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Abstract: Aim: To investigate the value of conventional MRI techniques combined with MR sialography on T2-3D-
DRIVE in the diagnosis of Sjögren syndrome (SS). Methods: 107 patients were divided into SS group and non-SS 
group. Conventional MRI techniques, such as T1WI, T2WI, and STIR images were used for changes of fat signal in 
the parotid gland, while the MR sialography were used for ducts dilation of the parotid gland. Results: Among 93 
SS patients, MRI identified abnormal fat deposit in the parotid glands in 86 patients. The fat signal based on MRI 
images showed 7 patients were in stage 0, 28 in stage 1, 14 in stage 2, 32 in stage 3 and 12 in stage 4. T2-3D-
DRIVEMR MR sialography identified peripheral ducts dilation in 86 patients. The duct dilation based on MR sialog-
raphy showed 7 patients in stage 0, 14 patients in stage 1, 44 patients in stage 2, 26 patients in stage 3, and 2 
patients in stage 4. On MRI and MR sialography, both had a positive diagnostic rate of 92.5%. When MRI and MR 
sialography techniques were used together, the positive diagnostic rate increased to 96.8%. However, Kappa test 
showed that the MRI fat signal staging and MR sialogrpahy duct dilation staging had statistical difference (Kappa = 
0.241, P = 0.000). Conclusion: T2-3D-DRIVE MR sialography detects peripheral ducts dilation in parotid glands with 
unmatched spatial resolution, also MRI fat suppression techniques detect diffusive fat deposit in parotid glands 
with high accuracy. Combining two techniques will provide optimal diagnosis workup for SS.
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Introduction

Sjögren syndrome (SS) is an autoimmune dis-
ease characterized by lymphocytic infiltration in 
exocrine glands, such as the salivary and lacri-
mal glands, resulting in dry mouth and dry eyes. 
The diagnosis of Sjögren’s syndrome involves 
clinical symptoms, serum tests for antibodies, 
radiological examinations and biopsy of the 
minor salivary gland. Commonly used imaging 
tests which will facilitate the diagnosis include 
X-ray sialography, salivary scintigraphy and vari-
ous magnetic resonance imaging techniques 
(MRI). X-ray sialography is a sensitive and reli-
able method to detect the diffusive peripheral 
duct dilation, punctate sialectasis or contrast-
filled peripheral cavities which are characteris-
tic to SS with sensitivity and specificity of 79% 
and 95%, respectively [1]. However, X-ray sia-
lography technique is invasive which requires 
manual skills for cannulation of the ducts, with 
a risk of radiation and iodine allergy. Salivary 

scintigraphy can measure the parenchymal and 
excretion function of all salivary glands simulta-
neously and quantitatively. It is easy to perform, 
reproducible and well-tolerated by the patient. 
However, it poses radiation exposure, and the 
uptake of 99mTc-pertechnetate may be affect-
ed by the thyroid function, which will in turn 
compromise the diagnostic accuracy and speci-
ficity [2].

Magnetic resonance imaging (MRI) is generally 
regarded as an important modality which allows 
a non-invasive evaluation of the complex anato-
my of oral components of SS. Researchers have 
established MR imaging characteristics of the 
parotid gland in patients with SS, including 
high-intensity signal on T1-weighted MR imag-
es, which may indicate the presence of hemor-
rhages, proteinaceous content, or fat tissue [3], 
Fat-suppression MR techniques, such as STIR 
and fat saturation sequences, are able to detect 
premature fat deposition in the major salivary 
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glands in association with SS. Further study 
confirmed that the premature fat deposition 
was characteristic of SS, and the severity of fat 
deposition correlated well with the impaired 
rates of salivary flow in the SS patients [4]. 
Diffusion weighted imaging (DWI) is the only 
techniques available currently which allows 
mapping and measuring of the diffusion pro-
cess of molecules, mainly water, in biological 
tissues and live organisms non-invasively. It 
has been increasingly used for parotid exami-
nation [5-8]. Using DWI, Regier et al [6] mea-
sured ADC values before and after acid stimula-
tion in 52 healthy volunteers and 14 SS 
patients. The ADC values of the late stage SS 
patients were significantly lower than that of 
the healthy volunteers (P = 0.002) and early 
stage SS patients (P < 0.001). These MRI tech-
niques, including T2-weighted imaging (T1WI), 
T1-weighted imaging (T2WI), and STIR, provide 
important information about parotid gland size/
structural abnormalities, as well as fat deposit 
distribution and severity grading. It is a great 
supplementary tool to the gold-standard X-ray 
sialography [9-17].

MR sialography is based on the principle of MR 
hydrography in which stationary fluids are 
hyperintense on heavily T2 weighted images. 
This technique is noninvasive with rapid acqui-
sition of images that demonstrate the main 
duct and intraglandular branches up to second 
order branching in the salivary glands. MR sia-
lography can visualize parotid ducts wall dam-
age and abnormality in the gland parenchyma 
[14]. In addition, MR sialography is less bias 
when examine the duct system; and it allows 
delayed observation of the ducts system [18]. 
Various MRI techniques have been used in clin-
ic for MR sialography, e.g., 3D T2-WI with thin 
slice and high resolution using a fast-spin echo 
sequence with a flip-back driven equilibrium 
pulse (T2-3D-DRIVE), fast imaging with steady 
state precession (FISP), fast imaging with 
steady state acquisition (FIESTA), 3D construc-
tive interference in steady state (3DCISS), and 
half fourier acquisition single-shot turbo spin-
echo (HASTE) sequences, etc. In present study, 
we used T2-3D-DRIVE embedded in 3.0T MR 
scanners by Philips, combined with T1, T2, and 
STIR MRI scans, to characterize the parotid 
gland in SS patients and evaluated the diag-
nostic value of different MRI techniques.

Materials and methods

This study was performed in accordance with 
the criteria of the Helsinki Declaration and was 
approved by the Institutional Review Board of 
our institute. All subjects signed informed con-
sents to participate in the study.

Patients

Between November 2012 and December 
2013, 107 patients in The First Affiliated 
Hospital of Guangxi Medical University sus-
pected of having SS because of xerostomia 
were enrolled. All patients were over 18 years 
old, had chronic symptoms of xerostomia and 
recurrent parotid gland swelling. Patients with 
tumors of the salivary glands and/or head/
neck radiation therapy history were excluded. 
Based on the diagnostic criteria of SS proposed 
by the American-European Consensus Group 
[19], patients were divided into SS group (n = 
93) and non-SS group (n = 14). Two groups of 
patients are excepted for the following situa-
tion, history of neck and craniofacial radiation 
therapy, hepatitis virus C infection, AIDS, lym-
phoma, nodules disease, graft versus host dis-
ease, resist acetyl choline medicine application 
(e.g, atropine, scopolamine, propantheline bro-
mide, belladonna, etc). In the 93 SS patients, 
there were 71 females and 22 males, with an 
average age of 46 ± 9 years old (range 18-75 
years) and the disease course ranged from 3 
month to 7 years. In the 14 non-SS patients, 
there were 11 females and 3 male, with an 
average age of 47 ± 7 years old (range 23-68 
years) and disease course ranged from 1 month 
to 12 years. In the 20 healthy volunteers, there 
were 17 females and 3 males, with an average 
age of 43 ± 6 years old (range 18-65 years).

MRI scans

MRI of the parotid glands was carried out with 
a 3.0T MR imager (Achieva 3.0T, Philips). One 
hour prior to the scheduled scan time, the 
patients were asked to do not eat or drink. 
During the scan, the patients lay on supine 
position to ensure laterally symmetrical and 
were instructed to avoid swallowing. The MR 
images were obtained with spin-echo sequenc-
es as follows: T1-weighted, TR/TE = 550 ms/10 
ms; T2-weighted, TR/TE = 2600 ms/80 ms; 
SITR: TR/TE = 1000 ms/80 ms, TI = 120 ms. 
Both axial and coronal scans were obtained on 
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all subjects with a slice thickness of 3 mm for 
T1WI, T2WI and STIR. For MR sialography, imag-
ing parameters for the T2W-3D-DRIVE seq- 
uence were as follows: TR/TE = 2000 ms/200 
ms, slice thickness = 0.5 mm. The oblique sag-
ittal image plane necessary to cover the whole 
course of the parotid gland main duct was used 
since the duct has a small C-shaped curve 
anteriorly as it bends around the masseter 
muscle.

Image analysis

The MR images were analyzed by two radiolo-
gists specialized in the head and neck on MR 
images. The two radiologists did not know any 
other clinical information about these patients. 
The radiologists evaluated the signal intensity 
of both parotid glands on MR images and the 
presence/absence of peripheral duct dilation in 
parotid glands on MR Sialography. T1WI, T2WI, 
and STIR images were used for fat signal stag-
ing. MR sialography was used for ducts dilation 
staging. The diagnostic values of MRI and MR 
sialography for SS were compared. Since SS 
involves bilateral parotids glands, the analysis 
was focused on left parotid gland only. Fat sig-
nal staging and duct dilation staging were eval-
uated individually and independently. Disag- 
reements were resolved through discussion un- 
til consensus was reached.

High-intensity areas on T1-weighted images of 
the parotid glands in SS patients are due to 
increasing fat deposition in the glands. Typically, 
the appearance of high-intensity areas on 
T1-weighted MR images of the parotid gland 
implied the presence of fat tissues. The STIR 
sequence converted the parotid gland to a 
high-intensity-rich organ with multiple spots of 
low or no signal intensity, which corresponded 
to the high-intensity spots on T1WI. Based on 
the characteristic appearances of fat signal on 
T1WI, T2WI, and STIR images, as well as grad-
ing methods reported by Izumi and Regier’s [3, 
4], our modified grading system was as follows: 
grade 0, homogeneous intensity distribution, 
no abnormal fat signals detected, normal 
parotid glands; grade 1, sparse distribution of 
streaks-like fat signals; grade 2, diffusive dis-
tributed, honeycomb-like fat signals; stage 3, 
diffusive patchy fat signal, less than 50% of 
total area of whole parotid glands, nodular 
appearance of residual glands; stage 4: mas-

sive homogeneously distributed fat signal on 
T1-weighted images, more than 50% of whole 
parotid glands, barely see any normal gland 
structure.

The MR sialographic stages of SS were deter-
mined according to the criteria proposed by 
Tonami et al [11, 13], in which stage 0 = nor-
mal. Stage 1 = punctate, in which diffuse, 
spherical areas of high-signal intensity, 1 mm 
or less in diameter and uniform in size, are dis-
tributed evenly throughout the gland. Stage 2 = 
globular: in this stage of disease, the spherical 
areas of high signal intensity increase to 1 to 2 
mm in diameter. Stage 3 = cavity: with further 
disease progression, the areas of high intensity 
coalesce and enlarge further, more than 2 mm 
in diameter. Stage 4 = destructive, in which 
there is marked dilation of the main duct with 
an irregular diameter, as well as irregular 
branching.

The usefulness of MRI and MR sialography in 
diagnosis of SS

Based on American-European Consensus 
Criteria for SS, the definite SS diagnoses were 
made when fat signal grade > 0 and MR sialog-
raphy grade > 0. Using these diagnosis criteria, 
the diagnostic value of MRI, MR sialography 
and combination of two techniques were 
compared.

Statistical analysis

The data analysis was performed using SP- 
SS17.0 software. The difference between MRI 
imaging and MR sialography for SS diagnosis 
was compared using χ2 test. Kappa test was 
used to analyze the consistency between MRI 
fat signal staging and MR sialogrpahy duct dila-
tion staging. Kappa value no less than 0.75 indi- 
cated highly consistent; kappa value between 
0.40 and 0.75 indicated moderate consistent; 
and Kappa value less than 0.40 indicate incon-
sistent. The P value less than 0.05 was consid-
ered statistically significant.

Results

MR imaging and grading of SS

Of 93 SS patients, eighty-six patients had het-
erogeneous MR signals with different degree of 
fat signals. In the early stage of disease, T1WI 
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showed multiple high-intensity streaks-like sig-
nals and T2WI may have normal appearance. 
As the disease progressing, T1WI and T2WI 
images showed honeycomb-like, patchy, or dif-
fusive high intensity areas, while SITR images 
had low intensity or no signal at the areas cor-
responded to the high-intensity areas on the 
T1-weighted images (Figure 1). Based on the 
fat signal intensity, the 93 SS patients were 
graded as grade 0 (n = 7), grade 1 (n = 28), 
grade 2 (n = 14), grade 3 (n = 32) and grade 4 
(n = 12). Among the 86 SS patients, number of 
patients at stage 3 was highest, followed by 
that of stage 1.

Characteristic patterns and grading of SS by 
MR sialography

Among 93 SS patients, eighty-six patients had 
peripheral ducts dilation, which was observed 
in both parotid glands. On the sialographic 
images, the dilation was presented as diffusive 
spherical, globular, or cavities like high-intensi-
ty area; two patients, the main duct became 
stiff, had focal enlargement, and showed sau-
sage-like or beaded like lesions; and five 
patients did not have abnormal changes on MR 
sialography (Figure 2). Based on the dilation of 
duct, the 93 SS patients were graded as grade 

0 (n = 7), grade 1 (n = 14), grade 2 (n = 44), 
grade 3 (n = 26) and grade 4 (n = 2). Among 
which, the number of patients at stage 2 was 
the highest.

Comparison of diagnostic value of MR imaging 
and MR sialography

In 20 healthy control and 14 non-SS patients, 
no abnormal fat signals were observed on 
T1WI, T2WI, and STIR images; and no duct dila-
tion was observed on MR sialography. No false 
positive was observed.

In 93 SS patients, both MR imaging and MR sia-
lography detected 86 SS patients (92.5%). No 
false positive was observed. Two imaging 
modalities showed comparable diagnostic sen-
sitivity for SS. When two imaging modalities, 
MR imaging and MR sialography, were used 
together, ninety out of 93 SS patients were 
diagnosed. The diagnostic sensitivity improved 
to 96.8%. Two grading systems (MR imaging 
and MR sialography) were consistent regarding 
the diagnostic sensitivity of SS (P < 0.01); how-
ever, there was disagreement on SS grading 
between MR imaging fat signal intensity and 
MR sialography duct system dilation evaluation 
(Figure 3); the kappa value less than 0.4 (Table 
1).

Figure 1. Fat signal grading’s on MRI images. Images were from same patient with Sjögren syndrome, fat signal 
grade 2. (A and B) were representative axial and coronal MR images showing heterogeneous signal distribution 
within parotid gland, with diffusive honeycomb-like fat signals which intensity was comparable with subcutaneous 
fat tissue. (C and D) were axial and coronal STIR images. The high-intensity signals observed on the T1-weighted 
images of the parotid glands were converted into decreased signal at corresponding areas. Some sporadic high-
intensity signals indicated dilated peripheral ducts. 
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Discussion

Usefulness of routine MRI imaging in the diag-
nosis of SS

In SS, there is massive lipid infiltration and 
degeneration in parotid glands. In the early 
stage of fat infiltration, sparse punctate or 
streaks-like high signal spots are commonly 
observed on T1WI images, while the signal 
change on T2WI and STIR is not obvious. With 
advancement in the severity of disease, the fat 
deposition progresses, as evidenced by diffu-
sive high-signals with stripe-, lattice-, or patchy-
appearance on T1WI and T2WI. However, 
regardless of grading, the distribution of fat sig-
nal is diffusive and irregular, which is character-
istic for parotid glands in SS patients [4, 13]. In 
our opinion, T1-weighted imaging is more sensi-
tive to the fat signal change and therefore more 
valuable than T2-weighted imaging and STIR. 

However, the STIR sequence converted the 
high-intensity signal on the T1-weighted images 
of the parotid glands into decreased signal at 
corresponding areas. When two MR techniques 
are used collaboratively, the fat signal distribu-
tion and characterization, as well as fat signal 
grading, will be more accurate [13].

It’s been reported that MR imaging provides 
diagnostic sensitivity and specificity for SS of 
71%~100% and 93-100%, respectively [10, 11, 
14-16]. In present study, the MR imaging gave 
diagnostic sensitivity and specificity of 92.5% 
and 100% (no false positive), respectively, 
which were consistent with literature report. 
Our results demonstrated that MR imaging is a 
well-recognized, facile yet effective tool for SS 
diagnosis and it can be widely used to detect 
the parotid gland abnormality and to differenti-
ate SS from other parotid diseases.

Figure 2. 3D-T2-DRIVE MR sialography grading. Images showed grade 1 to 4 duct dilation. A: Grade 1, punctate 
areas of high-signal intensity, 1 mm or less in diameter. B: Grade 2, globular spherical areas of high signal intensity, 
1 to 2 mm in diameter. C: Grade 3, cavity-like areas of high intensity coalesce and enlarge further, more than 2 mm 
in diameter. D: Grade 4, marked dilation of the main duct with an irregular diameter, as well as irregular branching.
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peripheral parotid gland ducts 
with sharp edges. After MIP im- 
age reconstruction, dilated du- 
cts can be clearly distinguished 
from the surrounding parotid 
parenchyma with lower signal 
intensity. The excellent contr-
ast between ducts and paren-
chyma readily meets the requ- 
irements for peripheral ducts 
imaging.

The technique presented here 
has the positive rate of 92.5% 

Figure 3. Combination of MRI imaging and 3D-T2- DRIVE MR sialography identified unparalleled fat deposition and 
ducts dilation. (A and B) showed axial T1WI and STIR showing diffusive fat signal, more than 50% of whole parotid 
glands, barely see any normal gland structure. The results indicated this patient is fat signal grade 4. However, in 
the same patient, MR sialography image (C) showed moderate grade 2 peripheral duct dilation.

Usefulness of MR sialography in diagnosis of 
SS

Lomas et al first reported a magnetic reso-
nance (MR) imaging protocol that uses a heav-
ily T2-weighted (echo time, 750 ms), fat-sup-
pressed pulse sequence and rapid acquisition 
with relaxation enhancement [20]. This MR 
technique can successfully demonstrate both 
normal and abnormal parotid and submandibu-
lar gland duct systems; it has been increasingly 
used in clinical and improved over time (e.g. 
T2W-3D-DRIVE sequence was embedded in 
commercial MRI scanners). T2W-3D-DRIVE is 
based on 3D turbo spin-echo (TSE) sequence 
with a set of recovery pulses applied at the end 
of the echo train to push the residual trans-
verse magnetization back to the longitudinal 
axis. The contrast achieved with TSE and DRIVE 
provides heavily T2-weighted MR images of 
higher image quality, less susceptibility arti-
facts and brighter fluid signals. The addition of 
the DRIVE pulse to the T2-weighted 3D TSE 
sequence is preferable when imaging the cra-
nial nerves surrounded by the cerebral spinal 
fluid, or fluid filled structures because of short-
er scan time and better imaging quality due to 
reduced flow artifacts. It has been widely used 
for inner ear imaging [21]. However, the applica-
tion of DRIVE sequence has not been reported 
for parotid gland ducts imaging. In present 
study, we used DRIVE sequence for parotid 
gland duct imaging. Our data indicated that 
T2W-3D-DRIVE sequence provides higher sig-
nal to noise ratio, contrast to noise ratio, and sp- 
atial resolution; it can clear visualize the dilated 

and specificity of 100% for detection of periph-
eral ducts dilation; it can also grade the severi-
ty of duct dilation. Gadaodia [14] compared two 
other 3D MR sialography techniques, 3D-CISS 
and HASTE, for the detection of duct dilation in 
patients with chronic parotitis. The results 
showed that the diagnostic sensitivity and 
specificity were 100% and 87% for HASTE, 90% 
and 75% for 3D-CISS, respectively. When two 
techniques were combined, the diagnostic sen-
sitivity and specificity were 93% and 100%, 
respectively. We can see that T2W-3D-DRIVE is 
comparable with 3D-CISS and HASTE regarding 
diagnostic sensitivity and specificity; it’s a fac-
ile and valuable tool for diagnosis of parotid 
duct dilation.

The usefulness of combining MR imaging and 
MR sialography in diagnosis of SS

When the commonly used MRI sequences such 
as T1WI, T2WI and STIR are combined with 
3D-DRIVE technique, it provides diagnostic sen- 
sitivity and specificity of 96.8% and 100%, 
respectively. This result demonstrated that co- 
mbination of these techniques could improve 
the diagnostic sensitivity for SS, which is con-
sistent with literature report [9, 22, 23].

The SS patients also had characteristic fat sig-
nal patterns. In our study, most of the SS 
patients had stage 3 fat signal abnormalities, 
followed by stage 1. Therefore, we propose that 
the patchy- or streak-like fat signal abnormality 
is more frequently observed in patients with 
SS. Meanwhile, forty-four out of ninety-three 

Table 1. The consistency of fat signal grading and parotid ducts 
dilation grading in 93 patients with Sjogren’s syndrome (P = 
0.000, Kappa = 0.241)

Fat signal grading
Ducts dilation grading

Total
Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Grade 0 3 4 0 0 0 7
Grade 1 2 6 17 3 0 28
Grade 2 0 0 10 4 0 14
Grade 3 0 4 7 19 2 32
Grade 4 2 0 10 0 0 12
Total 7 14 44 26 2 93



MRI with MR sialography Sjögren syndrome

3981 Int J Clin Exp Med 2015;8(3):3974-3982

patients (47.3%) had diffusive globular appear-
ance (stage 2), which suggested that diffusive 
globular appearance is most common type of 
ducts dilation in SS patients. This result is con-
sistent with Tonami’s report [13].

Our results showed disagreement between fat 
signal staging and parotid duct dilation staging. 
This disagreement suggested that the patho-
logical progressions in the parotid parenchyma 
and duct system are not developed in parallel. 
It also indicated that a comprehensive evalua-
tion of parotid gland in SS patients requires 
both MR sialography and MRI imaging (T1WI, 
T2WI and STIR). Such combination of these two 
MR techniques will complement each other; 
facilitate diagnosis, treatment and prognosis of 
SS patients.

In summary, T2-3D-DRIVE MR sialography is 
capable of depicting the subtle changes that 
take place in the parotid gland ducts of patients 
with SS; while MRI imaging is capable of detect-
ing the diffusive fat deposit in parotid gland. 
Two MR techniques, when combined, can most 
effectively diagnose SS; and serve as a valu-
able supplementary tool for the traditional X-ray 
sialography examine.
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