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Abstract

Objective The value of salivary gland scintigraphy (SGS) in the evaluation of Sjogren’s syndrome (SS) remains controversial.
The aim of this study was to evaluate the diagnostic efficacy of quantitative SGS in patients with xerostomia and to assess
the correlation between scintigraphic parameters and pathological features of salivary glands.

Methods Medical records of 165 patients with xerostomia who underwent [99mTc] pertechnetate SGS and labial biopsy
were retrospectively reviewed. The maximum accumulation ratio (MAR), maximum secretion ratio (MSR), and time interval
from stimulation to minimum count (7,;,) of the parotid glands were calculated to quantify the glandular activity. Further-
more, pre-stimulatory oral activity index (PRI) and post-stimulatory oral activity index (POI) were calculated to quantify
the oral activity.

Results All parameters except for T,,;, were significantly lower in patients with SS than in those without SS. Among the five
SGS parameters, PRI showed the highest areas under the curve value (0.9005; p <0.001), and PRI>32.75 was associated
with a sensitivity of 78.5% and specificity of 86.4% for the diagnosis of SS. A decrease in MAR, MSR, PRI, and POI and
an increase in T,;, correlate significantly with the histopathologic grade of labial gland biopsy and disease severity of SS.
No significant differences in glandular parameters (MAR, MSR, and T,;,) were found between the non-SS and early-stage
SS groups.

Conclusion Conventional scintigraphic parameters could be used as simple, reliable, and sensitive indicators for the early
diagnosis of SS and determination of disease severity.
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Introduction

Sjogren’s syndrome (SS) is a chronic autoimmune disease
Jingxiong Huang and Jing Wu contributed equally to this work. characterised by lymphocytic infiltration and destruction of
salivary and lacrimal gland tissue, leading to dryness of the
main mucosa surface. The primary type is characterised by
sicca complex but systemic manifestation such as arthritis,
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[1]. Regarding the secondary type, sicca symptoms asso-
ciated with another autoimmune disease, such as systemic
lupus erythematosus (SLE), systemic sclerosis, theumatoid
arthritis (RA), or dermatomyositis are observed [2]. SS over-
whelmingly affects middle-aged women, and more recent
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studies have reported an incidence rate of 3—11 cases per
100,000 persons and a prevalence of 0.01-0.72% [3, 4].

While some treatments may improve symptoms and pre-
vent complications of SS, currently there is no cure. The
recent development of new therapeutic options for the man-
agement of autoimmune diseases has proven to be promising
for patients with SS, especially for those with early-stage
SS [5]. However, it may be difficult to distinguish the early
stage of SS from normal clinical findings. Neither clinical
characteristics nor laboratory tests are sufficient for accurate
diagnosis [6]. The American—European Consensus Group
criteria 2002 (AECC) are widely accepted for the diagnosis
of SS [7], and these criteria include subjective ocular and
oral symptoms, objective evidence of ocular and salivary
gland involvement, demonstration of lymphocyte infiltration
on labial salivary biopsy, and presence of antibodies anti-SS-
A or anti-SS-B. According to the AECC standard, histopa-
thology of the labial salivary gland, as determined by biopsy,
facilitates the most specific and definitive diagnostic method
for SS; however, it is invasive and causes some degree of
patient discomfort and risk, and it must be performed and
interpreted following strict criteria [8, 9]. The objective evi-
dence of salivary gland involvement is another key criterion
for the diagnosis of SS. As such, reliable method for detect-
ing impaired salivary function will be of assistance in the
diagnosis of SS, especially in the diagnosis of early SS in
patients with xerostomia.

Salivary gland scintigraphy (SGS) using [99mTc]
pertechnetate is a safe and non-invasive method that pro-
vides detailed functional assessment of salivation; it meas-
ures the quantity and speed of radionuclide uptake and secre-
tion for the four salivary glands separately [10, 11]. Besides,
SGS is not very expensive; it is associated with low radiation
exposure and is quite widespread in both high- and low-
income countries. Traditional SGS is focused on the quanti-
tative measurements of delayed uptake, reduced concentra-
tion, or reduced secretion after provocation with a salivary
stimulating agent [11, 12]. These quantitative measurements
allow an objective and precise evaluation of salivary involve-
ment in patients with SS [12]. However, conflicting views
regarding the diagnostic merits of SGS with regard to SS
persist. Various quantitative parameters have been investi-
gated in the past two decades, but no consensus was reached
on parameters that accurately indicate impaired parenchyma-
tous function of salivary glands; therefore, determination
of the clinical stage of SS have been problematic [13-15].

In this study, we retrospectively evaluated a series of
semi-quantitative parameters from SGS in patients with
xerostomia, and we correlated SGS parameters with histo-
pathologic grades of labial gland biopsy specimens. Unlike
previous studies which compared scintigraphic parameters
between patients with SS and healthy subjects, the current
study compares these parameters within a more relevant
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group of patients (i.e., patients with xerostomia). The aim
of this study was to evaluate the efficiency of SGS in the
diagnosis of SS in patients with xerostomia and to assess
the relationship between scintigraphic parameters and patho-
logical features of salivary glands. Through this investiga-
tion, we would like to identify the most simple, reliable,
and sensitive scintigraphic parameters for the diagnosis and
determination of the disease severity of SS.

Materials and methods
Patients

This single-centre retrospective study was performed in the
First Affiliated Hospital of Xiamen University. Between
2012 and 2018, 174 patients (29 men, 145 women; mean
age, 48 years; range 17-76 years) with xerostomia were
reviewed in our department of rheumatology. Exclusion
criteria were as follows: (1) active hepatitis C injection, (2)
acquired immunodeficiency syndrome (AIDS), (3) sarcoido-
sis, (4) amyloidosis, (5) graft-versus-host disease, (6) IgG4-
related disease, and (7) history of head and neck radiation
treatment. All patients underwent SGS and labial salivary
gland biopsy. Symptom data, results of the Schirmer’s test,
and antibody test (anti-SS-A and anti-SS-B) were available
for all the patients included. To confirm the diagnosis of
primary SS, two experienced rheumatologists applied the
AECC [7]. The study was approved by the Clinical Research
Ethics Committee of the First Affiliated Hospital of Xiamen
University (ID KYZ2017-001) on June 29, 2017. Jiang Jie
is the chairperson of the ethics committee. Informed con-
sent was obtained from all the participants. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Hel-
sinki declaration and its later amendments or comparable
ethical standards.

Salivary gland scintigraphy protocol

All patients underwent SGS in the department of nuclear
medicine according to the same protocol. All subjects were
placed in supine position, and their heads were fixed in a
slightly extended position using a hemicylindrical plastic
head holder with a radiolucent plastic neck-contoured head-
rest during imaging. The detector field included the entire
salivary gland and part of the thyroid gland. After intrave-
nous administration of 185 MBq [99mTc] sodium pertech-
netate ([99mTc]O,-), dynamic SGS was performed with sin-
gle-photon emission computed tomography (dual detector;
BrightView, Philips Medical Systems, Andover, MA, USA)
using a low-energy, high-sensitivity, parallel-hole collimator.
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The images were digitally recorded in a 128 X 128 matrix
with ax2.0 magnification. The energy window around the
140-keV photopeak of 99mTc was 10%. The duration of
the scan was 30 min, and the anterior salivary gland images
were acquired sequentially (45 s per frame, 40 frames). After
18-20 min of acquisition, salivary gland secretion was stim-
ulated using vitamin C drops (Shuzhong Pharmacy, China),
which were administered intraorally (20 mg) avoiding
patient’s head movements. We also instructed the patients
to minimise swallowing during the examination.

Image analysis

Two experienced nuclear medicine physicians qualitatively
assessed the images. Oval-shaped regions of interest (ROIs)
were drawn over the oral cavity and parotid glands (on both
sides) on a total of 30 frames of summation images of
dynamic SGS. Background ROI was placed in the tempo-
ral and submental regions near the parotid glands (Fig. 1a).
After background subtraction, time-activity curves were
generated for each region. The following points were des-
ignated on the schematic presentation of the time-activity
curve for the salivary glands (Fig. 1b): point A, the initial
shoulder, representing a vascular perfusion peak; point B,

Fig. 1 a Regions of interest on the salivary gland scintigraphy. Areas
1 and 2 are for parotid glands; area 3 is the background for parotid
gland; area 4 is for oral cavity and area 5 is the background for oral
cavity. Area numbers are adjacent to each ROI. b Schematic presenta-
tion of time-activity curve for glandular activity in normal pattern on
salivary gland scintigraphy: point A, the initial shoulder, represent-
ing a vascular perfusion peak; point B, the maximum activity point

the maximum activity point before stimulation; and point C:
the minimum activity point after stimulation. The follow-
ing points were designated on the schematic presentation of
time-activity curve for the oral activity (Fig. 1¢): point X,
the initial shoulder, representing a vascular perfusion peak;
point Y, the maximum activity point before stimulation; and
point Z, the maximum activity point after stimulation. Mean-
while, the counts at points A, B, and C and points X, Y, and
Z were shown as a, b, ¢, x, y, and z, respectively.

The following glandular parameters were calculated
for each salivary gland (Table 1): maximum accumulation
ratio (MAR: (b—a) / bx 100%), maximum secretion ratio

Table 1 Definition of functional parameters in salivary gland scintig-
raphy

Functional parameter Definition

Maximum accumulation ratio (MAR) (b—a)/ bx100%
(b—c)/ bx100%

Time interval
between points B
and C

(y—x)/yx100%
(z—x)/zx100%

Maximum secretion ration (MSR)

Time interval from stimulation to minimum
count (7,

Pre-stimulatory oral activity index (PRI)
Post-stimulatory oral activity index (POI)

before stimulation; and point C: the minimum activity point after
stimulation. ¢ Schematic presentation of time-activity curve for the
oral activity: point X, the initial shoulder, representing a vascular per-
fusion peak; point Y, the maximum activity point before stimulation;
and point Z, the maximum activity point after stimulation. Mean-
while, the counts at points A, B, and C and points X, Y, and Z were
shown as a, b, c, x, y, and z, respectively
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(MSR: (b—c¢) / bx100%), time interval from stimulation
to minimum count (time interval between points B and C,
Tin)- Mean values of the bilateral glands were used for
data analysis. To quantify oral activity, the pre-stimulatory
oral activity index (PRI: (y —x) / y X 100%), post-stimu-
latory oral activity index (POI: (z—x) / zX 100%) were
calculated from numerical data obtained from the time-
activity curves.

Labial biopsy

Labial salivary gland biopsy was performed no longer than
1 week after SGS. The minor salivary glands of the lower
lip were routinely fixed, sectioned, stained with haema-
toxylin—eosin, and examined for the presence of lympho-
cytic foci or diffuse lymphocytic infiltration (or both) by
an experienced pathologist. The degree of histopathologic
change was graded from 0 to 4 according to Chisholm and
Mason’s grading standard, and a grade of 1 or higher was
considered positive [9, 16] (Table 2).

Statistical analysis

All scintigraphic parameters are expressed as
mean =+ standard deviation. All statistical analyses were
conducted using SPSS 22.0 statistical analysis software
(IBM, Armonk, NY, USA). The Mann—Whitney U test
was used to analyse all mean values and to compare dif-
ferences between patients with SS and non-SS. Receiver
operating characteristics (ROC) were plotted for the SGS
parameters to establish a cut-off value, which was used to
determine the sensitivity, specificity, negative predictive
value (NPV), and positive predictive value (PPV) of SGS.
Patients with xerostomia were divided into four groups
(normal, early-stage, moderate-stage, and advanced-stage
SS), and Kruskal-Wallis (to compare all) or Mann—Whit-
ney U test (to compare any two of the four groups) were
applied to analyse the scintigraphic parameters among
the four groups. All tests were two-sided, and a p value
of <0.05 was considered statistically significant.

Table 2 Grading criteria for labial salivary gland biopsy specimens

Grade Lymphocytes per 4 mm? of salivary tissue
0 Absent

1 Slight infiltration

2 Moderate infiltration or less than one focus
3 One focus

4 More than one focus

Focus =aggregate of > 50 lymphocytes and histiocytes
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Results
Participants

Initially, 174 patients with xerostomia were included in this
study. All of them underwent both SGS and labial biopsy.
Nine patients were excluded because of equivocal biopsy,
inadequate biopsy material, or absence of Schirmer’s test.
Data of the remaining 165 patients (29 men, 136 women;
mean age, 46 years; range, 17-72 years) were included for
further analysis. Besides the mouth symptoms in all patients,
ocular symptoms were recorded in 116 patients, positivity
of Schirmer’s test was observed in 81 patients, lymphocytic
infiltration on labial salivary gland biopsy (pathological
grade > 1 according to Chisholm and Mason’s standard)
was observed in 119 patients, and presence of autoantibod-
ies were observed in 66 patients. On the basis of the AECC
standard, 121 patients could be classified as SS positive and
44 patients as SS negative.

Pattern of time-activity curves

Visual evaluation of time-activity curves revealed a recipro-
cal relation between glandular and oral activities (Fig. 2).
Parotid gland curve shows an early slow-rising uptake
followed by a sharp-declining uptake after stimulation
(Fig. 2a), whereas oral cavity curve shows an early slow-
rising uptake followed by a fast-rising uptake after stimu-
lation (Fig. 2b). Before stimulation, obvious reciprocal
parotid uptake and oral activities were observed in 44 of 121
patients with SS (36.4%) and 34 of 44 patients with non-SS
(77.3%). Meanwhile, 41 of 121 patients with SS (33.9%) and
42 of 44 patients with non-SS (95.5%) showed an obvious
response to vitamin C stimulation.

Diagnostic efficacy of scintigraphic parameters
for SS in patients with xerostomia

The three scintigraphic parameters for the salivary glands in
patients with SS and non-SS are presented using box plots
in Fig. 3. As shown in Fig. 3a, b, both MAR and MSR were
significantly lower in patients with SS than in patients with
non-SS, whereas the T,;, in patients with SS was signifi-
cantly longer than that in patients with non-SS (Fig. 3c¢).
Regarding the overall oral activity, both PRI and POI were
significantly lower in patients with SS than in patients with
non-SS (Fig. 3d, e). Overall, all five scintigraphic parameters
differed significantly between patients with SS and patients
with non-SS, and the most discriminative cut-off value of
each parameter was determined using ROC methodology
which optimised the sensitivity and specificity to obtain the
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Fig.2 Time-activity curves of parotid glands and oral cavity in a
56-year-old healthy man. a Parotid gland curve shows an early slow-
rising uptake followed by a sharp-declining uptake after stimulation.
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Fig.3 Comparing of scintigraphic parameters between patients with
SS and without SS. a Maximum accumulation ratio (MAR) was
significantly lower in patients with SS. b Maximum secretion ratio
(MSR) was significantly lower in patients with SS. ¢ Time interval
from stimulation to minimum count (7,,;,) was significantly higher in
patients with SS. d Prestimulatory oral activity index (PRI) was sig-

highest accuracy. As presented in Fig. 3f, the area under
the curve (AUC) values differed significantly from 0.5 and
were higher than 0.7 for all parameters. Among the five
parameters from SGS, PRI showed the highest AUC value
(0.9005; p<0.001), and PRI > 32.75 were associated with a

1 - Specificity

nificantly lower in patients with SS. e Poststimulatory oral activity
index (POI) was significantly lower in patients with SS. f Receiver
operating characteristic (ROC) curves of all scintigraphic parameters
in the diagnosis of SS among patients with xerostomia (SS, Sjogren’s
syndrome)

sensitivity of 78.5% and specificity of 86.4% for determining
SS; POI was the most sensitive diagnostic parameter, with
the optimal cut-off value of 53.5 (AUC, 0.8399; p <0.001),
and the sensitivity, specificity, PPV, and NPV for POI were
90.1%, 68.2%, 88.6%, and 71.4%, respectively; MSR showed
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the most specific diagnostic value, and MSR values of over
47.5 were associated with the diagnosis of SS (AUC, 0.8607;
p <0.001), with a sensitivity of 63.6%, specificity of 97.7%,
PPV of 98.7%, and NPV of 49.4%. The diagnostic effica-
cies of all five parameters on SGS have been summarised
in Table 3.

Scintigraphic parameters for determination
of the severity of Sjogren’s syndrome

Among the 44 patients with non-SS, 30 showed negative his-
tological results (grade =0); 105 of patients with SS showed
positive histological results (grade > 1). To evaluate the cor-
relation between the scintigraphic parameters and patho-
logical features of salivary glands, the 105 patients with SS
were further classified into three groups according to the
pathologic grading of the labial biopsy: 30 patients with
early-stage SS (grade 1-2), 39 patients with moderate-stage
SS (grade 3), and 36 patients with advanced-stage SS (stage
4). Time-radioactivity curves from the parotid gland and
the oral cavity for the three groups are shown in Fig. 4a, b.

Comparisons of scintigraphic parameters among the
three groups are presented in Fig. 5. Except the T}, value,
which increased significantly, all scintigraphic parameters
decreased significantly with the progression of SS stage.
Additionally, with regard to the parotids, MAR, MSR, PRI,
and POI were significantly lower and T, was significantly
higher in the early-stage SS group than in the advanced-stage
SS group. Furthermore, all scintigraphic parameters showed
significant differences between patients with moderate-stage
and advanced-stage SS.

Scintigraphic parameters of the three groups of patients
with SS were further compared with those of the 30 patients
with non-SS (with negative histological results), as summa-
rised in Table 4. Similar to the previous results, a decrease
in MAR, MSR, PRI and POI and an increase in T,,;, could
also be observed in the four groups with the disease stage
progression. Regarding each of the five parameters, sig-
nificant differences among the four groups were observed
via Kruskal-Wallis analysis. Specifically, all scintigraphic
parameters the non-SS group were significantly different
from those of either the moderate- or advanced-stage SS

Table 3 Diagnostic efficacy of

o : Parameters ~ ROC analysis Cut-off value  Sensitivity (%)  Specificity (%) PPV~ NPV
scintigraphic parameters for I
Sjogren’s syndrome in patients AUC p value
with xerostomia
MAR 0.7708  0.0001 62.5 73.6 68.2 86.4 484
MSR 0.8607  0.0001 47.5 63.6 97.7 98.7 494
Tin 0.8222  0.0001 4.3 72.7 65.9 854 488
PRI 0.9005  0.0001 32.8 78.5 86.4 856 594
POI 0.8399  0.0001 535 90.1 68.2 88.6 714

ROC receiver operating characteristics, AUC areas under the curve, PPV positive predictive value, NPV

negative predictive value, MAR maximum accumulation ratio, MSR maximum secretion ration,

Tmin

time

interval from stimulation to minimum count, PRI pre-stimulatory oral activity index, POI post-stimulatory
oral activity index

6800 =

5100+

counts
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Fig.4 a Time-radioactivity curves from the parotid gland for the
three groups of patients with early-stage (a), moderate-stage (b) and
advanced-stage (c) SS, respectively. b Time-radioactivity curves from
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Fig.5 Overall analysis of comparisons among all scintigraphic
parameters in patients with early-, moderate- and advanced-stage
SS. a Maximum accumulation ratio (MAR) decreased significantly
with the progression of SS stage. b Maximum secretion ratio (MSR)
decreased significantly with the progression of SS stage. ¢ Time

group. However, no significant differences with respect to
the glandular parameters MAR (70.8 +£3.9 vs. 67.0+3.3,
p=0.719), MSR (64.7+3.8 vs. 60.6+3.0, p=0.164),
and T, (3.1+£0.7 vs. 3.9+0.5, p=0.322) were observed
between the non-SS and early-stage SS group.

Discussion

SS is considered to be a chronic autoimmune disease charac-
terised by diffuse lymphoid cell infiltration into the salivary
and lacrimal glands, and xerostomia may occur as the most
common symptom in patients with SS [5]. However, it may
be difficult to distinguish the early stage of SS from normal
clinical findings. Planar SGS is a relatively easy and non-
invasive method used to explore the salivary gland function,
and attempts have been made to use it as a substitute for
labial salivary gland biopsy for the diagnosis of SS [17, 18].
In the past two decade, a wide variety of quantification meth-
ods were applied in SGS for the diagnosis of SS [19-21].
However, some scholars expressed concerns about the use
of SGS as the first-line tool in the patients with suspected
SS [17, 22], and there has been uncertainty as to which of
the scintigraphic parameters are most useful diagnostically
[23-25]. Therefore, the value of SGS in the diagnosis of

interval from stimulation to minimum count (7',;,) increased signifi-
cantly with the progression of SS stage. d Prestimulatory oral activity
index (PRI) decreased significantly with the progression of SS stage.
e Poststimulatory oral activity index (POI) decreased significantly
with the progression of SS stage (SS, Sjogren’s syndrome)

SS among patients with xerostomia remains controversial,
and very few quantitative SGS studies have been reported
to date.

In this retrospective study, we investigated the quanti-
tative parameters (MAR, MSR, PRI, POI) derived from
salivary glandular and oral radioactivity for assessing the
diagnostic efficacy of SGS in patients with xerostomia. The
results of our study indicated that all scintigraphic param-
eters except for 7,;, were significantly lower in patients with
SS than in those with non-SS, which are consistent with
the results from the previous studies [20, 26, 27]. However,
these previous studies compared patients with SS to healthy
control subjects, which does not fit with the target population
usually considered for the diagnosis of SS in the routine clin-
ical practice, and it cannot, therefore, be concluded whether
the discrepancies observed were related to xerostomia or
were specific to patients with SS. To address this shortcom-
ing, our work points out the key role of SGS in the group of
patients affected with xerostomia.

To identify the most useful scintigraphic parameter for
the diagnosis of SS among patients with xerostomia, we
determined the diagnostic efficacy of these parameters via
ROC analysis and subsequently established a threshold that
could assist the diagnosis of SS in patients with xerosto-
mia. As a matter of fact, very few of the previous studies
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Table 4 Overall analysis and comparisons among all quantitative scintigraphic parameters in patients with non-SS and patients with early-, mod-
erate-, and advanced-stage SS

Groups Case MAR (%) MSR (%) Timin (min) PRI (%) POI (%)
Normal 30 70.8+£3.9 } 64.7+3.8 } 3.1+0.7 J 52.5+7.6 64.1+6.6
Early-stage SS 30 67.0+£33  60.6£3.0m 39+05 33.7+10.0 45.1+£109
Moderate-stage SS 39 409+3.2 37.5+29 6.9+1.2 16.3+£6.1 20.9 +8.9
Advanced-stage SS 36 16.2+£2.9 19.5+2.5 87+1.0 102 +6.2 12.1+£5.5
Kruskal-Wallis test p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001

Data for each scintigraphy parameter are expressed as mean + standard deviation. Kruskal-Wallis test was used to compare all four groups, and
Mann-Whitney U test was used to compare any two of the four groups. No significant differences regarding glandular parameters (MAR, MSR
and 7,,;,) were found between the non-SS and early-stage SS group (ns). The p values for MAR, MSR, and T,;, were 0.719, 0.164, and 0.322,
respectively. Except this, significant differences could be observed when the parameters of each group were compared with the parameters of
every other group (p values were not shown)

MAR maximum accumulation ratio, MSR maximum secretion ration, 7, time interval from stimulation to minimum count, PR/ pre-stimulatory

oral activity index, POI post-stimulatory oral activity index

that we found in the literature used as many quantitative
parameters as we did and compared the diagnostic efficacy
of different parameters in patients with SS. Interestingly,
the oral activity index PRI showed the highest AUC value
(AUC=0.9005, p <0.0001) among all parameters, suggest-
ing that PRI may be a more useful SGS parameter than the
others. Patients with a PRI greater than 32.75, who were
assigned to the negative group, were associated with a sensi-
tivity of 78.5%, the specificity of 86.4%, PPV of 85.6%, and
NPV of 59.4% for the determination of SS among patients
with xerostomia. Regarding the remaining four scintigraphic
parameters, POI> 53.5 showed a higher sensitivity of 90.1%
(AUC=0.8399, p<0.0001) while MSR >47.5 showed a
higher specificity of 97.7% (AUC=0.8607, p <0.0001) than
that of PRI, which suggested that the three scintigraphic
parameters PRI, POI, and MSR play complementary roles in
the diagnosis of SS among patients with xerostomia.

To further evaluate the correlation between the scinti-
graphic parameters and pathological features of salivary
glands, the overall analysis of comparisons among all quan-
titative glandular and oral parameters was conducted in
patients with SS who showed positive histological results
(grade > 1). The results demonstrated that a decrease in
MAR, MSR, PRI, and POI and an increase in T, corre-

late significantly with the histopathologic grade of labial
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gland biopsy and disease severity of SS. Comparisons of
scintigraphic parameters and overall analysis revealed that
the three groups of patients (early-stage, moderate-stage,
and advanced-stage SS) could be clearly distinguished by
decreased MAR, MSR, PRI, and POI and increased T,,;,.
Moreover, when the patients with non-SS (patients who
showed negative histological results, grade =0) were ana-
lysed together with the three SS groups, the decreasing trend
in MAR, MSR, PRI, and POI and an increasing trend in 7,;,
could still be observed in the four groups with an increase
in the disease severity. However, no significant differences
regarding glandular parameters (MAR, MSR, and T;,)
were found between the non-SS group and the early-stage
SS group (grade 1-2), whereas the decrease in oral activity
indices (PRI and POI) was statistically significant when the
non-SS group was compared to the early-stage SS group.
This indicated that the decrease in glandular parameters may
be less helpful in the early diagnosis and evaluation of the
severity of glandular involvement, reduction of oral activity
may be more relevant to salivary gland function and plays
an important role in disease stage identification. Since the
oral activity mainly comes from the spontaneous secretion
of the salivary glands, we could speculate that decrease in
spontaneous secretion function of the salivary gland was
the main indication of SS in the early stage and that will
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allow the diagnosis of early form of SS when pathological
features of salivary gland are not already present. Therefore,
we extended our observation to include that the conventional
scintigraphic parameters, especially the oral activity indices
PRI and POI, which could be used as simple, reliable, and
sensitive indicators to determine the early diagnosis and dis-
tinguish the disease severity of SS. Overall, quantitative SGS
is a valuable tool in the diagnostic management of patients
with xerostomia. This method is straightforward and can
be implemented in any nuclear medicine department; it is
worth gaining experience in this underused nuclear medicine
technology. Future studies are necessary to harmonise the
rules for the preparation of patients and acquisition protocol
and to optimise quantification parameters and normal values.

A limitation of this study is that the time-activity curve
analysis from submandibular glands was not performed, due
to following considerations: The submandibular glands are
sometimes not well visualized and are easily affected by the
oral activity (especially after the Vitamin C stimulation).
This is because the unstimulated spontaneous secretion
mainly comes from the submandibular glands and less fre-
quently from the parotid glands [28]. As a result, the parotid
glands normally exhibit a higher 99mTc-pertechnetate
uptake than the submandibular glands do. In order for rep-
resenting the salivary gland function, it may be more reliable
and accurate to analyze the time-activity curves from parotid
glands than those from submandibular glands. However, we
noticed that the quantitative analysis from submandibular
glands are still performed in many other studies, adding of
analysis of parameters of the submandibular salivary gland
in our further investigations may be more meaningful and
insightful.

Conclusion

The straightforward quantitative analysis of SGS carried
out in this study could be used for early diagnosis, disease
severity determination, and therapy response monitoring in
patients with SS.
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