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Sialography is a useful diagnostic method in the
investigation of disease involving the salivary glands and ducts.
However, the disadvantages of conventional method include the
need for general anesthesia and the difficulty associated with
locating the duct openings. The purpose of this study was to
develop a simple and reliable sialography protocol in dogs and to
determine the optimal dose of contrast medium into the
mandibular gland under fluoroscopy.

Eight healthy dogs without salivary gland abnormalities
were used. Ultrasound-guided percutaneous injection of iopromide
(Ultravist 370®; SCHERING Co., Seoul, South Korea) into the left
mandibular gland of all dogs was performed to determine the
optimal dose and fluoroscopic imaging time. Fluoroscopic
evaluation was performed from immediately before injection of
iopromide until each dose was fully injected.

On the fluoroscopic images, mandibular gland and entire
mandibular duct were identified in five dogs (62.5%). Mandibular
gland and partial duct were identified in two dogs (25%), and only
mandibular gland was visualized in a dog (12.5%). Of five dogs,
entire duct was identified after 7.0 ml iopromide injection in two
dogs (25%), and 9.0 ml injection in three dogs (37.5%), respectively.
The time from iopromide injection to the identification of

mandibular duct ranged variously, from 6 to 27 seconds.



Based on the results of the present study, it was
recommended that the fluoroscopy of mandibular glands and
ducts should be performed immediately after (at least within 6
seconds) the contrast injection of 7.0 ml or more volume of
iopromide into the mandibular gland under ultrasound guidance.
This simple and reliable method may be helpful to increase the
detection sensitivity for abnormalities of salivary glands and
guiding surgical approaches in dogs. Therefore, this technique may

be an alternative technique to conventional sialography in dogs.

Key words: sialography, fluoroscopy, mandibular gland, dog,
ultrasound guidance
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INTRODUCTION

Disease involving the salivary glands and ducts in dogs and
cats was reported overall incidence of 0.17% (Hammer et al, 2001).
Differential diagnoses of salivary glands and ducts pathological
conditions include neoplasia, abscess, sialolithiasis, sialoangiectasis,
sialandenitis, and salivary mucocele (Harvey et al, 1969). The
clinical signs associated with salivary glands abnormalities include
retching, gulping, nausea, vomiting or regurgitation, and painful
hard enlarged salivary glands (Kelly et al, 1979; Mawby et al, 1991;
Chapman et al, 1992; Cooke et al, 1992; Brooks et al, 1995).

In one study, a histopathological diagnosis of neoplasia
was made in 30% of salivary gland biopsies, indicating that tumors
are a significant cause of disease in this tissue (Spangler et al,
1991). The mandibular and parotid salivary glands are most often
affected and accounted for 75% to 80% of all salivary gland
neoplasia (Carberry et al, 1988; Koestner et al, 1965). The tumor
type most often reported is simple adenocarcinoma; other tumor
types include squamous cell carcinoma, mucoepidermoid
carcinoma, anaplastic carcinoma, and complex carcinoma (Carberry

et al, 1988; Spangler et al, 1991; Koestner et al, 1965; Brunnert et



al, 1990; Carpenter et al, 1991; Wells et al, 1975). Also, sialocele
or salivary mucocele, subcutaneous or submucosal collections of
saliva (Glen et al, 1972), occur frequently in dogs. Potential
for the development of sialocoeles in the dog include trauma to
salivary ducts or glands, foreign bodies, sialoliths, and neoplasia.
However, in the majority of cases the actual causes are still
unknown (Mulkey et al, 1971; Glen et al, 1972; Durtnell et al,
1977; Bellenger et al, 1992). On the other hand, sialolithiasis is a
rare condition in dogs and has only been reported to affect the
parotid salivary duct (Mulkey et al, 1971; Jeffreys et al, 1996;
Hunt et al, 1997; Dunning et al, 2003; Trumpatori et al, 2007).
There are several diagnostic techniques for examining the
salivary glands and ducts, such as ultrasonography, contrast study,
computed tomography (CT), and magnetic resonance imaging
(MRI). Fluoroscopy in relation to the sialographic injection was
suggested in the human fields, although the salivary glands and
ducts were not visible in the survey radiographs (Waite et al,
1969; Schmitt et al, 1976). Especially, retrograde sialography is
performed by injection of radiopaque dye onto a salivary duct
through a cannula inserted in the duct orifice, is a useful
diagnostic aid in the investigation of disease involving the
salivary glands and ducts in both human and dogs. However, the

disadvantages of this traditional method include the need for



general anesthesia and the difficulty associated with locating the
duct openings (Harvey et al, 1969).

The purpose of this study was to develop a simple and
reliable sialography protocol in dogs and to determine the optimal
dose of contrast medium into the mandibular gland and

fluoroscopic imaging time.



MATERIALS AND METHODS

1. Animals

Eight healthy beagles, unknown ages, with weights
ranging from 8 to 13 kg were used. There were two neutered
males, two spayed female and four males. They were housed in
indoor cages and fed a balanced diet (Nutrena Active®,
Agribrand Purina Co., Seoul, South Korea) with water ad libitum.
Dogs were fasted for at least 12 hours and the following protocol
was performed. Just before the experiments, light sedation was
induced by intravenous administration of acepromazine (0.1
mg/kg, Sedaject®, Samu Median Co., Seoul, South Korea) and the
modified sialography was performed. Following the sialography,
all dogs was administered cefaxin per oral (30 mg/kg, Cefaxin®,
Koruspharm Co., Jecheon, South Korea) and physical examination
was performed. The experimental protocol was approved by the
Institute of laboratory Animal Resources Seoul National University

(SNU-150903-5).



Table 1. Individual data of eight dogs used in this study

Dog No. Gender Body weight Breed
(Kg)
1 MC 13 Beagle
2 M 8 Beagle
3 FS 125 Beagle
4 M 10 Beagle
5 M 13 Beagle
6 MC 13 Beagle
7 FS 93 Beagle
8 M 9 Beagle

MC, castrated male; FS, spayed female; M, male; F, female



2. Contrast media

Four different doses (3.0 ml, 5.0 ml, 7.0 ml, and 9.0 ml) of
Iopromide (Ultravist 370®; SCHERING Co., Seoul, South Korea)
were injected into the left mandibular gland of all dogs for
determination of optimal dose and fluoroscopic imaging time.
Four doses were used at intervals of a week, therefore total

experimental period for a dog were four weeks.

3. Modified sialography using US-guided contrast

injection into the left mandibular gland

The beagle dogs were positioned in dorsal recumbency, the
hair around the left mandibular salivary gland was clipped and
skin was aseptically prepared. Survey lateral and dorsoventral
radiographs were taken to confirm no remarkable findings around
the left mandibular gland and to determine the optimal kVp and
mAs (Figure 1). After identification of the left mandibular gland
with ultrasound guidance using a 6-12MHz linear array ultrasound
transducer (SONOVET 2000®, Medison Co. Seoul, South Korea),
the four different doses of iopromide were injected into the left

mandibular gland using a needle stylet of 26-gauge connected to
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a 10 ml syringe. A neck region of each dog was pulled toward the
head of the dog for extension of soft tissue around the
mandibular gland. Identification of the left mandibular gland and
insertion of a needle were performed under ultrasound guidance,
and iopromide was injected into the left mandibular gland (Figure

2).

11



Figure 1. Survey radiographs of the skull. There were no
remarkable findings around the left mandibular gland on the

lateral (A) and dorsoventral (B) views.
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Figure 2. Injection of Iopromide into the left mandibular gland. A

neck region of each dog was pulled toward the head of the dog
for extension of soft tissue around the mandibular gland.
Identification of the left mandibular gland and insertion of a
needle were performed under ultrasound guidance, and iopromide

was injected into the left mandibular gland.
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4. Fluoroscopy and imaging evaluation

Fluoroscopy (DC-525R/F®, Dong-A X-ray Co., Chungnam,
South Korea) was performed at 60-90 kVp, 1 mA from
immediately before injection of iopromide until each dose of
iopromide was fully injected. The center of collimation was the
left mandibular gland, and the ROI included whole mandible
region to evaluate the salivary ducts.

Fluoroscopic images for each dog were evaluated
independently after completion of the study. Evaluation of the
images was performed for the presence of contrast medium in
the left mandibular gland and duct, and for characterization of

the mandibular duct course and branching.
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RESULTS

1. Modified sialography by US-guided contrast

injection into the left mandibular gland.

The mandibular glands were recognized as an oval or
round-triangular shaped and showed homogeneously unilobulated
appearance. The long diameter of mandibular gland ranged from
2.62 to 3.20 cm and the short diameter ranged from 1.40 to 2.70
cm (Table 2). When iopromide was injected into the left
mandibular gland by ultrasound guidance, each injection was
continued for 14~32 seconds, an injection of iopromide was
dispersed around the needle tip and this area became hyperechoic.
The mandibular glands appeared bigger and showed increased
echogenicity compared to the appearance before iopromide
injection. If the contrast media was leaked around the mandibular
gland, anechoic fluid was identified around it. Extranodal leakage
did not occur in any dogs at iopromide volume of 3.0 ml, leakage
of a small volume was apparent in four dogs using 5.0 ml and a
moderate volume of iopromide leaked in all dogs using 7.0 ml
and 9.0 ml (Figure 3).
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Table 2. Long and short diameter of mandibular gland of each

dogs on the ultrasonographic images

Dog No. Long diameter (cm) Short diameter (cm)
1 2.77 1.77
2 2.62 2.25
3 3.05 2.70
4 293 181
5 2.65 2.55
6 311 1.40
7 3.20 1.95
8 281 2.04
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Figure 3. Ultrasonographic images of the left mandibular gland in

a dog. The mandibular gland after injection of iopromide volume
of 3.0 ml (B), 5.0 ml (C), and 7.0 ml (D) were increased in size and
echogenicity compared to that before iopromide injection (A). The
hyperechoic line (short white arrow) is the needle tip. Extranodal
leakage of iopromide is seen as anechoic fluid around the

mandibular gland (long arrows).
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2. Identification of the mandibular gland and duct

under fluoroscopy.

On the fluoroscopic images of total eight dogs, mandibular
gland and entire mandibular duct were identified in five dogs
(62.5%). Mandibular gland and partial duct were identified in two
dogs (25%), and only mandibular gland was visualized in the other
dog (12.5%). Of five dogs that entire mandibular duct was
visualized, entire mandibular duct was identified after 7.0 ml
iopromide injection in two dogs (25%), and after 9.0 ml injection
in three dogs (37.5%). Also, of two dogs that partial mandibular
duct was visualized, mandibular partial duct was identified after 3.0
ml iopromide injection in one dog, and after 5.0 ml injection in
the other dog (Table 3).

The time from iopromide injection to the identification of
mandibular duct ranged variously, from 6 to 27 seconds (6, 9, 17,

22 and 27 seconds, respectively).
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Table 3. Identification of the left mandibular gland and duct

according to iopromide injection

Dog  Mandibul Mandibular Mandibular Mandibular Mandibular
No. argland ductat3.0ml ductat50ml ductat7.0ml ductat9.0 ml

1 I Partial N N N

2 I N N Entire Entire

3 I Partial Partial Entire

4 I N N N N

5 I N N Entire Entire

6 I N N N Entire

7 I N Partial Partial Entire

8 I N Partial N N

I, identification; N, non-identified
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3. Normal appearance of the mandibular gland and
delineation of the mandibular duct on the

fluoroscopic images

On the contrast fluoroscopic studies, the mandibular gland
could be clearly visualized at the mandibular angle region in all
eight dogs, which is invisible on the survey radiographs. The
mandibular glands were an oval or a round-triangular shaped, the
appearance of the mandibular gland on the contrast fluoroscopic
images was similar to that on the ultrasound images. The
mandibular duct demonstrated some variations in the course and
diameter, and several branches emerge from the main duct. The
mandibular duct leaves the gland, runs dorsally and curved
cranially, and then lay in the middle aspect of the mandible until
the opening, finally, opens into the mouth on the sublingual

caruncle (Figure 4-5).
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Figure 4. Fluoroscopic images before (A) and after injection of 5.0
ml (B), and 9.0 ml (C and D) into the left mandibular gland in a

dog. After 5.0 ml injection of iopromide, the mandibular gland and

partial duct (short white arrow) was visualized. And the entire duct
(long white arrow) was visualized after 9.0 ml injection of

iopromide.
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FIgure 5. Fluoroscopic images. In case of the first dog (A), mandibular gland and entire duct (white arrow) were
visualized although the gland was not fully filled with contrast medium. In the second (B) and third (C) dogs, on the

other hand, the entire ducts were not identified even though the mandibular gland was almost full of contrast
medium.
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DISCUSSION

Sialography has been used as a standard method since 1925
when Barsony introduced the technique of injecting radiopaque
material into the duct system of the salivary glands (Akin et al, 1991).
Although few changes have occurred since that time, in 1904, Charpy
first isolated glands, and in 1913 Arcelin attempted to use bismuth as a
contrast medium. Payne was the first to suggest fluoroscopy in relation
to the sialographic injection (Waite et al, 1969). Also, in 1969, contrast
radiography has been used in the diagnosis of salivary gland disease in
canines by Harvey (Tadjalli et al, 2004). All of the human and animal
studies referred to above related to retrograde sialography, where the
dye is injected through a cannula inserted into the duct opening.
Physiological (secretory) sialography has also been reported in the
human fields, although not in the veterinary literature (Harvey et al,
1969).

However, there are some disadvantages of imaging using a
conventional sialography such as difficulty in finding duct openings or
taking a risk of anesthesia (Harvey et al, 1969). For overcoming these
problems, modified sialography using ultrasound-guided percutaneous
injection of contrast medium enables the evaluation of the salivary
glands and ducts under fluoroscopy for contrast study.

In comparison to the conventional sialography, one of the

23



advantages of the modified sialography was free from anesthetic
procedure, because a mild sedation and holding a dog by hands were
enough to perform the sialography in the present study. Another
advantage of the modified sialography was no need to make effort to
find duct openings. Instead of complicated procedure, identification of
salivary gland and injection of contrast medium were performed under
ultrasound guidance. Thus, it is a non-invasive and simple technique to
evaluate the salivary glands and ducts. To the author’'s knowledge, this
technique has not been reported in both human and veterinary studies.

The most important factor for successful sialography of dogs
was the successful injection of iopromide into the mandibular gland.
Because of many structures around the mandibular gland, such as
several lymph nodes, other salivary glands and muscles, injection of
iopromide under palpation was very difficult. Also, the needle could
penetrate the mandibular gland since it is not the deep-structure.
Therefore, neck of each dog should be pulled fully toward the head of
dog for extension of soft tissue around the mandibular gland. And
appropriate pressure should be applied to the probe to allow
mandibular gland to be well identified under ultrasound.

When the injection of contrast medium, there was leakage of
iopromide around the mandibular gland as relatively a large amount of
iopromide should be injected to the mandibular gland. One possible
reason for this may be the high pressure applied to the syringe due to
high viscosity of iopromide. Also, this high pressure made it difficult to

maintain the position of a needle within the mandibular gland, so the
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needle could be moved away from the mandibular gland during
injection. Although slow injection of contrast medium is advised to
prevent this leakage, too slow rate of injection could lead to fewer
successful evaluations on the sialography.

In the present study, iopromide was injected into the mandibular
gland under ultrasound guidance not only for instead of invasive
procedure, but also for determination of optimal dose of contrast
medium for fluoroscopic imaging time. Since there is no studies using
this modified method in the both human and veterinary fields so far, it
was difficult to determine the optimal volume of contrast medium that
could visualize the mandibular gland and duct. Based on the previous
study about the mean mass of the mandibular gland (Tadjalli et al,
2004), modified sialography of dogs were performed by injection of
iopromide with four different doses of 3.0 ml, 5.0 ml, 7.0 ml and 9.0 ml
volume to each dogs in the present study.

Assessment of the enhancement effect by iopromide of four
different doses may be sufficient for identification of mandibular gland
and duct under fluoroscopy. The injected volume of iopromide that
could visualize the mandibular duct was not that same in each dogs. In
the present study, mandibular gland and entire mandibular duct were
identified in five dogs (62.5%). Of five dogs, entire duct was identified
after 7.0 ml iopromide injection in two dogs (25%) and after 9.0 ml
injection in three dogs (37.5%). Therefore, 7.0 ml or more volume
injection should be indicated for diagnostic imaging of mandibular

gland and duct on the fluoroscopic images.
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Because the time for clear delineation of mandibular duct in
each 5 dogs was various from 6 seconds to 27 seconds in the present
study (6, 9, 17, 22 and 27 seconds, respectively), it is recommended
that the fluoroscopy of mandibular glands should be performed at the
same time or immediately after the percutaneous injection of contrast
medium into the mandibular gland under ultrasound guidance. One
possible reason for this is the relationship between the histologic
structure of the salivary glands and the position of injected needle
(Ogata T., 1955).

Based on the anatomic and histologic structure of the salivary
system, the secretory unit (salivary unit) consists of the acinus,
myoepithelial cells, the intercalated duct, the striated duct, and the
main excretory duct. The basic secretory units of salivary glands are
clusters of cells called an acini. These cells secrete fluid that contains
water, electrolytes, mucus and enzymes, all of which flow out of the
acinus into collecting ducts. Small collecting ducts within salivary
glands lead into larger ducts, eventually forming a single large duct
that empties into the oral cavity (Bowen et al, 2002; Ogata et al, 1955).
In the present study, the position of the needle, in other words, how
closer the needle from the main excretory duct might play a prominent
role in visualizing mandibular ducts. Therefore, it could be assumed
that the closer the needle injected adjacent to the large excretory duct,
the faster and more clear the mandibular duct could be identified on
the fluoroscopic images.

On the fluoroscopic images, mandibular gland and entire duct
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were visualized in case of some dogs, although the gland was not fully
filled with contrast medium. On the other hand, the entire ducts were
not identified in case of others although the mandibular gland was
almost full of contrast medium. Based on the anatomic and histologic
structure of the salivary system mentioned above, it might also provide
a basis that there is close relationship between the location of injected
needle and the possibility of successful sialographic imaging. That is,
the needle injected more adjacent the main excretory duct could assist
the mandibular duct to be identified, although the gland was not fully
filled with contrast medium.

Furthermore, according to the results of the present study, it is
expectable that there would not be much difference in both
fluoroscopic sialography protocol with ultrasound guidance and
imaging evaluation of the other salivary glands and ductal system such
as parotid glands or sublingual glands. Thus, this modified sialography
could be applied to the salivary glands generally, as well as mandibular
gland and duct.

The prevalence of adverse reactions to the contrast medium
would appear to be very low (Cockrell et al, 1993). Nonionic and
water-soluble iodinated contrast media is safe when small volume of
contrast media leaked as they exert only minimal osmotic potential
with low osmolality (Parry, 2009). Although contrast media could
induce various symptoms that include urticaria, bronchospasm,
angioedema and vasomotor collapse (Cockrell et al, 1993), no adverse

effects were observed in this study based on the clinical signs and
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physical examinations in all dogs.

This study has several limitations. Though the conventional
sialographic technique is not so complicated, the application of
modified sialographic technique requires a technical expertise for clear
identification of the mandibular gland and duct, so that contrast media
could be injected accurately into the mandibular gland. In addition, a
nervous or uncooperative patient might make it extremely difficult to
perform the modified sialographic procedure. Since just light sedation
was induced in the present study, one of all eight dogs was excluded
from imaging evaluation due to pretty excited condition. Also, because
the histopathologic examination was not performed, possibility of the
histologic damage or infection was not completely excluded in this
study. Therefore, it is recommended that serial recheck after
experiments should be performed in the further studies.

From the results of the present study, it was found that a simple
and reliable fluoroscopic sialography protocol is effective in dogs. It
was recommended that the fluoroscopy of mandibular glands should
be performed immediately after (at least within 6 seconds) the
percutaneous injection of 7.0 ml or more volume of iopromide into the
mandibular gland under ultrasound guidance. This simple and reliable
method may be helpful to increase the detection sensitivity for
abnormalities of salivary glands and ducts and guiding surgical
approaches in dogs. Therefore, this technique may be an alternative

technique to conventional sialography in dogs.
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CONCLUSION

The purpose of the present study was to develop a simple and
reliable fluoroscopic sialography protocol in dogs and to determine the
optimal dose of contrast medium into the mandibular gland and
fluoroscopic imaging time. It was recommended that the fluoroscopy of
mandibular glands should be performed immediately after (at least
within 6 seconds) the percutaneous injection of 7.0 ml or more volume
of iopromide into the mandibular gland under ultrasound guidance.
This non-invasive, simple and reliable method may be helpful to
increase the detection sensitivity for abnormalities of salivary glands
and ducts and guiding surgical approaches in dogs. Therefore, this
technique may be an alternative technique to conventional sialography

in dogs.
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