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Sialolithiasis and Salivary
Ductal Stenosis: Diagnostic
Accuracy of MR Sialography
with a Three-dimensional
Extended-Phase Conjugate-
Symmetry Rapid Spin-Echo
Sequence’

PURPOSE: To evaluate the accuracy of magnetic resonance (MR) sialography in
detecting salivary glandular calculi and ductal stenoses.

MATERIALS AND METHODS: In a prospective study, 64 salivary glands in 61
consecutive patients with acute or recurrent parotid or submandibular glandular
swelling were examined by using three-dimensional (3D) extended-phase conju-
gate-symmetry rapid spin-echo (EXPRESS) MR imaging. Transverse and sagittal-
oblique source images and maximum intensity projection images were obtained. All
MR images were analyzed independently by two radiologists, without knowledge of
the final diagnosis. The reference standard was conventional sialography, ultra-
sonography (US), and sialendoscopy with or without surgery in 31 glands and was
conventional sialography and US in 33 glands.

RESULTS: Final diagnoses included sialolithiasis (n = 23), sialolithiasis and stenosis
(n = 9), stenosis without lithiasis (n = 11), early Sjogren syndrome without ductal
stenosis (n = 2), ductal displacement (n = 3), and normal salivary glands (n = 16).
The sensitivity, specificity, and positive and negative predictive values of MR sialog-
raphy to detect calculi were 91%, 94%-97%, 93%-97%, and 91%, respectively.
False-negative readings occurred due to calculi with a diameter of 2-3 mm in
nondilated salivary ducts. Ductal stenosis was assessed, with a sensitivity of 100%,
specificity of 93%-98%, positive predictive value of 87%-95%, and negative pre-
dictive value of 100%. Interobserver agreement was very good (k = 0.85-0.97).

CONCLUSION: MR sialography with 3D EXPRESS imaging enables reliable predic-
tion of salivary gland calculi and stenoses.

Although magnetic resonance (MR) imaging in the salivary glands is well established for
the assessment of parenchymal lesions (1-7), to our knowledge reported data concerning
its use in evaluating the ductal system still are limited (8-11). Because of its excellent
delineation of the ductal system, conventional sialography currently is still considered the
standard modality for assessing ductal abnormalities (12-15). However, ionizing radiation,
dependence on the operator’s technical skills for successful ductal cannulation, and the
need for retrograde injection of contrast material are relative drawbacks of conventional
sialography. Potential complications include rupture of the ductal system, activation of a
clinically quiescent infection, and adverse reactions to contrast material (16). Catheter
manipulation or the pressure of injection of contrast material may also result in the
displacement of an anteriorly placed ductal stone into a position in which its retrieval by
means of endoscopy or intraoral surgery becomes more difficult oreven impossible (17).
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Therefore, it appears desirable to use a
less invasive yet reliable diagnostic exam-
ination for the salivary ducts in analogy
to the biliary and pancreatic ducts in
which the diagnostic accuracy of MR
cholangiopancreatography in detecting
calculi, stenoses, and anatomic variants
has already been established (18-23).

Similar to MR cholangiopancreatogra-
phy, MR sialography is based on the prin-
ciple that stationary fluids are hyperin-
tense on heavily T2-weighted images.
After a preliminary report by Lomas et al
(9), subsequent investigators have evalu-
ated sequences to improve conspicuity of
the ducts (10) and have demonstrated
the MR sialographic findings of ductal
displacement by mass lesions (11) and
intraglandular collections of saliva in the
context of Sjogren syndrome (24,25). At
our institution, we have used a three-
dimensional (3D) extended-phase conju-
gate-symmetry rapid spin-echo (EXPRESS)
sequence since 1997. The purpose of the
current study was to prospectively evalu-
ate the diagnostic accuracy of MR sialog-
raphy for the detection of sialolithiasis
and salivary ductal stenosis.

MATERIALS AND METHODS

Patients

Between December 1997 and Novem-
ber 1999, 67 consecutive patients, with
acute or recurrent salivary glandular
swelling and no palpable mass, were en-
rolled in a prospective study, which in-
cluded pretherapeutic MR sialography,
conventional sialography, and ultra-
sonography (US). In addition, either for
therapeutic purposes or for whenever
conventional sialography was of inade-
quate quality, sialendoscopy with or
without surgery was performed. Six pa-
tients were excluded from the study. In
three patients, MR imaging could not be
performed because of severe claustropho-
bia; in three other patients, conventional
sialography was technically not feasible.
The remaining 61 patients formed the
basis of our study. The study protocol
was approved by the institutional review
board, and informed consent was ob-
tained from all patients.

There were 42 men and 19 women,
with a mean age of 44 years (age range,
6-85 years). Twenty-two patients had
unilateral parotid glandular swelling, 36
patients had unilateral submandibular
swelling, one patient had bilateral pa-
rotid glandular swelling, one patient had
bilateral submandibular swelling, and
one patient had submandibular and pa-
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rotid swelling. Consequently, a total of
64 salivary glands were examined.

The standards of reference for assessing
sialolithiasis, salivary ductal stenosis, or
other salivary glandular abnormalities
were conventional sialography, US and
sialendoscopy with or without endo-
scopic stone removal or ductal dilatation
in 27 (42%) of 64 salivary glands; con-
ventional sialography, US, sialendos-
copy, and surgery in four (6%) salivary
glands; and conventional sialography
and US in 33 (52%) salivary glands. To
avoid confirmation bias, MR sialographic
findings were not used in the decision to
perform sialendoscopy or surgery. The fi-
nal diagnoses were based on the conven-
tional sialographic and US findings, as
mentioned in the original radiology re-
ports. In addition, endoscopy, labora-
tory, surgery, or pathology records, in-
cluding results of labial gland biopsy,
also were considered in the definitive di-
agnosis (made by F.M.).

MR Sialography

Depending on the availability of the
MR imager, 32 patients underwent MR
sialography prior to conventional sialog-
raphy and US, while 29 patients under-
went MR sialography after conventional
sialography and US. MR sialography was
performed by using a 1.5-T system (Eclipse;
Marconi Medical Systems, Cleveland,
Ohio), by using the standard quadrature
transmit-receive head coil. The patients did
not undergo any specific preparation and
were asked to breathe quietly and refrain
from coughing or vigorous swallowing
during image acquisition. Rapid sagittal,
coronal, and transverse localizers were
obtained to facilitate section positioning.
MR sialographic images were obtained in
a transverse plane parallel to the hard
palate and in a sagittal-oblique plane par-
allel to either the Wharton or Stensen
duct. MR sialography was performed by
using a 3D extended-phase conjugate-sym-
metry rapid spin-echo (3D-EXPRESS; Mar-
coni Medical Systems) sequence, a heavily
T2-weighted single-shot fast spin-echo se-
quence with half-Fourier analysis. Imag-
ing parameters were optimized prior to
the study by using healthy volunteers.
The imaging parameters used in this se-
ries were a repetition time of 6,000-10,000
msec and an echo time of 190 msec
(6,000-10,000/190), an echo-train length
of 136, an interecho spacing of 8.5 msec,
2 X RAM, a field of view of 16 X 16 cm, a
matrix of 256 X 256 pixels, a section
thickness of 0.6-1.5 mm, and 5 minutes
to 6 minutes 30 seconds per sequence. In

all patients, postprocessing of the MR
sialographic images was performed at a
separate workstation (Vistar; Marconi
Medical Systems). Maximum intensity
projection (MIP) reconstructions were
obtained in all patients. All images were
recorded as hard copies and archived on
optical disks to enable image review di-
rectly on the computer screen by using
variable window settings, if necessary.

Conventional Sialography

Conventional sialography was performed
by using standard fluoroscopic equipment
(Digital Spot Imaging Diagnost 96; Philips
Medical Systems, Amsterdam, the Nether-
lands). Prior to study commencement,
conventional radiographs were obtained
in anteroposterior and lateral-oblique pro-
jections to detect grossly radiopaque sialo-
liths. To best visualize the intraoral open-
ing of either the Stensen or Wharton duct,
all patients received a secretogogue (fresh
lemon) prior to study commencement.
The sialographic equipment included
a set of 00-0-caliber lacrimal dilators
(Laubscher Medical Equipment, HOoIll-
stein, Switzerland), 0.012-0.021-inch sia-
lographic cannulas (Manashil-type cannu-
las or modifications of butterfly needles;
Cook Europe, Bjaeverskov, Denmark), a
polyethylene connecting tube, a 5-mL sy-
ringe, and a low-osmolarity water-soluble
contrast agent such as joxaglate sodium
and ioxaglate meglumine (Hexabrix 200;
Guerbet, France) (12-14). Once the ductal
opening was identified, the dilators were
used to widen it for easier cannula place-
ment. Then the cannula was advanced
gently to avoid perforation, and 0.3-1.5
mL of contrast material was injected slowly
by using manual pressure. The injection
was always performed under fluoroscopic
control to achieve optimum ductal filling,
and spot radiographs were obtained in an-
teroposterior and lateral-oblique projec-
tions to document the examination. A ra-
diograph was obtained at evacuation in all
patients to document ductal emptying af-
ter repeat administration of fresh lemon.

US Technique

Gray-scale US in the salivary glands
was performed in all patients by using a
linear-array 7-MHz transducer (Acuson,
Mountain View, Calif). US was performed
at the same time as conventional sialogra-
phy, and the findings from both examina-
tions were reported together.

Image Interpretation

All MR images were reviewed separately
by two experienced radiologists (M.B.,
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a. b.

Figure 1. Images in a 26-year-old man at presentation with recurrent submandibular glandular
swelling during mastication. (a) Sagittal-oblique 3D-EXPRESS MIP reconstruction (10,000/190;
echo-train length, 136) shows a 4-mm stone near the orifice of the Wharton duct (thick arrow).
Bartholin duct (curved arrow), primary branches (large arrowhead), and secondary intraglandular
branches (small arrowhead) are slightly dilated. Hyperintense saliva is seen within the oral cavity
(thin arrow). (b) Lateral-oblique conventional sialographic image obtained after MR sialography
confirms the diagnosis of sialolithiasis and shows the distal displacement of the calculus (long
straight arrow) caused by active filling of the ductal system. Bartholin duct (curved arrow) and
primary (large arrowhead), secondary (small arrowheads), and tertiary branches (short straight
arrow) are slightly dilated. The calculus was removed endoscopically.

a. b.

Figure 2. Images in a 45-year-old woman at presentation with recurrent submandibular glan-
dular swelling during mastication. (a) Sagittal-oblique 3D-EXPRESS MIP reconstruction (10,000/
190; echo-train length, 136) depicts a 2-mm calculus (arrowhead) within the Wharton duct at the
level of the posterior edge of the mylohyoid muscle, with no associated ductal dilatation.
Glandular parenchyma displays areas of increased signal intensity (arrows) on source images and
MIP reconstructions. These areas had a low signal intensity on T1-weighted images and corre-
sponded with associated sialadenitis. (b) Lateral-oblique conventional sialographic image con-
firms the presence of a 2-mm calculus (arrowhead). The proximal portion of the Wharton duct is
better visualized because of retrograde filling of the ductal system (arrow). Sialendoscopy per-
formed after conventional sialography confirmed the presence of a distal 2-mm calculus.

C.D.B.), in accordance with uniform crite-
ria. Both reviewers were unaware of the
clinical, conventional sialographic, US, en-
doscopic, and/or surgical results at the time
of image interpretation. One of the review-
ers (M.B.) is a head and neck radiologist,
and the second reviewer (C.D.B.) is an ab-
dominal radiologist with expertise in MR
cholangiopancreatography. Both reviewers
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regularly interpreted conventional sialo-
graphic images and therefore were familiar
with the appearance of the conditions be-
ing studied. One radiologist (M.B.) re-
viewed the images prospectively, which re-
sulted in the original clinical reports; he
performed his assessment mainly at the
workstation and thus was able to use post-
processing, if necessary. The other radiolo-

TABLE 1
Results of MR Sialography for the
Detection of Salivary Gland Calculi

Statistic Reviewer 1 Reviewer 2
True-positive 29 29
True-negative 31 30
False-positive 1 2
False-negative 3 3
Sensitivity 29/32 (91) 29/32 (91)
Specificity 31/32(97) 30/32(94)
Positive predictive

value 29/30 (97) 29/31 (94)
Negative predictive

value 31/34 (91) 30/33 (91)
Accuracy 60/64 (94) 59/64 (92)

Note.—Data are the number of glands. Data
in parentheses are percentages. Interobserver
agreement was very good (x = 0.97).

gist (C.D.B.) reviewed the images retrospec-
tively on the basis of the hard copies.
However, review of images directly on the
computer screen, with variable window
settings, was available if requested.

The criteria for detailed image interpre-
tation were listed on each reviewer’s eval-
uation sheet. Calculi were diagnosed
when round, ovoid, or irregularly shaped
signal voids were identified within or im-
mediately next to a dilated or nondilated
salivary duct. In addition, the reviewers
indicated the precise position and diam-
eter of calculi and whether one or multi-
ple calculi were present within the ductal
system. All MR images were interpreted
together; however, whenever there was a
discrepancy between source images and
MIP images in interpretation regarding
calculi, the interpretation of source im-
ages took precedence. Stenoses were di-
agnosed when an abrupt transition from
ductal dilatation to signal void, a “string
of sausages” (13-15), “tree in autumn”
(13-15), or tapered appearance of the sal-
ivary ducts was seen. In the absence of
ductal dilatation, failure to demonstrate
the main submandibular or parotid ducts
throughout their full length was not con-
sidered indicative of stenosis. As with cal-
culi, all MR sialographic images were
evaluated together; however, if there was
a discrepancy between the source images
and the MIP images in interpretation re-
garding stenoses, the interpretation of
the MIP images took precedence. These
evaluation criteria were defined before-
hand and were based on our previous
experience with interpretation of MR
cholangiopancreatographic images (19).
Both reviewers also assessed high-signal-
intensity areas within the glandular pa-
renchyma on T2-weighted images that
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b. d.

Figure 3. Imagesin a 39-year-old woman at presentation with recurrent submandibular glandular swelling during mastication. (a) Sagittal-oblique
3D-EXPRESS source image (8,000/190; echo-train length, 136) shows 2-4-mm stones (arrowheads) within the anterior third of the Wharton duct
and shows ductal dilatation and associated sialodochitis with a small diverticular outpouching (arrow). (b) MIP reconstruction of a (8,000/190;
echo-train length, 136) does not depict the calculi (arrowhead) near the orifice of the Wharton duct as clearly. However, the diverticular
outpouchings (large arrows) and the irregular ductal caliber with areas of focal narrowing (small arrows) caused by inflammatory changes
(sialodochitis) are better depicted than in a. (c) Lateral-oblique conventional sialographic image shows incomplete filling of the ductal system
(arrowheads) that is caused by distal displacement of calculi. The remainder of the ductal system could not be visualized despite an increased
injection pressure. (d) Sialendoscopic image obtained after conventional sialography confirms the presence of calculi, stenotic areas, and
diverticular outpouchings. D = proximal diverticulum, W = Wharton duct. A 3-mm stone (arrowhead) was displaced into the proximal
diverticulum during conventional sialography.

were suggestive of Sjogren syndrome
(24,25). In addition, each reviewer noted
anatomic variants, such as an accessory
duct, and ductal displacement, diverticu-
lar outpouchings, ranulas, or tumors. An
image was considered normal if the fol-
lowing criteria were fulfilled: absence of
calculi; absence of ductal dilatation, with
or without visualization of the entire
ductal system; absence of high-signal-in-
tensity areas within the glandular paren-
chyma that were suggestive of Sjogren
syndrome; absence of ductal displace-
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ment; and absence of ranulas, diverticu-
lar outpouchings, or tumors.

Statistical Analysis

The MR sialographic findings of each
reviewer were compared with the final
diagnoses. The sensitivity, specificity,
positive and negative predictive values,
and overall accuracy of MR sialography
for the detection of sialolithiasis, salivary
ductal stenosis, and disease in general
were calculated for each reviewer. Inter-

observer variability was assessed by means
of the k statistic by using the STATA release
5 program for Unix (Stata, College Station,
Tex). Interobserver agreement was inter-
preted as very good (x > 0.80), good (x =
0.80-0.61), moderate (x = 0.60-0.41), fair
(x = 0.40-0.21), or poor (k = 0.20).

RESULTS

The final diagnoses in all 64 salivary
glands were sialolithiasis (n = 23); sialo-

Becker et al



C.

Figure 4.

Image in a 27-year-old man at presentation with recurrent parotid swelling during

mastication. (a) Sagittal-oblique 3D-EXPRESS MIP reconstruction (8,000/190; echo-train length,
136) shows dilatation of the Stensen duct in its entire course from the orifice (straight arrow) to
its intraglandular branches (arrowheads). A short stenosis at the ductal orifice (straight arrow) was
suspected by both reviewers. Curved arrow points to an accessory duct. (b) Transverse 3D-
EXPRESS source image (8,000/190; echo-train length, 136) shows marked dilatation of the
Stensen duct on the right. However, no filling defect is seen in its anterior portion near the orifice
(arrow). Therefore, the diagnosis of stenosis was made again by both reviewers. Note, for
comparison, the normal appearance of the Stensen duct on the left (arrowheads). (c) Anteropos-
terior conventional sialographic image obtained after MR sialography shows a filling defect that
suggests a small calculus (arrow). (d) Transverse US image obtained after conventional sialogra-
phy confirms the diagnosis of a 3-mm calculus (arrow), which was removed endoscopically.
Crosshairs indicate borders of stone. S = dilated Stensen duct.

lithiasis, sialodochitis, and stenosis (n =
9); sialadenitis, sialodochitis, and steno-
sis without lithiasis, including glands in
one patient with advanced Sjogren syn-
drome (n = 11); sialadenitis without si-
alodochitis in patients with early Sjogren
syndrome (n = 2); ductal displacement
caused by a plunging ranula (n = 1) or a
Warthin tumor (n = 2); and normal sali-
vary glands (n = 16).

Sialolithiasis

On the basis of the final diagnosis,
sialolithiasis was present in 32 salivary
glands (in the submandibular gland in 26
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and in the parotid gland in six) and was
absent in 32 glands. The largest diameter
of the calculi was 3 mm or less in 12
(37.5%) glands; larger than 3 mm but
smaller than or equal to 6 mm in 12
(37.5%) glands; larger than 6 mm but
smaller than or equal to 9 mm in four
(12.5%) glands; and larger than 9 mm
in four (12.5%) glands. A single calcu-
lus was present in 20 salivary glands,
whereas multiple calculi were present
in 12 glands. Calculi were intraductal in
20 submandibular and four parotid glands
and were intraparenchymal in six sub-
mandibular and two parotid glands. Par-

tial erosion of a calculus through the duc-
tal wall in association with a chronic
fibrotic reaction was seen in seven sub-
mandibular glands and in one parotid
gland.

Results of MR sialography for the de-
tection of sialolithiasis are summarized
in Table 1. In 59 glands, both reviewers
correctly assessed the presence of calculi.
In 26 glands, calculi were associated with
ductal dilatation, and in six glands, no
ductal dilatation was seen at MR sialog-
raphy (Figs 1-3). There were three false-
positive MR sialographic assessments
caused by short stenoses, which were in-
terpreted as calculi in two instances by
one reviewer and in one instance by the
other reviewer. False-negative readings
occurred in six instances (three false-neg-
ative assessments for each reviewer).
Both reviewers missed 2- and 3-mm sub-
mandibular stones within the Wharton
duct (at the level of the posterior edge of
the mylohyoid muscle), which caused no
ductal dilatation in two glands. Both cal-
culi were removed endoscopically. In ad-
dition, both reviewers missed a 3-mm pa-
rotid stone, which was interpreted as a
short stenotic area within the Stensen
duct (Fig 4).

In the presence of ductal dilatation,
the degree of dilatation as seen at MR
sialography was inferior to that seen at
conventional sialography in 25 glands.
Discrepancies regarding the exact loca-
tion of a calculus as assessed at MR sia-
lography and conventional sialography
were noted in seven cases. In these cases,
active filling of the ductal system with
contrast material during conventional
sialography resulted in the displacement
of an anteriorly placed ductal stone into
a more posterior position (Fig 1). In seven
glands, MR sialography was superior to
conventional sialography because it en-
abled imaging of the upstream section of
the ductal system, which was not visual-
ized at conventional sialography (Fig 3).
Interobserver agreement regarding the
diagnosis of sialolithiasis was very good
(x = 0.97). Both reviewers found that
the source images—particularly those ac-
quired in the transverse plane—were cru-
cial for the diagnosis of small calculi, be-
cause these calculi often were obscured
on MIP reconstructions (Fig 5) by sur-
rounding saliva.

Ductal Stenosis

On the basis of the final diagnosis, duc-
tal stenosis was present in 20 salivary
glands with sialodochitis (in the subman-
dibular gland in eight; in the parotid
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TABLE 2

Results of MR Sialography for the
Detection of Salivary Gland
Stenosis in 61 Glands

Statistic Reviewer 1 Reviewer 2
True-positive 20 20
True-negative 43 41
False-positive 1 3
False-negative 0 0
Sensitivity 20/20 (1)  20/20 (1)
Specificity 43/44 (98) 41/44 (93)
Positive predictive

value 20/21 (95) 20/23 (87)
Negative predictive

value 43/43 (100) 41/41 (100)
Accuracy 63/64 (98) 61/64 (95)

Note.—Data are the number of glands. Data
in parentheses are percentages. Interobserver
agreement was very good (k = 0.85)

gland in 12) and was absent in 44 salivary
glands. In nine glands, stenoses were
associated with sialolithiasis, and in 11
glands stenoses were seen in the absence
of sialolithiasis. A single stenosis was
present in seven salivary glands, whereas
multiple stenoses were present in 13
glands. Stenoses were localized at the
level of the main salivary ducts in 18
glands, at the level of the primary
branching ducts in eight glands, and at
the level of the secondary branching
ducts in one gland.

The results of MR sialography in the
detection of salivary ductal stenoses are
summarized in Table 2. In 61 glands,
both reviewers correctly assessed the
presence or absence of stenosis, and in all
glands, stenosis was associated with duc-
tal dilatation at MR sialography (Figs 6,
7). There were four false-positive MR sia-
lographic assessments regarding stenosis
(one false-positive assessment by re-
viewer 1, and three false-positive assess-
ments by reviewer 2). Both reviewers in-
terpreted a 3-mm calculus as a short
stenosis (Fig 4), and one of the reviewers
interpreted two normal glands as having
minor degrees of ductal stenosis. The de-
gree of ductal dilatation seen at MR sia-
lography and caused by stenosis was sim-
ilar to the degree of dilatation seen at
conventional sialography (Figs 6, 7). No
discrepancies regarding the exact loca-
tion of a stenotic area as assessed at MR
sialography and conventional sialogra-
phy were noted. However, conventional
sialography enabled better visualization
of the secondary and tertiary ducts in
seven glands. In six glands with sialo-
dochitis, diverticular outpouchings
were observed at MR sialography. These
were confirmed endoscopically and/or

352 - Radiology - November 2000

C.
Figure 5.

d.

Images in a 37-year-old man at presentation with recurrent right-sided submandibular

glandular swelling during mastication. (a) Transverse 3D-EXPRESS source image (8,000/190;
echo-train length, 136) shows a 3-mm calculus (large arrow) in the right Wharton duct at the
level of the posterior edge of the mylohyoid muscle. Small arrow points to the normal opposite
Wharton duct. (b) MIP reconstruction of a (8,000/190; echo-train length, 136) shows a normal
aspect of both the right and left Wharton duct (arrows) and no dilatation of the intraglandular
branches (arrowheads). The calculus, clearly visualized in a, is obscured by surrounding saliva.
(c) Lateral-oblique conventional sialographic image obtained after MR sialography shows a filling
defect that corresponds to a small calculus (arrow). (d) Submental US image obtained after
conventional sialography confirms the diagnosis of a 3-mm calculus (arrowhead), which was
removed endoscopically. Crosshairs indicate lateral borders of the stone. SMG = submandibular

gland, W = Wharton duct.

by means of conventional sialography
(Fig 3). Interobserver agreement regard-
ing the diagnosis of ductal stenosis was
very good (k = 0.85). Both reviewers
found that the MIP reconstructions—
particularly those images obtained in the
sagittal-oblique plane—were essential for
the diagnosis of stenoses because they
yielded information that was displayed
in projections that were similar to projec-
tions of images acquired with conven-
tional sialography.

Normal versus Abnormal Salivary
Glands

On the basis of the final diagnosis, 16
salivary glands were normal (four parotid
glands and 12 submandibular glands).
Abnormalities (regardless of their cause)

were present in 48 glands. The results of
MR sialography for distinguishing nor-
mal from abnormal salivary glands are
summarized in Table 3. In 61 glands,
both reviewers correctly assessed the
presence or absence of glandular abnor-
malities. Four false-negative readings oc-
curred (two for each reviewer) and were
caused by small calculi. The three cases
with displacement of normal salivary
ducts by plunging ranula and Warthin
tumor (Fig 8) were correctly assessed by
both reviewers. In two patients with au-
toimmune parotitis and normal main pa-
rotid ducts, the correct diagnosis was
made by both reviewers on the basis of
punctate (<1-mm) or cavitary (>2-mm)
high-signal-intensity areas within the
glandular parenchyma on T2-weighted
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images. Conventional sialographic find-
ings confirmed the diagnosis of stage 1
(punctate) Sjogren syndrome in the first
patient and stage 3 (cavitary) Sjogren
syndrome in the second patient.

In 15 cases, both reviewers correctly
diagnosed normal glands. The main
ducts were clearly visualized on MIP im-
ages in all normal salivary glands either
at full length (n = 11) or at only partial
length (n = 4). The Wharton duct was
not visualized in four cases at the level of
its anterior third within the floor of the
mouth on MIP images. However, careful
analysis of 0.6-mm EXPRESS source im-
ages revealed a duct with a caliber of less
than 1 mm and regular contours. Primary
branching ducts were visible within all
normal submandibular glands and in
three of four normal parotid glands (Fig
9). Secondary branching ducts were visi-
ble in three normal parotid glands and in
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Figure 6. Images in a 71-year-old man at presentation with recurrent
left-sided parotid swelling. (a) Sagittal-oblique 3D-EXPRESS MIP recon-
struction (8,000/190; echo-train length, 136) shows multiple 1-2-mm
high-signal-intensity areas within the glandular parenchyma and a
dilated and lobulated main duct with stenotic areas (arrowheads).
(b) Transverse 3D-EXPRESS MIP reconstruction (10,000/190; echo-train
length, 136) shows bilateral disease, with 1-2-mm intraglandular col-
lections of saliva in the left parotid gland and multiple intraglandular
saliva collections of 1 mm or smaller in the right parotid gland, a
normal right Stensen duct (short arrows), marked dilatation and mul-
tiple stenoses (arrowheads) of the left main parotid duct, and dilatation
and stenoses of both submandibular ducts (long arrows). (c) Lateral-
oblique conventional sialographic image in the symptomatic left pa-
rotid gland confirms MR sialographic findings of contrast material
extravasation within the glandular parenchyma and a dilated and
lobulated main duct with stenotic areas (arrowheads). Arrow points to
an air bubble, which has a characteristic appearance on fluoroscopic
images—it deforms and moves rapidly during contrast material injec-
tion. Sialendoscopy in the left parotid gland confirmed the presence of
multiple stenoses and the absence of calculi. The final diagnosis was
Sjogren syndrome.

bacterial infection; calculi; secondary in-
fection due to ductal obstruction, with

six normal submandibular glands, while
tertiary branching ducts were seen in
only one normal parotid gland. There
was one false-positive assessment caused
by slight asymmetry of the extraglandu-
lar portion of the Stensen duct, which
was interpreted as a minor degree of di-
latation. Anatomic variants (accessory
ducts) were present in 19 of 64 glands
(prevalence, 30%) and were identified at
MR sialography in 15 glands (Figs 2, 9).
Interobserver agreement regarding the di-
agnosis of salivary gland abnormality in
general was very good (k = 0.96).

DISCUSSION

Acute and recurrent submandibular or
parotid swelling is a common symptom
and may indicate a variety of salivary
glandular abnormalities, such as viral or

subsequent ductal strictures; and autoim-
mune disease. The traditional treatment
for salivary stones has been surgical in-
traoral extraction, which usually is asso-
ciated with meatotomy or dochoplasty,
whereas recurrent postobstructive sialad-
enitis after failed intraoral stone extrac-
tion usually is treated with sialadenec-
tomy (13,26-30). Several new techniques
have recently become available to treat
sialolithiasis and salivary duct stenosis by
way of an intraluminal approach and in-
clude extracorporal sialolithotripsy, en-
doscopic stone removal, lithotripsy, and
endoluminal balloon dilatation. Although
the increasing use of these techniques
greatly reduces the risk of facial or lingual
nerve damage that is involved with sialad-
enectomy, it also enhances the need for
precise pretherapeutic mapping of the
salivary duct system (12,13,26,27,29,31-
34). Ideally, imaging should be noninva-
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Figure 7. Images in a 65-year-old woman at presentation with recurrent left-sided parotid swelling. (a) Sagittal-oblique 3D-EXPRESS MIP
reconstruction (10,000/190; echo-train length, 136) shows a dilated and lobulated main duct with stenotic areas (small arrowheads) and diverticular
outpouchings (large arrowheads). Minor variations in the caliber of primary and secondary intraglandular branches (long thin arrows = large
caliber, short arrows = narrow caliber) correspond to dilated and stenotic areas, respectively. As incidental findings, note also the marked dilatation,
stenosis (long thick arrow), and calculus (solid curved arrow) in the left Wharton duct. A hyperintense area above the Stensen duct (open curved
arrow) corresponds with retained mucus in the maxillary sinus. (b) Lateral-oblique conventional sialographic image in the left parotid gland
confirms MR sialographic findings of marked dilatation of the main duct, with stenotic areas (small arrowheads) and diverticular outpouchings
(large arrowheads). Minor variations in the caliber of primary and secondary intraglandular branches (long arrows = large caliber, short arrows =
narrow caliber) that correspond to dilated and stenotic areas, respectively, and better visualization of secondary and tertiary branches due to active

filling with contrast material also are noted.

sive, so that endoluminal instrumenta-
tion can be combined with the benefit of
treatment.

Imaging techniques in the salivary
glands include conventional radiogra-
phy, US, computed tomography (CT),
MR imaging, and conventional sialogra-
phy. Conventional radiography has long
been performed to detect salivary stones
but has been almost completely replaced.
High-resolution US is used as a noninva-
sive first-line examination to assess the
presence of ductal dilatation and calculi
(26,31). At many institutions, US is com-
bined with conventional sialography,
and the evaluation of the ductal system is
based on the information obtained from
both examinations, as is the case at our
institution. Although multiple small pa-
rotid nodules in patients with autoim-
mune sialadenitis may be seen readily at
CT, and although focused helical CT
with 1-2 mm collimation may depict
even tiny calculi, CT is of limited use in
suspected abnormalities of the salivary
ducts, since it requires retrograde injec-
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tion of contrast material, and image res-
olution is inferior as compared with that
of conventional sialography (13,14,35).
Conventional sialography continues
to provide high-spatial-resolution images
in the salivary ducts. To our knowledge,
it is currently considered to be the only
imaging modality for examining the fine
anatomy of the salivary ducts and for
assessing the presence of ductal abnor-
malities. The most common indications
for conventional sialography are small
sialoliths or foreign bodies, strictures,
fistulas, diverticula, changes secondary
to trauma or infection, communicating
cysts, autoimmune diseases, and sialosis
(13-15,26). Advantages include multipla-
nar imaging, assessment of ductal func-
tion as a response to a sialagogue, and
occasional therapeutic success of stone
release after retrograde injection of con-
trast material. Disadvantages include ir-
radiation, the need for an experienced
operator to cannulate the small, often
edematous ductal orifices, and pain during
retrograde injection of contrast material.

TABLE 3

Results of MR Sialography for the
Detection of General Salivary
Gland Abnormality

Statistic Reviewer 1 Reviewer 2
True-positive 46 46
True-negative 16 15
False-positive 0 1
False-negative 2 2
Sensitivity 46/48 (96) 46/48 (96)
Specificity 16/16 (100) 15/16 (94)
Positive predictive

value 46/46 (100) 46/47 (98)
Negative predictive

value 16/18 (89) 15/17 (88)
Accuracy 62/64 (97) 61/64 (95)

Note.—Data are the number of glands. Num-
bers in parentheses are percentages. Interob-
server agreement was very good (kx = 0.96)

Acute salivary infection is an absolute
contraindication, and potential complica-
tions of conventional sialography include
damage to the orifice, overfilling and
rupture of the ductal system, exacerba-
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Figure 8. Images in a 73-year-old man at presentation with recurrent left-sided parotid swelling. (a) Sagittal-oblique 3D-EXPRESS MIP reconstruc-
tion (10,000/190; echo-train length, 136) shows displacement of a normal main parotid duct (arrows) by a large mass with hyperintense and
hypointense (arrowheads) areas. The T1-weighted spin-echo image (not shown) depicted large cystic and hemorrhagic areas that suggested a
Whartin tumor. (b) Lateral-oblique conventional sialographic image in the left parotid gland shows an abnormal course of the left main parotid
duct and its intraglandular branches, which are displaced inferolaterally (arrowheads). The orientation in the sagittal plane of the MR sialogram and
the conventional sialogram is slightly different and results in different projections. The parotid ducts have a normal caliber. Surgery confirmed the

displacement of normal parotid ducts by a Warthin tumor.

tion of infection, and adverse reaction to
contrast material (13,14,16). Failure
to cannulate the ductal orifice may oc-
cur in the presence of a calculus at the
ductal orifice, with related edema of the
surrounding buccal mucosa or in the
absence of any ductal abnormalities.
Smaller calculi and subtle ductal abnor-
malities near the ductal orifice may be
obscured by the injection of contrast
material, and overfilling may result in a
false-positive diagnosis of sialectasis.
The injection of contrast material may
also result in the displacement of an
anterior ductal stone into a posterior
position, in which it can no longer be
reached by means of an intraoral surgi-
cal approach or in which endoscopic
removal is more difficult (17,26,27).
These disadvantages of conventional
sialography may explain the search for
a noninvasive diagnostic examination.

Although MR imaging is used widely
to evaluate parenchymal lesions of
the major salivary glands, dedicated se-
quences for adequate visualization of
the salivary ducts have been developed
only recently. MR sialography uses an
exceptionally long echo time and a
long echo train length to obtain heavily
T2-weighted images within a reason-
able acquisition period. Because of the
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T2 decay during data acquisition, tis-
sues with a short T2 produce practically
no signals in the echoes at the end of
the pulse train. Different sequences
have been used for MR sialography. Lo-
mas et al (9) reported their first clinical
experience with MR sialography by us-
ing a modification of a standard rapid
acquisition with relaxation enhance-
ment, or RARE, sequence in healthy
volunteers and three patients. Mu-
rakami et al (10) recently reported good
visualization of the salivary ducts by
using a single-shot turbo spin-echo se-
quence in 12 patients, and Ohbayashi
et al (24) used a T2-weighted gradient
and spin-echo, or GRASE, sequence. We
have modified a standard 3D rapid spin-
echo sequence for MR sialography. This
sequence has the advantage of allowing
the acquisition of thin sections for the
detection of small stones and MIP im-
ages for the visualization of the overall
ductal anatomy. Most of the signal re-
lated to vascular motion and most of
the adjacent tissue signal are removed.
We did not use additional spectral fat
suppression to improve background
suppression; we found that discrete
background visualization of anatomic
structures on MIP reconstructions was
helpful because it facilitates orientation

to surrounding structures. By using this
sequence, diagnostic-quality images
were obtained in all cases; the only fail-
ures were due to claustrophobia.

To the best of our knowledge, at the
time this article was written, few data
were available with which to assess the
clinical usefulness of MR sialography for
the different abnormal conditions. Inves-
tigators in a recent study (11) described
the changes seen in a series of patients
with predominantly neoplastic disease,
and Ohbayashi et al (24) described the
MR sialographic findings in patients sus-
pected to have Sjogren syndrome.

On the basis of the results of our series,
several advantages of MR sialography be-
come evident. Because we were dealing
with a relatively young population with
benign salivary glandular diseases, the
lack of ionizing radiation appears to be
an important advantage. In addition, MR
sialography can be performed in patients
in the acute stage and also in patients
with known reactions to iodinated con-
trast material. In our own series, conven-
tional sialography was technically not
feasible in three (4%) of 67 glands be-
cause of our failure to cannulate the duc-
tal orifice. In addition, in seven (11%) of
64 glands, MR sialography revealed addi-
tional information by allowing better vi-
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sualization of the upstream portion of
the salivary ducts (Fig 3), and in three
(5%) of 64 glands in which conventional
sialography showed displacement of nor-
mal ducts, MR sialography enabled the
definitive diagnosis, namely, a Warthin
tumor (Fig 9) and plunging ranula. There-
fore, in 13 (19%) of 67 glands, MR sialog-
raphy was superior to conventional sia-
lography.

In our series, the diameter of calculi
was less than or equal to 3 mm in 12
(37.5%) of 32 glands with calculi. All of
these calculi were symptomatic, and the
patients were scheduled for endoscopic
stone removal, since the current thera-
peutic attitude of otorhinolaryngologists
at our institution includes the removal of
all symptomatic ductal calculi, regardless
of their size. Although most of these
small calculi were reliably diagnosed by
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Figure 9. Images in a 54-year-old woman at presentation with acute
left-sided parotid swelling. (a) Sagittal-oblique 3D-EXPRESS MIP recon-
struction (10,000/190; echo-train length, 136) shows a normal main
parotid duct (large arrowhead) with a 1-mm diameter and normal
primary branches (small arrowheads) and shows a normal accessory
duct (straight arrow) with a diameter of less than 1 mm. Hyperintense
saliva (curved arrow) is seen within the oral cavity. (b) Lateral-oblique
conventional sialographic image obtained after MR sialography con-
firms the diagnosis of normal ducts. The main parotid duct (large
arrowhead), the accessory duct (arrow), and the primary and secondary
branches (small arrowheads) appear slightly larger than on MR sialo-
graphic images because of active filling with contrast material. (c) Be-
cause the patient complained of persistent swelling and discomfort
after conventional sialography, sialendoscopy was performed to rule
out a small mucous plug and confirmed a normal-appearing main duct
(S), primary branches (arrowheads), and secondary branches (not

shown).

using MR sialography (Figs 2, 5), false-
negative readings may occur in patients
with 2-3-mm stones that are causing no
ductal dilatation. We also have to con-
sider that, in theory, MR sialography
does not enable the distinction of solid
calculi from inspissated mucus and/or
debris, since the latter may also cause
intraductal areas of signal void. From a
practical point of view, however, this dis-
tinction would be of minor effect, since,
in a patient with symptoms, endoscopic
removal usually would be indicated in
both situations. Small calculi were dis-
played best on transverse source images.
On MIP images, small calculi may be ob-
scured because of volume averaging, with
surrounding hyperintense saliva (Fig 5).
Therefore, careful analysis of both source
and MIP images is mandatory.

To evaluate the diagnostic perfor-

mance of MR sialography, we used a very
strict reference standard that implied the
performance of several investigations,
which included sialendoscopy. In fact,
sialendoscopy proved to be superior to
conventional sialography in three cases
in which it not only was used to confirm
the presence of calculi but also to show
additional calculi in small side branches;
these were retrieved endoscopically at
the same time.

The results obtained with our exami-
nation technique appear promising. The
sensitivity of MR sialography for detect-
ing sialolithiasis was 91% for both re-
viewers, and the specificity was 94%-97%.
Although sialolithiasis may be detected
with US or 1-mm helical CT (35), nine
(28%) of 32 glands with lithiasis in our
series had associated single or multiple
stenoses that necessitated additional en-
doscopic dilatation. These concomitant
stenoses would have been missed if US or
CT alone had been used. In these cases, a
precise pretherapeutic diagnosis could be
made only with either conventional sia-
lography or MR sialography, thus facili-
tating pretherapeutic planning.

Stenosis in a major salivary glandular
duct may occur secondary to a calculus,
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with or without associated recurrent in-
fection, in patients with chronic recur-
rent sialadenitis or later stages of autoim-
mune disease (6,13,14). Less often, trauma
or ill-fitting dentures may cause stenosis.
The sensitivity of MR sialography for de-
tecting stenosis in our series was 100%
for both reviewers, and the specificity
was 93%-98%. The level of stenosis was
defined precisely in all cases and corre-
sponded to the level of stenosis identified
at conventional sialography and sialen-
doscopy. Although in our series conven-
tional sialography allowed better visual-
ization of the peripheral ducts as
compared with MR sialography, the sen-
sitivity of MR sialography for detecting
stenoses was not impaired. Stenoses were
best diagnosed on MIP images, and, in
most cases, the diagnosis was straightfor-
ward. The results of our series indicate
that nonvisualization of the Wharton
duct in its anterior third at the level of
the floor of the mouth and of the Stensen
duct in its portion overlying the masseter
muscle on MIP reconstructions is a phys-
iologic finding and should not be consid-
ered to be indicative of stenosis in the
absence of ductal dilatation.

The diagnosis of Sjogren syndrome was
straightforward in our series and was
based on the identification of a punctate
or cavitary appearance of the parotid
glands. In a recent study (24) based on 35
patients suspected of having Sjogren syn-
drome, MR sialography had both a sensi-
tivity and specificity of 100% in the diag-
nosis of Sjogren syndrome. However, the
stage of salivary gland disease deter-
mined with MR sialography correlated
with that determined with conventional
sialography only in 89% of patients (24).
In the remaining 11%, the authors noted
discrepancies between conventional sia-
lographic and MR sialographic images.
Better visualization of peripheral ducts
and a higher degree of dilatation at con-
ventional sialography compared with
MR sialography—as observed in our se-
ries—may be explained by the fact that
conventional sialographic images are ob-
tained after retrograde filling with con-
trast material, whereas MR sialographic
images are obtained by depicting the sa-
liva within the ducts. The latter may re-
flect a more realistic ductal diameter than
artifactual dilatation of the ductal sys-
tem, which may occur with conventional
sialography.

Disadvantages of MR sialography in-
clude general MR imaging contraindica-
tions; distortion artifacts caused by den-
tal amalgam may impair visualization of
calculi or stenoses near the main ductal

orifice. However, dental amalgam did not
impair diagnosis in our series. Despite the
inferior resolution of MR sialography as
compared with conventional sialogra-
phy, especially for the assessment of sec-
ondary and tertiary ducts, diagnosis was
not affected in our series.

In summary, the results of our study
indicate that MR sialography with a 3D-
EXPRESS sequence allows consistent and
accurate assessment of salivary glandular
calculi and stenoses. With the protocol
used in our series, images of consistent
quality may be obtained. MR sialography
appears to be sufficiently accurate for rec-
ommendation as a noninvasive method
in patients suspected to have salivary
ductal disorders. In fact, we have begun
to substitute MR sialography for conven-
tional sialography in patients with acute
or recurrent salivary glandular swelling.
However, normal MR sialographic find-
ings do not allow the exclusion of
2-3-mm calculi that cause no ductal di-
latation. Therefore, in the small subset of
patients with persistent symptoms and
normal MR sialographic findings, we pro-
ceed to perform conventional sialogra-
phy and US.
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