precise evaluation. 

 

 

Head sectioning 

 

Four bearded dragon cadavers, frozen at -18° C were used for sectioning of the head, three of 

them were sawed transversally and one sagittally. The locations of the desired lacerations 

were marked on the skin of the head using a felt pen. The slices were prepared at the Institute 

for Anatomy of the University of Veterinary Medicine, Foundation, Hanover. The animals 

were cased in a refrigerator box with cool packs to prevent them from thawing. In the 

laboratory, the heads were sawed transversally or rather sagittally with a commercial 

electrical band saw. Subsequently, the slices were examined and photographed. They were 

then packed, labelled and re-stored in a freezer at -18°C. 
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Health Assessment of the Diagnostic Imaging Study Group 

 

For the radiographic imaging study, 39 bearded dragons with a minimum body weight of   

150 g were x-rayed. Additionally, 6 of these lizards were examined via computed 

tomography. The study was approved by the Institutional Animal Care and Use Committee at 

the University of Veterinary Medicine Hanover, Germany and the Lower Saxony State Office 

for Consumer Protection and Food Safety (Protocol number: 33.9-42502-05-18A281). The 

animals were provided from private pet owners, local shelters or various collections in Lower 

Saxony, Germany. Previous to the x-ray and CT-scans, the clinical evaluation of all reptiles 

started with a detailed history and a physical examination. Animal details included 

determination of sex and body weight, age, any history of breeding activity or egg-laying, and 

if available, medical history. This was followed by inspection and if necessary, palpation of 

the skin, the skeleton, the extremities, the nostrils, the oral cavity, eyes and tympanic 

membranes, the pleuroperitoneal cavity, cloaca and tail as well as measuring the snout-vent 

and snout-tail-length. If accessible, a faeces sample or a cloacal swab for possible parasites 

was examined in the in-house laboratory. For the evaluation of a native sample, 0.02 ml of an 

isotonic saline solution (Sterofundin ISO® B.Braun Melsungen AG, Melsungen, Hesse, 

Germany) was added to a small amount of faeces on a specimen slide and covered by a cover 

slip prior to the microscopic examination (A. Krüss Optronic GmbH, Hamburg, Germany). 

For a complete inspection, a faecal flotation was assessed using isotonic NaCl solution, which 

was mixed with the sample and brought to a specimen slide after 20 minutes of floating. 

Recently obtained findings from previous veterinarians, especially those from reptile shelters, 

were also considered.  

For venipuncture site, the caudal ventral coccygeal vein (V. coccygea ventralis) was chosen 

using a 22-gauge needle and a 1-ml-syringe. The syringe-needle combination was introduced 

into the tail vein at an angle of approximately 45-degree into the proximal 2/3 of the tail. A 

blood volume of about 0.75-1 ml was required for the complete blood chemistry including the 

determination of the packed cell volume (PCV). For the choice of anticoagulant, we preferred 

lithium-heparin and microhematocrit tubes. For the determination of the PCV a two-minute-

centrifugation of the sample in our in-house-laboratory (SiGMA Laborzentrifugen Model 1-

14) followed.  

The plasma biochemical panel consisted of alanine aminotransferase (ALT), glutamate 

dehydrogenase (GLDH), alkaline phosphatase (ALP), aspartate aminotransferase (AST), 

cholinesterase, creatine kinase (CK), bilirubine, urea, uric acid, cholesterine, glucose, 
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fructosamine, total protein (TP), albumin (all analysed with Cobas C 311 analyzer, Roche 

Diagnostics Deutschland GmbH, Mannheim, Germany), sodium, potassium, ionized calcium, 

chloride, total calcium, phosphours, pH, pAtm (analysed with Rapidlab 1200 system, Siemens 

Healthcare Diagnostics GmbH, Eschborn, Germany).  

 

 

Diagnostic Imaging 

 

For the illustration of the normal radiographic anatomy we used four different beams (Gierth 

HF 400 High frequency diagnostic x-ray system, GIERTH X-Ray International GmbH, Riesa, 

Germany). X-rays of the head consisted of a dorsoventral, ventrodorsal and two lateral 

horizontal views (each from right to left and left to right side). For that, one veterinarian fixed 

the animal safely by extending the forelimbs and the pelvic limbs and pectoral girdle. A 

second vet gently restricted vision by placing a paper towel or socket over the head after it 

was placed onto the imaging plate in the desired position. The animal´s recumbency was 

changed regarding to the planned view. The accurate positioning of bearded dragon´s head for 

the lateral radiographs wasn´t easy due to the triangle-shaped head and the struggling 

movements of the reptile. Because an always precise imaging was not obtainable, the exact 

representation of fine anatomical structures was not regularly possible. All four images were 

taken with a focal film distance (FFD) of 60 cm, a voltage of 42 kV and the length of time of 

the electrical current varying between 1.96 and 2.05 mAs. For the storage of the imaging data 

an optical disk was used. The data were analysed and digitalised with a data proceeding unit 

(Processor CR35-X; AGFA HealthCare GmbH, Bonn, Germany) using mammography 

imaging plates (Mammography Film CRMM 3.0 Extremities; AGFA HealthCare GmbH, 

Bonn, Germany). 

To avoid patient movement the standard CT-images (Brilliance TM, 64 channel CT scanner, 

Philips GmbH, Germany) slight isoflurane sedation was used.  The sedated bearded dragons 

were placed into plastic boxes and positioned in a straight posture. Both fore- and hindlegs 

were stretched out. The scans were performed from cranial to caudal. In general, a CT-image 

ensures a three-dimensional view of the patient. Although the correct positioning of the 

animal is important to obtain an evaluable picture, by modern CT-scanners imaging data can 

be reconstructed if necessary. 

The upper respiratory tract of one deceased male bearded dragon was examined by means of 

micro-CT scans with an Xtreme CT (Scanco Medical AG, CH) at the Small Animal Clinic of 
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the University of Veterinary Medicine, Foundation, Hannover. For that a tube voltage of 60 

kV and with a tube current intensity of 1 mA was utilized. The averaging time was 300 ms, 

the slice thickness was 41 µm and the number of pictures per 180° rotation 1000. Therefore, 

the dragon was placed straight in ventral recumbency inside the scanner. 

 

 

Results 
 

Gross anatomy 

 

In bearded dragons, the cranial parts of the respiratory tract consist of the nostrils (nares), the 

nasal vestibule (vestibulum nasi), the nasal cavity (cavum nasi) with the antorbital recess and 

the nasopharyngeal duct (ductus nasopharyngeus). Via the short nasopharyngeal duct and the 

choana, the left and right nasal cavities are connected with the oral cavity.  

 

 

 
Fig. 1 – Left nostril of an adult bearded dragon (arrow) 

View of the left lateral aspect of the head of an adult female bearded dragon 

 

The nostrils are positioned laterally on the surface of the upper jaw between the medial angle 

of the eye and the apex of the snout. The nostrils can be round to semilunar-shaped and their 

outer and inner keratinized wall can be seen from the outside (Fig. 1). The vertical nostril 

diameter of the adult bearded dragons is 2.18 mm on average and varies between 1 and 3 mm 
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(Tab. 1). The degree, in which the border of the nostril protrudes, differs individually and 

varies approximately up to 2 mm.  

 

Table 1: Adult bearded dragons (females and males): nostril diameter. 

 

Sex Number Nostril diameter (mm) 

 

Total 39 2.18 ± 0.61 (1-3) 

Females 26 2.02 ± 0.59 (1-3) 

Males 13 2.54 ± 0.5 (2-3) 

 

Data are shown as mean ± SD (Min – Max)  

 

On both sides, the nostril opens into the lateral part of the nasal vestibule, which is narrow 

and nearly cylindric, running from the lateral entrance rostromedially (Fig. 2.2 A/3 and 2.2 

B/3) towards the nasal septum (septum nasi) (Fig. 2.3 A/10). The vestibule then turns 

caudally in an almost 90° angle into its medial part and proceeds straight caudally. (Fig. 2.2 

A/4 and 2.2 B/4). After approximately 3 to 5 mm, the room expands, forming the proper nasal 

cavity (Fig. 2.3 A/3). The nasal cavity shows a round transverse diameter and a cylindrical 

shape in longitudinal section.  Both the nasal vestibule and the nasal cavity lie dorsal to the 

palate.  

The nasal cavity is divided by a concha into a medial and a lateral region (Fig. 3). The concha 

arises from the medial wall of the nasal cavity and projects dorso-laterally into the nasal 

cavity (Fig. 3/3). Therefore, the two regions of the nasal cavity possess different shapes. The 

medial region is rather narrow (Fig. 3/2), whereas the lateral region enlarges remarkably (Fig. 

3/4). The medial region of the nasal cavity is first narrow and proceeds dorsally and caudally 

around the concha. Approximately 1 mm ventral to the tip of the concha, the nasal cavity 

enlarges, continues dorso-laterally around the concha and proceeds laterally and ventrally into 

its lateral region (Fig. 3/4).  The lateral region of the nasal cavity extends caudally into a blind 

ending recess, the antorbital recess (Fig. 2.3 B/7 and 2.4 A/7, Fig. 4/4). The antorbital recess 

is a diminutive round extension of the lateral region of the nasal cavity that proceeds caudally 

and terminates just rostral to the orbita.  
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Fig. 2 – Transverse sections of 3-5 mm of the head of a bearded dragon  

2.1 A – 2.4 A: rostral view of the head sections 

2.1 B – 2.4 B: caudal view of the head sections  

(1) upper jaw, (2) lower jaw), (3) nasal vestibule – lateral part, (4) nasal vestibule – medial part, (5) nasal cavity, 

medial part, (6) sulcus palatinus, (7) antorbital recess, (8) tongue, (9) eye, (10) nasal septum  

 

 

 
Fig. 3 – Transversal section of the head of a bearded dragon  

Caudal view of the nasal cavity  

(1) nasal vestibule – medial part, (2) nasal cavity – medial region, (3) concha, (4) nasal cavity – lateral region, 

(5) nasopharyngeal duct, (6) oral cavity 
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The nasal cavity continues ventrorostrally into the short nasopharyngeal duct (Fig. 3/5). The 

nasopharyngeal duct runs from inside the cranium in a short, rostroventral course of 

approximately 2 mm and opens through the choana into the rostral part of the oral cavity (Fig. 

3/5 and Fig. 5 A/3). The opening of the nasopharyngeal duct into the choana is a small, 

approximately cylindrical appearing area. The choana is margined by a protrusion of the 

palatal mucous membrane (Fig. 5 A/2) on the medial side and mucosal folds (Fig. 5 A/1) on 

the lateral sides. The protrusion of the mucous membrane has an approximately round shape, 

whereby the rostral diameter is slighter narrower than in the caudal region. The mucous 

membrane uniformly protrudes approximately 1 to 2 mm above the surrounding palate. The 

choana is approximately 5 mm long and 1 mm wide. This results in a slit-like appearing. The 

right and left choana continue into a longitudinal groove (sulcus palatinus) (Fig. 5 A/4) which 

lies bilaterally on both the right and the left side of the palate and leads the air caudally 

towards the larynx (Fig. 5 B/6). Both the right and the left palatine groove are just slightly 

deeper than the rest of the palate.  

 

 
Fig. 4 – Sagittal section of the head of a bearded dragon  

Medial view on the left side of the head 

(1) nasal vestibule – transition zone between the lateral and the medial region, (2) nasal vestibule – medial 

region, (3) nasal cavity, (4) antorbital recess, (5) eye, (6) brain 
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Fig. 5 – Topography of the oral cavity (bearded dragon)  

5 A – Ventral view on the dorsal aspect of the oral cavity/upper jaw 

5 B – Dorsal view on the ventral aspect of the oral cavity/lower jaw 

(1) mucosal fold, (2) protrusion of mucous membrane, (3) choana, (4) longitudinal groove (5) tongue (6) larynx, 

(7) trachea, (8) pharynx 
 

 

Diagnostic imaging techniques – radiography 

 

The radiographic studies of the upper respiratory tract revealed that the nasal vestibule, as 

well as the nasal cavity, could be observed on each of the four projections (dorsoventral, 

ventrodorsal, right and left close-ups of the head with a horizontal orientated x-ray beam) 

(Fig. 6/1 and 6/2). On the other hand, the nasopharyngeal duct, depending on the animal´s 

position, was more often completely visible on lateral views.  

Dorsoventral and ventrodorsal radiographic views demonstrated the nasal vestibules as tube-

shaped, hypodense areas (Fig. 6 A). Their entrances – the nostrils– appeared as hypodense 

spots within the soft tissue on the lateral aspect of the maxilla. They were located 

approximately in the mid between the apex of the snout and the cranial border of the eye 

socket. The vestibules processed from the lateral aspect of the skull into a rostromedial 

direction towards the nasal septum. Then, they turned caudally in an almost 90° angle into 

right direction into the nasal cavity (Fig. 6 A/B). The lateral and medial region of the nasal 

cavity, which are specialized due to the presence of the conchae, could barely be 

differentiated on the dorsal and ventral views. 
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Fig 6. Radiographic images of the head of a female bearded dragon  

A. ventrodorsal view, B. dorsoventral view, C. lateral view with a right-to-left beam, D. lateral view 

with a left-to-right beam 
(1) nasal vestibule, (2) nasal cavity, (3) oral cavity, (4) larynx, (5) orbita 

 

In an adequately positioned animal, it might be possible to identify both parts of the nasal 

cavity on dorsoventral, or rather ventrodorsal, projections because of the dividing concha. But 

all of these delicate structures were superimposed by a mass effect. Further reduction of 

anatomical features might occur occasionally by more hyperdense content of the oral cavity.  

The adjacent antorbital recesses were located just cranial to the bony orbits and could be 

observed as hypodense, ovally-shaped fields. 

The nasal cavity opened into the nasopharyngeal duct. The transition zone between the 

nasopharyngeal duct and the choana was not exactly visible. The nasopharyngeal ducts of 

both sides led into the palatine groove, which directs the inspired air inside the oropharynx 

caudally towards the larynx. The palatine grooves could be evaluated between the caudal 

margins of the orbitae and the first vertebra. The tongue appeared as a homogenously 

hyperdense area inside the oral cavity but could not be differentiated in the dorsal or ventral 

x-ray beam projection. Additionally, the area ventral to the orbitae was suppressed by the 

palate, the eyes and the osseous orbitae. Therefore, the oropharynx could not accurately be 

outlined in the x-ray images.  
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The ideal positioning of bearded dragons for lateral horizontal x-ray beam images was not 

easy because the fixation of the triangle-shaped head was very complex due to the animal´s 

movements.  Therefore, an accurate presentation of the fine anatomical structures regularly 

was impossible.  

On lateral radiographs the nasal vestibule could be identified by a round hypodense area 

shortly caudal to the apex of the maxilla (Fig. 6 B). The nasal orifice and nasal meatus were 

not detectable because of the superposing nasal vestibule, nasal cavity, and intermediate soft 

tissue. The change of direction which could be seen in the dorsoventral view could not be 

detected. The nasal cavity itself could be described as a tube-like hypodense area directed 

from the vestibule further caudally. As already mentioned, the nasal cavity contains a lateral 

region, a medial region and the antorbital space, which lies caudal to the lateral region and 

cranial to the orbita. In an adequately positioned bearded dragon you might be able to see the 

nasal vestibule  as a round, air-filled space just caudal to the apex of the snout, the nasal 

cavity as a short tube shaped, horizontal area merging caudally and the antorbital space as a 

large, dark spot cranial to the orbitae (Fig. 6 B). 

The nasopharyngeal duct was traceable from the level of the ventral margin of the orbita. It 

directs as a cylindric appearing hypodensity ventro-caudally into the oropharynx, where the 

air can be led into the larynx. The cranial segment of the nasopharyngeal duct, which lies in 

the palatine groove, could not be seen in a horizontal-ray image due to the overlying maxilla 

and dental bones as well as the osseous structure of the groove itself.  

 

 

 Diagnostic imaging techniques – computed tomography  

 

Computed tomography is an indispensable diagnostic imaging modality in many academic 

and referral institutions. Diagnostic quality depends on three-dimensional and multiplanar 

reconstructions with the ability to triangulate anatomic structures or lesions in all three views. 

In our study all anatomic components of the upper respiratory tract could be evaluated with 

computed tomography. The nostrils led into the nasal vestibule, which possesses an anterior 

convexity. It continued into the helical nasal cavity, in which the medial and lateral region 

could be distinguished by the presence of conchae. The lateral region extended into the 

antorbital space, whereas the nasopharyngeal duct led from the lateral region into the palatine 

groove. Air was led through the nasopharyngeal duct to the palatine groove into the 

oropharynx, where it proceeded towards the larynx. 
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CT – Horizontal plane 

 

Computed-tomographic image data reveal a three-dimensional view of the patient. Although 

the correct positioning of the animal was important to obtain an evaluable picture, modern 

CT-scanners are able to reconstruct the desired plane if necessary. Therefore, starting with the 

dorsal to ventral plane, it was possible to observe the nostrils, the nasal vestibule and the nasal 

cavity, because all of these structures were similarly levelled (Fig. 7). The nostrils bilaterally 

could be located on the outer rim of the head, approximately in the middle between the snout 

and the cranial border of the orbitae. They were inherently in contact with the nasal vestibule, 

which proceeds rostromedially towards the nasal septum, turned at an 90° angle caudally to 

shade into the nasal cavity. Both the right and the left nasal cavity were only separated by the 

delicate nasal septum. In contrast to our radiographic findings, CT-images revealed a detailed 

view on the medial and lateral region of the nasal cavity. The medial region extended from 

the entrance of the nasal vestibule caudally. It shaded into the lateral region as the aeriferous 

way turned laterally and proceeded into a craniolateral manner around the concha. Because of 

its cartilage structure the concha was slightly less dense than the surrounding bones. It 

accompanied the airway from the beginning of the nasal cavity caudally. In this segment, the 

nasal septum margined the nasal cavity medially whereas the concha represented its lateral 

border. The lateral region could be detected by its triangle-shaped appearance. It was 

localized laterally to the conchae and medially to the osseous boundaries of the head.  

Two-dimensional dorsal to ventral images revealed, that the nostrils and the nasal vestibule 

are less detailed, as only their most ventral aspect can be detected as a greyish region. The 

nasal cavity appeared broader in the segment medially to the concha (Fig. 7A). The concha 

itself is thinner at this level and therefore barely visible (Fig. 7B). The lateral part of the nasal 

cavity did also appear wider, as it extended further laterally and medially.  

In contrast to radiographic images, the antorbital space was well identifiable and evaluable on 

the CT-scans. It could be identified as a solitary triangle-shaped structure just cranial to the 

orbita and caudoventral to the nasal cavity.  
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Fig. 7 – Horizontal computed tomography image of a female bearded dragon from dorsal to 

ventral (A-C) 
(1) nasal vestibule, (2) nasal cavity – medial region, (3) nasal cavity – lateral region, (4) Oropharynx 

 

A more ventrally CT-slice revealed a view of the oropharynx. The segment of the oropharynx 

protruding into the palatine groove could not be observed on a dorsoventral view as it is 

overlaid by the nasal vestibule and the nasal cavity. The larynx was visible as a circular 

hypodense area at the level of the first vertebra. Further ventrally, the hypodense region 

widened dramatically. This phaenomenon is caused by the presence of the gular pouch, which 

represents an extension of the neck and can be force-filled with air in bearded dragons.  

 

 

CT – Sagittal plane 

 

 By routine the head is evaluated in the sagittal plane by scanning from the lateral to medial 

region.  At first the middle and then the inner ear with its connection to the oropharynx was 

observable. It started as a round black spot at the caudal area of the head. The tympanic 

membrane was not visible. Scanning on its way through the head it is striking that the skull 

initially described a reduction of diameter before it enlarged and shaded into the oropharynx.  
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Fig. 8 – Lateral computed tomographic images of a male bearded dragon from lateral to medial 

(A-C) 
(1) nasal vestibule, (2) mandible, (3) antorbital space, (4) nasal cavity – lateral region, (5) nasal cavity – medial 

region, (6) oral cavity, (7) oropharynx, (8) heart, (9) cranial lung region, (10) caudal lung region, (11) eye 

 

When the ear is excluded, the oropharynx together with the antorbital space were the first 

visible air-filled structures inside the bearded dragon´s head. At the lateral part of head, one 

could not detect the whole extent of the oropharynx. First, isolated, irregularly located gas-

filled spots could be seen within the oral cavity. At the same level, a small dark area 

represented the antorbital space, as it is fairly narrow. Moving further medially, not only the 

oropharynx enlarged, but also the antorbital space. Additionally, the first appearance of the 

nasal vestibule or rather the nostrils could be documented (Fig. 8 A/B).  

In the sagittal plane view the nostrils were located rostral to the antorbital space. Just 

paramedian to the nasal septum, the nasal vestibule and its course towards the nasal cavity 

were accurately displayed (Fig. 8 A). The nasal vestibule continued from the rostral aspect of 

the maxilla caudally into the nasal cavity. As already mentioned, the medial region is 
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separated from the lateral region by a concha, which could be depicted by computed 

tomography as a hyperdense, finger-shaped structure, which runs from the ventral aspect of 

the nasal cavity dorsocaudally. It ended levitating inside the nasal cavity, where it followed 

the nasal septum. At the other half of the bearded dragon´s head, the upper respiratory tract 

showed the similar pattern. Due to the presence of the tongue and the dentary bones sagittal 

plane CT-images did not show the entrance of the nasopharyngeal duct into the palatine 

groove (Fig. 9).  

 

 

 
Fig. 9 – Computed tomographic images, transverse plane, head of a female bearded dragon from 

cranial to caudal (A-C) 
(1) nasal vestibule, (2) nasal cavity – medial region, (3) concha, (4) nasal cavity – lateral region, (5) antorbital 

recess, (6) palatine groove, (7) eye 
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CT – Transverse plane 

 

In contrast to sagittal or dorsal plane views the transverse plane CT scans it was possible to 

compare the right and left respiratory pathway (Fig. 9). Except for the occasionally opened 

and thus potentially air-filled oral cavity, the first visible dark area is the transition zone 

between the nasal vestibule and the nasal cavity. With breathing through the nose, nostrils 

lead air into the nasal vestibule, which first extends into a rostromedial direction before it 

turns caudally into the nasal cavity.  

Starting points of nostrils were small black spots both on the right and left dorso-lateral aspect 

of the head. They medially enlarged in diameter with an oval shape. Further caudally, 

hyperdense areas appeared in the centre of both airways. These were the osseous structures, 

which first margin the nasal vestibule medially, the transition zone caudally and the nasal 

cavity laterally. The bones widened until the lateral located vestibule was almost absent, 

whereas the nasal cavity describes a different course. Following the caudal progression due to 

big CT slice diameter the vestibule seemed blind ending. The reason for this is a dramatically 

course change of the nasal cavity. While its dorsal aspect decreased from lateral to medial, its 

ventral area enlarged until the conchae appeared as two hyperdense spots inside the nasal 

cavity. At this point, the conchae symmetrically appeared as projections of the lateral wall of 

the nasal cavity. They then reached the nasal cavity separating the medial from the lateral 

part. Simultaneously, the lateral area of the nasal cavity shaded through the nasopharyngeal 

duct into the palatine groove. This location was marked by the bilateral enlargement of the 

palatine groove both on the right and the left side. As the connection between the medial 

region and the choana disappeared, it was only possible to interpret the caudal recess of the 

nasal cavity consisting of the lateral region as well as the antorbital space. The latter 

remarkably enlarged towards the dorsal and lateral aspect of the head. Subsequently its 

diameter again reduced from lateral to medial until the anatomical cavity shaded into two 

small round hypodense areas just before the eyes appear. The oropharynx continued caudally 

and showed a variable filling level with air regarding the particular position of the scanned 

bearded dragon.  
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Diagnostic imaging techniques – micro-CT-scans 

 

The micro-computed-tomographic scans revealed detailed images of the animal´s entire head. 

Due to the required time for the full examination, which varies between 4 and 6 hours 

regarding the requested area, this diagnostic technique is only practicable for scientific 

research on deceased animals. In contrast to conventional CT-images, the horizontal and 

sagittal micro-CT illustrations allowed a detailed evaluation of the bone structures, as well as 

the exact course of the cranial upper respiratory tract.  

 

 
Fig. 10 – Sagittal plane of the head of a bearded dragon – (A) Radiography, (B) 

computed tomography, (C) Micro-computed tomography 
(1) nasal vestibule, (2) nasal cavity, (3) antorbital recess, (4) nasopharyngeal duct, (5) orbita 

 

The transverse micro-CT-images also allowed for a detailed evaluation of the bony structures 

of the head but did not reveal any more information about the upper respiratory tract than 

conventional CT-illustrations.  



 47 

On sagittal micro-CT-scans, we could evaluate the nasal vestibule, the nasal cavity, the 

antorbital space and the nasopharyngeal duct (Fig. 10 C). The nasal vestibule and the nasal 

cavity as well as the antorbital space obviously showed the same course as they did on 

conventional CT-images. Additionally, on micro-CT-images we could evaluate the bones 

which surround the course of the upper respiratory tract and not only distinguish the airways 

from the bones by their hypo- or hyperdense appearance.   

 

 
Fig. 11 – Horizontal plane of the head of a bearded dragon – (A) Radiography, (B) 

computed tomography, (C) micro-computed tomography 
(1) nasal vestibule, (2) nasal cavity – cranial region, (3) nasal cavity – caudal region, (4) larynx, (5) orbita,  

(6) nasal cavity (not further definable in the radiographic image) 

 

The nasopharyngeal duct is a short, hollow, round area that is situated rostrally inside the 

dorsal oral cavity and ventrally to the nasal cavity. The nasopharyngeal duct was displayed by 

its surrounding bony parts, which frame it while it continues into the oral cavity (Fig. 10 C). 
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On horizontal micro-CT-images the nasal vestibule and the nasal cavity are visible (Fig. 11 

C). The structure which could be displayed in highest detail was the nasal vestibule (Fig. 11), 

of which not only its course from the lateral side of the head rostromedially towards the nasal 

septum and caudally into the nasal cavity can be observed. The nasal vestibule´s bony frame 

could be observed in higher detail than on radiographs or CT-scans.  

 

 

Discussion 
 

Reptiles can show a spectrum of clinical signs that indicate a disease of the upper respiratory 

tract, most importantly nasal discharge, an increased breathing frequency and dyspnoea [6, 

59, 60, 65, 66, 77]. Accurate knowledge of the anatomy and its presentment by diagnostic 

imaging is required when a correct examination and diagnosis is requested [56]. The anatomy 

and topography of the upper respiratory tract varies greatly among different reptile species 

and is dependent on their anatomy and lifestyle. The composition of the upper respiratory 

tract shows similarities among lizards. In general, all lizards possess a nasal vestibule, a nasal 

cavity containing a concha and a nasopharyngeal duct, which leads into the oral cavity or 

rather the oropharynx [59]. Differences between lizard species are observable in the existence, 

size and topography of the particular parts of the upper respiratory tract. In iguanid species, 

the proceeding from the nasal vestibule towards the nasal cavity can be almost vertical. 

Additionally, a concha is not existent in iguanidae and chameleonidae. Agamid lizards 

possess a narrow nasal vestibule that continues into the broader nasal cavity. In agamids, the 

nasal cavity contains a medial and a lateral region, which are separated by the existence of a 

concha. The short nasopharyngeal duct leads the inspired air then from the nasal cavity into 

the oral cavity [72].  

Regarding the rather complicated anatomy of the agamid´s head, evidence-based information 

about the bearded dragon´s anatomy is imperatively needed. This study provides a detailed 

description of the bearded dragon´s upper respiratory tract and its characterization within 

diagnostic imaging.  

The reptile´s respiratory tract can be divided into an upper and a lower respiratory tract. The 

upper respiratory tract includes the nostrils (nares), the nasal vestibule (vestibulum nasi), the 

nasal cavity (cavum nasi) and the nasopharyngeal duct (ductus nasopharyngeus). The lower 

respiratory tract consists of the larynx, the trachea and the lungs, respectively accessory air 
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sacks [3, 59, 62, 63]. The larynx varies greatly in its position inside the oral cavity regarding 

the reptile´s skull anatomy and diet [59].  

Studies on gross general anatomy of the reptile´s upper respiratory tract of the Loggerhead sea 

turtle (Caretta caretta)[132], the Red-eared slider (Trachemys scripta elegans) [146], the Boa 

constrictor (Boa constrictor) [70], the White-nosed blindsnake (Liotyophlops albirostris) [22], 

the Round island boa (Casarea dussumieri) [24], the Green lizard (Lacerta viridis) [109], the 

Argentine black and white tegu (Tubinambis merianae) [33], the Savannah monitor (Varanus 

exanthemicus) and the Pancake tortoise (Malacochersis tornieri) are available  [35]. A 

description of the head of the bearded dragon regarding its ossification pattern is published 

[26], but to date, an accurate description of the bearded dragon´s upper respiratory tract is 

lacking. 

The size, distribution and arrangement of the particular areas of the upper respiratory tract 

alter depending on the anatomy of the animal´s head as well as the characteristics needed for 

the behaviour of the species [18]. We could show that the nostrils of bearded dragons have a 

round to semilunar shape and are surrounded by a variably sized protrusion of soft tissue. 

Other reptile species possess, as we know, correspondent outstanding external features like 

the trunk-appearing nose of the Pig-nosed turtle (Carettochelys insculpta) [75] which allows 

the animal to rummage on the ground of their habitat or the hook on the nose of the Hognose 

snake (Heterodon nasicus) [76], which is used for digging. Because there is no evidence that 

bearded dragons might be able to use their nostrils actively for digging or rummaging, we 

suspect that the caudally orientated semilunar shape of these soft tissue protrusion might 

diminish the undesired inspiration of dust or sand of the arid living area. 

As our study revealed, the nasal air passage in bearded dragons follows a rather complicated 

course. The nasal vestibule first proceeds from their laterally located entrance rostromedially 

towards the nasal septum before it turns caudally in an almost 90-degree angle. The nasal 

cavity itself can be separated into a medial and a lateral region. Between both regions lies the 

concha, which had been the reason for the so called “conchal zone” by Parsons [20].  

Apart from reptiles, birds possess not only one, but generally two conchae. The dorsal concha 

(concha nasalis dorsalis) projects from the ethmoid bone into the nasal cavity. It is smaller 

than the ventral nasal concha (concha nasalis ventralis). This ventral concha runs from the 

dorsolateral wall of the nasal cavity in a caudoventral direction towards the conchae. In 

contrast to the ventral concha, the dorsal concha is absent in pigeons [93].  

Until today, several authors have characterized the medial region of the nasal cavity of snakes 

and lizards to be the so called respiratory chamber and the lateral region to be the olfactory 
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chamber [19, 20, 72, 74, 78]. To confirm these statements for bearded dragons, further studies 

of the histology of the bearded dragon´s upper respiratory tract are needed. Additionally, 

Bellairs and Boyd  [74, 78] point to the fact that the entrance of the nasolacrimal duct marks 

the border between the rostral and caudal or rather respiratory and olfactory region. Equally to 

the respiratory and olfactory definition of the distinct parts of the nasal cavity, further 

investigations on the topography of the nasolacrimal duct in bearded dragons needs to be 

performed. 

Eckart [72] also evaluated the agamid´s nasal passage. He explained in detail the distribution 

of the nasal passage, but also about its relation to the nasolacrimal duct and the duct of the 

Jacobson´s organ. The author described how both conduits enter the buccal cavity in the 

choanal groove cranial to the nasopharyngeal duct. In contrast to our findings, the writer 

described the nasal passage to proceed rather medially from the nostrils towards the nasal 

septum than rostromedially, as our studies verified.  

Matthes [18] describes the relation of the distinct portions of the upper respiratory tract 

according to the reptile´s skull or rather according to the size of their tongue. Therefore, 

fissilinguists, which have a forked tongue and brevilinguists, which possess a short tongue 

have both the vestibule and the nasal cavity positioned in a row. In contrast, crassilinguists, in 

which the tongue is outstandingly big and vermilinguists, which have a long and thin tongue, 

show a shift of the nasal cavity, which in return lies medially to the nasal vestibule. These 

findings can clearly be confirmed in bearded dragons. Our results demonstrated that the 

compact shape of their head which involves the big fleshy tongue forces the nasal vestibule 

and the nasal cavity to lie alternated instead of in series.  

Additionally, the author [18] noticed the existence of an antorbital recess, which he called 

antorbital space, a blind ending recess that lies dorsocaudally to the olfactory part of the nasal 

cavity. Our own results of radiography and computed tomography could show that it was 

possible to assess the antorbital space. It represents a peculiarity in the reptilian anatomy.  

We were able to find the small antorbital recess, which is diminutive and lies just cranial to 

the orbita. In birds, a proper nasal sinus, namely the infraorbital sinus (sinus infraorbitalis) 

lies lateral to the nasal cavity and cranioventral to the eye. the infraorbital sinus can be 

reached through a fissure from the dorsal nasal concha [93, 94].  

They can be confounded with paranasal sinuses, which exist in crocodyles [81]. In the 

Mississippi-alligator (Alligator mississippiensis), the paranasal sinus lies inside the prefrontal 

bone and resides directly adjacent to the brain´s olfactory bulbs. Additionally, the paranasal 

sinus can be actively ventilated, whereas in mammals, paranasal sinuses can be seen as dead 



 51 

spaces. Therefore, the authors discuss if the existence of paranasal sinuses in these alligators 

might be linked to advantages in the sense of smelling. Another positive effect of paranasal 

sinuses for alligators can be seen in the lightning of the bony skull by pneumatization. Taking 

the aquatic lifestyle of alligators into consideration, we can easily imagine how a lighter and 

pneumatized skull might be advantageous when the animal spends hours in the water waiting 

for prey. Additionally, an increase in smelling in a predatory reptile always represents a big 

benefit for hunting. Information about the development and presence of paranasal sinuses in 

vertebrates can be found in Schneider´s  [21] composition. He pointed out that only mammals 

possess paranasal sinuses, contrary to amphibians and reptiles. On the other hand, as already 

mentioned, Witmer and Ridgley [81] described and discussed the presence of paranasal 

sinuses in the Mississippi-alligator. Our study results confirm the absence of paranasal sinuses 

in bearded dragons. The functions of paranasal sinuses are discussed to be the humidification 

of inspired air, phonation, lightning of the skull and heat storage [80]. The humidification of 

air in the paranasal sinuses is thought to improve the animal´s ability to assimilate the odorous 

substances in the air. As reptiles are specialised in using their Jacobson´s organ, the 

processing of incoming scents in the nasal cavity might not assume a big role in reptiles and 

therefore the humidification would not be necessary [19]. Phonation is relatively 

underdeveloped in cold-blooded species compared to birds and mammals, which may also 

underline the absence of necessity for paranasal sinuses [95]. Lightning of the skull seems 

important for species which have to carry their head vertically on a more or less long neck or 

have to rest them on the surface of the water, like crocodylians do. Reptiles do either have a 

very short neck, just like lizards or have the ability to insert their head in a shell, like 

chelonians or show crawling movements while their head is mostly held on the ground like 

snakes. Therefore, lightning of the reptile´s skull does not seem to be crucial for bearded 

dragons in their natural, arid environment. Finally, it is gratuitous to mention the cold-blooded 

species´ great ability to adapt to a high temperature so that they do not need to store heat 

inside their skull.  In the author´s opinion, these factors may be an explanation for the absence 

of the paranasal sinuses in bearded dragons. 

The nasal cavity in the bearded dragon is connected with the oropharynx through the 

nasopharyngeal duct. This duct has a cylindric shape, is very short and opens into the choanal 

groove, that is medially bordered by a protrusion of a mucous membrane and laterally by 

mucosal folds. The nasopharyngeal duct of reptiles can be compared to the ventral nasal 

meatus (meatus nasalis ventralis) [92] of mammals, which connects the nasal with the oral 

cavity. Peter et al. [79] call a comparable structure the nasopharyngeal duct in general. The 
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nasopharyngeal duct as well as the meatus describe a short passage, which links the nasal with 

the oral or rather oropharyngeal cavity in mammals, reptiles and birds.  

Only few studies of reptiles including head sectioning in combination with diagnostic imaging 

techniques are available for the Green iguana (Iguana iguana), the Argentinian black and 

white tegu (Tupinambis merianae) and the Bearded dragon (Pogona spp.) [25, 52]. In contrast 

to our publication, the authors do not evaluate the anatomy and topography of the upper 

respiratory tract of the bearded dragon in specific. This article not only seeks to explore just 

the morphology but also radiographic and CT-imaging of the upper respiratory tract of 

bearded dragons.  

A detailed knowledge about the physiological impression of the upper respiratory tract is 

mandatory to identify pathological conditions in animals with signs of respiratory tract 

diseases. Therefore, only healthy, adult bearded dragons without any clinical symptoms were 

examined for this study. For that the health status was confirmed by history and clinical 

examination as well as blood analysis and – if samples were accessible – coproscopic 

examinations.  

In veterinary medicine, radiography is a commonly used tool for diagnostics. Therefore, it is 

also frequently applied into reptile medicine. Its advantages are the relatively low costs for the 

pet owner, the fast applicability, the comparably low stress level for the animal and the high 

informative value [42-46, 135, 138, 140]. In contrast, computed tomography reveals a more 

detailed view on the examined animal but might demand chemical restraint, is more time-

consuming and generates higher costs than radiographs [46-51]. Although both techniques are 

performed in bearded dragons, only few studies exist about its practicability and the animals´ 

presentment within x-rays and CT-scans. Banzato et al. [25, 52] published two articles about 

the gross anatomic illustration of bearded dragons and their head comparing to findings by 

radiography and computed tomography. Both publications contain a description of the lizard´s 

gross anatomy as well as a depiction of the particular organs by the selected imaging 

techniques. But a detailed evaluation of the bearded dragon´s upper respiratory tract 

combining dissections and diagnostic imaging is missing. Other studies about radiography in 

bearded dragons belong to the transit time of contrast medium in  the gastrointestinal tract 

[86, 142]. Others contain studies of  gender determination with the help of a contrast medium 

in combination of radiography and CT-scans [141]. But so far there is no explicit literature 

about the anatomy and the presentment in diagnostic imaging techniques about the upper 

respiratory tract of the bearded dragon. 
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The ideal positioning of the lizard for the radiography of the head is lacking, no standardized 

protocol exists. In this study, we compared the radiographic findings of different sides of the 

animals´ heads.  In our study it became apparent that the use of a conventional paper towel 

was both functional and safe. Therefore, it can be recommended for the use as a fixation 

device for the radiographic positioning of conscious bearded dragons.  

The radiographic images of this study enabled an evaluation of the nostrils, the nasal 

vestibule, the nasal cavity, the antorbital recess and the nasopharyngeal duct. Although our 

radiographic studies showed that particular anatomical structures more or less were 

superimposed by overlying bones or soft tissue, for example the tongue. Nevertheless, for the 

examination of the upper respiratory tract in every-day-practice digital radiography can be 

advised. 

For the computed-tomographic examination, general anaesthesia was required to prevent the 

animal from unexpected movements. Induction of anaesthesia of the lizards of this study was 

accomplished by chamber induction of isoflurane. After induction they were placed into a 

ventral position in a regular plastic box. To avoid distraction of the reptiles by the ambient 

light, which might result in unexpected movements of the animal, we covered the box with a 

thin towel. The procedure of CT-scanning only took a few seconds. Therefore, a very light 

anaesthesia had been sufficient, which reduced the impact on animal health and welfare. None 

of the bearded dragons showed any problem during recovery. The induction of anaesthesia 

and CT-procedure lasted approximately 30 minutes, which made it applicable in veterinary 

practice.  

Compared to radiographic images, the CT-imaging data could be reconstructed in two or three 

dimensions using standalone software associated with the CT-machine. By using multiplanar 

(MPR) reconstructions it was possible to triangulate anatomic details on all three views. All 

of the parts of the upper respiratory tract were observable (nostrils, nasal vestibule, nasal 

cavity, antorbital recess, ductus nasopharyngeus), but especially the conchae and the nasal 

cavities were much better examinable than in the radiographs.  

Computed tomographic imaging in bearded dragons is generally described by Banzato et al. 

[25, 52], who compared radiographic and computed tomographic images of the head of 

several lizards to head sectioning. Another disclosure was published by Borgonovo [145], 

who evaluated the gross anatomy of bearded dragons in dissections and compared them to 

CT- and MRI-scans. In contrast to our study, the authors did not pay special attention to the 

upper respiratory tract but on the entire head. 



 54 

Additional information of the entire head provided the micro-computed-tomography. Due to 

the required time for this examination, which varied between 4 and 6 hours regarding the 

requested area, this diagnostic technique can only be recommended for scientific research. In 

contrast to conventional CT-images, the micro-CT illustrations also allowed a more detailed 

evaluation of the bone structure. Additionally, the micro-CT-scanner was the only device that 

allowed us for an examination of the nasopharyngeal duct. Micro-computed tomography has 

been used by Curtis et al. [151], who examined the skull of the tuatara (Sphenodon) for 

biomechanical investigations. Another publication by Kuhn et al. [154] implicates results of 

micro-CT-examinations that were performed to examine the tail of autotomizing lizards like 

gekkos (gecconidae) and skinks (scincidae). A study about teeth renewel was performed by 

Salomies et al. [153], who performed micro-CT-scans on the heads of bearded dragons to 

examine their dentition pattern. Additionally, Gray et al. [152] as well as Ollonen et al. [26] 

examined the skulls of bearded dragons to investigate on ontogenetic and ossification 

patterns. To the author´s knowledge, this is the first paper about micro-CT-scanning in 

bearded dragons with the aim of further examinations of the upper respiratory tract.  

 

 

Conclusion 
 

This study demonstrated that a complete evaluation of the bearded dragon´s upper respiratory 

tract by means of radiographic and computed tomographic imaging is possible. Although a 

radiographic presentation of particular parts of the upper respiratory tract is possible, the 

study revealed the indispensable benefit of computed tomography.  
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Abstract 
 

Bearded dragons (Pogona spp.) with health problems including diseases of the respiratory 

tract are frequently presented to veterinarians. In order to identify these, knowledge about the 

gross anatomy and the histology of the respiratory system is as important as its clinical 

examination and visualization by diagnostic imaging techniques. A detailed description of the 

respiratory tract of bearded dragons is still missing. A study was made of the macroscopic and 

microscopic anatomy as well as its appearance in radiography and computed tomography.  

Bearded dragon cadavers of both sexes were dissected to examine the gross anatomy (size and 

position of the organs) of the respiratory organs as well as their fibrous connections to the 

pleuroperitoneal cavity as well as other organs (heart, liver, gonads). For histological 

examinations, lower respiratory tracts starting from the larynx to the lungs were taken from 5 

animals that had to be euthanized for other reasons than this study. The respiratory organs 

were collected within two hours after death and fixed in formalin and cut and stained 

(hematoxylin-eosin, masson, PAS, Res-hemalum, ABpH1, ABpH2) for further histological 

examination. 

One animal was fixed completely with formalin to prevent the delicate septa from tearing 

within their analysis and ten other bearded dragons were immersed in fixative solution. For 

the documentation of the blood vessels, we effused them with a mixture of latex and wall 

paint.  

Three cadavers were fixated with epoxy resin and frozen before they were sawed 

transversally and evaluated.  
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Thirty-nine healthy bearded dragons (13 males, 12 females with follicles, 14 females without 

follicles) were part of the radiographic study. Radiographs were taken in seven different 

projections, of which three were taken from the whole animal and four of the head. Apart 

from a dorsoventral image, two laterolateral views were taken with the animal sitting on a 

foam block and one with the lizard being stretched out. Six of the lizards underwent computed 

tomography examinations. The results of the dissections including histology, radiographs and 

computed tomography were correlated with each other.  

The results of this study provide important information about the anatomy and histology of 

the bearded dragon´s lower respiratory tract and its visualization by diagnostic imaging and 

will help veterinarians to interpret their results of examinations of these animals.  

 

 

Introduction 
 

Nowadays, reptiles in general and bearded dragons in particular are getting more popular 

among pet owners [53, 54, 56]. Oftentimes, these animals are presented to veterinarians with 

signs of respiratory diseases like over-inflated lungs, dyspnoea and breathing sounds. 

Diagnostic procedures afford knowledge about the gross anatomy as well as histology and its 

appearance by diagnostic imaging. The reptilian anatomy of the larynx [27, 31, 36, 37, 59, 62, 

89, 100, 101, 104], trachea [27, 29, 31, 37, 59, 89, 101, 103] and lungs [29-31, 59, 60, 64, 67, 

88, 101-103, 107, 110, 112, 113], and histology of the lower respiratory tract [29, 36, 37, 128-

130] are basically known. Additionally, anatomical studies of the lungs of the Central netted 

dragon (Ctenophorus nuchalis) [32], the Argentinian black and white tegu (Tupinambis 

merinae) [33], the Frilled lizard (Chlamydosaurus kingii) [34] and the Savannah monitor 

lizard (Varanus exanthemicus) [35] do exist, but a detailed description of the bearded 

dragon´s respiratory system is lacking.  

Infectious diseases of the lower respiratory tract can be caused by bacterial [4-7], viral [4, 5, 

7-11], fungal [5, 15] or parasitic [16] pathogens. Standard stethoscope auscultation is of 

limited value due to the characteristic squamation of the skin in reptiles. Except for the use of 

electronical stethoscopes and Doppler devices, imaging techniques like radiography and 

computed tomography are highly recommended to be used to evaluate the health status of the 

respiratory tract [41]. Over the last years, different imaging techniques have been investigated 

for snakes, turtles and lizards [43, 46, 47, 49-52] . For example, positive pressure ventilation 
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can be used to optimally inflate lungs during exposure. As chemical restraint is required for 

this technique, it is more likely to be practicable in stable patients [45].  

The aim of this study was to evaluate anatomy and histology of the lower respiratory tract of 

the bearded dragon by dissections, histological preparations and modern diagnostic imaging 

techniques such as digital radiography and computed tomography to provide a valuable 

source of information for the practicing veterinarian. 

 

 

Materials and Methods 
 

Gross anatomic and histologic examinations 

 

Animals that had to be euthanized because of severe illness or injury were used for gross 

anatomic examinations and sampling for histological analysis. Both males and females with a 

minimum bodyweight of 150 g were used. The bodies were either examined directly after 

death or temporarily frozen at -18 °C. To obtain the best results, the samples for the histologic 

examinations were taken within two hours after death and fixated in formalin prior to further 

evaluations.  

For the dissection of the respiratory tract and its septa, the animals were positioned in dorsal 

recumbency. First, the skin was incised on a paramedian line between the pectoral girdle and 

the pelvis. Afterwards the pleuroperitoneal cavity was opened in the same way. In the cranial 

and caudal part of the ventral body wall, additional incisions on both the right and the left side 

had to be made through the skin to gain full access to the organs. The accessible septa were 

examined, evaluated and photographed. For the evaluation of the position and distribution of 

the respiratory tract, the septa as well as the liver, the gastrointestinal tract and the heart were 

removed from the pleuroperitoneal cavity.  

If present, highly developed fat bodies were removed from the pleuroperitoneal cavity. The 

pectoral girdle was opened by disconnecting the sternum. The liver was detached from its 

ligaments and the portal vein was ligated and cut before the organ was removed. Afterwards, 

the heart was detached from its ligaments and its blood vessels after ligating and cutting the 

associated arteries and veins. If present, ovaries were also ligated and the delicate ligaments 

connecting the ovaries with the pleuroperitoneal wall and the lungs were detached. For the 

removal of the gastrointestinal tract, ligatures were positioned at the transition zone from the 

oesophagus to the stomach and close to the cloaca. The mesogastrium was removed and the 
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stomach as well as the intestines then could be taken out of the animal´s body. The fine 

connection between the oesophagus and the trachea was carefully divided. Finally, the larynx 

was isolated from the tongue and the hyoid. Then the whole lower respiratory tract could be 

taken out of the pleuroperitoneal cavity. The larynx, trachea and lungs were first washed out 

with sterile saline solution and stored in formalin. The larynx was positioned on the top and 

the caudal end of the lungs on the bottom of the formalin-filled container to enable the 

complete effusion of air and avoid possible artefacts through the presence of air blisters. The 

solution contained 4 % formaldehyde stabilized with methanol. For further processing, the 

organ was cut with a rotary microtome (Leitz 1512, Leitz Meßtechnik GmbH, Wetzlar, 

Germany) and the slices were passed into permeable boxes and flushed under flowing water 

for two hours. Afterwards, the samples were stored in alcohol with a concentration of 70 %. 

Before the slices were dyed and examined, they were embedded in paraffin, transferred into a 

block and dragged. The samples were dyed in 6 different stainings: haematoxylin-eosin, 

masson, resorcin-hemalum, PAS-hemalum (periodic acid schiff reaction) and alcian blue with 

a pH of 1 and 2. The histological samples were evaluated using a microscope (Zeiss Axio 

Scope A.1, Oberkochen, Germany) with 5 x, 10 x and 40 x magnification. Photographs were 

taken with a microscope camera (Axio Cam ICc 5) and an imaging processing software (ZEN 

lite software, Zeiss, Oberkochen, Germany). 

Two animals were prepared for the examination and description of the lung´s blood vessels. A 

mixture of latex and wall paint (Alpina COLOR Voll- und Abtönfarbe, M-DF01, Alpina 

Farben GmbH, Ober-Ramstadt, Germany) was injected into the arteries (red) and veins (blue). 

It contained: latex, acrylic resin dispersion, titanium dioxide, colored pigments, mineral 

fillers, water, additives and preservative agents (methylisothiazolinone, benzisothiazolinone). 

Latex and the wall colour were mixed until the favoured colour was obtained. For the spout of 

the arteries, the mixture was injected into the pulmonary trunk. First, the ventricle was cut 

open before a syringe with a buttoned cannula was brought into the pulmonary trunk. Then, 

the right and left aortic arch as well as the pulmonary arteries were ligated right on the 

cannula to prevent a retrograde run of the colour. Afterwards, the red latex-mixture was 

injected into the pulmonary trunk. The veins could be effused by injecting the material into 

the pulmonary vein cranial to its bifurcation into the right and the left pulmonary vein. 

Therefore, the left atrium was incised, and the buttoned cannula was slid through the atrium 

into the pulmonary vein. Again, the blood vessel was ligated before the wall paint would be 

infused into the pulmonary vein. Afterwards, animals were immersed in fixative solution at a 

temperature of + 3 °C. The solution was made in the Institute for Anatomy of the University 
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of Veterinary Medicine in Hanover, Germany: It contained: 6000 ml water, 450 g potassium 

acetate, 300 g chloral hydrate, 180 g boric acid, 132 g sodium sulphate, 108 g sodium 

bicarbonate, 60 g salicylic acid, 54 g sodium chlorate and 6 g potassium sulphate (Peter´s 

solution). 

 

 

Whole-body sectioning 

 

Three cadavers were used for the whole-body dissections. The reptile bodies were accurately 

positioned and stored at -18° C. They were placed in ventral recumbency with their front- and 

hindlimbs positioned in a physiological posture. For further preparations, the cadaver was put 

in dorsal recumbency while it was still frozen. Epoxy resin moulding material (NIGRIN 

Performance Polyesterharz, S392651, INTER-UNION, Landau, Germany) was mixed with 

hardening agent (NIGRIN Härter, CO2283, INTER-UNION, Landau, Germany) until a light 

pink coloured mass was obtained. The epoxy resin was spread over the outer ventral 

abdominal wall from the pectoral to the pelvic girdle. Due to the hardening process the 

occurring heat was attenuated by pouring cold saline solution over the recently applicated 

mass. After detecting that the epoxy resin was completely solid, the bearded dragon cadavers 

again were stored in a freezer at -18°C. The slices were prepared at the Institute for Anatomy 

of the University of Veterinary Medicine Hanover. The animals were stored in freezer boxes 

with cool packs to prevent thawing. In the laboratory, the lizards transversally were sawed 

from their snout to their cloaca with a commercial electric band saw and a slice thickness of   

5 mm. Subsequently, the slices were cleaned with commercial alcoholic solution with a 

concentration of 65 % and photographed. They were then packed, labelled and restored in a 

freezer at -18°C. 

 

 

Health assessment of the diagnostic imaging study group 

 

Thirty-nine bearded dragons with a minimum body weight of 150 g (12 females with follicles, 

14 females without follicles, 13 males) were part of the x-ray study. 6 of them (2 females with 

follicles, 2 females without follicles, 2 males) were also examined by means of computed 

tomography. The study was approved by the Institutional Animal Care and Use Committee at 

the University of Veterinary Medicine Hanover, Germany and the Lower Saxony State Office 
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for Consumer Protection and Food Safety (Protocol number: 33.9-42502-05-18A281). The 

animals were owned by private reptile keepers or shelter animals as well as lizards from 

various collections of different parts of Lower Saxony, Germany. Before starting the 

diagnostic imaging study, a detailed history and physical examination of the study participant 

was taken. Each animal was accurately weighed, followed by sex determination, examination, 

palpation of the skin, the skeleton, the extremities, the nares, oral cavity, eyes and tympanic 

membranes, the pleuroperitoneal cavity, cloaca and tail as well as measuring the snout-vent 

and snout-tail-length. The detection of follicles was assumed by gentle palpation of the 

pleuroperitoneal cavity during the general examination, ensured through the application of 

sonography. If a faecal sample was available, an examination was passed to our in-house 

laboratory. Therefore, a native faecal sample was prepared by adding 0.02 ml of an isotonic 

solution (Sterofundin ISO® B.Braun Melsungen AG, Melsungen, Hesse, Germany) to a small 

amount of faeces on a specimen slide, covering it with a cover slip, examining with a 

microscope (A. Krüss Optronic GmbH, Hamburg, Germany). A flotation was assessed by 

filling a faecal sample containing plastic cylinder with sated sodium chloride solution. 

Afterwards, a cover slip was placed on the surface. This sample was stored for 20 minutes 

before the microscopic examination.  

Blood samples were collected from the ventral coccygeal vein (V. coccygea ventralis) using a 

22-gauge needle and a 1-ml-syringe. For blood collection a needle was positioned into the 

caudal tail vein in a craniodorsal direction. The needle was advanced at 45 to 60 degrees 

angle at the second third of the lizard´s tail. For the complete blood count, an amount of 0.75-

1 ml blood was taken. Lithium-heparin and microhematocrit tubes were used for the blood 

collection. For the packed cell volume (PCV), the microhematocrit tube was centrifuged for 

two minutes (SiGMA Laborzentrifugen Model 1-14) and interpreted with the help of a 

haematocrit pattern.  

Plasma biochemical panel included alanine aminotransferase (ALT), glutamate 

dehydrogenase (GLDH), alkaline phosphatase (ALP), aspartate aminotransferase (AST), 

cholinesterase, creatine kinase (CK), bilirubine, urea, uric acid, cholesterine, glucose, 

fructosamine, total protein (TP) and albumin. All of those were analyzed with Cobas C 311 

analyzer (Roche Diagnostics Deutschland GmbH, Mannheim, Germany). Sodium, potassium, 

ionized calcium, chloride, total calcium, phosphours, pH, pAtm were analyzed with Rapidlab 

1200 system (Siemens Healthcare Diagnostics GmbH, Eschborn, Germany).  
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Diagnostic imaging 

 

The radiographic study consisted of seven different beam directions with a digital system 

(Gierth HF 400 High frequency diagnostic x-ray system, GIERTH X-Ray International 

GmbH, Riesa, Germany). Three radiographies of the whole body of the lizard included one 

dorsoventral and two lateral views. For the dorsoventral view, the animals were placed close 

to the detector in ventral recumbency. The dorsoventral radiographic images were taken at the 

moment of inspiration of the patient. Because bearded dragons in general are very calm 

animals, no restraint was necessary for the positioning of the standard dorsoventral view. 

Merely visual radiolucent barriers, like plastic boxes or foam blocks, were occasionally used 

to prevent the lizard from running off the imaging detector. Both horizontal views were 

performed with a left to the right beam of the whole body.  Therefore, the lizards were placed 

on to a plastic-covered foam block. Because of the need for a horizontal beam the x-ray tube 

was rotated, and the detector positioned close to the patient. Restraint was identical with those 

for the dorsoventral view. In the second case the animal was positioned on the right side, the 

limbs in extension. Another set of four radiographs were taken from the head and neck in a 

dorsoventral and ventrodorsal vertical x-ray beam and in two lateral horizontal x-ray beam 

images (each from the right and the left side). Therefore, one person restrained the animal 

safely by holding the pectoral girdle and the forelimbs with one hand and the pelvis and the 

hind limbs with the other hand. The animal´s head then was positioned on the plate and a 

second person gently secured it by spanning a paper towel over its head. The animal´s 

recumbency also was changed regarding to the planned view. All seven images were taken 

with a focal film distance (FFD) of 60 cm, a voltage of 42 kV and the length of time of the 

electrical current varying between 1.96 and 2.05 mAs. For the storage of the imaging data an 

optical disk was used. The data were analysed and digitalised with a data proceeding unit 

(Processor CR35-X; AGFA HealthCare GmbH, Bonn, Germany) using mammography 

imaging plates (Mammography Film CRMM 3.0 Extremities; AGFA HealthCare GmbH, 

Bonn, Germany). The veterinarian as well as the assistant were protected from radiation using 

commercially available protection coats, thyroid shields and gloves. 

The CT examinations were performed with a spiral CT scanner (Brilliance ™64 channel CT 

scanner, Philips GmbH, Germany) at the Small Animal Clinic of the University of Veterinary 

Medicine Hannover. The settings of the voltage were 120 kV and the length of time of the 

electrical current 150 mAs with a rotational time of 400 ms. The increment was -0.9 mm and 

the slice thickness 0.67 mm, while the table traverse was 0.64 mm. If an accurately 



 69 

symmetrical placement of the animal was not obtainable, the pictures were digitally 

reconstructed afterwards. 

For the CT-scans, the animals were anesthetised with isoflurane. The bearded dragons then 

were placed in plastic boxes, where they were positioned in a straight posture. Both fore- and 

hindlegs were stretched out. Additionally, the animals in the plastic boxes were covered with 

a cloth to avoid undesired movements of the lizards by distracting surrounding lights of the 

CT-scanner. 

 

 

Measurements of radiographic images 

 

To evaluate the radiographic images of the dorsoventral views the length of the right lung 

field (LRL), the length of the left lung field (LLL) and the total width of the lung field (TW). 

Were measured these parameters in centimeters (cm) and numbers of vertebrae (v) beginning 

to count from the first rib-bearing vertebra. In the lateral projection of the sitting animal, we 

measured the length of the lung field (LL) in centimeters (cm) and numbers of vertebra (v), 

the deepest point of the lung field (DPL) in centimeters (cm) and numbers of vertebra (v), the 

distance from the deepest point of the lung field to the most caudal tip of the lung field (DPC) 

and the distance from the deepest point of the lung field to the first rib-bearing vertebra 

(DPR). The DPC and the DPR both were measured in centimeters (cm). In the lateral x-ray 

beam images of the extended bearded dragons, we measured the length of the lung field 

(LLex) in centimeters (cm) and numbers of vertebrae (v). Additionally, we measured the 

diameter of the trachea at the level of the glottis (GTD), the diameter of the trachea in the 

middle between the cranial and the caudal point of the trachea (MTD) and the diameter of the 

trachea at the level of its entrance into the lung tissue (LTD), all in centimeters (cm). 

Measurements were also taken from the distance of the trachea to the sternum (TS) and the 

trachea to the vertebra lying dorsally to the sternum (TV). We also measured the TS and the 

TV in centimeters (cm). 

 

 

Statistical analysis 

 

For statistical data analysis the software SAS 9.4, (“SAS Enterprise Guide” version 7.15 (SAS 

Institute Inc., Cary, NC, USA) was used. A Shapiro/Wilk test was performed to determine 
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whether each variable was approximately normally distributed, followed by visual assessment 

of qq-plots of the model residuals.  Because of rejection of the normal distribution 

assumption, distribution free nonparametric methods were used. A p < 0.05 was used to 

determine statistical significance. 

 

 

Results 
 

Gross anatomy 

 

In bearded dragons, the cranial parts of the respiratory system, namely the nasal vestibule 

(vestibulum nasi), the nasal cavity (cavum nasi) and the palatine groove (sulcus palatinus) 

(Fig. 1. A/3) in the oral cavity are continued by the larynx, the trachea and the lungs.   

The larynx lies in the caudoventral region of the oral cavity on the root of the tongue, dorsally 

to the body of the hyoid bone (Fig. 1 B/6 and C/6). The main supporting components of the 

larynx consist of three cartilages: the cricoid cartilage (Fig. 1 C/7) and the two arytaenoid 

cartilages (Fig. 1 C/8 and D/8). The cricoid possesses a cylindric shape and is longer than 

wide. The two arytaenoids have a triangular shape and lie laterally, dorsally and rostrally on 

both sides of the cricoid. The arytaenoids lie closer to the cranial than to the caudal aspect of 

the larynx. A ventral process (processus ventralis) lies on the rostroventral margin of the 

cricoid (Fig. 1 D/11). The cartilages are connected by collagenous ligaments. The hyocricoid 

ligament (ligamentum hyocricoideum) joins the hyoid bone with the ventral aspect of the 

cricoid, caudal to its ventral process (Fig. 1 D/10). The ligament originates at the body of the 

hyoid, passes through the base of the tongue and inserts on the ventrocaudal aspect of the 

cricoid cartilage. Caudally, the cricotracheal ligament connects the caudal region of the 

cricoid with the first tracheal cartilage. On their dorsal surface, the criocoid and the two 

arytaenoids are covered with mucosa. A sheet of adventitia fuses the ventral side of the larynx 

with the dorsal side of the caudoventral aspect of the tongue. Apart from the dorsal and lateral 

aspects of the larynx, the mucosa also covers the cranial margin of the larynx and continues 

onto the inner surface of the laryngeal lumen. Caudally, the mucosa on the outer surface of 

the larynx proceeds into the mucosa of the trachea (Fig. 1 B/5-8; C/5-8 and D/5-8).  
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Fig 1. Position of the larynx inside the oral cavity of a bearded dragon 

A. Ventral view on the dorsal aspect of the oral cavity, B. Dorsal view on the ventral aspect of the oral cavity, C. 

Cranial view on the tongue and the larynx, D. Craniolateral view of the tongue and the larynx. Incision of the 

mucous sheet of the tongue and the larynx reveals a view on the hyocricoid ligament (Lig. hyocricoideum) 

(1) choana, (2) protrusion of soft tissue, (3) palatine groove (4) tongue, (5) laryngeal aditus, (6) larynx, (7) 

cricoid, (8) arytaenoid,  (5-8) covered with mucosa, (9) trachea, (10) hyocricoid ligament,  (11) ventral process 

of the cricoid cartilage  

 

The entrance into the larynx is formed by the laryngeal opening (aditus laryngis) (Fig. 1 B/5; 

C/5 and D/5). The laryngeal cavity leads the inspired air from the oral cavity into the trachea.  

The trachea connects the larynx with the lungs. The trachea is accompanied by the pharyngeal 

cavity in its rostral part and by the oesophagus inside the neck and the pleuroperitoneal cavity. 

Cranially, the trachea is located ventrally inside the short neck. Dorsally, the neck is bordered 

by mucosa, musculature, six cervical vertebrae and the outer skin. Ventrolaterally, a sheet of 

mucosa and outer skin margins the neck. The trachea runs inside the neck caudally, where it is 

in close connection with the oesophagus. It lies dorsal to the trachea. The trachea and the 

oesophagus are affiliated through a delicate sheet of connective tissue and enter the 

pleuroperitoneal cavity through the thoracic inlet and the transverse septum. Bearded dragons 

possess a single pleuroperitoneal cavity. The pleural cavity, which is the part of the body 

cavity that is internally covered with pleura, and the peritoneal cavity, which is the part of the 
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body cavity that is internally covered with peritoneum, are not separated by a diaphragm. The 

pleuroperitoneal cavity is surrounded cranially by the thoracic inlet (apertura thoracis 

cranialis). The transverse septum (septum transversum) lies cranially inside the 

pleuroperitoneal cavity. The transverse septum connects the cranial part of the pericardium 

with the ventral, lateral and dorsal borders of the pleuroperitoneal cavity (Fig. 4 C/11). The 

dorsal margin of the pleuroperitoneum consists of the parts of the vertebral column and the 

ribs. Bearded dragons possess 13 thoracic vertebrae, five lumbar vertebrae and three sacral 

vertebrae, which are fused to form the sacral bone. The ventral margin is formed by the ribs in 

the cranial region and the thin abdominal musculature in the medial and caudal region.  

 

 
Fig 2. Topography of the lungs inside the pleuroperitoneal cavity and entrance of the 

trachea into the lung tissue in a bearded dragon 
A. Ventral view of the pleuroperitoneal cavity after removal of the liver, B. Ventral view of the pleuroperitoneal 

cavity after removal of the liver. The lifted apex of the heart reveals a view on the trachea and its bifurcation 

(1) cranial part of the right lung, (2) caudal part of the right lung, (3) trachea, (4) bifurcation of the trachea, (5) 

hilum of the right lung, (6) heart with partially incised pericardium, (7) stomach 

 

The ribs do also form the lateral borders of the pleuroperitoneal cavity. It is terminated 

caudally by the pelvic outlet (apertura pelvis caudalis). The trachea consists of an 

inconsistent number of tracheal cartilages forming incomplete rings and collagenous annular 

ligaments (ligamenta anularia) between them. In an adult bearded dragon, the trachea 
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measures approximately 5 cm. The cartilaginous fragments of the trachea are fused by 

collagenous connective tissue to form tracheal rings. The trachea passes the heart dorsally 

before it bifurcates into a right and left short bronchus (bronchus dexter et sinister), which 

opens into the respective lung (Fig. 2 B/4 and B/5). Both bronchi enter the lung tissue of each 

lung from a craniomedial direction, approximately between the first and second fifth of the 

total length of the lungs. 

The right and left lung (pulmo dexter et sinister) are located dorsally in the pleuroperitoneal 

cavity in close contact to the dorsolateral body wall. They begin cranially at the transverse 

septum and reach the gonads caudally. Ventrally to the lungs lies the liver in the middle third, 

and different parts of the intestines, the fat bodies and the gonads in the caudal half, regarding 

the size of the particular organ. Between the right and the left lung lies mainly the body of the 

stomach (corpus ventriculi). The large elasticity of the pulmonary tissues itself as well as the 

flexibility of the ventrolateral body wall allow for a great amount of dilation of the lungs 

resulting in a variable contact surface between the lungs and the adjacent organs (Fig. 3 A). 

 

 
Fig 3. Topography and structure of the lungs within the pleuroperitoneal cavity of a 

bearded dragon 
A. Ventral view of the pleuroperitoneal cavity after removal of the ventral body wall, the falciform ligament and 

the liver, B. Septation of the lungs visible on the surface of artificially inflated lungs, C. Inner structure of the 

left incised lung 

(1) trachea, (2) left atrium of the heart, (3) right atrium of the heart, (4) ventricle of the heart, (5) cranial part of 

the left lung, (6) left lung, (7) caudal part of the left lung, (8) cranial part of the right lung, (9) right lung, (10) 

caudal part of the right lung, (11) stomach, (12) intestines, (13) trabeculae, (14) dorsal pulmonary ligament of 

the left lung  

 



 74 

The lung shows a sac-like shape, which is rather narrow in its cranial end (extremitas 

cranialis) and enlarges remarkably towards the caudal end (extremitas caudalis). They have a 

large dorsal and ventral surface (facies dorsalis et ventralis) and a rounded lateral and medial 

margin (margo lateralis et medialis). The hilum of lung (hilus pulmonis) divides each lung in 

a small cranial part, that extends cranially towards the transverse septum, and a large caudal 

part, that extends caudally towards the gonads (Fig. 2 A/1-2 and B/1-2). At the hilum the left 

and right bronchus enters the respective lung on its medial margin (Fig. 2 A/5 and B/5) and 

open without further ramification into a large single chamber. The outer wall of the lung is 

delicate and translucent (Fig. 3. B and C), thus, a moderately inflated lung shows a polygonal 

network of the pulmonal septa and the main blood vessels. The main septa originate from the 

outer wall of the lung and extend into the cavity of the lung; in this way they build polygonal 

rooms, the faveoli (Fig. 3/C). The septa possess a very thin wall and are supported by the 

trabeculae (Fig. 3 C/13).  

In bearded dragons, the lungs are covered by visceral serosa and connected with the parietal 

serosa by the pulmonary ligament. It reaches from the transverse septum in its most cranial 

part (Fig. 4 C/11), along the medio-dorsal side of the lung, to the postpulmonary septum 

(septum postpulmonale).  

In this way, the ligament fixes the lung to the dorsal pleuroperitoneal wall just ventral to the 

vertebral column (Fig. 4 F/15). Via the postpulmonary septum the caudal end of the lung is 

fixed to the dorsolateral pleuroperitoneal wall as well (Fig. 4 D/12). The gonads neighbour the 

caudal lung part as they are also attached to the postpulmonary septum (Fig. 4 E/12).  

The blood supply for both the right and left lung is ensured by the right and the left 

pulmonary artery (Arteria pulmonalis dexter et sinister) and one pulmonary vein (Vena 

pulmonalis) (Fig. 5/1).  

Both arteries leave the ventricle of the heart in a cranial direction. Subsequently, the arteries 

turn dorsocaudally around the atria and proceed on the dorsal aspect of the heart caudally. 

Both the left artery and the pulmonary vein take course on the left side of the ventral aspect of 

the trachea. The right pulmonary artery runs solitarily, whereas the left pulmonary artery is 

accompanied by the common pulmonary vein (Fig. 5/2). The right pulmonary artery runs on 

the ventral aspect of the right side of the trachea (Fig. 5/3). 

The left pulmonary artery continues straight caudally towards the cranial pole of the left lung. 

At the hilum of the left lung, the left pulmonary artery divides into a lateral and a medial 

pulmonary artery (Fig. 5/4 and 5/5). Both the left medial and left lateral artery release small 

arteries for the blood supply of the cranial pole of the lung. The left medial pulmonary artery 
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proceeds from the cranial pole of the lung further caudally on the dorsomedial side of the left 

lung.  The lateral pulmonary artery of the left lung descents from the cranial pulmonary end 

ventrolaterally, crosses the cranial part of the lung in a caudolateral direction and arises 

laterally onto the dorsal surface of the left lung proceeding caudally on the lateral margin of 

the left lung.  

 
Fig 4. Septa of the pleuroperitoneal cavity in a female bearded dragon 

A. View of the pleuroperitoneal cavity after incision of the right ventral body wall, B. View of the left region of 

the pleuroperitoneal cavity after incision of the ventral body wall and removal of the falciform ligament, C. 

View of the cranial region of the pleuroperitoneal cavity after removal of the ventral body wall and the pectoral 

girdle. Lifting of the apex of the heart reveals a view on the trachea and its bifurcation, D. View of the right 

region of the pleuroperitoneal cavity after removal of the ventral body wall and incision of the lateral body wall, 

E. View of the right region of the pleuroperitoneal cavity after removal of the ventral body wall, F. View of the 

left region of the pleuroperitoneal cavity after removal of the ventral body wall and lifting of the left lung 

 

(1) falciform ligament, (2) liver, (3) lesser omentum (4) stomach, (5) left lung, (6) intestines, (7) right lung, (8) 

tracheal bifurcation, (9) trachea, (10) heart, (11) transverse septum, (12) postpulmonary septum, (13) oviduct, 

(14) ovary, (15) pulmonary ligament 
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It emits several small arteries, which supply both the dorsal and partially ventral lung 

portions. Similar to the left side, the right pulmonary artery divides at the cranial aspect of the 

right lung side into two branches, just between the trachea and the cranial pulmonary part. 

Both the medial and the lateral artery emit small arteries to supply the cranial lung part. The 

medial pulmonary artery proceeds on the medial side of the dorsal pulmonary surface and 

emits small arteries to the dorsal and ventral lung parts, whereas the lateral artery traverses the 

cranial part of the lung in a ventro-latero-caudal direction to supply the dorsal aspect of the 

lateral pulmonary margin. Its small arteries provide the blood supply of the dorsal and ventral 

parts of the right lung.  

In both the right and the left lung, the lateral artery proceeds slightly further caudally than the 

medial one.  

One common pulmonary vein (Vena pulmonalis communis) (Fig. 5/6), which later divides 

into a right and a left pulmonary vein (Vena pulmonalis dexter et sinister), leads into the left 

atrium on the dorsal aspect of the heart. This solitary vein proceeds caudally on the dorsal 

side of the heart and lay alongside the left and ventral side of the trachea before it is 

accompanied by the left pulmonary artery. The common pulmonary vein divides into a right 

and a left pulmonary vein at the cranial pole of the left lung. Both veins proceed laterally 

along each cranial lung pole.  

The left vein crosses the ventral side of the cranial pulmonary part in a caudolateral direction, 

where it emits a small vein for the drainage of the cranial pulmonary part. The left pulmonary 

vein is joined by a second vein, which runs medially on the ventral lung surface. Then the 

pulmonary vein deviates towards the dorsal aspect of the lung, crosses the left lateral 

pulmonary artery and proceeds caudally between the lateral and medial pulmonary artery. 

Several small veins join the left pulmonary vein from both the lateral and the medial side. The 

right vein takes its course from the division of the common pulmonary vein at the cranial pole 

of the left lung laterally towards the right lung. Approximately at the midpoint of the ventral 

aspect of the trachea, a smaller vein branches off and runs caudally between both lungs. It 

divides into two smaller veins, both proceeding caudally on the medial margin of the right and 

the left lung (Fig. 5/6). Each vein supplies only a small area and is joined by diminutive small 

veins. The main trunk of the right pulmonary vein proceeds on the cranial pole of the right 

lung laterally towards the cranial part. Approximately at the midpoint between the medial and 

lateral margin of the right lung, the pulmonary vein is crossed by the postcaval vein. The right 

pulmonary vein traverses similarly to the left pulmonary vein. The right pulmonary vein 
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crosses the cranial lung area ventrally and is joined by a delicate vein that runs cranially on 

the ventral surface of the lung towards the cranial pulmonary part. 

 

 

 
Fig 5. Veins and arteries of the lungs in a bearded dragon 

A. View of the pleuroperitoneal cavity after removal of the pectoral girdle and the liver and artificial deflation of 

the lung, B. View of the cranial region of the left side of the pleuroperitoneal cavity after removal of the pectoral 

girdle, C. View of the cranial region of the right side of the pleuroperitoneal cavity after removal of the pectoral 

girdle and lifting of the postcaval vein, D. View of the cranial region of the right side of the pleuroperitoneal 

cavity after removal of the pectoral girdle, E. View of the dorsal aspect of the left lung after removal of the 

pectoral girdle and the liver and artificial deflation, F. View of the cranial region of the pleuroperitoneal cavity 

after removal of the pectoral girdle and the liver  

(1) left lung, (2) right lung, (3) common pulmonary vein, (4) left pulmonary artery, (5) right pulmonary artery, 

(6) medial artery of the left lung, (7) vein of the left lung, (8) lateral artery of the left lung, (9) medial artery of 

the right lung, (10) vein of the right lung, (11) lateral artery of the right lung, (12) postcaval vein 
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The pulmonary vein proceeds onto the dorsal surface of the lung in a dorso-lateral turn around 

the lateral margin of the right lung. Running between the lateral and the medial pulmonary 

artery, the right pulmonary vein drains multiple small veins from the mediolateral pulmonary 

surface.  

Both the right and the left pulmonary vein proceed caudally on the dorsal pulmonary surface 

as far as the lateral pulmonary arteries, whereas the medial pulmonary arteries show a 

remarkably shorter course.  

 

 

Histological examinations 

 

Histologically, the composition of the larynx can be divided into three main layers: a mucous 

membrane (tunica mucosa), a fibromusculocartilaginous tunic (tunica 

fibromusculocartilaginea) and an adventitia (tunica adventitia). The mucous membrane is the 

first layer on the luminal side of the larynx. It consists of a respiratory epithelium and a 

lamina propria. The epithelium is a multi-layered squamous to cuboid epithelium containing 

ciliated cells and goblet cells (Fig. 1).  

 

 
Fig 1. – Histological composition of the larynx in a bearded dragon (haematoxylin-eosin, 

40x magnification) 
(1´) mucous tunic, (1´´) lamina propria, (2) hyaline cartilage, (big arrows) kinocilia 

 

The kinocilia are noticeably longer in the cranial part of the larynx than caudally towards the 

trachea. The lamina propria is a very thin layer of loose connective tissue (Fig. 1/1´). Few 
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capillaries are distributed among this layer. The fibromusculocartilaginous tunic contains the 

cricoid cartilage (cartilago cricoidea) as well as the two arytaenoid cartilages (cartilagines 

arytaenoideae) and the musculature of the larynx.  All three cartilages are hyaline (Fig. 1/2). 

A thin layer of connective tissue surrounds the cartilages. They overlie each other moderately 

in the cranial laryngeal region. In this part, there is a thick layer of connective tissue between 

the different cartilages. The muscles of the larynx consist of striated musculature. 

The fibromusculocartilaginous tunic is covered with the adventitia, which is a layer of loose 

connective tissue. This layer is connected to the mucosa of the oral cavity dorsally and to the 

musculature of the neck or rather the outer skin ventrally. There are multiple mucous glands 

in the surrounding adventitia of the larynx. The laryngeal adventitia connects dorsally with 

the mucosa of the oral cavity and ventrally with the musculature of the neck and the skin. 

 

 
Fig. 2 – Histological composition of the trachea in a bearded dragon (haematoxylin, 20x 

magnification) 
(1´) respiratory epithelium, (1´´) lamina propria, (2) hyaline cartilage, (3) adventitia, (big arrows) kinocilia 

 

In general, the main layers of the trachea are similar to those of the larynx, except for the 

absence of musculature in the fibromusculocartilaginous tunic: The inner surface is covered 

by a mucous tunic with a respiratory epithelium and a lamina propria (Fig. 1/1´ and 1//1´´). 

The tracheal mucous membrane is noticeably thinner than in the larynx. The two-layered 

epithelium is stratified; the epithelial cells are squamous or cuboid and possess kinocilia on 

their luminal surface (Fig. 2/1´ and 2/arrows). The caudal part of the trachea shows 

observably shorter kinocilia than the cranial part. The lamina propria is a fine layer of 

connective tissue (Fig. 2/1´´), which contains a low number of very small capillaries.  
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Fig 3. – Overview of the lung structure in a bearded dragon (masson, 5x magnification) 

(1) serosa (1´) lamina propria, (2) septa, (3) capillary, (4) faveoli, (5) artery 

  

 
 

Fig. 4 – Septa and trabeculae in a lung of a bearded dragon (masson, 10x magnification) 
(1) hyaline cartilage, (1´) smooth musculature, (1+1´) trabecula, (2) septa, (3) capillary, (4) respiratory 

epithelium, (arrows) kinocilia 

 

The fibrocartilaginous tunic contains hyaline-cartilaginous fragments (Fig. 2/2), which lie 

adversely on each side of the trachea and form incomplete tracheal rings. The fragments have 
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a rather ellipsoid shape. Each fragment is connected to a fragment of the opposing side by 

fibrous connective tissue. The adventitia is the outermost layer of the trachea (Fig. 2/3). 

Histologically, we can see three main components in the lungs of bearded dragons: the lung 

wall, the septa and the trabeculae (Fig. 3 and Fig. 4). The lung wall is composed of a mucous 

tunic, a lamina propria, which contains smooth muscle cells and a serosa. The lung wall gives 

rise to numerous septa. The septa are mostly very thin, variably shaped and reach into the 

lumen (Fig. 3/2 and Fig. 4/2). A thin single-layered squamous epithelium lies on each side of 

a connective tissue layer, which contains a high number of capillaries (Fig. 3/3, Fig. 4/3). The 

septa form faveoli with one another (Fig. 3/4). Faveoli are irregularly shaped to round hollow 

spaces. The septa end with a trabecula of different size (Fig. 4/1 and 4/1´) on their termination 

in the direction of the hilus of the lung. The trabeculae have a core that consists of hyaline 

cartilage and in cases of large trabeculae also smooth musculature. The shape of the 

trabeculae is round in diameter. On their outer surface, trabeculae are covered with respiratory 

epithelium. 

 

 

Diagnostic imaging techniques - radiography 

 

The lower respiratory tract of the bearded dragon can be evaluated by means of radiographic 

imaging. Radiography is an excellent tool to visualize bones, gas-filled spaces and 

pneumatized soft tissue. Therefore, it is an optimal imaging technique to reveal the 

delineation of the larynx (Fig. 7/2), the trachea (Fig. 8/2) and the lungs (Fig. 7/3 and 7/4). 

The larynx lies adjacent to the root of the tongue. On the dorsoventral view, its cranial margin 

was visible between the caudal fraction of the orbitae, whereas its lateral boundaries were 

overlaid by the pterygoid (Fig. 7/2). The larynx´ caudal frame could be detected in front of the 

cranial region of the first cervical vertebra. Lateral horizontal beam images revealed the frame 

ventrally of the orbitae and approximately centric on the midline between the apex of the 

dentary bone and the most caudal tip of the articular bone. One could detect the larynx as a 

punctually air-filled, dark area, which led into the trachea, a tube-shaped air-filled space (Fig. 

8/2).  

In bearded dragons, the trachea is located in the proximity of the gular pouch and is fairly 

short. The gular pouch represents a dilation of the skin of the mandible and the neck. It has an 

adhesive connection with the hyoid and can be force-filled with air for inter- and intraspecific 
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communication. The display of the gular sac on dorsoventral radiographic images can vary 

due to its elasticity and the present different stages of air-filling.  

 

 
Fig 7. – Dorsoventral (DV) radiograph in ventral recumbency using a vertical beam 

 (1) orbita, (2) larynx, (3) cranial part of the left lung (4) caudal part of the left lung, (5) stomach, (6) follicles, 

(7) fat bodies 

 

Therefore, it could be radiographically displayed as a variably sized, symmetrical or 

asymmetrical radiolucent area in the caudoventral area of the head and the cranial region of 

the neck. The gular pouch could be evaluated on radiographs with a lateral beam (Fig. 8/1). 

Due to its variably large expansion, it might superpose the trachea. Regarding the topography 

of the surrounding anatomical structures, it was barely possible to evaluate the trachea within 

whole-body dorsoventral vertical x-ray image. The oesophagus and the vertebral column are 

located dorsally to the trachea and might overlap it. In this case the trachea can only be visible 

on the dorsoventral view if the animal had tilted its head which reveals a view on the desired 

organ. 
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Fig 8. Laterolateral (LL) radiograph in a ventral recumbency and using a horizontal beam 

 Sternal recumbency on a standardized foam pad 

(1) gular pouch, (2) trachea, (3) cranial part of the lung, (4) caudal part of the lung, (5) heart, (6) gas- and 

ingesta-filled gastrointestinal tract, (arrows) scales of the lateral body wall 

Notice that in this reproductively active female the follicles are not visible in the pleuroperitoneal cavity due to 

the good nutritional condition of the animal and the size of the adjacent organs 

 

On a lateral horizontal radiographic view, the trachea was vaguely visible inside the skull 

region but clearly detectable ventrally to the first cervical vertebra (Fig. 8/2). It runs 

approximately parallel to the vertebral column and was identifiable by its tube-like 

appearance. The oesophagus accompanies the trachea on its dorsal side while both organs 

enter the pleuroperitoneal cavity.  Both enter the pleuroperitoneal cavity through the pectoral 

or shoulder girdle, where they pass the heart and its arteries and veins. On x-ray images in 

dorsoventral and lateral views the point of spatial separation of the oesophagus and trachea 

could not clearly be identified (Fig. 8/2). Additionally, one could not detect the trachea´s 

incomplete cartilaginous rings. Its caudal border was only definable by the cranial border of 

the lungs, which were visible as a widening of the dark, gas-filled area caudal to the trachea. 

The exact location of the bronchial entry was not visible radiographically. 

As mentioned before the distribution as well as the caudal and lateral borders of the lungs also 

in radiography can vary due to the expansion of other inner organ systems, e.g. the 

gastrointestinal and/or urogenital tract  

In horizontal beam the lungs were cranially bordered by the heart (Fig. 8/5), also a pectoral 

limb superimposition was possible. The cardiac silhouette was mostly covered by the pectoral 

girdle and the sternum in dorsoventral views. The cranial extensions could be seen on 
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dorsoventral radiographic images in the area of the first ribs. These prolongations could even 

surmount the first ribs and reach the shoulder joints (Fig. 8/3).  

Dorsally, the lungs were bordered by the vertebral column and the ribs as well as the 

intercostal musculature and the soft tissue beneath.  

The lateral boundaries of the cranial portion of the pleuroperitoneal cavity were the ribs and 

potentially the intestines in the caudal body cavity. In females, follicles or eggs could reach 

the lateral margins of the lungs.  

The intestines, the fat bodies and follicles or eggs in females may reach the caudal parts of the 

lungs (Fig. 7/6). On the right side of the pleuroperitoneal cavity, the liver accompanied the 

caudal tip of the right lung.  

The ventral sides of the lungs were bordered by the stomach, the spleen, the liver, possibly 

follicles or eggs and the ventral pleuroperitoneal wall (Fig. 8/6).  

On a dorsoventral view, the overlapping of the lungs was visible through apparent soft tissue 

densities within the lungs (Fig.7/4). The oesophagus and the stomach ran between both lungs 

(Fig. 7/5). Subsequently, the stomach proceeded towards the left side of the pleuroperitoneal 

cavity and consequently lied ventrally to the left lung. The small intestines continued towards 

the right side of the pleuroperitoneal cavity and therefore lied ventrally to the right lung in 

close proximity to the colic ampulla (ampulla coli) and the rectum. The gastrointestinal tract 

was detectable through its irregularly dense appearance regarding the varying filling states 

(Fig. 8/6). Ovarian development and folliculogenesis could be assumed my multiple, rounded, 

soft tissue densities within the caudal pleuroperitoneal cavity (Fig. 7/6). They could restrict 

the caudal and sometimes the lateral and ventral expansion of both lungs. Eggs possessed a 

slightly or significantly calcified shell and have a more oval shape than follicles.  

Frequently on a lateral horizontal radiographic view, an overlapping of the lungs through the 

gastrointestinal tract could be seen as irregular round to oval soft tissue densities originating 

from the ventral or caudal pleuroperitoneal cavity into the lung field. Oftentimes, these 

overlappings could be caused by gas- or ingesta-filled stomach or intestines (Fig. 8/6).  

Apart from internal organs overlapping the lungs, large keratinized scales or dermal 

projections could superimpose the lungs. On the lateral horizontal view, the spike-staffed 

ridge of the lateral body wall regularly superimposed the lung field. This can be challenging 

when it comes to the assessment of lung ventilation.  Therefore, a misinterpretation in case of 

a lung soft tissue density is possible (Fig. 8/arrows). 
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Statistical evaluations 

 

After evaluating and measuring the radiographic images, we obtained statistically significant 

differences.  

 

TAB. 2 - P-VALUES OF THE DATA OF THE RADIOGRAPHIC SURVEY OF 39 BEARDED DRAGONS 
(SVL – SNOUT VENT LENGTH, STL – SNOUT TAIL LENGTH, LRL – LENGTH OF RIGHT LUNG FIELD, LLL – 

LENGTH OF LEFT LUNG FIELD, TW – TOTAL WIDTH, LLEX – LENGTH OF THE LUNG FIELD IN THE EXTENDED 

ANIMAL, GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE 

MIDDLE OF THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG, TV – 

DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM, LL – LENGTH OF THE LUNG FIELD IN THE LATERALLY SITTING 

ANIMAL, DPL – DEEPEST POINT OF THE LUNG FIELD IN THE LATERAL PROJECTION, DPR – DISTANCE FROM THE 

DEEPEST POINT TO THE FIRST RIB, DPC – DISTANCE FROM THE DEEPEST POINT TO THE MOST CAUDAL POINT OF THE 

LUNG FIELD, CM – CENTI-METER, V – NUMBER OF VERTEBRAE) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VARIABLE P-VALUE 

LLEX (V) 

LRL (V) 

TW (V) 

LLEX (CM) 

DPL (V) 

LLL (V) 

DPR (CM) 

LRL (CM) 

LL (V) 

SVL (CM) 

TS (CM) 

MTD (CM) 

DPC (CM) 

LL (CM) 

LL (CM) 

LLL (CM) 

GTD(CM) 

STL(CM) 

TW (CM) 

LTD (CM) 

TV (CM) 
 

0,03290456 

0,04228288 

0,04503231 

0,07389989 

0,11385036 

0,16564201 

0,17102064 

0,19957546 

0,22046191 

0,22617252 

0,23540772 

0,23739487 

0,26372408 

0,28770273 

0,45307785 

0,5418933 

0,55163266 

0,56265573 

0,62727428 

0,69152404 

0,96696325 
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This applied to the length of the lung field in the extended animal on the lateral projection 

measured in number of vertebrae (LLex (v)), the length of the right lung field measured in 

vertebrae (LRL (v)) and the total width of the lung field measured in the numbers of vertebrae 

(TW (v)) (Tab. 2). 

The length of the lung field measured in numbers of vertebrae averaged for the female 

bearded dragons without follicles 12.72 (minimum 11, maximum 14 vertebrae), for the 

female bearded dragons with follicles 10.77 (minimum 7, maximum 13) and for the male 

bearded dragons 12.02 (minimum 8.5, maximum 14.66). The mean number of vertebrae of 

the right lung field reached 12.56 (minimum 9, maximum 14) in female bearded dragons 

without follicles, 11.48 (minimum 8, maximum 14) in the female bearded dragons with 

follicles and 12.02 (minimum 8.5, maximum 14.66) in male bearded dragons. The average 

number of vertebrae where the widest expansion of the lung field could be seen in the 

dorsoventral projection was for the female bearded dragons without follicles 7.62 (minimum 

6, maximum 8.5), for the female bearded dragons with follicles 8.74 (minimum 8, maximum 

10) and for the male bearded dragons 8.62 (minimum 6, maximum 11).  

Additionally, our results reveal a difference in the diameter of the trachea along its course 

towards the lungs. The trachea´s diameter is highest at the level of the glottis and lowest in the 

middle of the organ. For the female bearded dragons without follicles, the diameter of the 

trachea at the level of the glottis was 0.3 cm (minimum 0.23 cm, maximum 0.39 cm), 

whereby it measured 0.26 cm (minimum 0.15 cm, maximum 0.31 cm) in the middle of the 

trachea and 0.27 cm (minimum 0.18 cm, maximum 0.36 cm) at the level of the entrance of the 

trachea into the lungs. In the group of female bearded dragons with present follicles, the 

tracheal diameter at the level of the glottis was 0.29 cm (minimum 0.21 cm, maximum 0.44 

cm), the tracheal diameter in the middle of the trachea measured 0.23 cm (minimum 0.17 cm, 

maximum 0.31 cm) and was 0.28 cm (minimum 0.16 cm, maximum 0.41 cm) at the level of 

the entrance of the trachea into the lungs. For the male bearded dragons, we measured the 

diameter of the trachea at the level of the glottis 0.3 cm (minimum 0.24 cm, maximum 0.39 

cm), the tracheal diameter in the middle of the organ 0.23 cm (minimum 0.16 cm, maximum 

0.33 cm) and the diameter approximately at the entrance-point of the trachea into the lungs 

0.27 cm (minimum 0.17 cm, maximum 0.43 cm). The differences in the tracheal diameter are 

not statistically significant (Tab. 2). 

The distance of the trachea towards the sternum did not vary significantly among the 

examined females with follicles, the females without follicles and the males. Nevertheless, 
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there is to mention that the distance from the trachea to the sternum was highest in males 

(1,17 cm (minimum 0,8 cm, maximum 2,06 cm)), lower in female bearded dragons without 

follicles (1,11 cm (minimum 0.92 cm, maximum 1.37 cm)) and lowest in the group of females 

with follicles (1 cm (minimum 0.54 cm, maximum 1.2 cm)).  

Besides the measurements of the trachea lung size on the radiographs, in the 38 bearded 

dragons that underwent full blood chemistry evaluation, we were able to observe statistically 

significant differences in the amounts of total calcium (TCa), phosphorus (PO4-), 

cholinesterase (CHE) and albumin (ALB).  

The amount of total calcium was 3.39 mmol/l in the females without follicles, 5.462 mmol/l 

in the female bearded dragons with follicles and 2.737 mmol/l in the group of males. The 

phosphorus level was 1.2 mmol/l in the female bearded dragons without follicles, 2.445 

mmol/l in the females with follicles and 1.04 mmol/l in the males. The amount of CHE in the 

blood measured 1278 U/l in the females without follicles, 1128.64 U/l in the females with 

follicles and 1935.92 U/l in the male bearded dragons. The levels of albumin were 2.749 g/dl 

in the female bearded dragons without follicles, 1.86 g/dl in the females with follicles and   

2.5 g/dl in the group of males.  

 

 

Computed tomography  

 

CT – Horizontal plane 

 

The dorsal computed tomography images allowed for a detailed illustration of the lower 

respiratory tract. With a little variation in the studied animals due to individualized positions 

in the only slightly anesthetized bearded dragons, the larynx was delineated cranio-dorsally to 

the trachea (Fig. 9/A/1). The cricoid was visible as a hyperdense, ring-shaped structure 

between the caudal margins of both orbitae. The arytaenoids are indistinguishable. The 

pneumatic lumen of the larynx appeared hypoattenuating.  

The larynx leads into the trachea, which proceeds straight towards the pleuroperitoneal cavity. 

Its outer boundaries, the tracheal rings, were illustrated as a homogenous hyperdense 

structure, which encompassed the radiolucent lumen. As the trachea runs partially alongside 

the oesophagus, this organ could overlie the gas filled lumen. This could be discerned by the 

heterogenous presence of soft tissue densities inside. The trachea splits into two principal 

bronchi right behind the caudal margin of the pectoral girdle. The two airway structures could 
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be identified as diverging to the right and the left side. Between these two bronchi the 

stomach was located. The examiner might be able to detect the transitional zone between the 

oesophagus and the stomach near the level of the division of the trachea.  

The hilar region of the lung was well observable. The last tracheal ring on every side 

appeared as a delicate hyperdense line at the end of each air tube and marked the entrance of 

the lung. Further ventrally, both cranial lung regions were situated between the transverse 

septum, the lateral body wall and the heart (Fig. 9/A/2). The heart itself could not be defined 

very well due to the overlying trachea but appears as a homogenously soft tissue density 

between the cranial parts of the lungs. In their dorsal region, the cranial partitions of the lungs 

contained small trabeculae that reach into the lumen and are visible as very fine irregular 

lines.  

The big caudal parts of the lungs proceed caudally (Fig. 9/A/3). They reach the inner 

pleuroperitoneal wall on its lateral side, the stomach on its medial aspect and the intestines 

with its caudal margin (Fig. 9/A/4, Fig. 9/A/5). The content of the gastrointestinal tract of the 

examined animals differed in between the bearded dragons. It was sometimes partially 

ingesta- and gas-filled depending on various factors including the particular diet and health 

status. In females, follicles or eggs could border the lungs on their caudal, dorsal, ventral or 

lateral aspects. As the number, size and distribution of follicles or eggs can vary, the 

interaction between the lungs and the follicles or eggs did also vary (Fig. 9/B/6). Based upon 

gross-anatomic section, the liver did also reach the lung with its caudal aspect on the right 

side of the pleuroperitoneal wall, but due to its radiographically homogenous appearance it 

could not be distinguished from a fat body on a standard computed tomographic image. 

At least up to a certain extent, the inner lung structures were viewable by means of CT. The 

already mentioned trabeculae were forming honeycomb-like faveoli on the inner lungs 

surface, which were present as delicate hyperdense lines with a net-like appearance on the 

dorsal and ventral aspect of the lung.  

In contrast to radiographic images, CT-scans have the great advantage to display the lungs in 

much greater detail. As the two-dimensional lungs might be over-lied by other organs in an x-

ray, computed tomography images allow the examining vet to evaluate the organ on different 

levels eradicating the rate of imprecise results.  
 

 

 

 

 

 



 89 

CT - Sagittal plane 

 

On sagittal CT-plane images the larynx always could be detected inside the head. It was 

located at the root of the tongue, which could be identified as a homogenous soft tissue 

density that was surrounded by the palate dorsally, the maxilla and mandible rostrally and the 

ventral aspect of the oral cavity on its ventral side. Its ventral and caudal boundary could not 

be determined exactly. The cricoid lied in the pharyngeal region and appeard as a triangle-

shaped hyperdense area between the tongue and the trachea. The arytaenoids are not 

definable.  

 

 
Fig 9. Dorsal CT-image of a bearded dragon in a ventral recumbency 

(A) male bearded dragon, (B) female bearded dragon 
(1) larynx, (2) cranial part of the lung, (3) caudal part of the lung, (4) stomach, (5) intestines, (6) eggs. Notice the 

complete suppression of the lungs in the female animal by the high amount of eggs at this level 

 

The trachea proceeds from the oral cavity into the pleuroperitoneal cavity and into the lungs. 

It ran in a more or less appropriate manner depending on the patient´s position. In contrast to 

the dorsal view, one could not confine the outer margins of the trachea. The sagittal plane 
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allowed a much better view of the oesophagus. It was clearly delineated dorsal to the trachea 

and could be filled with a heterogenous content. We could define the heart in the lateral view. 

It lied inside the pectoral girdle, forcing the trachea to change its course into a convex curve 

over the base and the dorsal region of the heart (Fig. 10/A/1 and 10/B/1). Thus, the apex of 

the heart was not exactly definable except for by a contrast medium filled oesophagus.  

 

 
Fig. 10 – Sagittal CT-Scan of a bearded dragon  

(A) male bearded dragon, (B) female bearded dragon 
(1) heart, (2) cranial part of the lungs, (3) caudal part of the lungs, (4) gastrointestinal tract, (5) eggs,  

(arrows) lung parenchyma 

 

Although both sections of the trachea were visible, the exact point of the bifurcation regularly 

was not assessable in sagittal CT-images. At the entrance of the right and left air tube into half 

of each lung, the trachea proceeded after it has passed the heart on its dorsal aspect further 

caudally and entered the lung on its cranioventral aspect, marking the border between the 

cranial and caudal part. The last tracheal ring was hardly visible, but the cranial part of the 

lung reaches cranially from the hilus and attained the dorsal inner pleuroperitoneal wall and 

the transverse septum (Fig. 10/A/B/2). Naturally, the caudal lung part exceeded caudally and 

terminates between the inner pleuroperitoneal wall dorsally and the particular adjacent organs 



 91 

ventrally, laterally and medially (Fig. 10/A/B/3). The trabeculae themselves and their 

honeycomb-like built intraluminal lung surface could be illustrated in sagittal plane CT-

images comparable to dorsal plane images (Fig. 10/A/arrows). Additionally, the extend of the 

dorsal and ventral trabeculae could be displayed to a high degree.  

 

 

CT - Transverse plane 

 

Additional information of the lower respiratory tract could be obtained with transverse plane 

CT-scans. Thereby, the larynx could be distinguished inside the oropharynx on the caudal 

aspect of the tongue. Its lumen was identified as a circular hypodense area, being enclosed 

into a hyperdense mass. The dorsal part represents cartilage and surrounding soft tissue 

(musculature, ligaments, mucosa) of the larynx, which in these CT- images merged with the 

lateral and medial aspect of the tongue and the buccal cavity. Characteristically, the 

oropharynx was filled with air that was present as an irregularly shaped hypodense area dorsal 

to the larynx and the tongue.  

The larynx proceeds into the trachea. The transition zone was not distinct, although the 

trachea could be differentiated from the larynx by the thinner sheet of hyperdense structure of 

the tracheal rings. The larynx and the trachea were differentiated by the markedly bigger 

structure of the laryngeal components, in particular the cricoid and the arytaenoids. 

Additionally, the larynx and the trachea could be defined by the identification of the hyoid. 

The hyoid consists of the particular portions, corpus hyoideum, cornua hyoideum and 

ceratobrachials, which could be observed as highly hyperdense small areas ventrally and 

caudally to the larynx. As the larynx mainly lies on the corpus hyoideum, the differentiation 

between the larynx and trachea could be made in respect to the position on the hyoid. On its 

way caudally through the bearded dragon´s head, the trachea is accompanied by different 

apposing structures. Dorsally, the air tube lies inside the pharynx and is accompanied by the 

oesophagus in its further course. The conversion from pharynx to oesophagus could be 

assumed when the hypodense area of the pneumatized pharynx diminished and merged into a 

tube-like oesophagus, which was sporadically filled with hyperdense material. Laterally and 

ventrally, the trachea lies adjacent to the surrounding musculature of the neck. The trachea 

showed a remarkable curve together with the still dorsally positioned oesophagus as they 

needed to pass the heart, which lies ventrally inside the pectoral girdle. 
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Fig.11– Transverse CT-scan of a bearded dragon in the middle of the pleuroperitoneal 

cavity 

(A) – male bearded dragon, (B) female bearded dragon with present follicles 
(1) vertebra, (2) right lung field, (3) left lung field, (4) ingesta-filled gastrointestinal tract, (5) gas-filled 

gastrointestinal tract, (6) eggs, (arrows) lung parenchyma 

 

In contrast to ultrasound, the different parts of the heart could not be differentiated by means 

of computed tomography without contrast media.  

Slightly before the separation of the trachea merges into two fractions, the inflated cranial 

region of the lungs were present as irregularly shaped pneumatized spaces located bilaterally 

dorsally and laterally to the trachea and the oesophagus. The oesophagus merges into the 

stomach as the trachea bifurcates and the cranial lung regions enlarge. The entrance of the 

particular tracheal branch into the hilar region could be observed depending on the position of 

the bearded dragon. During their way through the pleuroperitoneal cavity, the lungs enlarged 

dorsally and laterally (Fig. 11/A/2/ and 11/A/3, Fig. 11/B/2 and 11/B/3). The degree of 

extension depended on the ventilation and the size of the adjacent inner organs. The stomach 

lied between the two lungs, until it merged in its further course into the intestine (Fig. 11/A/4, 

Fig. 11/B/4 and 11/B/5). Intestines were occasionally enlarged and thus displaced the lungs to 

variable degrees. In reproductively active females, the follicles or eggs could also supersede 
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the lungs resulting in a hindered examination and evaluation of the bearded dragon´s lungs 

(Fig. 11/B/6).  

Overall with CT-scans, the lung parenchyma was conspicuous in the medial and dorsal aspect 

of the cranial lung regions and on the dorsal aspect of the caudal region. More interesting the 

large trabeculae were well distinguishable, and the honeycomb-like structure of the 

parenchyma could be displayed (Fig. 11/A/arrows). 

 
 

Discussion 
 

Not only bearded dragons, but reptiles in general are frequently presented to veterinarians for 

medical approaches [56, 57]. In reptiles, physical examination is similar to those used in 

domestic animals, but herp-specific peculiarities have to be considered. In lizards, a common 

symptom complex is nasal discharge, dyspnoea, anorexia and lethargy, which might be 

caused by respiratory tract diseases, whereas tachypnoea might also be a sign for other stress-

associated conditions. When signs for infectious diseases of the lower respiratory tract are 

seen, bacterial [4, 147, 156], viral [4, 8-14], fungal [15] or parasitic agents [16] or eventually 

a combination of multiple germs have to be considered. In these cases, a detailed knowledge 

of the respiratory tract´s anatomy and its display by means of modern within diagnostic 

imaging techniques is mandatory for the examination, diagnosis and possible subsequent 

treatment of this organ system.  

Gross anatomy does obviously vary among different reptile species, but the greater or lesser 

disparities within the respiratory tract are not always noticeable at first place. In the class of 

lizards, varieties may appear in gross anatomy, vascularisation, septation and attachment of 

the lungs within the pleuroperitoneal cavity [32, 33, 35, 109, 118, 119, 121, 131, 134]. 

Therefore, the assumption of similar or identical anatomy can lead to false results and 

avoidable mistakes. Although compositions facing the anatomy and diagnosing imaging of 

bearded dragons are published [2, 52, 105], an exact evidence-based analysis of the 

respiratory tract does not exist at this point of time.  

Vertebrates do either possess separated or unseparated pleural and peritoneal cavities.  

Mammals have the pleural and the peritoneal cavity separated by the diaphragm. In contrast, 

reptiles and birds have one single body cavity, as they lack a diaphragm [91, 120, 121]. The 

oftentimes used term “coelom” is a description for the secondary visceral cavity in vertebrates 
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in embryology. Therefore, we decided to use the term “pleuroperitoneal cavity” to describe 

the single body cavity in the adult bearded dragon.  

The reptilian respiratory tract naturally can be divided into an upper and a lower respiratory 

tract. The upper respiratory tract includes the nostrils (nares), the nasal vestibule (vestibulum 

nasi), the nasal cavity (cavum nasi) and the nasopharyngeal duct. The lower respiratory tract 

consists of the larynx, the trachea and the lungs, respectively accessory air sacks. The larynx 

varies greatly in its position inside the oral cavity regarding the reptile´s skull anatomy and 

diet [27, 36, 89]. In carnivorous species like snakes, the larynx lies rather cranial whereas in 

herbivorous or insectivorous species it is located further caudally, which can be explained 

with the necessity for carnivorous species, especially snakes, to breathe during the sometimes 

long duration of food intake [63]. In this study, we could show the position of the larynx in 

the caudoventral region of the oral cavity at the base of the tongue. As bearded dragons are 

insectivorous as juveniles and omnivorous as adults, the position of the larynx matches their 

nutritional type.  

Apart from the topography and composition of the larynx, we could also show the 

ligamentous connection of the cricoid cartilage of the larynx with the hyoid body. Henle [36] 

called this ligament the hyothyreoid ligament (ligamentum hyothyreoideum). Today, this 

name is misleading as it suggests a relation of this ligament with the thyroid gland. In 1839, 

when Henle´s composition was published, the term “thyreoid” was rather used for plate-like 

appearing structures. As the ligaments inserts on the plate-like ventral surface of the cricoid 

cartilage, the nomenclature “hyothyreoid” was accurate in former times. As we do not 

conventionally speak of “thyreoid” structures nowadays, we decided to re-name the 

ligamentous connection between the body of the hyoid and the cricoid cartilage as the 

hyocricoid ligament (ligamentum hyocricoideum).  

The length and topography of the trachea differs regarding the specific biology of reptiles [27, 

29, 89, 113]. Chelonians typically have a short trachea except for side-necked turtles and 

terrapins. The trachea contains complete cartilaginous rings and bifurcates rather proximally. 

Snakes naturally have a long trachea with incomplete cartilaginous rings. Regarding the 

particular species, the trachea bifurcates or not. In lizards and crocodilians, the trachea is 

generally long and shows complete or incomplete cartilaginous rings. The short bronchi 

usually enter the lungs at their cranial poles [31, 59]. The results of our anatomical 

examination confirm this situation for bearded dragons. Their trachea runs from the base of 

the tongue through the neck and bifurcates approximately at the base of the heart into two 

short bronchi. The length of the trachea measured approximately 5 cm in adult specimens.  
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The most significant differences in the anatomy of the lower respiratory tract are observable 

in the existence, size, distribution and development of parenchyma in reptilian lungs.  

Rothley [29] concluded, that the reptile´s inner lung structure is characterized by septa, which 

form alveola to a different extent. He classified the “Sphenodon“-, the “Lacerta“-, the 

“Iguana“- and the “Varanus“- type. The first type contains alveola of multiple orders among 

the whole inner surface. In the “Lacerta“-type, alveola may be missing in the caudal part and 

additionally, air sacs are affiliated to the caudal region. In the “Iguana“- type, the gas 

exchanging room is separated into two parts, septa are generally longer and tracheal branches 

are numerous. The “Varanus-“type shows bronchi that extend far into the lung. Marcus [112] 

distinguished a “musculous” or so called “bufo-“ lung type, which implied saurians, snakes 

and birds, and a “cartilaginous“ or “gymniophone” type, which contained chelonians, 

crocodiles and mammals.  A different classification can be seen in Duncker´s composition 

[120]; he differentiates single-chambered, multiple-chambered and heterogeneously 

chambered lungs. Recent publications [30, 31, 63] comprehend the currently valid graduation 

of lung tissue. We can point out Perry [30], as he conducts the most precise analysis of 

reptilian lungs to present times. The author does not only classify the lungs by their structural 

type (single-chambered, transitional, multi-chambered), their parenchymal type (faveolar, 

edicular, trabecular) and their parenchymal distribution (homogenous, heterogenous), but also 

by extrapulmonary structures (trachea/ae and bronchus/i), external features of the lung/s 

(hilus/i, prehilar lung, posthilar lung, lung surface, lung margin), internal features of the 

lung/s (supraparenchymal structures like intrapulmonary airways, chambers, lobes, niches, 

central lumen), descriptive characterization (deep versus shallow partitioning and dense 

versus sparse partitioning), morphometric characterization (percent of parenchyma, surface 

area-to-volume ratio, parenchymal surface area) and subparenchymal structures (trabeculae, 

septal components). In consequence, we used parts of this grading to conclude that the 

bearded dragon´s lung is a single-chambered, homogeneously partitioned respiratory organ 

with trabecular parenchyma.  

In principal, reptiles possess sac-like lungs in contrast to the highly developed lungs of 

mammals. The advancement of the parenchyma varies in its degree in respect to the activity 

and lifestyle of the particular reptile species. Animals like small lizards, which only show 

short periods of movements during the day contain rather simple lungs with only few 

parenchyma. In contrast, rather active species like marine turtles or big lizards possess lungs 

with a higher developed parenchyma, which enables these animals to resorb higher amounts 

of oxygen than inactive reptiles. In this study, we were able to show the rather simple 
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composition of the bearded dragon´s lungs. To interpret these findings, we have to take 

account of the activity level of these animals which they show in their natural behaviour 

patterns. As we know, bearded dragons do not need a big oxygen supply for their rather 

inactive lifestyle. They tend to sunbath most of the day and additionally feed on insects and 

plants which they do not have to hunt for long distances [2]. Their rather simply-structured, 

sac-like lungs with only little parenchyma supports their way of living perfectly.  

Opposed to the rather simple and consistent structure of the trachea among different reptiles, 

the composition of the lungs of bearded dragons differs greatly from testudines, snakes and 

even other lizards. Several authors have published about the general architecture of the lungs 

in reptiles [6, 28-31, 59, 60, 64, 66, 82, 88, 101-104, 106-108, 110-115, 120]. In contrast to 

publications about the lung architecture of reptiles in general, this study reveals detailed 

information on the lung tissue of bearded dragons.  

The second part of this study attends to the histology of the bearded dragon´s respiratory tract. 

We were able to confirm the composition of the larynx with a mucous tunic (tunica mucosa), 

a fibromusculocartilaginous tunic (tunica fibromusculocartilaginea) and an adventitia (tunica 

adventitia), whereas the mucous tunic contains respiratory epithelium on its luminal side. 

There are only few compositions about the general histological structure of the larynx in 

reptiles [36, 37]. One can find descriptions of the Barking gecko (Ptenopus garrulus 

maculatus) [38], the Mississippi-alligator (Alligator mississipiensis) [39] and the Hermann´s 

tortoise (Testudo hermanni), the Marginated tortoise (Testudo marginata) and the Greek 

tortoise (Testudo graeca) [40]. The barking gecko and the alligator possess vocal cords in 

their larynx, which enables them to vocalize. Of the three evaluated tortoise species, the 

marginated and the greek tortoise have two ventral diverticula inside their cricoid and can 

therefore also produce noises. In contrast, bearded dragons do not contain any anatomical 

appliance for sound production [53]. We know that these lizards communicate a lot by other 

anatomical features. First, they communicate by changing the appearance of their body size. 

For example, they can expand their typical “beard” with movements of their hyoid and can 

inflate their lungs to a high degree to increase their body surface. Additionally, bearded 

dragons can change the colour of their gular sac, neck and partially their chest to a deep black 

dye to show their aggression to conspecifics. In contrast to the aggression behaviour, these 

lizards perform a wave of one arm to pacify the other animal. Contrary to other reptiles these 

multiple reactions for the inter- and intraspecific communication can make vocalization not 

necessary [2, 53]. 
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The composition of the trachea with its three layers, the mucous tunic, the 

fibromusculocartilaginous tunic with incomplete tracheal rings and the adventitia confirm the 

findings of Henle [36], Leydig [37] and Rothley [29].  

The general histology of reptilian lungs has been studied until today by several authors [29, 

37, 107, 113, 120, 128-130]. The reptilian lung is composed of a mucous tunic, a 

firbomusculocartilaginous tunic and an adventitia. The mucous tunic on the luminal side gives 

rise to the trabeculae of first, second and third order. The first-order trabeculae are reinforced 

by cartilage and show respiratory epithelium on one side and capillaries on their other side. 

On the outer surface, the adventitia with its squamous epithelial cells covers the lung. The 

number of trabeculae and their distribution as well as the presentment of an intrapulmonary 

bronchus varies among different reptile species. The findings of these studies underline the 

presence of trabeculae of first, second and third order in agamid lizards and bearded dragons 

in particular. They also support the already mentioned correlation of the lung parenchyma and 

the activity level of reptiles. Additionally to the general literature, McGregor et al. [32] 

published studies on the lung structure of the Central netted dragon (Ctenophorus nuchalis), 

which shows a similar lung type comparing to bearded dragons.  

Radiographic imaging is a frequently used tool in general veterinary medicine and in the 

examination of exotic species [41-46]. As it is accessible to many veterinarians and relatively 

low in costs, radiographic imaging is attractive in everyday practice. In this study, we were 

able to evaluate and describe the presentation of the lower respiratory tract of healthy bearded 

dragons of both sexes by radiographs. Radiographic characteristics of the organs of bearded 

dragons also in brief is presented in Banzato´s publication [25, 52] about the pleuroperitoneal 

cavity of the Green iguana (Iguana iguana), the Argentinian black and white tegu 

(Tupinambis merianae) and the Bearded dragon (Pogona spp.). In contrast to this study, the 

author did not describe the detailed portrayal of the lower respiratory tract in bearded dragons 

of different sexes and different reproductive statuses.  

After measuring the length, width and depth of the lungs in the examined lizards, we 

compared the results of the three groups of animals (females with follicles, females without 

follicles, males). Measurement of the particular distances was documented in centimeter, we 

also counted the numbers of vertebrae for the lung field, beginning with the first rib-bearing 

vertebra to determine the length of the lung. We were able to find statistically significant 

differences in the lung size of the three groups. Interestingly, the length of the lung field in the 

extended animals, the length of the right lung field and the total width, all measured in 

number of vertebrae differed among the three groups of animals. We can assume, that the 
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number of vertebrae and the size of the lung field is directly and individually dependent on 

the animal´s body size, whereas international units like centimeters naturally do not respect 

individual topographic characteristics. 

Our measurements of the tracheal diameter at the level of the laryngeal aditus, in the middle 

between the laryngeal aditus and the hilar region and shortly before the entrance of the 

trachea into the lung revealed, that the trachea´s diameter is highest at the level of the glottis 

and lowest in the middle of the organ. Although the diameter does not vary significantly – 

neither individually nor among the females with and without follicles and the males – we 

were able to detect a difference in diameter of the trachea along its course.  

Incomplete tracheal rings – as found in bearded dragons – may provide a higher elasticity 

than a trachea with complete cartilaginous rings.  Therefore, a difference in the tracheal 

diameter of bearded dragons along its course towards the lungs is explainable. However, to 

the author´s knowledge, there have not been any investigations on the tracheal diameter in 

bearded dragons before. 

The knowledge about the tracheal diameter in bearded dragons is needed, when an 

endotracheal intubation during general anaesthesia is required. An endotracheal tube with a 

diameter that is too wide could possibly damage the tracheal tissue. Contrary, a tube with a 

very small diameter could result in an insufficient ventilation of the anaesthesized animal.  

We could show that the distance of the trachea to the sternum can be correlated with the size 

of the heart. As we know from the performed dissections, apart from a thin sheet of 

connective tissue and a variable amount of fat, the heart filled in the space between the 

trachea and the sternum. The distance of the trachea towards the sternum did not vary 

significantly among the examined females with follicles, the females without follicles and the 

males. However, the distance from the trachea to the sternum was highest in males and lowest 

in females with follicles. To the authors knowledge, there are no further studies regarding the 

differences in heart size respecting the particular gender and reproductive status in bearded 

dragons. Apart from lizards, postprandial cardiomegaly is described in snakes [122, 123]. 

Furthermore, physiological anorexia in gravid female reptiles is frequently observed [85]. We 

can speculate if a temporary anorexia in gravid female bearded dragons and probably gravid 

female reptiles in general may lead to a decrease in heart size in comparison to an increase in 

heart size in recently fed animals. This condition could possibly explain the smaller heart 

sizes in female gravid bearded dragons in contrast to male bearded dragons. Clearly, further 

cardiological studies in reptiles are needed to explain the findings of our examinations. 

Although this result clearly cannot be seen as a single parameter for the cardiologic 
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examination of a bearded dragon, it has to be proven that the measuring of the trachea-

sternum-distance could be a valuable method for the evidence of an enlargement of the heart.  

38 of the 39 bearded dragons of the radiographic and computed tomographic survey 

underwent a full-blood examination. We evaluated the parameters among the three groups of 

animals and could show statistically significant differences in the amounts of total calcium 

(TCa), phosphorus (PO4-), cholinesterase (CHE) and albumin (ALB). The concentrations of 

total calcium and phosphorus were highest in females with follicles. These finding match the 

reported differences in the blood samples of Panther chameleons (Furcifer pardalis), where 

the author described higher measurements for calcium and phosphorus in gravid females 

[158].  

As calcium and phosphorus are needed for the growth of an eggshell, we can assume that 

female bearded dragons with present follicles need those amounts for the growing egg. 

There are publications about cholinesterase measurements in the blood of wild-caught adult 

bearded dragons [161]. The findings of the study accord with our findings, as the amunt of 

cholinesterase was highest in the male bearded dragons. In our study, we detected the highest 

CHE values in males and the lowest in the group of females with follicles. CHE-levels in the 

blood plasma of reptiles has been investigated in conjunction with a suspected exposure to 

agrochemicals in the reptile´s environment. In Tenerife Lizards (Gallotia galloti), Sanchez-

Hernandez et al. [164] could show a link between high levels of agrochemicals and low levels 

of cholinesterase. Bain et al [161] documented a decrease in CHE levels for bearded dragons  

that were exposed to sublethal fenitrothion levels. Additionally, there is a paper that describes 

lower CHE-levels in gravid female Green turtles (Chelonia mydas) [162]. In this publication, 

the authors suspect an uptake of organochlorides into the egg which leads to a lower CHE-

level in the gravid female. A study by Allebrandt [163] underlined the importance of 

cholinesterase for the embryological development in the chicken (Gallus gallus) and the 

zebrafish (Danio rerio). Possibly the lower CHE-levels of gravid female bearded dragons are 

a result of a probable CHE-uptake into the follicle or rather the egg, but clearly, further 

investigations on CHE-levels in reptiles concerning the individual reproductive status are 

needed. The concentration of albumin in the blood of the animals of our study was highest in 

female bearded dragons without follicles and lowest in the females with follicles. For the 

interpretation of this finding,  there is an information on general differences among different 

reptile species and sexes [157]. Contrary to our findings, the author described higher values 

for albumin in the blood of gravid females and recently fed individuals. Apart from one 

publication about blood values of bearded dragons [160], which unfortunately only included 
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the results of one male, one female and their offspring, there is no literature about blood 

parameters in bearded dragons that include studies on animals of both sexes or reproductive 

statuses. Therefore, we present the results of our study as a valuable reference for the 

evaluation of the blood chemistry of adult bearded dragons of both sexes, although further 

investigations are imperatively needed. 

Additional to the radiographic examinations, we performed computed tomographic scans on 

four female and two male dragons. Several publications about computed tomographic 

imaging in reptiles can be found [41, 43, 46-51]. But only two include a description of the 

overall anatomy of the head and the pleuroperitoneal cavity of bearded dragons [25, 52]. Our 

study does not only reveal a detailed evaluation of the lower respiratory tract but also 

compares the images to our findings of the dissections. Therefore, it exposes a detailed and 

comprehensible compendium for the reader.  

 

 

Conclusion 

 

This study displayed the anatomy and topography of the lower respiratory tract in bearded 

dragons by means of dissections and modern imaging techniques such as digital radiography 

and computed tomography. The measurements of this study revealed significant size 

differences of healthy, adult bearded dragons. Furthermore, influences of sex and 

reproductive status are obvious. For an accurate display of the lower respiratory tract in 

bearded dragons, we recommend digital radiographs as well as computed tomography if 

available.  
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DISCUSSION 
 
In reptiles, lesions and clinical signs of diseases of the respiratory tract can frequently be 

observed. Symptoms include nasal discharge, dyspnoea and heavy breathing patterns [5, 6, 

60]. The symptoms can be caused, solitary or in combination, by viral [4, 8-14], bacterial [4, 

66], fungal [5, 15] and parasitic [16, 66] pathogens. In case of a  reptile with clinical signs of 

a respiratory tract disease, radiography is the method of choice [42]. For the interpretation of 

the results of the general examination as well as the diagnostic imaging techniques, a detailed 

knowledge of the anatomy, even histology and its presentment by imaging tools is mandatory. 

However, a detailed description of the respiratory tract of bearded dragons (Pogona spp.) is 

lacking, until today. This study provides a detailed description and evaluation of the upper 

and lower respiratory tract of bearded dragons and their presentment by radiographic and 

computed tomographic imaging.  

The first part of this study deals with the so called upper respiratory tract of the bearded 

dragon including the nostrils, the nasal cavity, the nasopharyngeal duct and the oropharynx. 

Detailed anatomical examinations as well as radiographic and computed tomographic surveys 

of live animals were performed.  

In this study, we call the upper respiratory tract the nostrils (nares), the nasal cavity (cavum 

nasi), the nasopharyngeal duct (ductus nasopharyngeus) and the oropharynx. One can find 

descriptions of the nose and the oral cavity or rather the oropharynx with varying 

nomenclature in former literature. In contrast to anatomical nomenclature, the zoological 

nomenclature defines the external nares, the cavum nasi proprium with its “pars respiratoria” 

and its “pars olfactoria” and uses the terms anterior and posterior to describe positions 

analogue to cranial and caudal in anatomical nomenclature. Another difference is the 

description of the nares instead of the external nares and the cavum nasi instead of the cavum 

nasi proprium in anatomical nomenclature. Additionally, various authors do not use any 

anatomical or zoological terms at all.   

Eckart [72] evaluates the upper respiratory tract of various agamid lizards. Instead of a nasal 

cavity, the author describes a “nasal tube” (Nasenschlauch). In contrast, Bellairs et al. [74, 78] 

and Parsons [20] use zoological terms in their publications to describe the head of reptiles 

with its different organs like the nasal, orbital and lachrymal apparatus. In recent literature 

[62] we can also find rather zoological terms in compilations about the upper respiratory tract 

than anatomical nomenclature. However, in this study, we decided to describe the respiratory 

tract from the nares to the oropharynx with anatomical terms.  
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In bearded dragons, we could clearly see similarities to other agamid lizards evaluated in 

former literature [72] and describe the nostrils, the nasal vestibule, the nasal cavity, the 

nasopharyngeal duct and the oropharynx as well as their topography. Clinically, one can 

relate anatomical findings to the particular lifestyle of a reptile. For example, some reptiles 

show outstanding external characteristics like the trunk-appearing nose of the Pig-nosed turtle 

(Carettochelys insculpta) [75] which allows the animal to rummage on the ground for food or 

the hook on the nose of the Hognose snake (Heterodon nasicus) [76], which is used for 

digging. In bearded dragons, the nostrils show a rather simple form. They can be round to 

semilunar-shaped and are positioned on an individually differently developed protrusion of 

soft tissue between the medial angle of the eye and the tip of the snout (Appendix, Fig. 1). A 

reasonable explanation for this finding might lie in the natural habitat of these lizards. Living 

on rather arenaceous ground in seasonally windy areas, the caudally orientated nostrils could 

prevent the undesired inhalation of sand during stormy seasons.  

The rather complicated course of the nasal cavity was analysed for different types of reptiles  

by Matthes [18]. He explains the relation of the shape of the head or rather the form of the 

tongue and the topography of the regions of the upper respiratory tract. He mentions his 

findings, that in so-called fissilinguists (forked tongue) and brevilinguists (short tongue) the 

vestibule of the nasal cavity and the nasal cavity itself lie in a straight cranio-caudal line, 

whereas in crassilinguists (fleshy tongue) and vermilinguists (worm-like tongue), the 

vestibule lies laterally to the nasal cavity. We can clearly confirm this situation for the 

bearded dragon as a crassilinguist and can discuss evolutionary, if the nutritional behaviour 

lead to a widening of the tongue and consequently of the head or if the position of the nasal 

cavity and its several structures resulted in a widening of the head and the tongue.  

In lizards in general and bearded dragons in specific, the nasopharyngeal duct is very short 

and leads the inspired air from the nasal cavity into the rostral part of the oral cavity. The air 

is then led through the palatine grooves in a caudal direction towards the larynx. In 

mammalian species, the air enters the pharyngeal region instead of the oral cavity. Comparing 

the anatomical characteristics of reptiles to mammals where we can find a crossing of the 

digestive and respiratory way in the pharynx, we have to use the term oropharynx in reptiles 

as there is no real interference between the two ways in the oral cavity (Appendix, Fig. 2).  

In this study, we did not only dissect heads of bearded dragons, but did also perform 

transverse and sagittal sectioning of heads. Transverse sections of bearded dragons have been 

performed by Banzato et al [25] on the Green iguana (Iguana iguana), the Argentinian black 

and white tegu (Tupinambis merianae) and the Bearded dragon (Pogona spp.). Contrary to 
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this study, the authors only realized transverse sections of the head and did not evaluate the 

upper respiratory tract in detail. For the preparation of the bodies, we used epoxy resin and 

hardener to keep the usually flexible body of the bearded dragons in the required position. To 

the author´s knowledge, this technique has not been applied before. It can clearly be 

recommended for preparations, as the material is low in costs, easy in its handling and did not 

produce any undesired changes in the animals´ outer body wall or inner organs.  

The nostrils, the nasal cavity and the nasopharyngeal duct can be displayed by radiographic 

and computed tomographic imaging. Radiographs as much as CT-scans are frequently utilized 

diagnostic tools in general veterinary medicine as much as in reptiles [42, 43, 46-48, 138]. 

The use of radiographic or computed tomographic imaging for the diagnosing of upper 

respiratory tract diseases have not been reported yet. The findings of this study give an 

overview of the presentment of the different parts of the upper respiratory tract by diagnostic 

images. The head of all bearded dragons of the live animal survey were x-rayed in four 

different positions (Appendix, Fig. 3) Our results show, that for the evaluation of the head, 

one dorsoventral and one lateral projection seem sufficient. We also revealed that the 

technique of taking radiographic images of the head of bearded dragons with the help of a 

folded paper towel can be appraised as practicable for veterinarians in every-day-practice. By 

realization of computed tomographic images also a much more detailed view on the lizard´s 

head can be taken. Therefore, if a computed tomographic scanner is available and the 

condition of the patient allows chemical restraint, this technique is recommended.  

The advantages of radiographic images are the relatively lower costs for the pet owner as well 

as the short execution time. Due to their regularly calm temperament, it is usually possible to 

take radiographs of bearded dragon with minimal restraint. In contrast, lizards usually need 

anaesthetic restraint for the realization of computed tomographic scans due to the prolonged 

proceeding time relative to radiographic imaging. The great advantage of computed 

tomographic images is the high resolution resulting in a more detailed view on the patient, 

contrary to x-rays. In contrast to the examinations of Banzato et al. [25], who examined the 

heads of the Green iguana (Iguana iguana), the Argentinian black and white tegu 

(Tupinambis merianiae) and the Bearded dragon (Pogona spp.), we did not only describe the 

topography of the upper respiratory head within the head, but could also describe the 

distribution of the airway from the nostrils to the oropharynx. Therefore, the results of our 

study reveal reference points for the upper respiratory tract of bearded dragons, which help 

the practitioner to interpret aberrant findings of the upper respiratory tract of his patient in 

computed tomographic images.  
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The second part of this study deals with the anatomy, histology and its presentment by 

radiographic and computed tomographic imaging of the so called lower respiratory tract, from 

the larynx to the lungs.  

Anatomically, the position of the larynx varies greatly among different reptile species. In 

carnivorous species, first of all snakes, the larynx lies rather rostrally inside the oral cavity. 

Contrary to that, the larynx is positioned further caudally in herbivorous species [27, 36, 66, 

89]. Strictly carnivorous species might be able to breath during the sometimes very long 

process of swallowing their prey, whereas herbivorous species do not need this ability. 

Bearded dragons are primarily insectivorous as juveniles and mainly herbivorous as adults. 

The position of the bearded dragon´s larynx at the base of the tongue matches their diet as 

adult lizards (Appendix, Fig. 4). The knowledge of the exact position of a reptile´s larynx is 

mandatory when an endotracheal intubation is required. For bearded dragons, we could define 

the position of the larynx at the base of the tongue and its continuation with the larynx in a 

straight caudal direction.  

 In bearded dragons, the trachea shows a typical composition and topography among lizards 

[59]. The trachea of bearded dragons consists of a variable number of incomplete 

cartilaginous rings and bifurcates approximately at the apex of the heart into two short 

bronchi, which enter the lungs rather cranially and therefore define the border between the 

cranial and caudal lung region (Appendix, Fig. 5). This condition is seen in many lizards 

except for monitor lizards. For the practicing veterinarian, the knowledge of the length of the 

trachea is very important for the correct tube placement if an endotracheal intubation is 

planned. In general, the veterinary anaesthesist should perform an intubation which assures a 

ventilation of both functional lungs, which means the right and the left lung in chelonians, 

lizards and crocodilians and the right or left lung in various snake species [144]. This 

condition can generally be accomplished by using an endotracheal tube which ends shortly 

before the bifurcation of the trachea. If the endotracheal tube is to short, a bigger or smaller 

so-called dead space might be ventilated, which results in a bigger requirement of anaesthetic 

gas and lowers the efficiency of the whole anaesthesia. If the endotracheal is too long, it 

might run into one of the two bronchi which would result in the ventilation of only one lung. 

If only one lung can be ventilated due to the length of the endotracheal tube, either the needed 

concentration of anaesthetic gas for the maintenance of the anaesthesia cannot be reached or it 

has to be compensated with an unproportional high concentration, which may result in 

damage of the lung tissue. In this study, we could show that the trachea bifurcates at the level 

of the heart, which lies within the pectoral girdle. Therefore, the author advices to select an 
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endotracheal tube which maximally ends approximately at the beginning of the pectoral girdle 

to ensure a correct intubation of the bearded dragon.  

Because the bearded dragon´s cartilaginous tracheal rings are incomplete, we can assume a 

higher amount of elasticity of the trachea in contrast to an air-tube with complete 

cartilaginous rings. Therefore, the knowledge of the diameter of the trachea along its course is 

important with regard to the ideal diameter of an endotracheal tube. If the tube is too narrow 

in diameter, the animal might not only inhale the anaesthetic gas, but also the environmental 

air, which could result in an insufficient state of anaesthesia, as the reptile would not receive 

the right amount of anaesthetic agent. Contrary, an endotracheal tube with a diameter that is 

too big could result in tissue damage and possibly irreversible loss of elasticity of this organ. 

Our results showed that the tracheal diameter varies at different levels of the trachea. Our 

measurements at the level of the laryngeal aditus, in the middle between the laryngeal aditus 

and the hilar region and shortly before the entrance of the trachea into the lung revealed, that 

the trachea´s diameter is highest at the level of the glottis and lowest in the middle of the 

organ (Appendix, Tab.1 – Tab. 4). Although the diameter does not vary significantly – neither 

individually nor among the females with and without follicles and the males – we were able to 

detect a difference in diameter of the trachea along its course. To the author´s knowledge, 

there have not been any investigations on the tracheal diameter in bearded dragons before.  

We could additionally verify that the distance of the trachea to the sternum can be correlated 

with the size of the heart. As we know from the performed dissections, apart from a thin sheet 

of connective tissue and a variable amount of fat, the heart filled in the space between the 

trachea and the sternum. The distance of the trachea towards the sternum did not vary 

significantly among the examined females with follicles, the females without follicles and the 

males (Appendix, Tab. 5 – Tab. 8). However, we should mention that the distance from the 

trachea to the sternum was highest in males and lowest in females with follicles. To the 

authors knowledge, there are no further studies regarding the differences in heart size 

respecting the particular gender and reproductive status in reptiles. We know that in snakes 

postprandial cardiomegaly is described [122, 123]. Furthermore, physiological anorexia in 

gravid female reptiles is frequently observed [85]. We can speculate if a temporary anorexia 

in gravid female reptiles and bearded dragons in particular may lead to a decrease in heart size 

in comparison to an increase in heart size in recently fed animals. This condition could 

possibly explain the smaller heart sizes in female gravid bearded dragons in contrast to male 

bearded dragons. Clearly, further cardiological studies in reptiles are needed to explain the 

findings of our examinations. Although this result clearly cannot be seen as a single parameter 
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for the cardiologic examination of a bearded dragon, it has to be proven that the measuring of 

the trachea-sternum-distance could be a valuable method for the evidence of an enlargement 

of the heart.  

As we could clearly confirm , the shape of the lung and its partitioning correspond to several 

general studies of reptilian lungs [30, 31, 59, 64, 120] and the lungs of lizards in specific 

[131]. Agamid lizards generally possess so called unicameral lungs, which means that the 

lung´s central lumen is undivided, and the respiratory surfaces are built by primary partitions. 

We could see that the cranial region possesses a higher density of septation than the caudal 

region. This condition can possibly be linked to the topography of the bearded dragon´s lungs 

inside the pleuroperitoneal cavity. As a diaphragm is lacking in reptiles and also in bearded 

dragons, there is no separation between a pleural and peritoneal cavity. Therefore, the organs 

are not equally separated as in mammalian species. We could confirm that the lungs reach the 

transverse septum with their cranial region. The dorsal lung surface is connected to the dorsal 

pleuroperitoneal cavity by a thin sheet of mesentery. The caudal part of the lungs is fused 

with the gonads and the dorsal body wall by the postpulmonary septum. Adjacent to the 

middle and caudal parts of the lungs lie the gastrointestinal tract, the liver, the gonads and, 

regarding the reproductive status in females, the follicles or rather eggs. This means, that the 

size of the lungs might be highly diminished by the expansion of the other organs which 

might result in a compression of lung tissue and a lower rate of gas exchange in the caudal 

lung region. If the caudal region of the lungs is not functional in gas exchange due to the 

compression by other organs, the higher amount of parenchyma in the cranial region, where 

compression is less probable due to their protection by the transverse septum, could be 

beneficial. Our study revealed a detailed description of the topography of the lungs. 

Knowledge of the physiological topography of the organs, especially inside the 

pleuroperitoneal cavity is mandatory when an examination of the patient by means of physical 

examination and diagnostic imaging, just like radiography or CT-scans are desired.  

Imaging of the lower respiratory tract by radiography or computed tomography was 

conducted in 39 healthy, adult bearded dragons (13 males, 12 females with follicles, 14 

females without follicles). Six of the 39 animals underwent a computed tomographic 

examination with the bearded dragon sitting in a plastic box under isoflurane anaesthesia. 

We decided to take radiographic images in three different positions from each animal; 

Therefore we chose a dorsoventral , a lateral horizontal view with a left to right beam with the 

animal sitting in a physiological position and a lateral view with a left to right beam where an 
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assistant retracted the front- and hindlimbs of a lying lizard (Appendix, Fig. 7). These are 

often regarded standard projections for lizards [44, 45, 138, 140].  

Generally speaking, bearded dragons are very calm lizards. Therefore, usually none to only 

little restraint techniques for the radiographic examinations were needed which resulted in a 

short time required for the performance.  

The scales of the used bearded dragons were rather delicate on their ventral body surface and 

in contrast markedly bigger on their dorsal body wall. Additionally, every animal possessed a 

ridge of spikes, which coursed horizontal along their lateral body wall from the axillar region 

towards the femoral margin. This integument characteristics had to be taken into 

consideration when interpreting the radiographic images. In general, the presentment of the 

structures and organs of bearded dragons by radiography follows general rules; bony tissue 

appears white, soft tissues are presented by various shades of grey and gas appears black. A 

peculiarity in reptiles is the high density of the integument, namely the shell in chelonians and 

scales of different size and density in lizards, crocodilians and snakes [138]. Therefore, the 

examiner might confuse the scales or spikes with pathological conformation of the inner 

organs and the lungs in particular. We therefore can advise a precise observation of the 

patient´s individually developed integument before the interpretation of radiographic imaging 

in the species Pogona. 

  We measured the length, width and depth of the lungs in the examined animals and 

compared the three groups of healthy bearded dragons (females with follicles, females 

without follicles, males) (Appendix, Tab. 9-12). Measurement of the particular distances was 

documented in centimeter, we also counted the numbers of vertebrae for the lung field, 

beginning with the first rib-bearing vertebra to determine the length of the lung. After 

evaluating the measured data with distribution free nonparametric methods, we could then 

define statistically significant differences among the values of the lung size (p. 84, Tab. 2). 

Interestingly, the length of the lung field in the extended animals, the length of the right lung 

field and the total width, all measured in number of vertebrae differed among the three groups 

of animals. We can assume, that the number of vertebrae and the size of the lung field is 

directly and individually dependent on the animal´s body size, whereas international units like 

centimeters naturally do not respect individual topographic characteristics.  

For the computed tomographic scans, six of the 39 bearded dragons (2 females with follicles, 

2 females without follicles, 2 males) received a light isoflurane anesthesia. In contrast to 

chelonians, where computed tomographic scans can regularly performed with a fully awake 

animal [48], lizards usually need chemical restraint. In this study, we declared the depth of the 
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anesthesia to be sufficient, if the animals did not show any palpebral reflexes anymore and 

showed muscle relaxation of the limbs and the tail. It is necessary to mention that the single 

isoflurane anesthesia is sufficient to provoke full relaxation is bearded dragons. If the 

computed tomographic scan is planned to be performed prior to a surgical treatment of the 

animal, a proper analgesic needs to be applied. However, if a computed tomographic scan is 

required for diagnostic reason, we can clearly recommend a gas-induced anesthesia with 

isoflurane because all of the examined lizards had a short recovery time and did not show any 

cardiovascular abnormalities.   

The computed tomographic scans revealed a detailed view on all parts of the lower respiratory 

tract. Some variations in the position of the larynx and the course of the trachea might have 

occurred due to the particular head and neck position of the individual. In the authors opinion, 

a complete relaxation of the head and neck resulting in a plane ventral recumbency of the 

animal, is desirable for an accurate display of the larynx and the trachea. The ability of 

scanning through a computed tomographic image in three dimensions reveals several 

advantages [143]. For example, we could identify single tracheal rings, the entrance of the 

bronchi into the lungs and the lung parenchyma. The problem of overlying integument or 

adjacent organs was absent and allowed us to perform a more detailed examination. Present 

literature reveals little information about computed tomography in bearded dragons. There is 

only one composition published by Banzato et al. [52], which includes descriptions of the 

lower respiratory tract. Although the authors mention the larynx, the trachea and the lungs in 

their publication, a detailed description of the particular characteristics of the bearded 

dragon´s lower respiratory tract is missing. As already mentioned, the position of the animal 

directly affects the display of the inner organs. In Red-eared sliders (Trachemys scripta 

elegans), Mans et al. [146] evaluated the effects of the body position and head and neck 

extension on computed tomographic images. Chelonians in general possess the peculiarity 

that these animals can pull their head, neck and extremities inside their shell, which obviously 

affects the position of the pleuroperitoneal cavity´s organs. In our lizards, we could not see an 

obviously comparable behavior. Nevertheless, the effect of the position of the head, neck and 

extremities during computed tomographic examinations should be taken into consideration 

and further studies are needed to standardize the position of these animals during CT-scans.  

As 38 of the 39 adult bearded dragons of the radiographic and computed tomographic survey 

underwent a full-blood examination, we evaluated the parameters among the three groups of 

animals (Appendix, Tab. 13-16). We were able to observe statistically significant differences 

in the amounts of total calcium (TCa), phosphorus (PO4-), cholinesterase (CHE) and albumin 



 115 

(ALB). The concentrations of total calcium and phosphorus were highest in females with 

follicles. These finding match the reported differences in the blood samples of Panther 

chameleons (Furcifer pardalis), where the author described higher measurements for calcium 

and phosphorus in gravid females [158]. We also can explain these findings with the 

relatively higher amount of calcium and phosphorus that is needed for the growth of an 

eggshell in reproductively active females which are growing follicles or rather eggs. There are 

compositions about cholinesterase measurements in the blood of wild-caught adult bearded 

dragons [161]. The findings of the scientists who performed this study accord with our 

findings, as they found the highest amounts of cholinesterase in male bearded dragons. In our 

study, we detected the highest CHE values in males and the lowest in the group of females 

with follicles. CHE-levels in the blood plasma of reptiles has been investigated in conjunction 

with a suspected exposure to agrochemicals in the reptile´s environment. Sanchez-Hernandez 

et al [164] have showed a link between high levels of agrochemicals and low levels of 

cholinesterase in Tenerife Lizards (Gallotia galloti). Additionally, Bain et al [161] 

documented a decrease in CHE levels for bearded dragons  that were exposed to sublethal 

fenitrothion levels. Regarding gravid female reptiles, we can find a paper that describes lower 

CHE-levels in gravid female Green turtles (Chelonia mydas) [162]. In this publication, the 

authors suspect an uptake of organochlorides into the egg which leads to a lower CHE-level 

in the gravid female. A study by Allebrandt [163] underlined the importance of cholinesterase 

for the embryological development in the chicken (Gallus gallus) and the zebrafish (Danio 

rerio). We can only speculate, if the lower CHE-levels of gravid female bearded dragons are a 

result of a probable CHE-uptake into the follicle or rather the egg, but clearly, further 

investigations on CHE-levels in reptiles concerning the individual reproductive status are 

needed. The concentration of albumin in the blood of the animals of our study was highest in 

female bearded dragons without follicles and lowest in the females with follicles. We could 

not find an investigation on the concentration of albumin in the blood of bearded dragons in 

particular, but there is an information on general differences among different reptile species 

and sexes [157]. Contrary to our findings, the author described higher values for albumin in 

the blood of gravid females and recently fed individuals. Apart from one publication about 

blood values of bearded dragons [160], which unfortunately only included the results of one 

male, one female and their offspring, there is no literature about blood parameters in bearded 

dragons that include studies on animals of both sexes or reproductive statuses. Therefore, we 

present the results of our study as a valuable reference for the evaluation of the blood 
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chemistry of adult bearded dragons of both sexes, although further investigations are 

imperatively needed.  
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SUMMARY 
 

Kathrin Sophie Reiners 
 

“The Respiratory Tract of the Bearded Dragon (Pogona spp.): An Anatomical, Histological 
and Diagnostic Imaging Study” 

 
Bearded dragons are popular pet reptiles and are frequently presented at veterinary clinics for 

medical approaches. Diseases of the respiratory tract are frequently observed among reptiles 

in general and bearded dragons in particular. They can be caused by viral, bacterial, fungal or 

parasitic pathogens, solitary or in combination. Diagnostic imaging techniques like 

radiography and computed tomography are methods of choice for the diagnose of a diseased 

upper and/or lower respiratory tract. Until today, analysis of the anatomy and histology of the 

respiratory tract of bearded dragons in combination with radiographic and computed 

tomographic imaging techniques are lacking.  

Therefore, the aim of our study had the evaluation of the bearded dragon´s respiratory tract 

within dissections to compare these findings to radiographic and computed tomographic 

examinations of healthy, adult bearded dragons. 39 healthy, adult bearded dragons of both 

sexes and reproductive statuses apart from 23 deceased animals, which were either dissected 

or prepared for histological examinations or the evaluation of the lower respiratory tract´s 

vascularization. Additionally, we examined one deceased male bearded dragon in a micro-

CT-scanner to obtain a more detailed illustration of the low dimensioned skull and the upper 

respiratory tract.  

On the radiographs we measured the length and width of the lungs, the diameter of the trachea 

and the distance from the trachea to the sternum and the dorsally lying vertebra at the same 

level. We were able to show a statistically significant difference between the length of the 

right lung field, the width of the lung and the length of the lung field in the radiography of the 

extended lizard. The length of the right lung field and the length of the lung field in the 

extended animals were biggest in the female bearded dragons without follicles and lowest in 

the female bearded dragons with follicles. In contrast, the total width was highest in the 

female bearded dragons with follicles and lowest in the female bearded dragons without 

follicles.  

We could demonstrate that with computed tomography (CT) it is possible to get much more 

detailed information of the whole respiratory tract. Because CT data can be reconstructed it 

was possible to show three-dimensional anatomic characteristics. Contrary to computed 
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tomography taking x-rays is cheaper, does not require an anesthetized patient and is easier to 

perform due to the short performance time. Furthermore, x-ray devices among veterinary 

clinics and practices are more frequently available.  

Our study revealed a detailed overview of the bearded dragon´s respiratory tract and its 

display by means of radiographic and computed tomographic imaging techniques. As changes 

in the overall appearance and size of the respiratory tract of animals with present diseases of 

the respiratory tract by diagnosing imaging can be suspected, further studies of the respiratory 

tract of bearded dragons are required  
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ZUSAMMENFASSUNG 
 

Kathrin Sophie Reiners 
 

“Der Respirationstrakt der Bartagame (Pogona spp.): Eine Studie über die Anatomie, 
Histologie und Darstellung in bildgebender Diagnostik” 

 

Bartagamen zählen zu den am häufigsten gehaltenen Reptilien und werden oftmals in der 

tierärztlichen Praxis vorgestellt. Regelmäßig werden dabei Erkrankungen des 

Respirationstraktes festgestellt. Diese können durch virale, bakterielle, mykotische oder 

parasitäre Noxen ausgelöst werden, wobei nicht selten Kombinationen verschiedener 

Krankheitserreger beobachtet werden. Die bildgebende Diagnostik ist dabei das Mittel der 

Wahl, wenn die Darstellung des Respirationstraktes erforderlich ist.  Bisher gab es keine 

Studien über den Respirationstrakt von Bartagamen, welche anatomische, histologische, 

radiographische sowie computertomographische Untersuchungen verglichen haben. 

Das Ziel dieser Arbeit war deshalb eine kombinierte Untersuchung des Respirationstraktes 

klinisch gesunder Bartagamen mit anatomischen und histologischen Präparationen sowie 

Bildgebungsstudien mithilfe von Röntgen- und CT-Untersuchungen. Für die 

Bildgebungsstudie untersuchten wir 39 klinisch gesunde Tiere beider Geschlechter und 

Reproduktionsstadien. Von sechs dieser Tiere wurden zusätzlich CT-Bilder angefertigt. 

Zusätzlich präparierten wir 23 verstorbene Bartagamen. An 10 der Tiere untersuchten wir die 

Anatomie bzw. Topographie des gesamten Respirationstraktes. Drei Tiere wurden transversal 

bzw. sagittal gesägt. Larynx, Trachea und Lunge wurden von fünf Tieren für histologische 

Untersuchungen entnommen und präpariert und die Blutgefäße der Lungen wurden an fünf 

weiteren Tieren untersucht. Ein verstorbenes Tier wurde im Mikro-CT untersucht.  

Auf den Röntgenbildern wurden die Länge und Breite beider Lungen, der Durchmesser der 

Trachea, der Abstand von der Trachea zum Sternum und zum unmittelbar dorsal liegenden 

Wirbelkörper gemessen. Wir konnten innerhalb der drei Tiergruppen (männlich, weiblich mit 

Follikelanbildung, weiblich ohne Follikelanbildung) einen statistisch signifikanten 

Unterschied in der Länge des rechten Lungenfeldes, der Breite der Lunge sowie in der Länge 

der Lunge in der ausgezogenen lateralen Röntgenaufnahme feststellen.  

Die Länge des rechten Lungenfeldes und die Länge des Lungenfeldes in den ausgezogenen 

lateralen Aufnahmen war am größten bei weiblichen Bartagamen ohne Follikelanbildung und 

am kleinsten bei weiblichen Bartagamen mit Follikelanbildung. Im Gegensatz dazu verschob 

sich die breiteste Stelle des Lungenfeldes bei den weiblichen Tieren mit Follikelanbildung im 
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Vergleich zu den männlichen Artgenossen und den weiblichen Artgenossen ohne 

Follikelanbildung signifikant nach kaudal.  

In der Bildgebungsstudie konnten wir zeigen, dass computertomographische Aufnahmen 

detailliertere Aufnahmen liefern als Röntgenbilder. Der Vorteil der Röntgenbilder liegt dabei 

in der schnelleren Durchführbarkeit sowie in den geringeren Kosten für die Bereitstellung des 

Gerätes sowie für die Durchführung der Untersuchung. Zudem ist für die Durchführung von 

Röntgenuntersuchungen bei Bartagamen in der Regel keine Anästhesie notwendig.  

Diese Dissertation liefert einen Überblick über den Respirationstrakt von Bartagamen sowie 

über dessen Darstellung in röntgenologischen und computertomographischen 

Untersuchungen. Da davon ausgegangen werden kann, dass Erkrankungen des 

Respirationstraktes zur Veränderung der Darstellung dieses Organsystems im Rahmen von 

bildgebender Diagnostik führen, bietet dieses Feld noch viel Raum für weiterführende 

Studien.  
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APPENDIX 
 

 

 
FIG. 1 – APPEARANCE OF THE LEFT NOSTRIL IN A BEARDED DRAGON 

 
 

 
FIG. 2 – PALATE (LEFT) AND VENTRAL ASPECT OF THE ORAL CAVITY (RIGHT) 
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FIG. 3 – PROJECTIONS OF THE BEARDED DRAGON´S HEADS FOR RADIOGRAPHIC 

EXAMINATIONS 
 
 

 
FIG. 4 – POSITION OF THE LARYNX AT THE BASE OF THE TONGUE 
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FIG. 5 – BIFURCATION OF THE TRACHEA AND ENTRANCE INTO THE LUNG 

TISSUE 
 
 

 
FIG. 6 – PARENCHYMA OF THE LEFT LUNG OF AN ADULT BEARDED DRAGON 
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FIG. 7 – PROJECTIONS FOR FULL-BODY RADIOGRAPHIC EXAMINATIONS OF 

ADULT BEARDED DRAGONS 
 

 
TAB. 1 – DIAMETER OF THE TRACHEA OF ALL ANIMALS 

(GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE MIDDLE OF 

THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG) 
 

 
 
 
 
 
 

 

TAB. 2 – DIAMETER OF THE TRACHEA IN FEMALE BEARDED DRAGONS WITHOUT 
FOLLICLES 

(GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE MIDDLE OF 

THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG) 
 

VARIABLE MEAN MINIMUM MAXIMUM N 
GTD (CM) 
MTD (CM) 
LTD (CM) 

0.30 
0.26 
0.27 

0.23 
0.15 
0.18 

0.39 
0.31 
0.36 

12 
12 
12 

VARIABLE MEAN MINIMUM MAXIMUM N 

GTD (cm) 
MTD (cm) 
LTD (cm) 

0.30 
0.24 
0.28 

0.21 
0.15 
0.16 

0.44 
0.33 
0.43 

39 
39 
39 
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TAB. 3 – DIAMETER OF THE TRACHEA IN FEMALE BEARDED DRAGONS WITH 

FOLLICLES 
(GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE MIDDLE OF 

THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG) 
 

VARIABLE MEAN MINIMUM MAXIMUM N 
GTD (CM) 
MTD (CM) 
LTD (CM) 

0.29 
0.23 
0.28 

0.21 
0.17 
0.16 

0.44 
0.31 
0.41 

14 
14 
14 

 
 
 
 

TAB. 4 – DIAMETER OF THE TRACHEA IN MALE BEARDED DRAGONS 
(GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE MIDDLE OF 

THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG) 
 

VARIABLE MEAN MINIMUM MAXIMUM N 
GTD (CM) 
MTD (CM) 
LTD (CM) 

0.30 
0.23 
0.27 

0.24 
0.16 
0.17 

0.39 
0.33 
0.43 

13 
13 
13 

 

 
 

TAB. 5 – DISTANCE FROM THE TRACHEA TO THE STERNUM AND THE DORSAL 
VERTEBRA IN ALL ANIMALS 

(TV – DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM) 

 
VARIABLE MEAN MINIMUM MAXIMUM N 
TV (CM) 
TS (CM) 

0.68 
1.09 

0.27 
0.54 

0.98 
2.06 

39 
39 

 
 
 
 

TAB. 6 – DISTANCE FROM THE TRACHEA TO THE STERNUM AND THE DORSAL 
VERTEBRA IN FEMALE BEARDED DRAGONS WITHOUT FOLLICLES  

(TV – DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM) 
 

VARIABLE MEAN MINIMUM MAXIMUM N 
TV (CM) 
TS (CM) 

0.69 
1.11 

0.45 
0.92 

0.94 
1.37 

12 
12 
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TAB. 7 – DISTANCE FROM THE TRACHEA TO THE STERNUM AND THE DORSAL 

VERTEBRA IN FEMALE BEARDED DRAGONS WITH FOLLICLES 
(TV – DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM) 

 
VARIABLE MEAN MINIMUM MAXIMUM N 
TV (CM) 
TS (CM) 

0.67 
1.00 

0.27 
0.54 

0.97 
1.20 

14 
14 

 
 
 

TAB. 8 – DISTANCE FROM THE TRACHEA TO THE STERNUM AND THE DORSAL 

VERTEBRA IN MALE BEARDED DRAGONS 
(TV – DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM) 

 
VARIABLE MEAN MINIMUM MAXIMUM N 
TV (CM) 
TS (CM) 

0.69 
1.17 

0.40 
0.80 

0.98 
2.06 

13 
13 
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TAB. 9 – DATA OF THE MEASURED DISTANCES IN THE RADIOGRAPHIC SURVEY 

OF ALL BEARDED DRAGONS  
(SVL – SNOUT VENT LENGTH, STL – SNOUT TAIL LENGTH, LRL – LENGTH OF RIGHT LUNG FIELD, LLL – 

LENGTH OF LEFT LUNG FIELD, TW – TOTAL WIDTH, LLEX – LENGTH OF THE LUNG FIELD IN THE EXTENDED 

ANIMAL, GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE 

MIDDLE OF THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG, TV – 

DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM, LL – LENGTH OF THE LUNG FIELD IN THE LATERALLY SITTING 

ANIMAL, DPL – DEEPEST POINT OF THE LUNG FIELD IN THE LATERAL PROJECTION, DPR – DISTANCE FROM THE 

DEEPEST POINT TO THE FIRST RIB, DPC – DISTANCE FROM THE DEEPEST POINT TO THE MOST CAUDAL POINT OF THE 

LUNG FIELD, CM – CENTI-METER, V – NUMBER OF VERTEBRAE) 

 
VARIABLE MEAN SD MINIMUM MAXIMUM N 
SVL (CM) 
STL (CM) 
LRL CM 
LRL (V) 

LLL (CM) 
LLL (V) 
TW (CM) 
TW (V) 

LLEX (CM) 
LLEX (V) 
GTD (CM) 
MTD (CM) 
LTD (CM) 
TV (CM) 
TS (CM) 
LL (CM) 
LL (V) 

DPL (CM) 
DPL (V) 

DPR (CM) 
DPC    (CM) 

20.80 
42.02 
7.64 
11.99 
7.47 
11.76 
6.25 
8.35 
7.70 
11.78 
0.30 
0.24 
0.28 
0.68 
1.09 
8.18 
11.89 
1.80 
4.75 
3.03 
5.90 

1.84 
4.87 
1.40 
1.55 
1.28 
1.61 
1.27 
1.14 
1.35 
1.81 
0.05 
0.05 
0.06 
0.17 
0.23 
1.23 
1.54 
0.43 
1.95 
0.72 
1.48 

16.90 
29.50 
4.32 
8.00 
4.22 
7.50 
4.32 
6.00 
4.35 
7.00 
0.21 
0.15 
0.16 
0.27 
0.54 
5.55 
7.50 
0.74 
1.00 
1.64 
2.28 

24.60 
51.20 
9.93 
14.66 
9.71 
15.00 
10.04 
11.00 
9.84 
15.00 
0.44 
0.33 
0.43 
0.98 
2.06 
9.95 
15.00 
2.90 
10.00 
4.76 
8.89 

39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
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TAB. 10 – DATA OF THE MEASURED DISTANCES IN THE RADIOGRAPHIC SURVEY 

OF THE FEMALE BEARDED DRAGONS WITHOUT FOLLICLES  
(SVL – SNOUT VENT LENGTH, STL – SNOUT TAIL LENGTH, LRL – LENGTH OF RIGHT LUNG FIELD, LLL – 

LENGTH OF LEFT LUNG FIELD, TW – TOTAL WIDTH, LLEX – LENGTH OF THE LUNG FIELD IN THE EXTENDED 

ANIMAL, GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE 

MIDDLE OF THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG, TV – 

DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM, LL – LENGTH OF THE LUNG FIELD IN THE LATERALLY SITTING 

ANIMAL, DPL – DEEPEST POINT OF THE LUNG FIELD IN THE LATERAL PROJECTION, DPR – DISTANCE FROM THE 

DEEPEST POINT TO THE FIRST RIB, DPC – DISTANCE FROM THE DEEPEST POINT TO THE MOST CAUDAL POINT OF THE 

LUNG FIELD, CM – CENTI-METER, V – NUMBER OF VERTEBRAE) 
 

VARIABLE MEAN SD MINIMUM MAXIMUM N 
SVL (CM) 
STL (CM) 
LRL CM 
LRL (V) 

LLL (CM) 
LLL (V) 
TW (CM) 
TW (V) 

LLEX (CM) 
LLEX (V) 
GTD (CM) 
MTD (CM) 
LTD (CM) 
TV (CM) 
TS (CM) 
LL (CM) 
LL (V) 

DPL (CM) 
DPL (V) 

DPR (CM) 
DPC (CM) 

20.23 
40.76 
8.08 
12.56 
7.69 
12.00 
5.99 
7.62 
8.50 
12.72 
0.30 
0.26 
0.27 
0.69 
1.11 
8.51 
12.31 
1.76 
4.21 
2.72 
6.60 

1.84 
5.10 
1.42 
1.43 
1.47 
1.59 
0.74 
0.97 
0.94 
1.06 
0.05 
0.04 
0.05 
0.14 
0.15 
1.30 
1.65 
0.41 
2.26 
0.73 
1.30 

17.30 
29.50 
4.44 
9.00 
4.37 
8.66 
4.66 
6.00 
7.40 
11.00 
0.23 
0.15 
0.18 
0.45 
0.92 
5.55 
9.00 
1.30 
1.00 
1.64 
4.45 

24.60 
45.60 
9.93 
14.00 
9.46 
14.00 
7.46 
8.50 
9.84 
14.00 
0.39 
0.31 
0.36 
0.94 
1.37 
9.95 
15.00 
2.90 
9.50 
3.80 
8.89 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
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TAB. 11 – DATA OF THE MEASURED DISTANCES IN THE RADIOGRAPHIC SURVEY 

OF THE FEMALE BEARDED DRAGONS WITH FOLLICLES  
(SVL – SNOUT VENT LENGTH, STL – SNOUT TAIL LENGTH, LRL – LENGTH OF RIGHT LUNG FIELD, LLL – 

LENGTH OF LEFT LUNG FIELD, TW – TOTAL WIDTH, LLEX – LENGTH OF THE LUNG FIELD IN THE EXTENDED 

ANIMAL, GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE 

MIDDLE OF THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG, TV – 

DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM, LL – LENGTH OF THE LUNG FIELD IN THE LATERALLY SITTING 

ANIMAL, DPL – DEEPEST POINT OF THE LUNG FIELD IN THE LATERAL PROJECTION, DPR – DISTANCE FROM THE 

DEEPEST POINT TO THE FIRST RIB, DPC – DISTANCE FROM THE DEEPEST POINT TO THE MOST CAUDAL POINT OF THE 

LUNG FIELD, CM – CENTI-METER, V – NUMBER OF VERTEBRAE) 
 

VARIABLE MEAN SD MINIMUM MAXIMUM N 
SVL (CM) 
STL (CM) 
LRL CM 
LRL (V) 

LLL (CM) 
LLL (V) 
TW (CM) 
TW (V) 

LLEX (CM) 
LLEX (V) 
GTD (CM) 
MTD (CM) 
LTD (CM) 
TV (CM) 
TS (CM) 
LL (CM) 
LL (V) 

DPL (CM) 
DPL (V) 

DPR (CM) 
DPC (CM) 

21.20 
42.60 
7.66 
11.48 
7.50 
11.22 
6.60 
8.74 
7.34 
10.77 
0.29 
0.23 
0.28 
0.67 
1.00 
7.97 
11.26 
1.74 
4.61 
3.06 
5.54 

1.58 
4.57 
1.33 
1.36 
1.13 
1.32 
1.62 
0.88 
1.54 
1.88 
0.07 
0.04 
0.06 
0.20 
0.18 
1.24 
1.69 
0.39 
2.13 
0.87 
1.44 

17.30 
32.50 
4.32 
8.00 
5.94 
9.00 
4.32 
8.00 
4.35 
7.00 
0.21 
0.17 
0.16 
0.27 
0.54 
5.59 
7.50 
1.05 
2.00 
1.73 
2.28 

22.70 
48.10 
9.48 
14.00 
9.05 
13.00 
10.04 
10.00 
9.83 
13.00 
0.44 
0.31 
0.41 
0.97 
1.20 
9.35 
13.50 
2.28 
10.00 
4.76 
7.35 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
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TAB. 12 – DATA OF THE MEASURED DISTANCES IN THE RADIOGRAPHIC SURVEY 

OF THE MALE BEARDED DRAGONS  
(SVL – SNOUT VENT LENGTH, STL – SNOUT TAIL LENGTH, LRL – LENGTH OF RIGHT LUNG FIELD, LLL – 

LENGTH OF LEFT LUNG FIELD, TW – TOTAL WIDTH, LLEX – LENGTH OF THE LUNG FIELD IN THE EXTENDED 

ANIMAL, GTD – TRACHEAL DIAMETER AT THE LEVEL OF THE GLOTTIS, MTD – TRACHEAL DIAMETER IN THE 

MIDDLE OF THE TRACHEA, LTD – TRACHEAL DIAMETER AT THE LEVEL OF THE ENTRANCE INTO THE LUNG, TV – 

DISTANCE FROM THE TRACHEA TO THE DORSALLY LYING VERTEBRA AT THE LEVEL OF THE STERNUM, TS – 

DISTANCE FROM THE TRACHEA TO THE STERNUM, LL – LENGTH OF THE LUNG FIELD IN THE LATERALLY SITTING 

ANIMAL, DPL – DEEPEST POINT OF THE LUNG FIELD IN THE LATERAL PROJECTION, DPR – DISTANCE FROM THE 

DEEPEST POINT TO THE FIRST RIB, DPC – DISTANCE FROM THE DEEPEST POINT TO THE MOST CAUDAL POINT OF THE 

LUNG FIELD, CM – CENTI-METER, V – NUMBER OF VERTEBRAE) 
 

VARIABLE MEAN SD MINIMUM MAXIMUM N 
SVL (CM) 
STL (CM) 
LRL CM 
LRL (V) 

LLL (CM) 
LLL (V) 
TW (CM) 
TW (V) 

LLEX (CM) 
LLEX (V) 
GTD (CM) 
MTD (CM) 
LTD (CM) 
TV (CM) 
TS (CM) 
LL (CM) 
LL (V) 

DPL (CM) 
DPL (V) 

DPR (CM) 
DPC (CM) 

20.90 
42.55 
7.22 
12.02 
7.24 
12.11 
6.10 
8.62 
7.35 
11.99 
0.30 
0.23 
0.27 
0.69 
1.17 
8.11 
12.19 
1.91 
5.40 
3.29 
5.65 

2.09 
5.13 
1.44 
1.77 
1.31 
1.86 
1.23 
1.29 
1.21 
1.85 
0.05 
0.05 
0.07 
0.15 
0.32 
1.16 
1.07 
0.50 
1.30 
0.40 
1.55 

16.90 
34.20 
4.32 
8.50 
4.22 
7.50 
4.78 
6.00 
5.27 
8.33 
0.24 
0.16 
0.17 
0.40 
0.80 
6.10 
10.00 
0.74 
3.00 
2.50 
3.08 

23.60 
51.20 
9.84 
14.66 
9.71 
15.00 
9.13 
11.00 
8.64 
15.00 
0.39 
0.33 
0.43 
0.98 
2.06 
9.66 
13.50 
2.60 
7.00 
3.89 
7.67 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
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TABLE 13 – BLOOD VALUES OF ALL THE BEARDED DRAGONS OF THE LIVE ANIMAL SURVEY 
(HCT – HEMATOCRIT, ALT – ALANINE AMINOTRANSFERASE, GLDH – GLUTAMATE DEHYDROGENASE, ALP – 

ALKALINE PHOSPHATASE, AST – ASPARTATE AMINOTRANSFERASE, CHE – CHOLINESTERASE, CK – CREATINE 

KINASE, BILIT – TOTAL BILIRUBINE, UREA – UREA, URIC – URIC ACID, CHOL – CHOLESTERINE, GLUC – 

GLUCOSE, FRUC – FRUCTOSAMINE, TP – TOTAL PROTEIN, ALB – ALBUMIN, NA+ - SODIUM, K+ - POTASSIUM, 
CA++ - IONIZED CALCIUM, CL- - CHLORIDE, TCA – TOTAL CALCIUM, PO4- . PHOSPHORUS, PH – PH, PATM – 

ATMOSPHERIC PRESSURE) 

 
VARIABLE MEAN MINIMUM MAXIMUM N MEDIAN 
HCT % 
ALT (U/L) 
GLDH (U/L) 
ALP (U/L) 
AST (U/L) 
CHE  (U/L) 
CK (U/L) 
BILIT (MG/DL) 
UREA (MG/DL) 
URIC (MG/DL) 
CHOL (MG/DL) 
GLUC (MG/DL) 
FRUC (UMOL/L) 
TP (G/DL) 
ALB (G/DL) 
NA+ (MMOL/L) 
K+ (MMOL/L) 
CA++ (MMOL/L)1 
CA++ (MMOL/L)2 
CL- (MMOL/L) 
TCA (MMOL/L) 
PO4- (MMOL/L) 
PH 
PATM            

(MMHG) 

29.500 
5.553 
0.979 

102.842 
13.079 

1430.737 
1491.000 

0.002 
1.105 
3.296 

278.158 
219.263 
299.211 
4.517 
2.344 

145.582 
3.672 
1.264 
1.242 

117.526 
3.949 
1.609 
7.550 

765.500 

15.000 
0.000 
0.000 
14.000 
1.000 

248.000 
25.000 
0.000 
0.000 
0.880 
87.000 
126.000 
111.000 
2.750 
0.390 

128.800 
1.730 
0.980 
0.000 
97.000 
2.290 
0.500 
7.318 

753.000 

47.000 
15.000 
8.100 

489.000 
57.000 

3367.000 
11887.000 

0.050 
3.000 
13.030 
709.000 
350.000 
473.000 
8.680 
4.150 

158.000 
5.370 
1.660 
1.800 

134.000 
10.550 
8.580 
7.893 

779.000 

38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 

28.500 
4.000 
0.500 
65.500 
7.000 

1307.000 
504.500 
0.000 
1.000 
2.695 

224.000 
215.500 
270.000 
4.165 
2.280 

145.500 
3.725 
1.255 
1.330 

116.500 
3.150 
1.220 
7.550 

766.000 
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TABLE 14 – BLOOD VALUES OF FEMALE BEARDED DRAGONS WITHOUT FOLLICLES 

(HCT – HEMATOCRIT, ALT – ALANINE AMINOTRANSFERASE, GLDH – GLUTAMATE DEHYDROGENASE, ALP – 

ALKALINE PHOSPHATASE, AST – ASPARTATE AMINOTRANSFERASE, CHE – CHOLINESTERASE, CK – CREATINE 

KINASE, BILIT – TOTAL BILIRUBINE, UREA – UREA, URIC – URIC ACID, CHOL – CHOLESTERINE, GLUC – 

GLUCOSE, FRUC – FRUCTOSAMINE, TP – TOTAL PROTEIN, ALB – ALBUMIN, NA+ - SODIUM, K+ - POTASSIUM, 
CA++ - IONIZED CALCIUM, CL- - CHLORIDE, TCA – TOTAL CALCIUM, PO4- . PHOSPHORUS, PH – PH, PATM – 

ATMOSPHERIC PRESSURE) 
 

VARIABLE MEAN MINIMUM MAXIMUM N MEDIAN 
HCT % 
ALT (U/L) 
GLDH (U/L) 
ALP (U/L) 
AST (U/L) 
CHE  (U/L) 
CK (U/L) 
BILIT (MG/DL) 
UREA (MG/DL) 
URIC (MG/DL) 
CHOL (MG/DL) 
GLUC (MG/DL) 
FRUC (UMOL/L) 
TP (G/DL) 
ALB (G/DL) 
NA+ (MMOL/L) 
K+ (MMOL/L) 
CA++ (MMOL/L)1 
CA++ (MMOL/L)2 
CL- (MMOL/L) 
TCA (MMOL/L) 
PO4- (MMOL/L) 
PH 
PATM            

(MMHG) 

32.083 
4.833 
0.392 
69.000 
8.417 

1278.000 
836.083 
0.000 
1.000 
4.343 

320.667 
223.750 
313.000 
4.637 
2.749 

146.767 
3.388 
1.323 
1.278 

121.333 
3.398 
1.203 
7.526 

768.333 

21.000 
1.000 
0.000 
31.000 
3.000 

829.000 
108.000 
0.000 
0.000 
1.110 

143.000 
127.000 
111.000 
2.880 
1.670 

136.000 
2.380 
1.130 
0.000 

106.000 
2.670 
0.690 
7.360 

761.000 

40.000 
14.000 
1.900 

145.000 
24.000 

2292.000 
2955.000 

0.000 
3.000 
13.030 
709.000 
311.000 
454.000 
6.380 
4.150 

158.000 
4.770 
1.580 
1.680 

134.000 
5.910 
2.300 
7.704 

775.000 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

33.000 
4.000 
0.000 
53.500 
6.000 

1172.000 
512.000 
0.000 
1.000 
2.600 

253.500 
215.000 
305.500 
5.045 
2.720 

147.050 
3.245 
1.360 
1.380 

123.000 
3.290 
1.175 
7.527 

769.500 
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TABLE 15 – BLOOD VALUES OF FEMALE BEARDED DRAGONS WITH FOLLICLES 

(HCT – HEMATOCRIT, ALT – ALANINE AMINOTRANSFERASE, GLDH – GLUTAMATE DEHYDROGENASE, ALP – 

ALKALINE PHOSPHATASE, AST – ASPARTATE AMINOTRANSFERASE, CHE – CHOLINESTERASE, CK – CREATINE 

KINASE, BILIT – TOTAL BILIRUBINE, UREA – UREA, URIC – URIC ACID, CHOL – CHOLESTERINE, GLUC – 

GLUCOSE, FRUC – FRUCTOSAMINE, TP – TOTAL PROTEIN, ALB – ALBUMIN, NA+ - SODIUM, K+ - POTASSIUM, 
CA++ - IONIZED CALCIUM, CL- - CHLORIDE, TCA – TOTAL CALCIUM, PO4- . PHOSPHORUS, PH – PH, PATM – 

ATMOSPHERIC PRESSURE) 
 

VARIABLE MEAN MINIMUM MAXIMUM N MEDIAN 
HCT % 
ALT (U/L) 
GLDH (U/L) 
ALP (U/L) 
AST (U/L) 
CHE  (U/L) 
CK (U/L) 
BILIT (MG/DL) 
UREA (MG/DL) 
URIC (MG/DL) 
CHOL (MG/DL) 
GLUC (MG/DL) 
FRUC (UMOL/L) 
TP (G/DL) 
ALB (G/DL) 
NA+ (MMOL/L) 
K+ (MMOL/L) 
CA++ (MMOL/L)1 
CA++ (MMOL/L)2 
CL- (MMOL/L) 
TCA (MMOL/L) 
PO4- (MMOL/L) 
PH 
PATM            

(MMHG) 

27.857 
6.000 
1.507 

110.857 
18.286 

1128.643 
2280.643 

0.001 
1.071 
3.019 

310.143 
219.714 
262.357 
4.729 
1.860 

144.393 
3.904 
1.286 
1.205 

116.500 
5.462 
2.445 
7.582 

763.857 

15.000 
0.000 
0.000 
14.000 
1.000 

248.000 
93.000 
0.000 
0.000 
0.940 
95.000 
126.000 
148.000 
2.750 
0.390 

128.800 
2.730 
1.030 
0.000 

102.000 
2.590 
0.870 
7.318 

753.000 

45.000 
15.000 
8.100 

489.000 
57.000 

1737.000 
11887.000 

0.020 
3.000 
9.470 

633.000 
350.000 
393.000 
8.680 
3.430 

156.600 
4.720 
1.660 
1.800 

134.000 
10.550 
8.580 
7.893 

779.000 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

28.000 
3.500 
0.950 
56.000 
9.000 

1078.500 
717.000 
0.000 
1.000 
2.820 

288.500 
216.000 
253.500 
4.490 
1.840 

145.250 
3.825 
1.310 
1.335 

115.500 
4.400 
1.830 
7.595 

764.500 
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TABLE 16 – BLOOD VALUES OF MALE BEARDED DRAGONS  

(HCT – HEMATOCRIT, ALT – ALANINE AMINOTRANSFERASE, GLDH – GLUTAMATE DEHYDROGENASE, ALP – 

ALKALINE PHOSPHATASE, AST – ASPARTATE AMINOTRANSFERASE, CHE – CHOLINESTERASE, CK – CREATINE 

KINASE, BILIT – TOTAL BILIRUBINE, UREA – UREA, URIC – URIC ACID, CHOL – CHOLESTERINE, GLUC – 

GLUCOSE, FRUC – FRUCTOSAMINE, TP – TOTAL PROTEIN, ALB – ALBUMIN, NA+ - SODIUM, K+ - POTASSIUM, 
CA++ - IONIZED CALCIUM, CL- - CHLORIDE, TCA – TOTAL CALCIUM, PO4- . PHOSPHORUS, PH – PH, PATM – 

ATMOSPHERIC PRESSURE) 
 

VARIABLE MEAN MINIMUM MAXIMUM N MEDIAN 
HCT % 
ALT (U/L) 
GLDH (U/L) 
ALP (U/L) 
AST (U/L) 
CHE  (U/L) 
CK (U/L) 
BILIT (MG/DL) 
UREA (MG/DL) 
URIC (MG/DL) 
CHOL (MG/DL) 
GLUC (MG/DL) 
FRUC (UMOL/L) 
TP (G/DL) 
ALB (G/DL) 
NA+ (MMOL/L) 
K+ (MMOL/L) 
CA++ (MMOL/L)1 
CA++ (MMOL/L)2 
CL- (MMOL/L) 
TCA (MMOL/L) 
PO4- (MMOL/L) 
PH 
PATM            

(MMHG) 

28.833 
5.750 
0.950 

127.333 
11.667 

1935.917 
1224.667 

0.006 
1.250 
2.572 

198.333 
214.250 
328.417 
4.151 
2.505 

145.783 
3.684 
1.180 
1.248 

114.917 
2.737 
1.041 
7.537 

764.583 

19.000 
2.000 
0.000 
21.000 
3.000 

839.000 
25.000 
0.000 
0.000 
0.880 
87.000 
179.000 
246.000 
3.100 
1.760 

134.900 
1.730 
0.980 
1.020 
97.000 
2.290 
0.500 
7.351 

758.000 

47.000 
13.000 
6.200 

256.000 
39.000 

3367.000 
5971.000 

0.050 
3.000 
4.200 

484.000 
259.000 
473.000 
5.720 
3.720 

154.900 
5.370 
1.390 
1.490 

133.000 
3.160 
1.730 
7.693 

773.000 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

28.000 
4.500 
0.200 

138.500 
7.000 

1787.500 
490.500 
0.000 
1.000 
2.310 

194.500 
209.000 
301.000 
3.960 
2.370 

145.250 
3.515 
1.195 
1.230 

114.500 
2.745 
0.990 
7.547 

766.000 
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