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Abstract

The present study provides detailed anatomical description of the parotid and mandibular salivary glands of the one humped
camel with their segmentation based on arterial blood supply and salivary ducts; to facilitate partial removal of the pathologic
gland. The shape, position, relations and blood supply of both salivary glands with their ducts were studied on six cadaveric
heads. The mandibular and parotid ducts were injected with Urographin® as contrast medium; through inserting the catheter into
their openings in the oral cavity; then applying lateral radiography immediately after the injection. The common carotid arteries
were injected with red Latex Neoprene and dissected. The parotid gland was irregular rectangular and had five processes while
the mandibular gland was irregular triangular with rounded proximal and pointed distal extremity. The parotid duct enters the oral
cavity on the cheek opposite the upper 4th molar tooth. The mandibular duct opens in the oral cavity at the sublingual caruncles
on the sublingual floor, just about 2cm cranial to frenulum linguae. Both The parotid and the mandibular salivary glands could be
divided into four segments. Partial removal of the pathologic parotid or mandibular salivary glands could be performed based on
their segmentation. Tumor arrest could be established by ligation of the arterial supply of specific part of the gland.

Keywor ds: parotid; mandibular; salivary gland; segmentation; radiology; dromedary camel.

Introduction mucoceles. The recognition and treatment of these
lesions depend on an adequate knowledge of anatomy
The sdivary glands are known as multifunctional of the salivary glands and their ducts (Ettinger and
organs that perform many important digestive, Feldman, 2010; Reece, 2004; Termote 2003
protective, excretory and endocrine functions Dehghani and Tabatabei, 1993).
(Miletich, 2010). They collectively produce and
secrete sdliva, afluid that assistsin theinitial activities Our study is helpful in diagnosis of pathological
of digestion (Micheal and Valerie 2006). conditions of these glands as parotid swelling and
large parotid duct mucocele with a calculus. Sometime
The study of the salivary gland forms an important the duct is damaged, lead to saliva escape to form a
link between the anatomy and surgery, however large submucosal swelling (runula) to the tongue so
available literatures lake detailed information about surgical interference as parotidectomy was performed.
the surgical anatomical characters of the salivary (Pospieszng et al., 2010; Cunningham and Klein,
glands in dromedary camel. The sdivary glands and 2007; Ong et al., 2005; Dunning 2003 and Pal,
ducts may be affected by inflammation, calculus Chandra and Bharadwa, 1992). Also, it assists in
formation (siaoliths), rupture or neoplasia approaching at a clinicaly cases as it was useful in
Sialoadenitis is commonly associated with salivary sialography protocol.
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Materials and M ethods

The present study was conducted on six fresh heads of
apparently heathy camel were collected from the
slaughter house to identify the anatomical features of
the monostomatic salivary glands, their ducts and their
arterial blood supply. For morphological studies; two
heads were preserved in 10% formalin for two days
prior to dissection. The length and width of the glands
and their ducts were measured. Two specimens were
injected through their ducts and the common carotid
artery with colored latex neoprene for describing the
intracglandular distribution of each duct and the
glandular blood supply. The sdivary ducts of two
heads were injected with Urographin® as contrast
medium and latera radiography was applied
immediately. The exposure factors were 100 cm. FFD,
with 15 mAsand 55 KV.

Results

The parotid salivary gland:

The parotid sdlivary gland (fig.1/1) was irregular
rectangular in shaped. It had five processes;, two
processes at dorsal border, the latter was notched by
the base of the ear, the preauricular and postauricular
processes (fig.1/1,2). Moreover, two processes a its
ventral border; the rostra one related to the cauda
angle of the mandible so called mandibular process
(fig.1/3) while the caudal process related to the
bifurcation of jugular vein so termed jugular or
(maxillary) process (fig.1/4).

The parotid salivary gland was located on the caudal
part of vertical ramus of the mandible and masseter
muscle, ventral to the wing of the atlas and attached to
the base of the ear. It partially covered the mandibular
salivary gland. Its length was 11 + 0.54cm and its
width 7 + 0.62 cm. It had true facia capsule and
partialy covered by parctidoauricularis muscle. The
rostral border of the glandrelated to masseter muscle.
It was concave dorsally and ventraly and carried the
masseteric process (fig.1/5) in the middle. The dorsa
concavity occupied and partially covering the parotid
lymph node. However, the caudal border of the gland
was convex dorsaly and concave ventraly. That
border overlapped the obliquus capitis cauddis
muscle, the mandibular salivary gland and the externa
jugular vein.
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The parotid duct (fig. 1/6) emerged from the inner
surface of the ventral concavity of the rostral border. It
passed a rostral superficial course (5 £ 0.5cm) then
inclined dorsally between the masseter muscle and
zygomaticus. Finaly, it turned medialy to pierce the
cheek opposite the fourth upper cheek tooth. It opened
into the buccal vestibule as the parotid papilla (fig.
1/7). The parotid duct crossed caudally by the ventral
bucca branch of facid nerve and passed rostra
between the facial vein laterally and the facial artery
medially. The parotid duct measured about 20 +
0.41cminlength and 0.5 £ 0.2cm in diameter.

The parotid duct was formed by four radicals (fig.
1/8,9,10,11). The first one (fig. 1/8) was short and
drained the mandibular process. It aroused from two
small branches. The second radical (fig. 1/9) formed
by two branches and drained the jugular process. The
third radical (fig. 1/10) was the largest; it drained the
postauricular process and the caudal border of the
gland. The fourth radical (fig. 1/11) was long and
drained the preauricular process and the rostral border
of the gland.

The arteria supply of the parotid salivary gland was
numerous and came from severa arteries;, facidl,
superficial temporal, transverse facial, rostral auricular
and cauda auricular arteries (fig. 1/12,13,14,15,16).
The curved part of the facial artery (fig. 1/12) supplied
the mandibular process by two branches. The straight
part of the facial artery supplied the jugular process by
one branch. The caudal auricular artery (fig. 1/16)
supplied the dorsal part of the caudal border. While,
the dorsal part of the rostral border was supplied by
branches from the superficial temporal, transverse
facial and rostral auriculararteries (fig. /13, 14, 15)

According to the intra-glandular distribution of the
arteries and duct, the parotid salivary gland could be
segmented into four segments. The mandibular
process segment, the jugular process segment, the
caudal border and post-auricular process segment as
well as the rostral border and the pre-auricular process
segment (fig.1.diagram/17,18,19, 20 respectively).
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Diagram showing the parotid gland
with its ductal segmentation and its
arterial supply.

Fig (1): Parotid salivary gland and duct in camel with its arterial supply.
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I. Parotid gland, 1I. Mandibular gland,1. The periauricular, 2. postauricular processes, 3. The mandibular process, 4.
Jugular process, 5. Masseteric process, 6. Parotid duct, 7. Parotid papilla, 8. 1% parotid radical, 9. 2™ parotid radical,
10. 3" parotid radical, 11. 4™ parotid radical, 12. facial artery, 13. superficial temporal artery, 14. transverse facial
artery, 15. rostral auricular artery, 16. caudal auricular artery,17. The mandibular process segment, 18. The jugular
process segment, 19. The post-auricular process segment, 20.the pre-auricular process segment

A. risorius M., B. buccinator M., C.zygomaticus M., D. masseter M., E. dorsal buccal nerve, F. ventral buccal nerve,
G. Parctidoauricularis M., H. jugular vein, |. superficia temporal vein, J. facia vein,K. longissimus capitis M., L.
parotid lymph node, M. dorsal buccal salivary gland, N. transverse facial nerve, O. ventral bucca salivary gland, P.
facial vein, PD. Parotid duct, PG. parotid salivary gland Q. common carctid artery, R. Internal carotid artery, S.

occipital artery, T. lingua artery, U. common trunk.

Themandibular salivary gland:

The mandibular salivary gland (fig. 2,3 /Il) was
irregular triangular with rounded proxima end and
pointed distal extremity. This gland was lobulated and
pale yellow in color. It measures about 9 + 0.5cm in
length and about 3 + 1cm in width. The mandibular
gland was smaler in size than the parotid salivary
gland. It was partially covered by the parotid gland
and placed obliquely between the wing of atlas and the
angle of the mandible. It was covered by true facia
capsule. It divided into four main lobes, dorsal

superficial, ventral superficial, dorsal deep and ventral
deep lobes.

The mandibular gland had two extremities; the dorsal
extremity or base (fig. 2,3/1) was round-shaped and
related cranialy to the occipitomandibularis muscle
and caudally to the obliquus capitis caudalis muscle.
While, its ventral extremity or apex (fig. 2,3/2) was
pointed, partialy overlapped with mandibular lymph
node and related to the transverse facial nerve, facial
artery and facia vein, sternohyoideus, omohyoideus
muscle and the common carotid artery.

Fig (2): Mandibular salivary gland and duct in camel.
[1. Mandibular gland, 1. Base of mandibular gland, 2. Apex, 3. Mandibular duct, 9. The artery of the mandibular
salivary, A. masseter M., B. occipitomandibularis M., C. obliquus capitis caudalis, D. longissimus capitis, E.
omohyoideus, F. mandibular L.N., G. linguofacial vein, H. facid artery, |. Mandible, J. retropharyngeal L.N., k.
common carotid artery, L. trachea.

Fig (3): The Mandibular duct in camel.
[I. Mandibular gland, 1. Base of mandibular gland, 2. Apex, 3. Mandibular duct, A. medial pterygoideus, B.
sublingual salivary gland, C. Digastricus M., D. lingual nerve, DP. Dental pad, E. omohyoideus M., H. hard palate, I.
lower incisors teeth, G. geniohyoideus M., M. mylohyoideus M.
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The lateral surface of the gland was related to the
parotid salivary gland, vertical ramus of the mandible,
skin, fascia, facia vein and superficia tempora vein.
While, its media surface was related to the
retropharyngeal lymph node, common carotid artery,
sternohyoideus and omohyoi deus muscles.

The caudal border related dorsally to the obliquus
capitis caudalis and ventrally to retropharyngeal
lymph node, common carotid artery, sternohyoideus
and omohyoideus muscles. The rostral border
accompanied with facial artery and linguofacia vein,
the vertica ramus of the mandible and media
pterygoid muscle.

The mandibular duct (fig. 2,3/3) emerged from the
middle part of the rostral border of the gland. It had a

longer course than the parotid duct. It coursed media
to the mandible. First it passed between the digastricus
and medial pterygoid muscle accompanied with the
lingual nerve. Then passed media to the
mylohyoideus and geniohyoideus M. and ventra to
polystomatic ~ sublingual  sdivary gland. The
mandibular duct opened on the floor of the oral cavity
at a mucosal fold ventral to apex of tongue at the
sublingual caruncles (fig. 4/4). The latter represented
by dlightly raised circular area of mucous membrane
located just 2cm crania to frenulum linguae. The duct
measured 28+ 2cm in length and diameter from its
beginning about 0.4 + 0.08cm then decreased
gradually till terminal part of the duct about 0.2 + 0.06
cm.

Fig (4): The opening of the mandibular duct in camel.
BP.buccal papilla, DP. Dental pad, F. frenulum linguae, H. hard palate, L. lyssa, T. Tongue, S. sublingual floor,

4. Sublingual caruncles.

The mandibular duct collected saliva from two
principle radicals, small ventral and large dorsal
radicals. The ventra radical (fig. 5/5) drained the
ventral superficial lobe. The dorsal radical (fig. 5/6)
formed from two main branches; the ventral branch
(fig. 5/7) drained the ventral superficia lobe by four
rami (fig. 5/7a, 7b, 7c,7d) and the ventral deep lobe by
two branches (fig. 5/7e,7f). While the dorsal branch
(fig. 5/8) was dlightly larger than ventral one. It
drained the dorsal superficia lobe by three rami (fig.
5/8d) and drained the dorsal deep lobe by severa
branches (fig. 5/8b).

The arteria supply of the mandibular sadivary gland
was represented by two main branches. The first
branch (fig. 5/9) detached from the beginning of the
facial artery. It passed caudally, enter the gland just
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dorsal to the duct. It bifurcated directly into large
dorsal and smal ventra branch (fig. 5/9a9b)
accompanied with the radicals of the duct. The ventral
branch supplied the ventral deep lobe while the dorsal
branch supplied the dorsal superficial lobe by two
rami and the dorsal deep lobe by another three rami.
The ventral deep lobe was supplied by another branch
from the beginning of the external carotid artery
(fig. 5/10).

Regarding the formation of the mandibular duct and
the gland blood supply, the mandibular salivary gland
could be segmented into four main segments for the
four lobes, Dorsal superficial, dorsa deep, ventral
superficial and ventral deep segments
(fig.7/11,12,13,14).
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Fig (5): aphotograph showing the radical of the mandibular duct with its arterial supply in camel.
A. Superficial radical of mandibular duct, B. Deep radicals of mandibular duct, C, D. Arterial blood supply of the
gland

Fig.(6): contrast X-ray photo of camel head.
MG. mandibular salivary gland, MD. mandibular duct, PG. parotid gland, PD. Parotid duct.

Fig. (7): Diagram showing the mandibular gland with its ductal segmentation and its arterial supplyand its arterial
supply
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Discussion
The parotid salivary gland:

The present study investigated the anatomical features

of the parotid and the mandibular salivary glands in
camel such as the previous studies in bovines
(Shacklefort and Wilborn, 1969), buffalo (Venkata
and Mariappa, 1969), sheep (May, 1970), equines
(Getty, 1975), goat (Islam and Anna, 2004; Nawar,
1980), dogs (Dyce et al., 2010), domestic cat
(Mohammad Pour, 2010) and pig (Zhou et al., 2010).

Regarding to our observation, the parotid glands of
camel was larger than the mandibular salivary gland. It
was located on the caudal part of vertical ramus of the
mandible and masseter muscle, ventral to the wing of
the atlas and attached to the base of the ear. That
similar to Mohammed (2016) and Abdalla (1979) in
camel, (Dehghani et al., 2000) in sheep, (Rauf et al.
2004; Nawar, 1980) in goat, (Al-Sadi, 2013 and Getty,
1975) in ox, (Mina et al., 2004) in dog. While (Al-
Samarrae et al., 1989) in camel reported that gland
situated around the ventral part of the auricular
cartilage extending rostral to the masseter muscle,
ventrally toward the angle of the jaw and caudaly to
the atlantic fossa.

The finding of the present work revealed that the
parotid salivary gland was irregular rectangular in
shaped. It had five processes. It partially covered the
mandibular sdivary gland. It had true facial capsule
and partially covered by parotidoauricularis muscle.
Its rostral border was concave dorsally occupied and
partidly covering the parotid lymph node that
agreement with (Mohammed, 2016; Al-Sadi, 2013;
Khalil 1989 and Nawar and El-Khaligi, 1975).

The present study revealed that the mean length of the
gland of camel was 11 + 0.54cm and itswidth 7 + 0.62
cm. This agrees with Mohammed (2016) and Khalil
(1989) whom reported that the gland of camel
measured 11-16 cm in length and its width 7.5-9 cm.
Obviously, the gland was longer than that of ox
5.94+0.273 cm, sheep 6.04+0.48 cm and goat
6.56+0.361 cm per (Mohammed, 2016 and Dehghani
et al., 2000) and in dog the length is 3.96+0.26 cm
(Minaet al., 2004).

In the current investigation, the parotid duct emerged
from the medial side of the ventra part of the rostral
border. It ran rostral under the skin for about 5 +
0.5cm then inclined dorsaly between the masseter
muscle and zygomaticus. It turned medially to pierce
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the cheek opposite the fourth upper cheek tooth. It
opened into the buccal vestibule as the parotid papilla
The parotid duct crossed caudally by the ventra
bucca branch of facid nerve and passed rostra
between the facial vein laterally and the facial artery
medially. This agrees with Mohammed, (2016) in
domestic anima and Al-Sadi, (2013) in ox, but the
later author differed in the opening of duct located
opposite the fifth upper cheek tooth. Our result like
Khalil (1989), Nawar (1980) and Nickel et al. (1976)
in sheep and goat and Nawar and El-Khaligi (1975) in
camel detected this opened in the oral vestibule a a
mucosal papilla opposite to the second molar tooth in
camel.

The present study reported that the parotid duct
measured about 20 + 0.41cm in length and 0.5 +
0.2cm in diameter that disagreement with
(Mohammed, 2016 and Al-Sadi, 2013) reported that
the length of duct was 21.36+0.089 cm, 28.6+1.194
cm, 10.6+0.866 cm and 11.5+1.118 cm in camel, ox,
sheep and goat respectively and the diameter was large
in camel 0.22+0.447 cm, ox 0.24+0.548 cm, but small
in sheep 0.18+0.447 cm and goat 0.18+0.447 cm.

In accordance with (Kassab, 1997; Khidr, 1978 and
Kenawy, 1973) in the camel, the arteria supply to the
parotid salivary gland was numerous. The superficia
temporal and caudal auricular arteries were reported
by all authors. Kassab, 1997 and Khidr, 1978 added
the external carotid artery as a blood source. In this
study, thetransverse facia artery was mentioned like
Khidr, 1978 and Kenawy, 1973 in the same animal.
Unlike the previous authors, the facia artery
constituted the large blood supply to the gland.

The mandibular salivary gland:

In the present study, the shape of the mandibular
salivary gland was irregular triangularwith rounded
proximal end and pointed distal extremity. Similar
observations were reported in dog (Mina et al., 2004)
and in camel (Mohammed, 2016) but irregular oval in
camel (Khalil, 1989; Nawar and El-Khaligi, 1975),
elongated in Ox (Al-Sadi, 2013), irregular in shape in
sheep and goat (Nawar, 1980; Nickel et al., 1976).

In the present study, the color of the gland was pale
yellow in camel, dark yellow in ox and yellow in the
sheep and goat. In domestic animals, it has been
generally described as bright yellow (Dyce et al.,
2010).
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The results applied in this study agreed with
(Mohammed, 2016; Nawar and El- Khaligi, 1975) in
camel and (Getty, 1975) in other domestic animals. It
was partialy covered by the parotid gland and placed
obliquely between the wing of atlas and the angle of
the mandible. It was covered by true facial capsule. It
divided into four main lobes; the dorsa and ventra
superficial lobes and dorsal and ventral deep lobes.

Our observation reported that the length of the gland
in camel about 9 + 0.5cm. This agrees with
(Mohammed, 2016 and Khalil, 1989) who reported a
length of 9.5 cm in camel but in disagreement with
Van Lennep (1957) who reported 11-12 cm in camel.
According to Khalil, (1989) the width of gland of
camel was 3 + 1cm.cm but Van Lennep (1957)
reported 7-9 cm.

The mandibular gland had two extremities; the dorsal
extremity or base was round shaped and related
cranidlly to the occipitomandibularis muscle and
caudaly by the obliquus capitis caudalis muscle.
While its ventral extremity or apex was pointed,
partidly overlapped with mandibular lymph node and
related to transverse facia nerve, facial artery and
facial vein, sternohyoideus, omohyoideus muscle sand
common carotid artery. This result is like
(Mohammed, 2016; Khalil, 1989) in camel and Al-
Sadi (2013) in cattle.

Regarding to our result, the lateral surface of the gland
was related to parotid salivary gland, the vertica
ramus of the mandible, the skin, the fascia, facial vein
and superficial temporal vein while its medial surface
was related to the retropharyngeal lymph node,
common carotid artery, sternohyoideus and
omohyoideus muscles. This result adapted as well as
(Mohammed, 2016; Nawar and El-Khaligi, 1975).

In this study, the mandibular duct emerged from the
middle part of the rostral border of the gland. It
coursed media to the mandible. First it passed
between the digastricus and media pterygoid muscle
accompanied with the lingual nerve. Then passed
medial to the mylohyoideus and geniohyoideus M. and
ventral to polystomatic sublingua salivary gland. A
similar course was given by (Mohammed, 2016 and
Khalil,1989) in camel, Al-Sadi (2013) in cattle, Rauf
et al. (2004) in goat and Dehghani et al. (2000) in
sheep.

The present investigation revealed that the mandibular

duct opened on the floor of the oral cavity a a
mucosal fold ventral to apex of tongue at the
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sublingual caruncles. The latter represented by dightly
raised circular area of mucous membrane located just
2cm cranial to frenulum linguae. The duct measured
28+ 2cm in length and diameter from its beginning
about 0.4 + 0.08cm then decreased gradudly till
terminal part of the duct about 0.2 £ 0.06 cm. This
agrees with Al-Sadi (2013) in cattle, Tadjalli et al.
(2002) in goat, Dehghani et al. (2000) in sheep and
Nawar and El-khaligi (1975) in camel.

Like the results of Kassab, 1997 In the camel, the
mandibular salivary gland was supplied by the
external carotid artery. Kassab, 1997 and Khidr, 1978
in the same animal, added another branch from the
occipital artery. Khidr, 1978 and Kenawy, 1973 in the
camel mentioned the lingual artery as the main blood
supply to the mandibular salivary gland. Dislike the
previous authors. this study reported the facial artery
as the main blood supply to the gland.

The radiographic techniqgue and normal glandular
appearance described in this study can assist in the
diagnosis of many different salivary gland diseases in
camel that like reported by Tadjalli, et a., (2004).

Conclusion

The arterial and duct segmentation of the salivary
glands of the camel will facilitate partial removal of
the diseased gland as well as the selective inhibition
(occlusion) of blood supply to certain region as a
treatment of neoplasm. The anatomica description of
the duct will facilitate diagnostic sialography of both
glands.
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