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ABSTRACT

Computed tomography (CT) is one of the most practical and accurate diagnostic imaging methods for
evaluating the bird’s head. This study aimed to present the normal anatomical data of Rose-ringed parakeet
(Psittacula krameri) head using the CT imaging. In this research, the features of this bird's head were inves-
tigated in terms of bones, joints, muscles, sinuses, and other constituent tissues. A retrospective cross-sec-
tional study was conducted on of six adult Rose-ringed parakeet carcasses (3 males and 3 females), aged
1-5 years and weighted between 115-125 g. Following preparing the CT images, the heads underwent gross
anatomical studies. Based on the results, reconstructed CT images allowed clear identification of most struc-
tures, including the parietal, mandible, occiput, maxillary, preimaxillary, palatine, pterygoid, quadrate, and
temporal bones, epithelial membranes, external ear canal and bony labyrinth, ossicles, entoglossal bones,
different parts of the infraorbital sinus, brain hemispheres, and various parts of the eyeball and nasal con-
chae. The results related to the CT evaluation and anatomical examination of the Rose-ringed parakeet’s
head demonstrated a high correlation. The results of this research provide a valuable reference and can be
employ for identifying anatomical features, examining different species of the parakeets, teaching veteri-
nary anatomy, interpreting CT images, and supporting clinical examinations and treatment in this type of

parrots.
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Introduction

ose-ringed parakeet (Psittacula krameri), is a

member of the green parrots (Psittaculidae)
family [1]. This parrot is also known as Halsbandsit-
tich (German), Perruche a collier (French), or Cotorra
de Kramer (Spanish) [2]. It is similar in appearance to
the Alexandrine parakeet (Psittacula eupatria), and it
is smaller than the king parrot (Alisterus scapularis),
plus lacks the red spots on the edges of its wings [3].
Typically, this parakeet measures approximately 40
cm in body length with a wingspan ranging between
15-17.5 cm. Its weight averages between 115 and 130
g, with males generally being slightly larger than fe-
males. In captivity, the species has a life expectancy of
20-30 years, with some individuals living beyond 40
years. The head is normally large and make up about
15-20% of the bird's total body weight [4]. The eyes
constitute the bulk of the skull and are placed inside
a sclerotic pupil (Figure 1). In some parrot species,
the lower part of the eye is surrounded by a unique
bony arch or suborbital arch [5]. The rostrum is con-
nected with the skull bone by a joint, which gives the
rostrum the ability to move upwards. Furthermore,
parrot’s tongue is more active and agile due to the
entoglossal bones inside the mouth [6]. The mandi-
ble and maxilla are placed inside the upper and lower
elements of the beak [7]. Inside the upper jaw, nasal
cavity, stretched longitudinally aligned turbinates, or
conchae. Among the diagnostic imaging techniques,
conchae can merely be detected with CT [8]. Parrots
also have distinctive facial sinuses, including the pri-
mary sinus chamber and the infraorbital sinus, which
surround the ventral part of the eyeball and extend to
areas around the eyes and ears through a series of ca-
nals. Some of these canals, along with the cervicoce-
phalic air sac, extend to the central concha, the lower
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jaw, and the posterior parts of the neck. Except for
the rostral part of the infraorbital sinus, these sinus-
es can be examined only through CT or magnetic
resonance imaging (MRI) [9]. Anatomically, parrots
lack the prefrontal, postfrontal, temporal, and post-
parietal skull bones. Their palatal bones are small and
light. These birds lack teeth and have a relatively large
and ossified brain chamber, which leads to weight
loss and facilitate flight [10, 11]. Domesticated par-
rots are vulnerable to head injuries, particularly from
collisions with window or landing an inappropriate
places, which leads to traumatic injuries. In such cas-
es, various imaging techniques can be beneficial in
diagnoses. Among these, CT is one of the most ac-
curate and practical diagnostic imaging methods for
evaluating head diseases in birds. Previous studies
have demonstrated CT's value in avian cranial anat-
omy. Veladiano et al. (2016) examined the natural
anatomy of the heads of blue-and-yellow macaws
(Ara ararauna), African gray (Psittacus erithacus),
and monks (Myiopsitta monachus) by CT, labeled
different parts of their heads on CT images, and final-
ly introduced the obtained findings as an atlas of the
natural head anatomy of these parrots [12]. Faillace
etal. (2021) applied CT to investigate the anatomical
features of the head of the blue-fronted Amazon par-
rot (Amazona aestiva), and found anatomical varia-
tions in some of these features, such as the size and
position of the nasal conchae, the infraorbital sinus
chamber, the nasopharyngeal duct, and the paraglos-
sum, compared to other parrot species, which can
be used in anatomy analysis [13]. Their findings also
emphasized the difficulty of examining the inner ear
and its related structures and the paratympanic sinus
using normal CT images. Thurber et al. (2015) eval-
uated the differential diagnosis of parrots' neurolog-

Figure 1.
Rose-ringed parakeet (Psittacula
krameri)
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ical symptoms caused by hydrocephalus syndrome.
They concluded that CT is a suitable screening tool
for diagnosing hydrocephalus in this type of sick
bird [14]. Similarly, Jones et al. (2019) used potassi-
um jodide contrast medium and CT imaging to in-
vestigate the radioanatomical characteristics of the
rock dove (common pigeon) especially in the head.
They found that CT scanning can be utilized as a pre-
ferred method for examining different body tissues
of this type of bird, and the images obtained with this
method will be a valuable source for clinical appli-
cations and educational and research purposes [15].
Using CT, Duymus et al. (2013) compared the head
anatomy of white, brown, and wild Japanese quails in
terms of the head and brain volume, parietooccipital
air space volume, and calvarial bone volume and in-
dicated that the head of white quails had the lowest
volume values, likely due to genetic differences [16].
Other studies further support and showed the value
of CT in the diagnosis of complications and disor-
ders of the head of parrot. Hébert (2019) confirmed
Rostroparasphenopalatal luxation in a red-crowned
parakeet (Cyanoramphus novaezelandiae) using CT,
and the bird completely recovered after therapeutic
measures [17]. Krautwald-Junghanns et al. (1998)
compared radiology and CT scan techniques in the
diagnosis of head diseases in sick parrots and report-
ed the superiority of the CT method in the diagnosis
of complications such as bone fractures and identifi-
cation of hypercalcification or hypocalcification and
carcinoma in this area [18]. The investigation of the
tomographic features of the head of the Rose-ringed
parakeet can be beneficial in identifying anatomical
features and evaluating its pathological cases. How-
ever, a precise examination of details related to the
normal anatomy (morphology and morphometry)
of the different parts of this bird's head is necessary.
Currently, radioanatomical studies of the head of the
Rose-ringed parakeet are rare, and there are no de-
tailed reports in this respect. Accordingly, this study
aimed to investigate the normal anatomy of the Rose-
ringed parakeet’s head by CT using three-dimension-
al (3D) modeling.

Result

Reconstructed CT images revealed that most
structures of the head of the Rose-ringed parakeet
(Psittacula krameri) were identifiable. In the 3D im-
ages, the parrot’s head appeared rounded and com-
pact. The jugal arch and the palatine bone were fused
in the remaining parts of the skull, except for the cra-
nial facial bones. Even small bones of the head, such
as ear bones and entoglossal bones inside the mouth,
could also be evaluated in these CT images. Using
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the lung window filter, it was possible to observe the
bony trabecular in the head. This setting also enabled
evaluation of the parietal and temporal bones, nasal
conchae, epithelial membranes, the external ear ca-
nal, and bony labyrinth. Further, with covering tis-
sues, different parts of the infraorbital sinus could be
observed using this filter. Furthermore, different soft
tissue windows were adjusted to allow for the iden-
tification of brain hemispheres, the cerebellum, optic
nerve, pupil muscles, and eye lenses (Figures 2-3).
Based on the findings, the columella ossicle, its exter-
nal cartilage, and the cochlea were not detectable on
CT. The eyeballs of all parrots were complete and bony
and located on the skull's lateral side (Figure 2i). The
mandible appeared bony and lacked a distinct sym-
physis (Figures 2b and 3a), while the rostrum was ke-
ratinous, large, and ventrally curved. The operculum
was observed on the dorsal base of the nostrils. Bones
such as occipital, maxillary, premaxillary, mandible,
palatine, pterygoid, and quadrate were pneumonized
and had air bubbles. The nasal cavities were divided
by a septum, which thickened slightly from the rostral
to the caudal side. Its caudal third was cartilaginous,
while the middle third and the rostral were bony. The
ectethmoid, mesethmoid, maxillary, and preimaxil-
lary bones were involved in the formation of the na-
sal cavity, and the nasal cavity comprised three parts:
olfactory, respiratory, and vestibular. Each nasal cavi-
ty had a single duct with caudal, middle, and rostral
cartilaginous conchae. The rostral concha C-shaped
and located in the vestibular part of the nasal cavity
decreased in thickness from the rostral to the caudal
direction and contained a basal lamella along the lat-
eral nasal cavity wall. The middle concha was in the
form of long ducts that originated from a basal lamella
and was located in the upper respiratory tract of the
nasal cavity. This lamella also splits into a sinusoidal
and a spiral lamella. The spiral lamella extended to
the entrance of the nasopharyngeal canal. The cau-
dal concha, smaller and hollow, was located at the
nasal cavity’s rear. The nasal and oral cavities were
connected through the nasopharyngeal canal (Fig-
ures 3c and 4h), which connected the maxilla-pala-
tal process and the palatine bone’s choanal part from
the rostro-lateral and caudal sides. The caudal part of
this duct linked with the interorbital septum (Figures
3e and 4f). The oral cavity included the palatal, man-
dible, premaxillary, and maxillary bones, along with
associated muscles and tongue. These bones, along
with the pterygoid, contributed to pharynx formation
(Figures 4c-d). The choana was located in the dorsal
part of the pharynx and oral cavity and connected the
oral cavity to the nasal cavity (Figure 2g). The tongue
was strong and large, and could be identified in the
CT images, located in the middle third and caudal of
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Figure 2.

(a-n) Transverse computed tomography reconstruction images in the lateral plane of the normal skull of the
cockatiel (Nymphicus hollandicus). (1) Rostral diverticulum septum, (2) Premaxillary bone, (3) Rostral diver-
ticulum, (4) Paraglossum, (5) Bony part of nasal septum, (6) Mandible bone (pneumonized), (7) Palate bone
opening, (8) Rostral nasal concha, (9) Transverse canal, (10) Maxillary process of palatal bone, (11) Tongue,
(12) Middle nasal turbinate, (13) Basal layer of middle nasal turbinate, (14) Nasal cavity, (15) Cartilaginous
part of nasal septum, (16) Nasopharyngeal airway, (17) Lateral border of palatine bone, (18) Periorbital pro-
cess of infraorbital sinus, (19) Jugal part of infraorbital sinus, (20) Jugal arch, (21) Glottis, (22) Laryngeal
protrusion, (23) Arytenoid cartilages, (24) Br hial horn, (25) Trachea, (26) Choana of palatal bone, (27)
Ethmomandibular muscle, (28) Periorbital part of the infraorbital sinus, (29) Caudal nasal turbinate, (30)
Infraorbital sinus foramen, (31) Infraorbital part of the infraorbital sinus, (32) Eyeball, (33) Epithelial mem-
brane, (34) Tracheal cartilage ring, (35) Infraorbital septum, (36) Cricoid cartilage, (37) Procricoid cartilage,
(38) Scleral ossicles, (39) Suborbltal arch, (40) Frontal bone (pneumonized), (41) Pterygoid and quadrate
muscles, (42) Larynx, (43) Zygomatic process of the squamosal bone, (44) Quadrate bone (pneumatized), (45)
Quadrature part of infraorbital sinus, (46) Postorbital part of infraorbital sinus, (47) External acoustic meatus,
(48) Cervicocephalic diverticulum, (49) Brain stem, (50) Bony labyrinth. L, Left; R, Right.
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Figure 3.

(a-f) Sagittal computed tomography reconstruction images (lateromedial plane) of the normal skull of the
cockatiel (Nymphicus hollandicus). (1) Scleral bones, (2) Suborbital arch, (3) Postorbital part of the infra-
orbital sinus, (4) Quadrate bone (pneumonized), (5) External ear foramen, (6) Mandible bone, (7) Cer-
vicocephalic diverticulum, (8) Occipital bones (pneumonized), (9) Infraorbital part of infraorbital sinus,
(10) Periorbital process, (11) Epithelial membrane, (12) Jugal portion of infraorbital sinus, (13) Cervical
vertebrae, (14) Trachea, (15) Encephalon of the brain, (16) Caudal nasal turbinate, (17) Middle nasal turbi-
nate, (18) Rostral nasal turbinate, (19) Transverse canal, (20) Premaxillary bone (pneumonized), (21) Palate
bone (pneumonized), (22) Rostral diverticulum, (23) Frontal bone (pneumonized), (24) Nasal cavity, (25)
Nasopharyngeal airway, (26) Larynx, (27) Paraglossum, (28) Basihyal, (29) Bony part of nasal septum, (30)
Infraorbital septum, (31) Nostril, (32) Tracheal rings, (33) Cartilaginous part of nasal septum, (34) Tongue.
Ca, Caudal; Cr, Cranial.
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the inferior part of the oral cavity (Figures 2c-d). The
oral cavity had a hyobranchial apparatus. The tongue’s
base was in close contact with the paraglossum and
the cranial part of the basihyal. Bishyal processes and
uhorial bones were detectable in the trachea's larynx
and cranial part. The branchial horn (caudal part of
the hyobranchial apparatus) was located in the inner
part of mandible’s ramus, or tracheal cranial part. Its
caudal third was associated with mandible masseter
muscles. The larynx consisted of a ring-shaped cri-
coid cartilage and two pyramid-shaped arytenoid car-
tilages. The results of the current study demonstrated
that the procricoid cartilage was located within the
middle part of the cricoid cartilage and formed the
larynx ‘s dorsocaudal part (Figures 2b-j). The glottis
was centrally placed in the larynx and surrounded by
arytenoid cartilages. While laryngeal mounds (Mons
laryngealis) were visible in CT cross-sectional. The
place where the cricoid joins the tracheal cartilages
also appeared ring-shaped in these images (Figures 2f
and 4f).

The entire pupil cavity was filled with an oval eye-
ball bordered externally by the frontal bone and sub-
orbital arch. A bony trabecular septum separated the
pupils. All parrots under study had a complete bony
eyeball (Figures 2j and 4h). In the obtained CT im-
ages, the eye lens was not clearly detectable, and the
cranial chamber (aqueous) and the caudal (vitreous)
were not distinguishable. The retina was unrecogniz-
able. Eyeball muscles, lacrimal glands, and the third
eyelid (nictitating membrane) had similar attenuation
values and were indistinguishable. Scleral bones ap-
peared as two indistinct lines on cross-sections imag-
es and as circular or round in sagittal images (Figures
2j, 3a, and 4h).

The parakeet’s encephalon could be evaluated in
the CT images (Figures 3c and 4i). Although, brain
hemispheres such as the telencephalon and dienceph-
alon, along with the brainstem and cerebellum, were
well identified and could be distinguished from each
other in cadavers, they shared similar attenuation in
CT, making them difficult to differentiate. The find-
ings revealed that the external acoustic meatus and
the external opening of the ear were recognizable
in CT images (Figures 2m and 4c), but the tympan-
ic membrane was not visible in either CT images or
carcasses examinations. Hence, different parts of the
middle ear were not distinguishable. Nonetheless, the
presence of low-resolution lines in the distal third of
the external acoustic meatus can demonstrate parts
of the middle ear such as infraorbital (columella) and
extracolumella cartilage. The bony labyrinth of the in-
ner ear was clearly visible in both in the cadaver sam-
ples and CT images.

Based on our findings, the paratympanic sinus
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could not be identified in CT images. Muscles of the
head were only faintly visible hyperattenuated lines.
Larger muscles, such as quadrate, pterygoid, and eth-
momandibular, were somewhat distinguishable, al-
though the jaw adductor muscle despite its size, was
poorly detectable in CT images (Figures 2g and 4c).
The infraorbital sinus was surrounded by skull bones
and covering and muscular tissues and was found as
a large triangular cavity that covered a large part of
the head. The premaxillary bone was located in the
rostral part of this sinus, with palatine and pterygoid
bones located in its inner part. Further, the quadrate,
jugal arch, and mandible were located in the lateral
part. This sinus included the rostral diverticulum,
transverse canal, postorbital, preorbital, infraorbit-
al, quadrate bones, cervicocephalic diverticulum,
and mandibular recess. The rostral diverticulum and
the transverse canal were single, and the remaining
parts were in pairs. Except for the periorbital parts,
the transverse canal, and the rostral diverticulum, the
remaining parts of the suborbital sinus were covered
by the masticatory muscle (Figures 2-4). The rostral
diverticulum, extending along the premaxillary bone,
was divided into two parts by a thin bony septum,
which gradually thinned from rostral to the caudal
direction, and eventually disappeared in the middle
parts of the diverticulum. The transverse canal was a
short and horizontal passage. The maxillary process
of the palatine bone and the upper jaw-palatine pro-
cess (maxillopalatine) of the maxilla, were located in
this canal's ventral and distal parts, respectively. This
canal connected the periorbital region and rostral di-
verticulum (Figures 2a, 3d, and 4h). The nasopharyn-
geal duct divided the periorbital region into left and
right parts. The jugal portion was connected dorsally
to the periorbital region, ventrally to the choanal part
of the palatine bone, and laterally to the jugal arch.
A relatively thin epithelial layer separated the perior-
bital and the jugal portion. These subdivisions were
connected in the caudal part, near the infraorbital
part of the infraorbital sinus. The infraorbital part, the
largest part, covered a large area of the ventral surface
of this sinus and extended to the eyeball. It connect-
ed to the palatine bone and interorbital septum from
the medial part and to the suborbital and jugal arches
from the lateral part. The infraorbital and postorbit-
al parts were directly connected. The infraorbital and
postorbital parts were the largest parts of the infra-
orbital sinus, respectively. The postorbital part was
located in the pterygoid's lateral part, the zygomatic
process's internal part, and the jugal bow's posterior
part, which was connected with the musculature. The
masseter, pterygoid, quadrate, and temporal muscles
were located in the postorbital area. The caudoventral
part of postorbital was connected to the quadrate por-
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Figure 4.

(a-k) Dorsal computed
tomography reconstruc-
tion images (ventrodor-
sal plan) of a normal
skull of the cockatiel
(Nymphicus  hollandi-
cus). (1) Basihyal, (2)
Arytenoid cartilage, (3)
Quadrature part of in-
fraorbital sinus, (4) Ep-
ithelial membrane, (5)
Quadrate bone, (6) Lar-
ynx, (7) Glottis, (8) Phar-
ynx, (9) Pterygoid and
quadrate muscle, (10)
Mandibular appendage,
(11) Oral cavity, (12) External acoustic meatus, (13) Paraglossum, (14) Pterygoid bone, (15) External ear foramen, (16) Bony
labyrinth, (17) Jugal arch, (18) Postorbital part of infraorbital sinus, (19) Occipital bones (pneumonized), (20) Suborbital
arch, (21) Palate bone, (22) Ethmomandibular muscle, (23) Infraorbital part of the infraorbital sinus, (24) Nasopharyngeal
canal, (26) Scleral ossicles, (27) Infraorbital septum, (28) Cartilaginous part of the nasal septum, (29) Palate foramen, (30)
Middle nasal turbinate, (31) Rostral diverticulum, (32) Cranial foramen of eyeball, (33) Preorbital part of the infraorbital
sinus, (34) Rostral nasal turbinate, (35) Nasal cavity, (36) Bony part of nasal sinus, (37) Infraorbital sinus foramen, (38) En-
cephalon, (39) Craniofacial flexion, (40) Frontal bone. L, Left; R, Right.
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tion. The smallest part of the infraorbital sinus was
related to a quadrate part, which was laterally con-
nected to the quadrate bone. The mandibular recess
and cervicocephalic diverticulum were linked to the
postorbital part. The mandibular recess was visible in
the inner and rostral parts of the mandibular ramus.
In fact, this recess was located in the inner part of the
postorbital and the ventral part of the infraorbital ca-
nal. Lastly, the cervicocephalic diverticulum was de-
tectable and extended to the cervical region (Figures
2n and 3b).

Discussion

In this study, we aimed to investigate the nor-
mal anatomy of the Rose-ringed parakeet (Psittacu-
la krameri) head using computed tomography (CT).
Based on our results, reconstructed CT images suc-
cessfully allowed the identification of most skeletal
and soft tissue structures of the head, including pa-
rietal, temporal, and maxillary bones, ossicles, nasal
conchae, infraorbital sinus subdivisions, encephalon,
and ocular components. The CT findings showed a
high correlation with gross anatomical observations,
demonstrating that CT is a practical and accurate
method for describing the radioanatomical features
of this parrot’s head.

The CT and gross anatomy results in this study
revealed that the skull of the Rose-ringed parakeet
(Psittacula krameri) shares similarities with other
parrot species, with no observable difference between
the skulls of male and female individuals. CT diag-
nostic method enabled the anatomical description
of the skull, aligning with the reports of some re-
searchers in this field [19, 20]. Despite the small size
of the parakeet’s head, high quality images were ob-
tained, allowing for clear identification of bones and
tissues of the head, such as the jugal arch, palatine
bone, ear ossicles, and antoglossum bones inside the
mouth and different parts of the infraorbital sinus. Of
course, the quality of these images was significantly
influenced by the type of CT scanner used (Toshiba
Multi-slice CT scanner Asteion Premium 4, Model:
TSX-021B, Japan). In this research, the bony trabec-
ulae of the head of the Rose-ringed parakeet were
observed by using a suitable window (WW: 2336
HU; WL: 368 HU), the study successfully visualized
parietal and temporal bones, nasal conchae, epithe-
lial membranes, external acoustic meatus, and bony
labyrinth. Performing head CT in sagittal, transverse,
and dorsal planes, were obtained allowing detailed
assessment of individual anatomical components,
particularly the infraorbital sinus. Scanning the head
in different planes solved the problem of superimpo-
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sition of the images of different tissues, and each of
the tissues was individually and specifically evaluat-
ed accordingly. These observations are supported by
Cubo and Casinos (2000), thay examined the bones
of different bird species and reported that some bird
bones contain air bubbles [21]. In this study, some of
the skull bones, such as the occipital, maxillary, prei-
maxillary, mandible, palatine, pterygoid, and quadrate
bones, are trabecular and pneumonized and have air
bubbles. However, Veladiano (2018) investigated the
head CT of different birds and described the role of
the pneumatic foramen, suborbital and paratympan-
ic sinuses [22], which contradicts our findings. In our
scans, the pneumatic foramen was undetectable, and
the origin of bone pneumatization could not be eval-
uated. Furthermore, the paratympanic sinus was not
visible , probably due to the fusion with middle ear
tissues.

In this study, the tympanic membrane and differ-
ent parts of the middle ear were also not visible in the
CT images. However, the presence of low-resolution
lines within the distal third of the external acoustic
meatus can demonstrate parts of the middle ear, such
as columella and extracolumella cartilage. These re-
sults are consistent with Wild's study (2015) [23].

According to our CT images, the tympanic mem-
brane and different parts of the middle ear were not
visible. These results are in agreement with Wild’s
study (2015), which reported that the cochlea, tym-
panic membrane, extracolumella cartilage, and col-
umella of parrots are extremely small and therefore
cannot be observed in CT images. It has been report-
ed that the cochlea, tympanic membrane, extracolu-
mella cartilage, and columella of parrots are extreme-
ly small and thus cannot be observed in CT images.
Nonetheless, it is suggested that other diagnostic im-
aging methods, such as micro-CT and MRI, be used
to evaluate these parts.

Our findings regarding nasal cavity conchae align
with studies reporting three conchae per cavity in birds
[24, 25]. The results of the current study revealed that
in Rose-ringed parakeet, each nasal cavity, contained
of a single meatus with caudal, middle, and rostral
cartilaginous conchae. Other species, like the Congo
gray parrot (Psittacus erithacus) [26], the budgerigar
(Melopsittacus undulates) [27], and the brown-eared
nightingale (Hysipetes amaurotis) [28], have been re-
ported to possess only two conchae, while some like
petrel (Pagodroma sp.) have more than three [29].
In our study , the middle and caudal turbinates had
the largest and smallest sizes, respectively, consistent
with the results of other parrot studies done by Hanafy
(2021) and Al-Rubaie and Kadhim (2023) [25, 30]. In
the skull of the Rose-ringed parakeet, similar to oth-
er parrots, the middle concha resembled a long duct,
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which is located in the upper respiratory airway and
originates from a basal lamella, which itself is divided
into a sinus lamella and a spiral lamella. Moreover, the
caudal concha is small and hollow and is placed in the
caudal nasal cavity. Contradictory findings were re-
ported by Faillace et al. (2021), who examined the CT
results of the nasal conchae of the blue-fronted Am-
azon parrot (Amazona aestiva), described the middle
concha as a narrow linear structure inside the rostral
concha [13]. They further found that in this type of
parrot, the caudal concha can have different sizes, so
that the size of this concha is large in some of these
birds, while it is extremely small in others. In a study,
Madkour (2019) suggested the presence of bone tis-
sue in addition to cartilaginous tissue within nasal
conchae of some bird species [31]. Madkour’s report
does not match the result of our study, according to
our observations, the structure of the nasal conchae
of the Rose-ringed parakeet was purely cartilaginous,
and this finding was confirmed by the attenuation of
the CT images of the head. Van Zeeland (2018) in-
vestigated the upper respiratory tracts of parrots and
reported that the nasopharynx contains adenoids and
lymphoid tissues and connects the nasal cavities and
the throat [32]. The Van Zeeland’s study is somewhat
in line with our gross anatomy results. The nasal and
oral cavities were linked through the nasopharyngeal
duct in the Rose-ringed parakeet. Based on CT im-
ages, the nasopharyngeal duct was rostrolaterally and
caudally connected to the maxilla-palatal process of
the maxillary bone and the choanal part of the pal-
atine bone, respectively. The caudal part of the naso-
pharyngeal duct was linked to the interorbital septum.
Unfortunately, we found no valid literature on the na-
sopharyngeal CT characteristics of birds and because
of that we couldn’t compare our results on that with
other studies.

The Rose-ringed parakeet oral cavity had a hyo-
branchial apparatus, with its caudal part located in the
inner part of the mandible’s ramus, in other words,
cranial part of trachea. These findings conform to the
results of other studies performed on parrots. Accord-
ing to our observations, the tongue’s base was in close
contact with the paraglossum and the cranial part of
basihyal.

Our results also demonstrated that the pupil of
the Rose-ringed parakeet is completely bony. In the
gross anatomy studies, it was possible to determine
the anterior and caudal chambers, lens, and optic
nerve of this bird’s eye, which matches the reports of
most researchers, and it seems that the eye anatomy
of this type of parrot does not particularly difter from
that of other birds [33]. However, unlike the gross an-
atomical evaluations, the lens was not clearly visible,
and it was impossible to distinguish the ocular cham-
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bers in the obtained CT images. The retina, eyeballs’
muscles, lacrimal glands, and third eyelid (nictitat-
ing membrane) were indistinguishable and therefore
could not be separated from each other. The research-
ers of this study could not find written and specific re-
ports about CT scans of birds’ eyes and compare them
with the results of our study. However, according to
the findings of our study, we recommend the use of
diagnostic imaging methods such as ultrasonography,
micro-CT, MRI, and other specialized eye evaluation
methods for examining the internal tissues of the eye.

In the CT images, while, the masticatory mus-
cle could be identified due to their large size, other
head muscles, including eyeball’s muscles, and even
nerve vessels showed highly close attenuation, and it
was difficult to distinguish between them; thus, they
did not undergo separate analyses. Different radia-
tion factors were employed to increase the clarity and
contrast of these tissues, but no suitable answer was
obtained in this regard.

Based on anatomical examination of the bud-
gerigar and Casco (African grey parrot), Smallwood
(2014) reported that the cricoid cartilage of the larynx
of these birds is wide and has a rostral process [34]. In
another study, Silva et al. (2020) found that the cri-
coid cartilage of the larynx of the cockatiel is smooth
and small and has two rostral and lateral processes
[35], which contradicts our findings. In contrast to
the findings of both Smallwood (2014) and Silva et
al. (2020), our study showed that in the Rose-ringed
parakeet, the larynx consisted of an annular cricoid
cartilage and two pyramidal arytenoid cartilages, with
a smooth and thin cricoid cartilage lacking processes.
Additionally, a procricoid cartilage was present in the
middle part of the cricoid, forming the dorsocaudal
portion of the larynx.. In the Rose-ringed parakeet,
the larynx consisted of an annular cricoid cartilage
and two pyramidal arytenoid cartilages. The cricoid
cartilage was smooth and thin and had no processes.
In the middle part of the cricoid cartilage, there was
the procricoid cartilage, which formed the dorsocau-
dal part of the larynx.

Although several studies, have examined the
anatomy of the infraorbital sinus in some poultry
such as hens, turkeys, and geese [36], there is no de-
tailed and comprehensive report about the anatomy
and CT features of the infraorbital sinus in parrots.
Our research showed that in the Rose-ringed para-
keet, the infraorbital sinus was surrounded by skull
bones and covering and muscular tissues, and in the
CT images, it was detected as a large triangular cavity
that covered a large part of the head. The premaxillary
bone was located in the rostral part, the palatine and
pterygoid bones were located in its inner part, and the
quadrate bone, jugal arch, and mandible bones were
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located in the lateral part of this sinus. Grist (2006)
conducted an anatomical study on domestic chick-
ens and found that there were fewer infraorbital sinus
chambers in the head of this type of bird [37], though
he did not named and characterize these chambers.
Eventually, it was indicated that this sinus is shorter
in other birds and is limited by the infraorbital part.
According to our observations, this sinus included
the rostral diverticulum, transverse canal, postorbital,
preorbital, infraorbital, and quadrate parts, cervico-
cephalic diverticulum, and mandibular recess in the
Rose-ringed parakeet. The head and neck of this type
of parrot were widely pneumatized with this sinus. No
specific homologies were inferred in this regard since
the analogy of the infraorbital sinus and phylogenet-
ic evaluations between the Rose-ringed parakeet and
other parrots was impossible.

Massari et al. (2020) performed CT on the head
of a macaw and reported that the infraorbital, perior-
bital, and rostral diverticulum of the infraorbital sinus
can be easily detected, which is mainly due to the large
chambers of this sinus and the absence of covering
muscles in this region [38]. It was further indicated
that the postorbital, quadrate, and mandibular recess
parts were not detectable because they were small and
superimposed by the masticatory muscle. These find-
ings somewhat corroborate the results of our study.
Based on our findings in the Rose-ringed parakeet,
except for the periorbital, transverse canal, and rostral
diverticulum, the remaining parts of the suborbital si-
nus were covered by the masticatory muscle.

In some studies, the existence of a paratracheal
recess was reported in Amazon and Cockatoo [39], as
well as Anodorhynchus and Ararauna macaws [40],
but we found no such structures in the Rose-ringed
parakeets; therefore, this feature can be mentioned in
the comparative anatomy of this type of parrot.

The skull of the Rose-ringed parakeet was rela-
tively small, and the limit distance of its constituent
bones was visible. The periorbital sinus was located in
the anterorbital fenestra, and the zygomatic process of
the squamosal bone surrounded the postorbital sinus.
CT images showed head muscles as hyper-attenuat-
ed lines and not very clear. However, relatively larger
muscles such as quadrate, pterygoid, and ethmoman-
dibular were somehow distinguishable. The jaw ad-
ductor muscle, although large, it could not be detected
in the CT images, and its boundaries was determined
based on the topography of the bones in that region.

Finally, the columella ossicle, its external cartilage,
and cochlea were not recognizable in CT images likely
due to their small size. Hence, it is recommended that
other diagnostic imaging methods such as micro-CT
or MRI be utilized in cases where it is intended to
evaluate these structures.
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Overall, this study demonstrates that the skull of
the Rose-ringed parakeet is not that much different
from that of other parrots. The only morphological
differences were related to some parts of the nasal
cavity, infraorbital sinus, and, to some extent, the hy-
obranchial apparatus and nasopharyngeal duct.

In conclusion, the CT scan is one of the most ef-
fective and non-invasive diagnostic imaging methods
to describe and dissect most of the hard and soft tis-
sues of the Rose-ringed parakeet’s head. The results of
this study demonstrated its utility on examining the
infraorbital sinus and the turbinates, or conchae, of
nasal cavities. The investigation of the tomographic
features of the Rose-ringed parakeet’s head can be
useful in identifying anatomical features and evaluat-
ing its pathological cases. The results of this research
can be utilized as a standard reference and atlas for
identifying anatomical characteristics, examining
various species of Rose-ringed parakeets, teaching
anatomy, and interpreting CT scan images. Moreover,
these findings can be used for clinical examinations
and aid in treatment of this type of parrot.

Materials and Methods
Ethical consideration

This work involved the use of procedures that did not differ
from established internationally recognized high standards (best
practice) of veterinary clinical care for the individual animals.
The study was approved by the Ethical Committee of Islamic
Azad University, Urmia, under registration code Iriau.urmia.
rec.1403.038

Study design and Specimens

The current retrospective cross-sectional study was conduct-
ed using carcasses of six adult Rose-ringed parakeets (Psittacula
krameri) (3 males and 3 females) with an average age range of 1-5
years and an average weight between 115-125 g. These birds were
well-nourished during their lifetime. The carcasses were collected
from a private Rose-ringed parakeet breeding facility in Tehran
and stored at -20°C until use. The parrots, which previously died
for various reasons, were used in this study, and the cause of their
deaths was unrelated to this study. Maturity of the specimens was
confirmed by factors such as assessing neck ring coloration, the
amount of scales on the feet, the condition of the feathers, and the
beak color. Sex of the specimens was also determined following a
necropsy of the carcass [41, 42].

Computed tomography (CT) studies

For CT imaging, each parrot was placed on the scanner table
in a sternal recumbent position, with the head oriented forward
and the mandible aligned perpendicular to the gantry. Scanning
was performed in the sagittal, transverse, and dorsal planes with a
thickness and interval of 1 mm. A helical scanner (Toshiba Multi-
slice CT Scanner Asteion Premium 4, Model: TSX-021B, Japan)
was employed for CT. In addition, appropriate windows were
selected to examine soft and bone tissues. The technical factors
of the CT scanner included gantry rotation time (400 ms), slice
thickness (1 mm), reconstruction distance (0.5-1 mm), pitch ratio
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(1), kVp (120), mAs (10), physical detector collimation (32 x 0.6
mm), final section collimation (64 x 0.6 mm), resolution (512 x
512 pixels), and resolution range (0.92 x 0.92), Kernel (10 H), and
increment (0.5 mm) [13, 43]. Imaging was performed based on
the above-mentioned factors, and the obtained images were saved
in DICOM format [44].

Figure 5.
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Three-dimensional reconstruction

DICOM images were imported to a computer system equipped
with 3D modeling software (Onis CT software, Multi-Modality
Workplace: VE 2.5A) and displayed using bone window settings
(window width: UH 4500 and window level: UH750), consistent
with previous research [45]. Further analyses was performed us-
ing 3D slicer software [46]. Based on our observations, this tech-
nique allowed the
use of lung (WW:
2336 HU; WL: 368
HU) and bone (WW:
950; WL: 390) win-
dows, thus provid-
ing high-resolution
images of the tissues
and structures that
constitute the head
region of the parrots.

Anatomical
studies

Following  CT
imaging, each fro-
zen parrots head
was transversely
sectioned using an
electric band saw at
5 mm intervals, from
the rostral part of the
rhamphotheca to the
anterior end of the
neck. Each slice was
rinsed with water
and cleaned with a
soft brush and pho-
tographed.  Visible
textures and struc-
tures were identified
and labeled on these
photographs.  Fur-
ther, CT images were
matched with these
photos and labeled
accordingly. Nomina
Anatomica  Veteri-
naria guidelines was
used as the obtained
scientific term [47]
(Figure 5).

Representative photographs of anatomic cross sections of the adult cockatiel (Nymphicus hollandicus) head.
A (level of the Eye) and B (level of the external acoustic meatus) in the dorsal plane and C (level of the rostral
border of the orbital fossa) and D (level of the external acoustic meatus) in the transverse plane. A: (1) Ram-
photeca, (2) Premaxilla bone, (3) Maxilla bone, (4) Left nasal cavity, (5) Caudal nasal concha, (6) Infraorbital
sinus, (7) Eye, (8) Brain hemispheres, (9) Falx cerebri, (10) Occipital bone, (11) Temporal bone. B: (1) Ram-
photeca, (2) Premaxilla bone, (3) Palatine bone, (4) Ethmomandibularis muscle, (5) Pterygoideus muscle, (6)
Cerebellum, (7) Bony labyrinth, (8) External acoustic meatus, (9) Caudal nasal concha, (10) Occipital bone.
C: (1) Fronto-parietal bone, (2) Eye, (3) Infraoebital sinus, (4) Pterygoideus muscle, (5) Ethmomandibularis
muscle, (6) Hard Palate, (7) Eye, (8) Caudal nasal concha, (9) Lingual process of hyoid bone, (10) tongue,
(11) Choanal cleft, (12) Mandible. D: (1) Cerebrum, (2) Falx cerebri, (3) Occipital bone, (4) Brain stem, (5)
Chiasma optic, (6) External acoustic meatus, (7) Ethmomandibularis muscle, (8) Pterygoideus muscle, (9)
Mandible, (10) Hard palate, (11) Lingual process of hyoid bone. R, Right; L, Left.
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