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Abstract

Objectives: The development of sialolithiasis is commonly related to local factors,
such as the retrograde migration of foods, bacteria, or foreign bodies from the oral
cavity. The association of sialolithiasis and saliva stasis resulting from decreased
spontaneous secretion remains largely unexplored. The current study investigated
the potential role of impaired spontaneous secretion in association with the forma-
tion of submandibular gland calculi.

Study Design: A retrospective cohort study.

Methods: Between September 2016 and December 2017, 11 patients with unilateral
submandibular gland sialolithiasis confirmed with sialendoscopy were assigned to the
experimental group. Another 35 patients clinically diagnosed with parotid obstructive
sialadenitis were assigned as the control group. The slope changes of the isotope count
curve of the unaffected submandibular gland in the experimental group and the bilat-
eral submandibular glands in the control group were calculated and compared to esti-
mate the spontaneous secretion differences. The degree of spontaneous secretion was
defined as the slope changes in the steady ascending stage of the scintigraphic exam.
Results: The slope decline (degree of spontaneous secretion) on the unaffected side in
patients with single-gland submandibular obstructive sialadenitis was significantly lower
than that in the control individuals (p = .002). In contrast, the between-group compari-
son in the unaffected parotid glands revealed no difference in the slope decline.
Conclusion: The spontaneous secretion of the submandibular gland in patients with
submandibular sialolithiasis was decreased compared to that in patients without sub-
mandibular sialolithiasis. This phenomenon might be associated with the develop-
ment of sialolithiasis.

Level of Evidence: 3.
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1 | INTRODUCTION

Sialolithiasis represents approximately 66% of the cause of obstruc-
tive sialadenitis,* and approximately 83% of sialoliths originate within
the submandibular glands.? Under normal circumstances, salivary
secretion is provoked by masticatory/gustatory stimuli and higher
brain structure stimuli.® The greater incidence of submandibular gland
stones was due to the higher alkaline and mucous content of secre-
tions and longer excretory ducts with antigravity flow than those of
parotid glands.4 Interestingly, unlike bile stasis, which is known to be
associated with the development of gallstones, no study has
attempted to reveal the possible relationship between the develop-
ment of sialolithiasis and decreased salivary gland secretion.’ Salivary
gland secretion plays an essential role in supporting upper gastrointes-
tinal tract function and maintaining oral well-being.® A little over 65%
of all resting saliva is derived from the submandibular glands; in con-
trast, parotid glands contribute up to 50% of stimulated secretion.® In
other words, the principal function of the parotid glands is digestive
function, whereas submandibular glands are chiefly responsible for
sustained lubrication and protection.” Some studies have revealed
that the unstimulated salivary flow rate for submandibular glands was
approximately three times higher than that for parotid glands.®’
Spontaneous secretion in submandibular glands has been observed in
salivary scintigraphy in different studies.’®*2 This phenomenon indi-
cates that the secretion of submandibular glands influences oral wet-
ness during the day without the stimulation of oral intake.

So far, several mechanisms associated with the development of
sialolithiasis have been studied. John D. Harrison'® proposed that the
initial sialomicrolith formation followed by an inflammatory reaction
and subsequent glandular fibrosis and atrophy may lead to decreased
secretion and possible retrograde microbial invasion with ensuing sia-
lolith. Schapher et al.* studied the components of salivary stones and
revealed that neutrophil extracellular traps (NETs) might play a pivotal
role in interconnecting the above mechanisms that lead to sialolith
formation. On the other hand, whether decreased spontaneous sub-
mandibular secretion constitutes one of the factors in the generation
of sialolithiasis remains largely uninvestigated. By comparing the
degree of submandibular gland spontaneous secretion under sialoscin-
tigraphy, the purpose of this study was to verify the potential role of
impaired spontaneous secretion in association with the formation of

submandibular gland calculi.

2 | MATERIALS AND METHODS

2.1 | Study population

This retrospective study was approved by the Institutional Review
Board of Taipei Medical University Hospital (TMU-JIRB N201706053).
Between September 2016 and December 2017, 46 patients with clini-
cal suspicions of obstructive sialadenitis who underwent salivary gland
scintigraphic examinations were enrolled from Taipei Medical Univer-

sity Hospital and Mackay Memorial Hospital, Taipei, Taiwan.

Eleven patients who received sialendoscopic surgery were
assigned as the experimental group in whom unilateral submandibular
sialolithiasis was verified. Another 35 patients clinically diagnosed
with uni- or bilateral parotid obstructive sialadenitis were assigned to
the control group, under the consideration that currently there is no
evidence of significant compensatory over-excretion in submandibular
glands in the situation of parotid dysfunction.'>¢ Informed consents
have been retrieved from all the above-included patients.

Patients with the following history were excluded: dry mouth,
autoimmune disease, operation in salivary gland, having received
external radiotherapy over the regions of head and neck, having
received radioactive iodine therapy, or regular intake of medications
that would influence salivary flow. A simplified schematic diagram of

the study is shown in Figure 1.

2.2 | Imaging acquisition and general
sialoscintigraphic data analysis

Sialoscintigraphy protocols were described in our previous study.1”-18
In brief, after fasting for more than 2 h before the exam, subjects
received intravenous injection of 259 MBqg (7 mCi) of 99mTc-
pertechnetate followed with sequential image acquirement every
30 s. 19-20 min after the injection, sialogauge (20 ml of lemon juice)
was administered orally.

As shown in Figure 2B, with equal-sized regions of interest, a
schematic presentation of the time-activity curves of the four salivary
glands was generated (Figure 2C). Five semi-quantitative parameters
were calculated as followed: (1) the uptake ratio (UR) was the quotient
calculated from the result for peak activity of the salivary gland
divided from the background activity. (2) Two parameters as maximum
accumulation (MA), and maximum excretion (ME), were calculated
using the equation (b — a)/b (%), and (b — c)/b (%), respectively. As
shown in Figure 2C, “a” is the activity in the first minute (assumed to
be vascular perfusion activity); “b” represents the peak activity, and
“c” denotes the value of the lowest activity after acid stimulation.
(3) Another two parameters as Tmax Which indicates the time required
for the corresponding gland to reach maximal activity, and T;,, which
was defined as the interval between the peak and the lowest activity
point after acid stimulation, were also documented.

The UR and MA parameters reflect the quantity of accumulation.
Tmax and Tin represent the estimation of the velocity of isotope accu-
mulation and excretion, respectively, and ME refers to the proportion

excreted.

2.3 | Analysis of spontaneous submandibular
gland secretion by slope comparison of the
sialoscintigraphic curve at the steady ascending
phase

The time-activity curves of the parotid glands tended to rise “steadily”

and reach a plateau before gustatory stimulation, whereas the
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FIGURE 1 Schematic diagram
of the study. Eleven patients with
unilateral submandibular gland
sialolithiasis confirmed with
sialendoscopy were assigned to
the experimental group. Another \
35 patients clinically diagnosed
with parotid obstructive
sialadenitis were assigned to the
control group. The slope changes
of the isotope count curve of the
unaffected submandibular gland
in the experimental group and the
bilateral submandibular glands in
the control group were calculated
and compared to estimate the
spontaneous secretion
differences.

Experimental
Group

FIGURE 2 (A) Sequential imaging of
sialoscintigraphy. (B) The regions of (A)
interest (ROIs) were positioned at the
salivary glands, to the left of the temporal
region of the skull, and at the v v "
hypopharynx (TA1: left parotid; TA2: right
parotid; TA3: left submandibular; TA4: S o o
right submandibular; TA5: temporal
region as the background of the parotid

unilateral submandibular gland sialolithiasis
n=11

parotid obstructive sialadenitis
n=35

Control
Group

Scintigraphic Comparisons for
Spontaneous secretions

P S
B e o v ¥

gland; TA6: hypopharynx as the v - -
background of the submandibular gland).
(C) Time-activity curves of one healthy o . o
adult volunteer were generated using six
ROls. Points a, b, and ¢ on the time-
activity curves represent the number of i 315
count impulses on the y-axis at the 1-min,
peak activity, and bottom activity points 26.5
of each curve, respectively. The three
values as the point a, b, and ¢ were used 8 215
in calculating the quantitative 2
scintigraphic parameters. i) 16.5
5
o 11.5
(@)
6.5
1.5

submandibular glands often showed a “downbending” pattern
during the period of isotope uptake, indicating spontaneous
secretion.” *? The temporal change in the slope of the rising curve
in sialoscintigraphy can be used to estimate unstimulated spontane-
ous secretion in submandibular glands, as the degree of downbend-
ing implies the degree of spontaneous secretion. Theoretically, if
there is no spontaneous secretion, the time-activity curves ascend
as a straight line during the steady ascending phase. Exact isotope

count numbers of ROIs of each salivary gland at the 2nd, 4th,

| TA3
TA1

| TA4

TA2
TA6
TAS

minutes

and 6th minute were retrieved using Siemens workstation software
to compare the time-activity curve slope changes at the steady
ascending phase. The slope difference of the counts of the
unaffected submandibular gland in the experimental group and that
of the bilateral submandibular glands in the control group were
calculated using the equation m = (b’ — a')/2 — (¢’ — b’)/2, where
a’, b’, and ¢’ represent the count numbers of the 2nd, 4th, and
6th minute of the corresponding scintigraphic time-activity curves
(Figure 3).
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2.4 | Statistical analysis

The demographic data are given as absolute numbers or presented
as the mean (SD). Comparisons of the mean values of the five semi-
guantitative parameters (UR, maximal accumulation, maximal excre-
tion, Tmax and Trin) and slope difference between the experimental
group and the control group were calculated using an independent
t-test. On the other hand, comparisons of the parameters mentioned
above and slope difference between the bilateral parotid glands
in the experimental group and values of the unaffected parotid
glands in the control group were also carried out. A normality test
for populations with a normal distribution was performed using the

» Rightsubm. gland

Counts/s
>

Left subm. gland

g A
6

Y
o
0

Background for subm. gland

T T T T T T T T T T T T

T
10 12 14 16 18 20 22 24 26 28 30 32 34
Minutes

T
0 2 4 6 8

FIGURE 3 Time-activity curves of bilateral submandibular glands
and their background value from one 55-year-old woman suffered
from left submandibular obstructive sialadenitis. The slope
difference from the unaffected side was calculated at the initial
steady ascending phase using the equation m = (b’ — a')/2 —

(c" — b')/2, where d', b, ¢’ represent the count numbers of the 2nd,
4th, and 6th minute of the corresponding scintigraphic time-activity
curves.

TABLE 1

Patient group

Kolmogorov-Smirnov test. The Levene test of homogeneity was
also examined before conducting an independent t-test. The
Mann-Whitney U test was used as a nonparametric analysis. Data
were analyzed with the Statistical Package for Social Sciences
(SPSS 23; IBM, Armonk, USA). In this study, a p-value of <.01 was
regarded as statistically significant to reduce the bias resulting

from a limited number of enrolled cases.

3 | RESULTS
3.1 | Patient demographics and general
sialoscintigraphic parameter comparison

There was no significant age or sex difference between the experi-
mental and control groups. No significant difference was found for
any of the five quantitative scintigraphic indicators between the
experimental and control groups (Table 1).

4 | SLOPE COMPARISON OF THE
SIALOSCINTIGRAPHIC CURVE AT THE
STEADY ASCENDING PHASE

By calculating the slope differences between 2-4 and 4-6 min in the
steady ascending stage of the scintigraphic exam as in Figure 3, the
slope decline (degree of downbending) in the experimental group
(unaffected side of submandibular glands in patients with single-gland
submandibular obstructive sialoadenitis) was significantly lower than
that in the control group (bilateral submandibular glands in patients
with uni- or bilateral parotid obstructive sialoadenitis) (p = .002)
(Table 2), suggesting decreased spontaneous secretion in the experi-

mental group patients.

Demographic variables and comparison of scintigraphic parameters

Single-gland submandibular

obstructive sialadenitis (n = 11)

Age (years) 43.9 (15.0)
Gender (M:F) 7:4
Salivary scintigraphic parameters

Unaffected side of
submandibular gland

Uptake ratio 2.59 (0.71)
Maximum accumulation 47.1(8.1)
Maximum excretion 46.2 (9.5)
Time at maximum count (T;ax) 18.70 (0.71)
Total excretion time (Tin)® 2.70(1.01)

Note: Values are means (standard deviation) for the quantitative variables.
Mann-Whitney U test is used to calculate the p value.

Uni- or bilateral parotid

obstructive sialadenitis (n = 35) p value
47.1(11.7) 471
10:25 .085?%
Bilateral submandibular glands

2.92 (1.00) 3772
51.1(12.9) 317
50.0(11.8) .301°
18.23 (1.91) 4012
3.16 (1.18) 1667

bTotal excretion time (Tin) defined as time interval from stimulation to minimum count.
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TABLE 2 Comparison of the slope difference at the steady ascending phase using sialoscintigraphic curves

Patient group

Single-gland submandibular obstructive
sialadenitis (n = 11)
Unaffected side of submandibular gland
Slope difference 0.11 (0.31)
Bilateral parotid glands

Slope difference 0.24 (0.31)

Note: Values are means (standard deviation) for the quantitative variables.
*Statistical significance (p < .05).

5 | DISCUSSION

In this study, we demonstrated that under sialoscintigraphic evalua-
tions, the spontaneous secretion of the contralateral submandibular
gland from patients with unilateral submandibular sialolithiasis was
decreased compared to our baseline individuals who have no obstruc-
tive submandibular diseases. The findings are compatible with the pre-
viously known neuro-exocrine etiology in the development of
sialolithiasis and reveal that this reduced salivary flow might occur in
some individuals without the influence of surgery (parasympathect-
omy) or medications. To the best of our knowledge, this is the first
study in which a decreased secretory function of a salivary gland by
nature was proposed as a predisposing factor in the development of
sialolithiasis.

Sialolithiasis is defined as a calcified stone(s) in the salivary duct
and/or glands. Submandibular gland sialolithiasis is the most common
(80%-90%), followed by parotid gland sialolithiasis (5%-15%). The
typical clinical presentation is salivary gland swelling after eating. As
the swelling persists, symptoms due to local inflammation, such as
pain and trismus, emerge. In severe cases, cellulitis and even abscess
formation occur, leading to salivary gland atrophy and/or fistula for-
mation if the sialolithiasis remains untreated. Management of sialo-
lithiasis begins with conservative measures, including medications and
glandular massage for symptom relief. In some cases, intraoral sialo-
lithotomy is performed when the stone is solitary and easily palpable
through the oral cavity. The advent of sialendoscopy has made a fun-
damental change in treatment modalities. Even anatomically difficult
salivary stones can probably be managed with a combined endoscopic
and transcutaneous approach, leaving the choice of complete excision
of the affected gland as a last resort.’

Many factors have been reported to contribute to the develop-
ment of sialolithiasis. Systemic factors, such as primary hyperparathy-
roidism, were reported to be associated with the development of
salivary gland stones.?%?! Nevertheless, it is commonly believed that
sialolithiasis most likely results from local factors, for instance, sec-
ondary to the stagnation of saliva in a setting of partial obstruction or
inflammation of the gland.* In addition, a postmortem investigation
disclosed the existence of “sialomicroliths” in all normal submandibu-
lar glands and in a minority of parotid glands, in which the microcalculi

may act as the nidus in the initiation of sialolith formation.*®

Uni- or bilateral parotid obstructive

sialadenitis (n = 35) p value
Bilateral submandibular glands

0.55(0.72) .002*
Unaffected side of parotid glands

0.36 (0.51) .352

More recently, researchers have proposed a possible “retrograde
theory” in the development of sialolithiasis, suggesting that a retro-
grade migration of foods, bacteria, or foreign bodies from the oral cav-
ity to the duct system may lead to stone formation.?? The study by
Teymoortash et al. is fascinating, as they found that oral bacterial
gene fragments can be detected in salivary calculi using polymerase
chain reactions. The identified oral bacteria predominantly belonged
to the Streptococcus species.?® In the study by Huoh et al., a total of
153 patients with sialolithiasis were enrolled, and the possible etiolog-
ical factors were retrospectively reviewed. They found that positive
smoking histories were present in 67 individuals (44%), and both the
current rate of smoking and the rate of a history of smoking were
higher in their cohort than in the general population.?* Last but not
the least, Schapher et al.2* in 2020 proposed a novel entity, the NETS,
as one of the mechanisms in the formation and growth of sialoliths
through confirming the deposition of neutrophil granulocyte extracel-
lular DNA around small crystals or other associated signs like bacterial
DNA which could be detected within the salivary stones. The NET
formation hallmarks an immune system-mediated response and is
regarded to fuel the process of sialolithogenesis.

Sialoliths are more frequently located in the submandibular gland
(84%) than in the parotid gland (13%).2° It has been proposed that the
submandibular gland is the most common site of sialolithiasis because
of its mucousy, alkaline nature combined with the presence of a tortu-
ous duct.2® In 1995, Ship et al.?” revealed the unstimulated salivary
flow, which also refers to the baseline saliva flow, for parotid and sub-
mandibular glands were 0.099-0.104 ml/min/gland and 0.110-
0.112 ml/min/gland, respectively. While the component of anatomical
and constitutional factors in the parotid seem to outweigh the lower
basal salivary flow in determining the formation of parotid sialolith, is
it possible that in these patients developing sialolithiasis, spontaneous
secretion of saliva is impaired, leading to decreased baseline saliva
flow and subsequently elevated risk of sialolithiasis development?

Information regarding the spontaneous secretion of salivary
glands dates back to the 1950s but has seldom been discussed in the
past two decades.'©"122827 Additionally, the patterns of secretion or
the underlying mechanism remain unclear. In 1995, Malpani et al.°
studied 14 subjects and identified unstimulated submandibular secre-
tion in 12 individuals. Different patterns of salivary scintigraphic curve

decline before gustatory stimulation were observed. In addition, they
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also noticed that spontaneous secretion was more frequent in one
submandibular gland than in the contralateral gland in two subjects. In
Aung's study, when the researcher observed the time-activity curves
of sialoscintigraphy, they also found that the parotid gland curves
showed monotonic uptake until stimulation (limited spontaneous
secretion), and the submandibular curves showed spontaneous
secretion.*? This phenomenon also reflects the fact that in the unsti-
mulated state, the contribution to all mouth saliva volume is approxi-
mately 60% from the submandibular glands and 25% from the parotid
glands, and upon stimulation, the parotid glands account for at least
50% of all saliva volume, suggesting that the submandibular gland is
responsible for the baseline saliva output under no stimulation in
which a spontaneous secretion mechanism plays an important role.%°
While the phenomenon of spontaneous secretion and higher inci-
dence of developing sialolithiasis coexist in submandibular glands, the
decreased spontaneous secretion shown through sialoscintrigraphy in
our study might be one of the contributing factors in the development
of submandibular stones.

Readers may wonder whether the impaired spontaneous secre-
tion on the contrary side of submandibular glands can be used to

h3? revealed that the sali-

explain the affected side. Previous researc|
vary flow rates vary widely between subjects, but each individual's
flow rate remains relatively constant. Besides, one study?’ enrolled
17 normal subjects receiving sialoscintigraphy found that the time-
activity curves of right and left glands were generally symmetric, both
in amplitude and time of maximum uptake. Thus a relatively parallel
bilateral salivary flow within each individual may be assumed. How-

ever, Malpani et al.l°

in 1995 disclosed that continuous, discrete, or
mixed types of spontaneous secretion exist in submandibular glands
in different individuals, and more times of unstimulated secretion in
one side of submandibular gland than the other were identified in two
out of 14 total subjects. Still, little is known about the intra-individual
differences in submandibular spontaneous secretion, and further
investigations are warranted.

After successful sialolith retrieval through gland-preserving man-
agements, studies®>33 have shown the possibility for the affected
glands to return to normal function, although some chronically
impacted submandibular glands may only restore excretory capability
partially.3* The incidence of sialolithiasis recurrence in the diseased
gland after gland-sparing lithotripsy remains unclear, ranging from
1.9% to 8.9% in previous reports.>>~3” Whether decreased spontane-
ous secretion may predispose these suboptimally functioning subman-
dibular glands at risk of recurrent stones or infection still needs to be
investigated along with other possible factors on a larger scale, and to
determine whether gland-sparing management is less likely to succeed
in specific patient populations.®®

One study®® showing that sialodochoplasty and transoral sialo-
lithectomy for submandibular sialolithiasis did not affect the rate of
symptom or stone recurrence also supports our finding that the prob-
lem leading to recurrence is not related to the downstream resistance
of the salivary ductal system. It should be noted that in our study that
despite a reduced salivary secretion, no sialolith was present on the

contrary side. It might be that all bilateral obstructive disease patients

were excluded from the study and the computed tomography failed
to detect the asymptomatic micro-sized stones. However, it can also
reflect the fact that bilateral submandibular sialolithiasis is not com-
mon and often regarded as being predisposed by systemic factors or
medications.®? In this case, the reduced salivary secretion might only
serve as a predisposing component in the future development of sia-
lolithiasis of the contralateral unaffected submandibular gland.

As the spontaneous secretion function of the submandibular
gland declines, the importance of gland massage is primarily
addressed. Traditionally, salivary gland massage can be applied under
various conditions, including sialoadenitis and sialolithiasis.*® Gland
massage also effectively prevents salivary gland dysfunction during
high-dose radioactive iodine therapy for thyroid cancer.** Contents in
the salivary gland are shown to be effectively “emptied” by the mas-
sage maneuver.*? Little has been addressed regarding applying gland
massage in preventing the development of sialolithiasis. It is possible
that applying gland massage in these patients might compensate for
the decreased spontaneous secretion and lead to a decreased recur-
rence rate. The maneuver can also be considered to be applied to the
contralateral submandibular gland even without the presence of dis-
ease, as spontaneous secretion is also decreased. Moreover, in
patients whose spontaneous secretion of the submandibular gland is
suspected to be impaired, beverages containing caffeine or drugs,
such as alpha-receptor antagonists, amphetamines, anticholinergics,
antidepressants, antihistamines, antihypertensives, and antipsychotics,
such as phenothiazines, should be avoided unless necessary, as these
patients might be more vulnerable to these pharmacological effects.*®

There are several limitations to this study. First, the case number
in this study is relatively limited and might contribute to particular bias
in the results. Second, the study is based on sialoscintigraphy findings,
and it needs to be correlated with the actual saliva production of the
gland. Third, although none of the enrolled patients in this study were
taking medication that would influence salivary flow, the amount of
coffee consumed in these patients could not be accurately addressed
and, thus, might have contributed to a particular bias. However, we
believe it would have a limited impact on the scintigraphic results.
These patients were instructed to avoid caffeine intake at their initial
visit, allowing at least a 1-week period without possible influences
before sialoscintigraphic examinations.

The gland function compensation by uninvolved gland should also
be addressed. It is reported that in cases with unilateral parotid gland
agenesis,** most of these subjects presented with a painless swelling
of the contralateral parotid gland or facial asymmetry without other
significant clinical symptoms comprehended as compensatory func-

tional hypertrophy. However, Chung et al.*®

reported cases with the
absence of the submandibular gland and the enlargement of the ipsi-
lateral sublingual gland, and the authors stated that aplasia or atrophy
of the submandibular gland is thought to cause hypertrophy of other
glands, but the compensation of function by the glands has not been
shown. Also, Li et al.1® reported that no overcompensation effect was
measured in the opposite uninvolved parotid gland in head and neck
cancer patients who were irradiated with the affected side parotid

gland more functionally impaired. Based on these findings, we believe
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the phenomenon of the contralateral uninvolved salivary gland com-
pensating for the compromised function of the involved gland remains
limited and would not have influenced the findings in our study.

Further studies are needed, as this preliminary scintigraphic
study only indicates that the unaffected contralateral gland shows
decreased spontaneous secretion in patients with unilateral sub-
mandibular gland sialolithiasis. Suppose the findings of decreased
spontaneous secretion are associated with the development of sub-
mandibular gland sialolithiasis. In that case, the detailed mechanism
should be further explored, as a decrease in saliva secretion might
contribute to a decreased secretory neurotransmitting signal and
impaired glandular secretory function. Additionally, the significance of
this phenomenon needs to be further explored, as the formation of
sialolithiasis appears to be multifactorial. The decreased spontaneous
secretion must have worked with other predisposing factors together
in the pathogenesis of sialolithiasis.

Based on these preliminary data, we recommend that physicians
pay more attention to the sialoscintigraphy curve pattern in patients
with obstructive submandibular sialoadenitis to evaluate the
spontaneous secretion ability in these patients. The presence of
decreased spontaneous secretion might provide helpful information
in encouraging patients to perform gland massage more extensively,
determining the need for close or regular follow-up, or in some
extreme cases, deciding whether the submandibular gland should be
preserved.

6 | CONCLUSION

Under sialoscintigraphic evaluations, the spontaneous secretion of the
submandibular gland from patients with submandibular sialolithiasis is
decreased compared to those without it, which might be associated

with the development of sialolithiasis in the submandibular gland.
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