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Objective: Uptake of 99mTc-pertechnetate in salivary glands
reflects intact salivary gland parenchyma. However, no stan-
dardized protocol for an accurate quantification of parenchy-
mal function has been established so far.
Methods: In this paper we report on a validated acquisition
protocol supplying a normal database for standardized quan-
titative salivary gland scintigraphy.
Results: The major advantage of salivary gland scintigraphy,
as compared to other imaging modalities, is that both paren-
chymal function and excretion fraction of all four major
salivary glands (i.e., parotid and submandibular glands) can
be simultaneously quantified with a single intravenous injec-
tion.
Conclusion: Quantitative salivary gland scintigraphy is dem-
onstrated to be a suitable imaging modality for research
applications in evaluating the effects of radioprotective drugs
on salivary glands. Salivary gland scintigraphy is easy to
perform, reproducible and well-tolerated by the patient.
Key Words: salivary gland scintigraphy; Sjögren’s syn-
drome; sialolithiasis; xerostomia; normal database; research
of radioprotection; amifostine
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Several modalities are known for salivary gland imaging, such
as sonography, sialography, scintigraphy, CT and MRI. The
advantages and disadvantages of these different imaging modali-
ties are listed in detail in Table 1. CT and MRI are well-
established in oncological settings because of their high geomet-
ric resolution and their well-known differentiation of soft tissue
from osseous structures. Sonography allows a noninvasive,
reproducible evaluation of the salivary gland’s morphology
with high-detail resolution and easy detection of sialolithiasis.
Sialography is well-established in the diagnosis of functional
obstruction, but cannulization of all four salivary gland ducts is
difficult to perform and often painful for the patients. Neither
sonography nor sialography allow quantification of the salivary
gland’s function and obstruction. This quantification is in

principle feasible by measuring the saliva drainage, the so-
called sialometry. However, the cannulization of all salivary
gland ducts is mandatory as well and, therefore, sialometry has
not become a widespread clinical routine.

Salivary gland scintigraphy using99mTc-pertechnetate is
based both on its 1-fold negative charge and its similar diameter
to chloride yielding corresponding physico-chemical character-
istics. Uptake of99mTc-pertechnetate in salivary glands reflects
intact salivary gland parenchyma. The major advantage of
salivary gland scintigraphy, as compared to other imaging
modalities, is that both parenchymal function and excretion
function of all salivary glands can be quantified simultaneously
with a single intravenous injection. Moreover, salivary gland
scintigraphy is easy to perform, reproducible and well-tolerated
by the patient.

The clinical impact of salivary gland scintigraphy has been
reported in several clinical settings, such as Sjo¨gren’s syndrome
(1–9), after multiple high-dose radioiodine treatments (10–12),
after external irradiation (13), and assessment of salivary duct
obstruction (14–19). Since salivary gland scintigraphy, per-
formed in a qualitative manner, does not confirm minor
parenchymal damage, several methods of quantifying parenchy-
mal function have been reported (8,19–29). However, none of
these methods has been established so far. Some authors
(30–31) have suggested the quantification of99mTc-pertechne-
tate uptake in salivary glands as a parameter for parenchymal
function (11–12,15–16,32–38). References for the parenchymal
function and saliva excretion in healthy individuals ranged up
to 300%, which was mainly due to different accumulation times
from 3 min up to 1 h postinjection, a small number of patients,
as well as a lack of selection criteria for the healthy individuals
studied.

Quantitative salivary gland scintigraphy recently has been
standardized (39–43). In this paper we report both on a
validated acquisition protocol and a normal database for
standardized quantitative salivary gland scintigraphy. The diag-
nostic impact of quantitative salivary gland scintigraphy is
reviewed in several clinical settings, such as ongoing Sjo¨gren’s
syndrome, sialolithiasis with or without parenchymal damage,
and parenchymal impairment after radioiodine treatment. More-
over, quantitative salivary gland scintigraphy has been demon-
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strated to be a suitable imaging modality for research applica-
tions in evaluating the effects of radioprotective drugs on
salivary glands.

METHOD OF SALIVARY GLAND SCINTIGRAPHY

The patient is positioned supine, as shown in Figure 1. After
intravenous injection of 40–150 MBq99mTc-pertechnetate,
sequential images of 1 min each are acquired up to 25 min on a
large field-of-view gamma camera equipped with a low-energy,
high-resolution, parallel-hole collimator. Images are stored in a
1283 128 matrix. Fifteen minutes postinjection 3 mL of lemon
juice are administered intraorally as sialogogum. The patient is
told to distribute the lemon juice around his mouth and then
swallow it to achieve maximum stimulus on salivary gland
excretion (39–40,42–46). The effective equivalent radiation
dose to the patient is between 0.4–1.6 mSv according to ICRP
53 (47).

Regions of interest (ROIs) used for quantification include
one rectangular background ROI located over the brain and four
oval ROIs positioned over both parotid and submandibular
glands (38–40,42–43,48). ROIs are depicted in Figure 2.

FIGURE 2. Quantitative salivary gland scintigraphy of a healthy
individual before applying lemon juice at 12–14 min postinjection,
after applying lemon juice at 18–20 min postinjection with a paramet-
ric difference image visualizing drained saliva. ROIs used for quantifi-
cation are depicted on the left scintigram. Numbers on the left image
represent uptake of 99mTc-pertechnetate in percentage of the activity
in the submandibular and parotid glands, respectively. Numbers on
the right figure represent the excretion fraction of the submandibular
and parotid glands, respectively. Time-activity curves of the right
(open symbols) and left (filled symbols) parotid gland (circles) and
submandibular gland (squares) are demonstrated in the lower row.

TABLE 1
Advantages and Disadvantages of Salivary Gland

Imaging Modalities

Imaging
modality Advantages Disadvantages

Sonography Noninvasive
Easy detection of

sialolithiasis
No radiation burden
Reproducible
High-detail resolution

No quantification of
function

No quantification of
obstruction

Sialography Easy detection of
sialolithiasis

No quantification of
function

No quantification of
obstruction

Difficult to perform
Often painful
Cannulization of all

salivary ducts
obligatory

Sialoscintigraphy Quantification of
function

Quantification of
obstruction

Reproducible
Well-tolerated
Easy to perform

No morphological
presentation

Radiation burden

Computer tomog-
raphy

Widespread clinical
routine

High geometric
resolution

Differentiation of soft
tissue versus
osseous structures

No quantification of
function

Radiation burden

Magnetic resonance
imaging

High geometric
resolution

Differentiation of soft
tissue versus
osseous structures

No radiation burden

No widespread
clinical routine

No quantification of
function

Expensive

FIGURE 1. Patient’s supine position for salivary gland scintigraphy
with a slightly reclined head under a large field-of-view gamma
camera.
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Uptake of99mTc-pertechnetate was calculated in percentage of
the activity injected according to Equation 1:

Uptake [%]5
count of gland · calibration factor

activity injected
· 100. Eq. 1

Uptake of99mTc-pertechnetate was averaged from 12–14 min
postinjection (U12–14), and from 18–20 min postinjection
(U18–20) to reduce noise. Parenchymal function then is re-
flected by U12–14 and excretion fraction was calculated analo-
gous to the ejection fraction of the heart according to Equa-
tion 2:

EF [%] 5
U12–142 U18–20

U12–14
· 100. Eq. 2

NORMAL DATABASE

In this study 723 women and 329 men, aged 18–84 y, had
salivary gland scintigraphy before routine thyroid gland scintig-
raphy. All patients in whom an impairment of salivary gland
function was expected were excluded from the study. Impair-
ments included anamnesis of xerostomia, sialolithiasis, external
irradiation of the head and neck region, radioiodine treatment,
salivary gland tumors, acute or chronic inflammation of the
salivary glands, rheumatic disorders, treatment with perchlor-
ate, neuroleptica or antidepressive treatment with anticholiner-
gic side effects, or sonographical or radiological signs of
obstruction or parenchymal damage (39,42–43).

Finally 312 patients were included in the normal database
consisting of 216 women and 96 men with a mean age
of 57.4 y and ranging from 18–84 y. The uptake of99mTc-
pertechnetate was independent of gender and age, and was not
side-related. Measurements of left and right salivary glands
were summarized. The mean and standard deviation of
99mTc-pertechnetate uptake and excretion fraction are listed
in detail in Table 2. The lower limit of99mTc-pertechnetate
uptake as a parameter for normal parenchymal function was
0.17% and 0.15% for parotid glands and submandibular glands,
respectively. The lower limit of excretion fraction was 28.3%
and 20.7% for parotid glands and submandibular glands,
respectively (Fig. 2).

INDICATIONS

Obstruction With or Without Parenchymal Damage

An established indication for salivary gland scintigraphy is
for the diagnosis of a functional obstruction in the case of
sialolithiasis. (4,6,14–18,28). If an additional quantitative mea-
surement is performed, the amount of parenchymal impairment
can be evaluated sufficiently. These results may help the
clinician make therapeutic decisions for the individual patient:

In case of normal parenchymal function, marsupiliation and
removal of the sialolith is performed (Fig. 3).

In case of long-lasting obstruction with subsequent severe
parenchymal damage, a resection of the salivary gland is
usually preferred (Fig. 4).

Diagnosis of Sjögren’s Syndrome

Sjögren’s syndrome is a chronic progressive autoimmune
disease with lymphocytic infiltration of various exocrine glands.
At least two of the following three criteria are required to
establish final diagnosis of Sjo¨gren’s syndrome: (a) ceratocon-
junctivitis sicca; (b) a connective tissue disease; or (c) xerosto-
mia (6,34). For the proof of ophthalmic (9) and rheumatic
(49–50) findings, clear criteria have been established whereas
quantitative assessment of xerostomia remains difficult.

The additional value of quantitative salivary gland scintigra-
phy in diagnosing ongoing Sjo¨gren’s syndrome was reported
recently (40). Thirteen patients suspected for Sjo¨gren’s syn-
drome had standardized, quantitative salivary gland scintigra-

TABLE 2
Reference Values for Technetium-99m-

Pertechnetate Uptake and Excretion Fraction
of Parotid and Submandibular Glands

Parotid
glands

Submandibular
glands

Uptake,* x 6 s 0.45 6 0.14 0.39 6 0.12
Uptake, lower limit 0.17 0.15
Excretion fraction,† x 6 s 49.5 6 10.6 39.1 6 9.2
Excretion fraction, lower limit 28.3 20.7

*Uptake in percentage of injected activity.
†Excretion fraction in percentage of uptake.

FIGURE 3. Sialolithiasis with functional obstruction of the right
parotid gland without any parenchymal impairment. Symbols and
numbers are as described in Figure 2. Note the negative number of
the excretion fraction of the right parotid gland.
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phy. Four of the 13 patients showed a slight but statistically
significant impairment of parenchymal function. Thus, in these
patients quantitative salivary gland scintigraphy led to the
finding of one of the criteria, which helped to establish final
diagnosis of Sjo¨gren’s syndrome in these patients (Fig. 5).

Parenchymal Damage After Radioiodine Treatment

Salivary gland impairment after multiple high-dose radioio-
dine treatment is a well-known long-term side effect for patients
with differentiated thyroid cancer (10–12). However, a statisti-
cally significant parenchymal impairment was reported after
even low-dose radioiodine therapy. The mean reduction of
parenchymal function in salivary glands increased from 15%
after the administration of as little as 0.4–0.6 GBq131I through

30% after the application of 1.4–1.5 GBq131I up to 90% after 24
GBq 131I were administered cumulatively (43). Clinical symp-
toms of xerostomia were recognized at a reduction of parenchy-
mal function of as little as 30% (42). Thus, salivary gland
scintigraphy allows quantitative evaluation of parenchymal
impairment of salivary glands in patients treated with high-dose
radioiodine for differentiated thyroid cancer, and these changes
are in accordance with clinical symptoms, such as xerostomia
as a well-known, long-term side effect.

Research Applications

Protection of salivary gland function has been the focus of
ongoing research in patients with head and neck cancer in the
last few years. Amifostine, an organic thiophosphate, is the first
in about 20 y of a new class of drugs known as cytoprotective
agents. Preclinical studies demonstrated both short- and long-
term radiation protection by amifostine against radiation-
induced damage (51–58) since amifostine is markedly accumu-
lated in salivary glands. These promising results were evaluated
both in animal experiments and in a prospective patient study.

A total of 15 male New Zealand White rabbits received 2
GBq 131I intravenously to ablate the thyroid and to significantly
impair the parenchymal function of the salivary glands. Rabbits
were divided into two groups: 10 rabbits received 200 mg/kg
amifostine (Ethyolt, Essex, Mu¨nchen, Germany) intravenously
and 5 rabbits served as controls receiving physiological saline
solution before high-dose radioiodine treatment. Salivary gland
parenchymal function was quantified using standardized quanti-
tative salivary gland scintigraphy before and at 4-wk intervals
up to 24 wk after the application of131I, as described in detail
previously (42–43,48,59).

FIGURE 5. Quantitative salivary gland scintigraphy of a healthy
control, of patients with beginning and severe Sjögren’s syndrome.
Numbers on scintigrams represent 99mTc-pertechnetate uptake in
percentage of the activity in submandibular and parotid glands,
respectively. Note the parenchymal impairment of all salivary glands
in beginning and advanced Sjögren’s syndrome.

FIGURE 6. Salivary gland scintigraphy of an untreated rabbit
(upper row) and of a rabbit treated with 200 mg/kg amifostine (lower
row) before and 6 mo after application of 2 GBq 131I. Numbers
represent uptake of 99mTc-pertechnetate in percentage of the activity
in the submandibular, parotid and thyroid glands, respectively. Note
complete ablation of the thyroid gland in both rabbits while marked
parenchymal impairment of submandibular and parotid glands is
detected in the untreated rabbit only.

FIGURE 4. Sialolithiasis with functional obstruction of the right
parotid gland with subsequent parenchymal destruction. Symbols
and numbers are as described in Figure 2. Note missing parenchy-
mal function of the right parotid gland.
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Before high-dose radioiodine treatment, thyroid uptake was
0.419 in control and amifostine-treated rabbits. Four weeks
after high-dose radioiodine treatment, complete ablation of the
thyroid gland was achieved in both groups (Fig. 6). This is an
inevitable prerequisite for the application of amifostine in
differentiated thyroid cancer since both normal and malignant

transformed thyroid tissues must be destroyed sufficiently by
radioiodine. Before high-dose radioiodine treatment, uptake of
99mTc-pertechnetate in 5 control rabbits versus 10 amifostine-
treated rabbits was neither significantly different in the parotid
glands nor in the submandibular glands. In control rabbits, 12
wk after high-dose radioiodine treatment parenchymal function
was reduced significantly (P , 0.0001) by 52% and 30%, and
24 wk after high-dose radioiodine treatment by 75% and 54% in
the parotid and submandibular glands, respectively (Fig. 6). In
contrast, in amifostine-treated rabbits 12 wk after high-dose
radioiodine treatment parenchymal function was reduced by
7% and 5% (P . 0.05), and 24 wk after high-dose radioiodine
treatment by 11% and 7% (P , 0.01) in the parotid and
submandibular glands, respectively (Fig. 6). Histopathologi-
cally, marked lipomatosis was observed in control animals but
was negligible in amifostine-treated animals.

Moreover, quantitative salivary gland scintigraphy was per-
formed prospectively in 42 patients with differentiated thyroid
cancer before and 3 mo after high-dose radioiodine treatment
with 6 GBq 131I in a double-blind, placebo-controlled study.
Twenty-two patients were treated with 500 mg/m2 amifostine
intravenously before high-dose radioiodine treatment, and 20
patients served as controls. Parenchymal function was evalu-
ated quantitatively as uptake of99mTc-pertechnetate in percent
of the activity injected. Xerostomia was graded according to
WHO criteria. In 20 control patients high-dose radioiodine treat-
ment significantly impaired (P , 0.001) parenchymal function
by 35% and 38% in parotid and submandibular glands, respec-
tively (Fig. 7). Eight of the 20 patients developed Grade I (WHO)
xerostomia. In contrast, there was no significant decrease (P 5

0.981) in parenchymal function in amifostine-protected patients
(Fig. 7), and xerostomia did not occur in any of them.

FIGURE 7. Salivary gland scintigraphy of an untreated patient
(upper row) and of a patient treated with 500 mg/m2 amifostine (lower
row) before and 3 mo after administration of 6 GBq 131I. Numbers
represent uptake of 99mTc-pertechnetate in percentage of the activity
in the submandibular, parotid and thyroid glands, respectively. Note
complete ablation of the thyroid gland in both patients while marked
parenchymal impairment of submandibular and parotid glands is
detected in the control patient only.

FIGURE 8. Sequential quantitative salivary
gland scintigraphy started directly after the oral
application of 400 MBq 131I. Note the beginning
accumulation of radioiodine in the salivary glands
from as early as 25 min after oral application
with increasing uptake over time.
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CONCLUSION

Parenchymal damage in salivary glands induced by high-
dose treatment was demonstrated to be significantly reduced by
amifostine both in a rabbit animal model as well as in a patient
study. Salivary gland scintigraphy is helpful in quantifying
research of radioprotective drugs evaluating cytoprotective
effects.

In addition, quantitative salivary gland scintigraphy may help
to determine the optimal application time for radioprotective
drugs. As shown in Figure 8, salivary glands begin to accumu-
late radioiodine as early as 25 min after oral application of131I.
Thus, application of radioprotective drugs can be exactly
correlated to radioiodine uptake to minimize parenchymal
damage.
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