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Magnetic resonance imaging of the guttural pouch (diverticulum tubae
auditivae) and its related structures in donkey (Equus asinus)
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Summary: Anatomy of the guttural pouches and their associated structures such as bones, muscles, salivary glands, vessels
and nerves were examined in detail in 4 adult donkey heads by magnetic resonance imaging (MRI). The protocol was performed
using a superconducting magnet operating at a field strenght of 1,5 Tesla in 5 mm thickness transversal sections in human body coil.
The obtained images provided excellent detail, so the relevant anatomic structures were described in whole slices. The pouch and
cortical bone were scanned very low signal intensity, the muscles were slightly hypointense and the salivary glands were slightly
hyperintense signals. Presented informations in this study will serve as a reference data to review MRI of the guttural pouch and its
associated structures in clinical applications especially in the diagnosis of the guttural pouch diseases.
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Merkepte (Equus asinus) hava Keseleri (diverticulum tubae auditivae) ve iliskili yapilarin manyetik
rezonans ile goriintillenmesi

Ozet: Calismada 4 adet yetiskin merkep basinda hava keseleri ve iliskili olduklari yapilarin (kemikler, kaslar, tiikkriik bezleri,
damarlar ve sinirler gibi...) anatomisi detayli olarak incelendi. Bu amagla insan viicut koili icerisinde, 1,5 tesla giiclindeki magnet
araciligiyla alinmig, 5 mm kalinligindaki transversal kesitler kullanildi. Elde edilen goriintiiler miikemmel diizeyde detay sagladi ve
tiim slaytlardaki iliskili yapilar belirlendi. Hava keseleri ve kemik korteksi ¢ok diisiik sinyal yogunluguyla taranirken, kaslar hafif
hipointens, tiikriik bezleri ise hafif hiperintens 6zellikte tarandi. Bu ¢alisma ile sunulan verilerin, klinik uygulamalarda basta hava
kesesi hastaliklarinin tanis1 olmak iizere, hava keseleri ve iligkili olduklar1 yapilar i¢in, MR gériintiilerinin degerlendirilmesinde

referans olarak kullanilacag: diistiniilmektedir.

Anahtar sozciikler: Hava kesesi, manyetik rezonans goriintiileme, merkep.

Introduction

The guttural pouches are a pair of mucosal sacs that
are formed by ventro-lateral dilatation of the auditory
tube which connects the pharynx and the middle ear in
perissodactyls such as horse, donkey, tapir (10, 21). The
pouches are symmetrically seperated by a septum, and
they extend from the pharynx to the atlanto-occipital
joint in both sides (8, 15, 17, 22). In addition to this, each
pouch is divided into wider medial and narrower lateral
compartments by the stylohyoid bone with a capacity
ratio of 2:1 (8).

It is well known that the air-filled diverticuli have
an important function of brain cooling (7, 8, 10, 13) and
also intimately involved in the physiology of swallowing
(13, 20). Because of their localization, the guttural
pouches have unique and indicate relationship with
several cranial nerves and blood vessels (10, 15, 17). So,
diseases of the guttural pouch such as empyema,
mycosis, tympany, neoplasia, cysts and muscle ruptures

make the pouch susceptible to serious and sometimes
fatal clinical conditions (8).

The investigation of the equine guttural pouch has
been performed by anatomical approach including
dissection (3, 6), mold preparation (15, 17), radiography
(12, 14, 16), endoscopy (8, 10) and computed tomography
(21). On the other hand, there is no published material
describing the magnetic resonance imaging (MRI) of the
guttural pouch of donkey head. Donkeys occupy the
second order in the world equine population (11, 23).
They have been generally used for transporting, working
and as a guarding animal (23). Today, MRI that is known
as a better imaging technique for displaying the soft
tissues, is commonly being used for observation of
anatomical features of soft tissues in the head region (2).

The aim of this study is to provide an overview of
the detailed anatomy and imaging features of the guttural
pouch and its associated structures using transversal MR
images in donkey.
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Materials and Methods

The four adult donkey heads that were used in this
study were obtained from donkeys slaughtered in order to
feed the wild animals kept at Ankara city zoo. The heads
were examined in detail by MRI that was performed
using a superconducting magnet operating at a field
strenght of 1,5 Tesla in T1 and T2-weighted transversal
sections. The human body coil was used for scanning of
the donkey heads. T1-weighted images were acquired by
using following parameters; Repetition time (TR) = 660
msec, echo time (TE) = 14 msec, 177x256 matrix, (NEX)
= 2, field of view (FOV) = 20 cm. And for T2-weighted
images; Repetition time (TR) = 4224 msec, echo time
(TE) = 99 msec, 242x256 matrix, (NEX) = 2, field of
view (FOV) = 20 cm was standardized. The slice
thickness was 5 mm and interslice spacing was 3 mm.

Definition of the anatomical structures are based on
the atlases regarding equine anatomy (3, 9, 19) and MRI
(4). Nomina Anatomica Veterinaria was used for the
nomenculature (18).

Results

The guttural pouches were observed in the
transversal MR sections of the head of donkey. Five T1-
weighted and one T2-weighted MR images were
presented in a rostral to caudal series from the level of
auditory tube orifice to the level of atlanto-occipital joint
(Figure 1). Because of its air-filled structure, the auditory
tube and its diverticulum gave negligible signal as
completely hypointens and were imaged in dark black
color in both TI-weighted and T2-weighted slices
(Figure 2C), by this way it would be distinguished easily
from the surrounding tissues such as bones, muscles and
salivary glands.

In transversal sections, it was described that the
right and left sacs were symmetrically separated by a thin
septum in the rostral side (Figure 2B) and by rectus
capitis ventralis muscle and longus capitis muscle in the
caudal side (Figure 2E). The septum and muscles of the
head were scanned with intermediate signal intensity and
appeared in grey color in T1-weighted images (Figure
2C) and were scanned hypointense dark grey color with
low signal intensity in T2-weighted images (Figure 2D).
And it was observed that T1-weighted images depicted
more anatomic detail than T2-weighted images.

Border of the pouches extended from the rostral
side of mandibular ramus to the atlanto-occipital joint in
rostral-caudal direction. They were covered with lateral
and medial pterygoid muscles in the rostral portion
(Figure 2B), and digastric muscle and parotid gland in
the caudal portion laterally (Figures 2E, 2F), tensor and
levator veli palatini muscles, sphenoid bone and occipital
bone dorsally (Figures 2B, 2C, 2E) and pharynx muscles
ventrally (Figures 1, 2). It was observed that they were
also in close relationship with external carotid artery

(Figures 2C, 2D, 2E), maxillary vein (Figures 2A, 2B)
and the nerve package of glossopharyngeal, vagal and
accessory nerves (Figures 2C, 2D). On the other hand,
the internal carotid artery could not be tagged on sections
without using contrast medium.

Figure 1. Midsagittal T1-weighted magnetic resonance image
of donkey head showing the levels of transverse planes. 1 =
level of autidory tube ostium, 2 = level of sphenoid bone, 3 =
level of styloid bone, 4 = level of occipital bone, 5 = level of
parotid gland.

Sekil 1. Merkep basinda transversal diizlem seviyelerini
gosteren T1-agirlikli sagittal manyetik rezonans goriintiisii. 1 =
Ostium pharyngeum tubae auditiva seviyesi, 2 = Os
sphenoidale seviyesi, 3 = Sytlohyoideum seviyesi, 4 = Os
occipitale seviyesi, 5 = Glandula parotis seviyesi.

The auditory tube orifice was scanned as a triangle
in shape at the level of rostral border of mandibular
ramus (Figure 2A). The pouches started to appear on
both sides of the pharyngeal recess and expanded ventro-
laterally towards the caudal. At the level of the caudal
border of mandibular angle, it was seen that the sacs
were in the widest position and they reached to the inner
surface of the mandible. The pouches were divided into
two compartments by the stylohyoid bone at this level
(Figures 2C, 2D). The compartments were observed
more clearly in the caudal, and the medial part was larger
than the lateral part in all slides of the whole heads.
Cortical part of the mandibula was observed hipointens
and black color appearing, but the medullar part was
scanned high signal intensity because of the fat tissue.
Stylohyoid bone was also seen hiperintens with light
grey color (Figure 2C). Towards the caudal of the head,
the sacs were getting smaller. At the levels of thympanic
bulla and atlanto-occipital joint, firstly the lateral
compartment and then the medial one disappeared in the
transversal sections sequentially (Figures 2E, 2F).
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Figure 2. T1-weighted (A, B, C, E, F) and T2-weighted (D) transversal magnetic resonance images that it levels are described in
midsagittal section of the figure 1. 1 = Pharynx, 1’ = Recessus pharyngis, 2 = Auditory tube, 2’ = Guttural pouch, 2°’ = its medial
compartment, 2”°” = its lateral compartment, 3 = Brain, 4 = Lateral pterygoid muscle, 5 = Medial pterygoid muscle, 6 = Tensor and
levator veli palatini muscles, 7 = Massater muscle, 8 = Palatopharyngeus muscle, 9 = Septum diverticuli, 10 = Longus capitis and
rectus ventralis muscles, 11 = Digastric muscle, 12 = Sytloid bone, 13 = Mandibula, 14 = Sphenoid bone, 15 = Occipital bone, 16 =
Cavum laryngis, 17 = Parotid gland, 18 = Maxillary vein, 19 = external carotid artery, 20 = Lingual nerve, 21 =IX., X., XI. cranial nerves.

Sekil 2. Sekil 1°deki sagittal kesitte tanimlanan seviyelerden gegen Tl-agirlikli (A, B, C, E, F) ve T2-agirlikli (D) transversal
manyetik rezonans goriintiileri. 1 = Pharynx, 1’ = Recessus pharyngis, 2 = Tuba auditiva, 2’ = Diverticulum tubae auditiva, 2’’ = pars
medialis, 2°°” = Pars lateralis, 3 = Beyin, 4 = Musculus pterygoideus lateralis, 5 = Musculus pterygoideus medialis, 6 = Musculus
tensor et levator veli palatini, 7 = Musculus massater, 8 = Musculus palatopharyngeus, 9 = Septum diverticuli, 10 = Musculus longus
capitis et musculus rectus ventralis, 11 = Musculus digastricus, 12 = Sytlohyoideum, 13 = Mandibula, 14 = Os sphenoidale, 15 = Os
occipitale, 16 = Cavum laryngis, 17 = Glandula parotis, 18 = vena maxillaris, 19 = Arteria carotis externa, 20 = Nervus lingualis,
21 =1X., X., XI. Nervi craniales.

Discussion and Conclusion

Manglai et al. (17) reported that the pouches are
divided two compartments as wider lateral and narrower
medial. On the contrary, Carmalt (8) emphasized that the
medial compartment was two times larger than the
lateral. We clearly observed parallel data to Carmalt (8).

Manglai et al. (17) described the opening of
auditory tube as a funnel form canal, but we observed

that in the transversal slides the entrance of the pharyngeal
part of the pouches was like a triangle shape orifice.
Dorsal side of the pouches consisted of hard tissue
(sphenoid bone and occipital bone) and except for the
region connected to the stylohyoid bone, the other walls
were in contact with soft tissue such as pharynx,
esophagus and many muscles (17), as we clearly
observed and exhibited in MRI. Baptiste et al. (5) pointed
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out that movement of the head and contraction of the
mastication muscles may affect the shape and size of the
pouches. We observed that the size and shape of the
pouches were slightly changed during the performance
depending on the angle between the head and the neck.
So we considered that it was not necessary to give a
volumetric measurement.

Excellent discrimination of soft and mineralized
tissues was evident in the T1-weighted images (1, 2, 24).
Because the outline of the guttural pouches were presented
more clearly in T1-weighted images, delineation of the
anatomy of the auditory tube and its associated structures
in T1-weighted images were superior to T2-weighted
images (2). We have agreed strongly with the authors
who emphasized the superiority of T1-weighted scanners.

In conclusion, the results of the examination
suggested that donkey guttural pouch was almost the
same as horse’s and utilization of the MRI provided
detailed anatomic depiction. We believe that the tagged
images presented in this study will serve as a reference
data to review MR images of the guttural pouch and its
associate structures in clinical applications.
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