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PURPOSE: To investigate abnormal fat deposition in the major salivary glands associated with
Sjögren syndrome. METHODS: We analyzed the fat deposition in the parotid and submandibular
glands of 33 patients with Sjögren syndrome by using short-inversion-time inversion recovery (STIR)
and fat-saturation MR sequences and CT values. RESULTS: All three in vivo techniques substantially
confirmed premature deposition of fat in the major salivary glands in association with Sjögren syn-
drome. Furthermore, this change was characteristic of Sjögren syndrome, and the severity of fat
deposition correlated well with the impaired rates of salivary flow in these patients. CONCLUSION:
Monitoring of fat deposition might be useful for diagnosing Sjögren syndrome and assessing its
progress in patients whose clinical and serologic findings are suggestive of the disease.
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Sjögren syndrome is an autoimmune disease
characterized by lymphocytic infiltration in exo-
crine glands, such as the salivary and lacrimal
glands, resulting in dry mouth and dry eyes (1).
Characteristic features of gland parenchyma in-
clude lymphocyte infiltration, disappearance of
acinus, and fibrosis (1). At present, our knowl-
edge is limited as to the pathologic changes
taking place in the major salivary glands of pa-
tients with this disorder. Recently, investigators
have established magnetic resonance (MR) im-
aging characteristics of the parotid gland in pa-
tients with Sjögren syndrome (2), including
high-intensity signal on T1-weighted MR im-
ages, which may indicate the presence of hem-
orrhage, proteinaceous content, or fat tissue.

One of the most exciting innovations in MR
imaging over the past several years has been
the development of a fat-suppression technique
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(3), which has been used successfully in many
fields of MR diagnosis (4–8). Two major meth-
ods of fat suppression are the short-inversion-
time inversion recovery (STIR) and the fat-sat-
uration sequences (3, 9). The STIR sequence
suppresses signal from tissues that have short
T1 values, similar to fat tissues; the fat-satura-
tion technique, on the other hand, uses the
chemical-shift phenomenon to suppress signal
from fat tissues. Computed tomography (CT) is
also a useful tool for determining the presence
of fat tissue, since the CT value, which is based
on tissue-specific X-ray absorption, can help
differentiate fat tissue from other soft-tissue
body components, such as water, muscle, and
even gland parenchyma.

The purpose of this study was to assess the
changes in the major salivary glands in patients
with Sjögren syndrome by using the STIR and
fat-saturation MR sequences and CT. We show
that fat deposition develops early in the course
of the disease and that the changes correspond
to the severity of salivary flow dysfunction.

Subjects and Methods

Subjects

The MR study population included 20 women (34 to 72
years old; mean, 52 6 11 years) with definite Sjögren



syndrome and 13 women (29 to 69 years old; mean, 48 6
14 years) with probable Sjögren syndrome. Twenty-seven
healthy women (25 to 68 years old; mean, 55 6 17 years)
served as control subjects. The patients with definite dis-
ease included 18 with primary and two with secondary
Sjögren syndrome (rheumatoid arthritis overlapped in two
patients). The patients with probable disease included
seven with primary and six with secondary Sjögren syn-
drome (rheumatoid arthritis overlapped in four patients,
systemic lupus erythematosus overlapped in one, and
CREST [calcinosis, Raynaud phenomenon, esophageal
dysmotility, sclerodactyly, telangiectasia] syndrome over-
lapped in one). Patients with definite Sjögren syndrome
met all the criteria raised by Fox et al (1). Patients with
probable Sjögren syndrome lacked the criteria on labial
gland biopsy but were positive for the other criteria. The
CT study population included the 33 patients with Sjögren
syndrome used in the MR study and 110 subjects (19 to 84
years old; mean, 51 6 15) reported to have no history of
disease or treatment that could affect the salivary glands.
These persons were used as control subjects for assess-
ment of age-related changes in CT values. Informed con-
sent was obtained from the patients who participated in the
investigation.

MR Imaging and Grading of Sjögren Syndrome

MR imaging at 1.5 T was performed in the parotid and
submandibular glands of patients with Sjögren syndrome
and control subjects. A head coil was used for the parotid
glands and a cervical coil for the submandibular glands.
Axial T1-weighted (500/20/2 [repetition time/echo time/
excitations]) and T2-weighted (2000/80) images were ob-
tained by use of a conventional spin-echo sequence. For
fat suppression, the STIR (1000/20; inversion time, 120)
and fat-saturation (500/20/2) pulse sequences were used.
Section thickness was 5 mm for all three sequences.
Based on findings on the T1- and T2-weighted MR images,
we classified the parotid gland into five grades as de-
scribed previously (Table). The MR criteria for classifica-
tion of the parotid gland in patients with Sjögren syndrome
are clear-cut, and results of independent classification by
two radiologists were similar in the present and previous
(2) studies. According to the diagnostic criteria by Fox et
al (1), the parotid glands in patients with definite Sjögren
syndrome are classified as grades 2 to 4.

Grading system of parotid gland MR features

Grade

0 1 2 3 4

High-intensity area on:
T1-weighted image 2 1 1 11 111

T2-weighted image 2 2 1 1 2

No. of patients 6 4 10 7 6
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CT of the parotid glands was performed in all 33 pa-
tients with Sjögren syndrome and in 110 control subjects.
Axial 4-mm-thick sections were obtained and used to de-
termine CT values in the parotid glands. The scan showing
the maximum area of the parotid gland was used, and
analyses were carried out on the cathode-ray tube display
of the Somatom (Erlangen, Germany) DR-H scanner. A
circular (0.84 cm2) region of interest was manually placed
within each gland. Such localization avoided overlapping
of the main duct of the parotid gland and retromandibular
vein.

Salivary Flow Rate Test

Salivary flow rates of each of the patients with Sjögren
syndrome were quantified by the Saxon test and expressed
as grams per 2 minutes, as described previously (10). A
sterile gauze was placed in a sterile, screw-topped 50-mL
plastic tube (Bluemax, Falcon Labware, Oxnard, Calif),
and the dry gauze and tube were weighed. After any pre-
existing oral fluid was removed, saliva was collected by
having patients vigorously chew on the gauze for exactly 2
minutes. Salivary flow rate was determined by subtracting
the original weight from the weight obtained after chewing.

Data Analysis

Differences in the salivary flow rates and in the CT
values among MR grades were compared by Student’s t
test. Calculations were performed by Statview II software
(Abacus Concepts, Berkeley, Calif).

Results

Multiple areas of high signal intensity ap-
peared on T1-weighted images of the parotid
glands affected by Sjögren syndrome in the
early stages of the disease (Fig 1). When the

Fig 1. T1-weighted (500/20/2) MR features of parotid glands
from healthy subject (A) and patient with Sjögren syndrome (B).
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parotid glands were tentatively classified into
five grades on the basis of the appearance of
high-intensity areas on T1- and T2-weighted
images (Table), the grades correlated well with
the severity of impaired salivary flow rates (Fig
2). Among patients who had received or who
were being treated with steroid therapy, four
had grade 0 glands, none had grade 1 glands,
four had grade 2 glands, four had grade 3
glands, and one had grade 4 glands. However,
we could not obtain evidence suggestive of the
influence of steroids on the degree of fat depo-
sition.

Given a close relationship between areas of
high signal intensity and involvement of the pa-
rotid gland by Sjögren syndrome, we attempted
to examine the cause of these high-intensity
areas. The appearance of high-intensity areas
on T1-weighted MR images of the parotid gland
implied the presence of fat tissues. To test this,
we used two unrelated in vivo MR methods: the
STIR and fat-saturation sequences. Both meth-
ods showed decreased signal in areas that cor-
related with high-intensity signal on the T1-
weighted images of the parotid glands affected
by Sjögren syndrome. In patients with grade 1
glands, T1-weighted images showed multiple
spots of high signal intensity (Fig 3A). The STIR
sequence converted the parotid gland to a high

Fig 2. Salivary flow rates as determined by Saxon test in each
grade of parotid gland in patients with Sjögren syndrome. Data
represent means (6SD) of patients examined. NS means not
significant.
intensity–rich organ with multiple spots of low
or no signal intensity, which corresponded to
the high-intensity spots on T1-weighted images
(Fig 3B). With advances in grade, the T1 high-
intensity signal occupied more areas in the
glands, appearing as streaks in grade 2 (Fig
3D), weblike structures in grade 3 (Fig 3G), and
homogeneous high-intensity areas in grade 4
(Fig 3J). The STIR sequence readily sup-
pressed these high-intensity signals (Fig 3E, H,
and K). Since the STIR technique may be con-
sidered nonspecific (9), we next used a different
fat-suppression technique, fat saturation. The
fat-saturation sequence also successfully sup-
pressed the high-intensity areas on T1-
weighted images (Fig 3C, F, I, and L). These
results suggest that the high-intensity areas on
T1-weighted images of the parotid glands in
patients with Sjögren syndrome are due to in-
creasing fat deposition in the glands.

To substantiate this notion, we examined the
parotid glands of Sjögren syndrome patients by
CT, and evaluated tissue-specific X-ray absorp-
tion values (CT values). The CT scans showed
increasing areas of low CT values in parallel
with the advancement in the grade of the pa-
rotid gland as determined by MR criteria (Fig 4).
The glands classified as grade 4 were almost
completely replaced by fat tissue density (Fig
4C). When each CT value was expressed as a
mean within a region of interest placed in each
of the parotid glands, the normal parotid glands
showed mean CT values of 214 6 14 (Fig 5).
Compared with the age- and sex-matched con-
trol subjects, mean CT values did not decrease
significantly in the parotid glands of grades 0, 1,
and 2. However, the parotid glands of grades 3
and 4 showed significantly lower mean CT val-
ues than did normal glands. On the other hand,
mean CT values of the subcutaneous fat tissues
in the buccal regions showed fairly constant
mean CT values throughout the grades (Fig 5).

Because senile changes in the parotid gland
were reportedly associated with fat degenera-
tion, we assessed age-related changes in the fat
tissue deposition in healthy subjects. Indeed, CT
values of the parotid glands showed an age-
related decrease (CT value 5 23.5 2 0.58
years; r 5 2.45; P , .0001), with the mean CT
value at age 50 being 24 (Fig 6). However, this
mean CT value was much higher than those in
Sjögren syndrome patients with parotid glands
of grades 3 and 4 (Fig 5). Taken together, these
results suggest that premature fat deposition



Fig 3. Effects of fat-suppression se-
quences (STIR: 100/20/2, inversion time
of 120; fat-saturation: 500/20/2) on the
areas of high signal intensity on T1-
weighted MR images (500/20/2) of pa-
rotid glands in Sjögren syndrome pa-
tients. A–C, grade 1; D–F, grade 2; G–I,
grade 3; J–L, grade 4. In grade 2, area of
lower intensity signal (black arrow-
heads) on T1-weighted image (D) be-
comes relatively bright (white arrow-
heads) on STIR (E) and fat-saturation
(F) images. In grade 3, area of high sig-
nal intensity (black arrowheads) on T1-
weighted image (G) is suppressed and
becomes relatively dark on STIR (H) and
fat-saturation (I) images.
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Fig 4. CT appearance of parotid
glands in healthy subject (A) and in pa-
tients with Sjögren syndrome and grade
3 (B) and grade 4 (C) parotid glands.
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occurred in the major salivary glands of Sjögren
syndrome patients. Furthermore, the extensive
fat deposition occurred in the submandibular
glands as well as in the parotid glands, as as-
sessed by MR imaging and CT (Fig 7).

Finally, the follow-up MR examinations of
Sjögren syndrome patients suggested that fat
deposition in the parotid glands progresses with
advancement in the severity of disease. In one
patient, grade 3 was classified about 2 years
after the initial MR examination showed features
of the parotid gland that were characteristic of
grade 1 (Fig 8A and B). At the initial examina-
tion, this patient had negative results of lip bi-
opsy and sialography, but she was positive for
these examinations at the second MR study per-
formed 2 years later. Another patient was found
to have progressed from grade 2 to grade 3
during the 2-year follow-up period (Fig 8C and
D).

Discussion

Our study shows that fat deposition is defi-
nitely associated with the major salivary glands
in patients with Sjögren syndrome as assessed
by MR imaging and CT, and that its extent cor-
relates with the severity of impaired salivary
flow. Furthermore, the fat deposition occurred
prematurely in the parotid glands of these pa-
tients. We used the STIR and fat-saturation se-
quences to show T1-weighted high intensity
signal within some of the parotid glands in
Sjögren syndrome patients and then to show
that fat-suppressed sequences took away the
areas of high T1-weighted signal. On the other
hand, the areas of relatively lower intensity in
the glands on the T1-weighted images became
relatively bright on the STIR images. Therefore,
we concluded that the regions of high signal
intensity within the parotid gland corresponded
to fat and that areas of lower signal corre-
sponded to fluid-filled spaces or fibrous tissues.
Further, when fat completely replaced the
gland, the entire area was dark on the fat-sup-
pressed images.

At question is whether fat deposition in the
major salivary glands is a change characteristic
of Sjögren syndrome or a nonspecific conse-
quence of the major salivary gland destruction
caused by lymphocyte infiltration and the ensu-
ing fibrosis. The observation that fat deposition
developed with increasing age in normal major
salivary glands, but to a much lesser extent
compared with those of Sjögren syndrome pa-
tients, may support the latter notion. On the
other hand, the diffusely scattered fat deposition
as seen on MR images of the parotid glands in
Sjögren syndrome patients was never observed
in the inflammatory parotid glands as depicted
on MR images (2). However, we encountered
one case of inflammation, which showed fat
deposition in the parotid gland. In that case, the
fat appeared as localized and nodulelike areas
of high intensity in the affected gland on the
T1-weighted images, which was different from
the features of the salivary gland affected by
Sjögren syndrome. Garrett (11) described the
difference in fat deposition between the senile
and inflammatory changes of the salivary
glands. In the normal glands of senile subjects,
fat deposition occurred in the secretory cells
and duct cells, whereas fat accumulated in the
histiocytes in close vicinity of abscesses in the
salivary glands with severe inflammation. He
also examined a patient with Sjögren syndrome
and showed that the alveolar tissue had been
destroyed and replaced extensively by fat (11).



In addition, Block et al (12) examined the sali-
vary glands from cadavers and showed that ex-
tensive fat tissue infiltrations occurred in the
salivary glands of Sjögren syndrome patients,
where minimal to moderate lymphocyte infiltra-
tions were present. We also observed at autopsy
an extensive replacement by fat of the subman-
dibular glands in a patient with Sjögren syn-
drome. Taken together, these results suggest
that, although fat deposition may occur in the
repair process of damaged gland parenchyma,
diffusely scattered and premature fat deposition

Fig 5. CT values of parotid glands in healthy subjects and in
patients with Sjögren syndrome (grade 0–4 parotid glands). Cir-
cles indicate CT values of parotid glands; squares indicate CT
values of subcutaneous fat; hatched area represents 1 SD of CT
values of normal parotid glands.

Fig 6. Age-related changes of parotid gland CT values in
healthy subjects.
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is characteristic of salivary glands affected by
Sjögren syndrome.

At present, we do not know the exact mech-
anism of fat deposition in the salivary glands of
Sjögren syndrome patients. The most straight-
forward scenario may be that parenchymal de-
struction caused by lymphocyte infiltration is
followed by fibrosis. The proliferating fibroblasts
are in turn induced to differentiate to adipocytes
by cytokines and other differentiation mediators
released by the surrounding lymphocytes or
other cell types. Supporting this notion are sev-
eral reports implying that immunologic factors
play a role in fat synthesis (13, 14). Further-
more, peroxisome proliferator-activated recep-
tor g (PPAR-g), which is one of the potent re-
ceptors regulating adipogenesis, is present in
immune systems (15, 16). These results further
suggest a close relationship between fat depo-
sition and autoimmune diseases.

The clinical importance of the present find-
ings may be twofold: first, fat deposition oc-
curred even in the early stages of the disease,
and thus could serve as a criterion for early
diagnosis of Sjögren syndrome. This may be
supported by our observation of a strong corre-
lation between our MR grading system and sia-
lographic or lip biopsy results (2). Furthermore,
fat deposition in the salivary glands affected by
Sjögren syndrome was found to progress in
conjunction with advancement of the disease
(Fig 8). Second, and more important, the extent
of fat deposition paralleled the severity of sali-
vary flow dysfunction in Sjögren syndrome pa-
tients (Fig 2). The classical criteria by lip biopsy
do not disclose the extent of salivary gland tis-
sue destruction in these patients, but simply
show lymphocyte infiltration. These lip biopsy
findings are not absolutely definitive for Sjögren
syndrome, as they also occur in senile atrophy
of the salivary glands (1). Fat deposition devel-
ops at the expense of the parenchyma of the
salivary gland. This means that once the paren-
chyma is replaced by fat tissues, it will be lost
forever.

One of the major limitations of the present
study may be a lack of histopathologic confir-
mation in the salivary glands affected by
Sjögren syndrome. Postmortem examinations
have reportedly been performed in the salivary
glands from Sjögren syndrome patients (11,
12); however, biopsy of the major salivary
glands is thought to be very dangerous because
of high risk of fistula formation after surgery and

AJNR: 18, May 1997



Fig 7. T1-weighted MR (500/20/2) (A and B) and CT (C and D) features of submandibular glands in healthy subject (A and C) and
in patient with Sjögren syndrome (B and D). Arrowheads indicate submandibular glands in healthy subject. In patient with Sjögren
syndrome, the gland is replaced by fat tissue and is not depicted on CT or MR images.

Fig 8. Two patients with Sjögren syndrome were found to have progressive fat deposition in the parotid glands during 2-year
follow-up period. One patient had advanced from grade 1 (A) to grade 3 (B), and was determined to have definite Sjögren syndrome
during this period. The other patient had advanced from grade 2 (C) to grade 3 (D).
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of accidental damage to the overlying facial
nerve. Therefore, we could not confirm fat dep-
osition in the salivary glands in the patients in
our study. Nonetheless, the present work may
provide substantial evidence supporting the no-
tion that fat deposition occurs prematurely in
the major salivary glands in patients with
Sjögren syndrome.
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syndrome: proposed criteria for classification. Arthritis Rheum
1986;29:577–585

2. Izumi M, Eguchi K, Ohki M, et al. MR imaging of the parotid gland
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