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Abstract

Objective: It was aimed to analyze the biometric changes in ipsilateral submandibular glands of patients with unilateral chorda
tympani (ChT) section during otological operations, compared with change in size of the contralateral glands and with those of
healthy subjects. Methods: 29 patients with unilateral complete ChT section and 29 healthy subjects with identical ages, genders, and
weights to the patient group were examined ultrasonographically. The patients having a mean duration to follow-up examination of
32 months (2—84 months) were subdivided into two groups by their time to follow-up as short-term patient group (2—12 months, 14
patients) and long-term patient group (13-84 months, 15 patients). The ultrasonographic dimensions and volumes of
submandibular glands were compared statistically between the groups. Results: In the patient group, the glands on the
contralateral, non-operated side were found to be greater than the ipsilateral, denervated glands in terms of both paramandibular
depth dimension (P < 0.05) and volume (P < 0.01). The differences could be determined only in long-term patient group. When
comparing the submandibular glands of the patient group with those of the control group, it was found that paramandibular depth
dimension and volume of the submandibular glands on the contralateral, non-operated side were statistically greater (P <0.01).
There was no difference between submandibular glands on the operated side of the patient group and those of the control group
(P >0.05). Conclusion: The late (13—84 months) biometric results of ChT damage on submandibular gland were significant for
increase in the size of the contralateral, non-denervated submandibular gland. An atrophying effect was not ascertained in the
submandibular glands denervated parasympathetically due to the section of the ChT.
© 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction various disease processes affecting the middle ear [2] or

iatrogenically during otological surgical procedures [3].

The chorda tympani (ChT) is a mixed nerve transmit-
ting afferent sensory and efferent secretory impulses.
The latter component contains the preganglionic para-
sympathetic axons that innervate the sublingual and
submandibular glands [1]. The ChT is vulnerable to
injury as it arises from the vertical portion of the facial
nerve and travels exposed through the middle ear.
Therefore, it may become compromised secondary to
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The effect of ChT damage on the submandibular
gland function has been a subject of many animal model
and human studies, each demonstrating decreased
secretion due to lack of parasympathetic efferent
stimulation [4,5]. These findings have led to trials of
therapeutic ChT section in an attempt to treat excessive
salivation in patients with central nervous system
trauma and in children with cerebral paresis [3]. The
atrophying effect of ChT damage on the submandibular
gland has also been studied in experimental studies using
animal models [6,7]. To the best of our knowledge,
however, the submandibular gland’s biometric changes
have never been studied in humans after ChT section.
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B-mode ultrasonography is an accepted diagnostic
tool for the evaluation of head and neck masses. It may
also be used to measure the biometric dimensions of the
neck organs, including the salivary glands [8]. In spite of
many studies reporting the findings of B-mode ultra-
sonography in benign and malignant salivary glands,
few authors [9] are interested in assessing salivary gland
size in normal, healthy subjects.

The objective of this study was to analyze the
biometric changes occurring in the ipsilateral subman-
dibular glands of patients with unilateral ChT section
during otological operations, compared with the change
in size of the contralateral glands and with those of
healthy subjects.

2. Materials and methods

An analysis of 29 patients with unilateral complete
ChT section was performed for this study. 29 healthy
subjects were recruited as a control group with identical
ages, genders, and weights to the patient group.

The groups consisted of 21 women and eight men with
a mean age of 31 years (12—60 years) and a mean weight
of 63.3 kg (35-83 kg) in both groups. All subjects were
free of diseases that could alter the size of the salivary
glands (e.g. autoimmune diseases, tumors, status post
radiation, and any consumptive disease).

All ChT sections were intraoperative, either iatrogenic
or as necessary sequelae of extensive middle ear surgery.
The patients had undergone unilateral canal wall-down
timpanoplasty (18 cases), radical mastoidectomy (10
cases), and stapedectomy (one case). The primary
pathology of 28 of the patients was extensive middle
ear and mastoid cholesteatomas. The single stapedecto-
mized patient was diagnosed with otosclerosis. 14 right
ears and 15 left ears were operated on. The patients
having a mean duration to follow-up examination of 32
months (2—84 months) were subdivided into two groups
by their time to follow-up as short-term patient group
(2—12 months, 14 patients) and long-term patient group
(13—84 months, 15 patients). All patients were ques-
tioned about any complaint of mouth dryness.

In each subject, submandibular gland size was in-
vestigated by ultrasonographic examination, using the
same paramandibular and frontal scanning method as
Dost [8,9]. The glands were scanned at an angle that
enabled maximum possible visualization of the glandu-
lar tissue. The anterior—posterior length, the frontal—
lateral-medial width, and the paramandibular depth
were measured in millimeters (mm) (Fig. 1). The soft-
ware of the ultrasonic devices used in this study (HDI
5000 and 3500 Diagnostic Ultrasound System; ATL,
Bothell, WA) included a feature to calculate the volume
in milliliters (ml) based on the measured dimensions.

13 Jul 01 TIs0.2 MI0.9
3:38:25am  Fr#79 49cm

?l:ﬂl T.OZAL TIP MRK. RAD. ABD L12-5 38 SmPrt/Thyr

Mapé6
130dB/C6

3.19cm
1.25cm
2.88cm

Fig. 1. Ultrasonographic image of a submandibular gland in both
planes: (+) paramandibular anterior—posterior length; ( x ) paraman-
dibular depth; (*) frontal lateral-medial width.

The statistical comparisons of submandibular gland
dimensions and volumes were done between the ipsilat-
eral, sectioned side, and contralateral, unaffected side
within the patient group as well as among the short-term
and the long-term patient group. The submandibular
glands of the control group were initially compared
against their contralateral partners and against those of
the patient group. The normal distribution of the groups
was analyzed by Kolmogorov—Smirnov test; the equal-
ity of variances in compared groups was analyzed by
Levene test. For the statistical analysis of results, a two-
tailed, unpaired Student’s ¢-test with equal variance was
performed using the spss 6.0 statistical software package.

3. Results

None of the patients complained of mouth dryness
during the postoperative period. Table 1 exhibits the
ultrasonographic biometric results of the study.

In the control group, the left and right submandibular
glands showed no difference in biometric measurement
(P > 0.05). However, in the patient group, the glands on
the contralateral, non-operated side were found to be
greater than the ipsilateral, denervated glands in terms
of both paramandibular depth dimension (P <0.05)
and volume (P < 0.01). In the short-term patient group,
the biometry of the submandibular glands was not
statistically different (P > 0.05), whereas the long-term
patient group exhibited a significant difference in
paramandibular depth dimension (P <0.05) and vo-
lume (P <0.05).

When comparing the submandibular glands of the
patient group with those of the control group, it was
found that the paramandibular depth dimension and
volume of the submandibular glands on the contra-
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Ultrasonographic biometric results of all patients and control subjects

Groups Side n a.p. p.d

Patient group operated side 29 31,94+417 12,08+2,95

28,60 +4,30 5,87 2,02

All contralateral side 29 33,83+3,41 13,84+2,89

31,03+556 7,68+243

Patient group operated side 14 33,12+4,47 13,58+2,55

28,05+4,12 6,76 +£2,00

short-term contralateral side 14 34,51 +£3,61 14,94 +234

31,11+£567 8,42+2,29

Patient group operated side 15 30,85+3,69 10,67 +£2,65

29,11 +4,55 5,04 £1,69

long-term contralateral side 15 33,20+ 3,21 12,83 £ 3,06

30,95+566 7,00+243

right side 29 3241+3,92 1269+1,59
Control group

26,61+4,37 580+1,58

left side 29 32,07+367 12,09+1,66

28,32+3,79 5,78+ 1,42

(n=number of the subjects, a.p.= paramandibular anterior-posterior length

, p-d.=paramandibular depth,
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f.=frontal lateral-medial width, V=volume. [a.p., p.d., f. in mm; V in mL])

lateral, non-operated side were statistically greater (P <
0.01). There was no difference between submandibular
glands on the operated side of the patient group and
those of the control group (P > 0.05).

4. Discussion

The ChT arises from the vertical portion of the facial
nerve approximately 6 mm proximal to the stylomastoid
foramen. In the middle ear, it initially travels cranially
parallel to the facial nerve and then leaves the middle ear
cavity through a small aperture between the base of the
pyramid and the bony tympanic annulus [1]. Because of
this free passage of the nerve in the middle ear cavity,
suppurative or cholesteatomatous chronic otitis media
may cause the functional loss of the nerve [2]. Inad-
vertent damage of the nerve is underestimated during
the middle ear surgeries, as there are no reports about
the incidence of iatrogenic damage of ChT in the
literature. Nevertheless, ChT injury usually causes
temporary and/or minor complaints in patients. Uni-
lateral section of ChT did not lead to any complaint
such as mouth dryness in our study. Chilla et al. [3]
reported persistent reduced secretory ability of the
submandibular gland after ChT damage during middle
ear surgery. However, they noticed that neither general
hyposalivation nor gustatory dysfunction was revealed
from patients even 4.5 years after the section. Therefore,
unilateral ChT section is of controversial benefit for the
treatment of drooling in bulbar motor neuron disease,
following brain trauma, and in mentally retarded
patients [4].

The importance of parasympathetic innervations of
the submandibular gland also has been proven by
several experimental studies in animal models [7,10,11].
Electrical stimulation of the parasympathetic innerva-
tion to the submandibular gland of rats resulted in
increased thymidine uptake into DNA demonstrating
that the parasympathetic nerve initiates a proliferative
response [10]. The effects of denervating salivary glands
have also been of interest to physiologists for more than
a century. In animal study, Kyriacou and Garrett [6]
showed that parasympathetic denervation soon caused
ipsilateral atrophy in both acinar and granular tubule
cells, and a substantial reduction in gland wet weight.
There was an apparent increase in the fibrous connective
tissue of the glands. Thus, they demonstrated that
parasympathetic impulses have an important role in
maintaining the normality of rabbit submandibular
gland. Interestingly, contralateral glands showed some
changes not seen in the glands of control, such as
increased turnover of secretory granules indicating
hyperactivity. This histologically proven compensatory
hypersecretion of the other major salivary glands could
explain the inadequacy of unilateral ChT section in the
treatment of drooling. Moreover, instead of an atrophy-
ing effect of ChT section, a compensatory contralateral
hypertrophy was noted in our patients, especially among
the long-term patient group. This hypertrophy was
manifested especially in paramandibular depth dimen-
sion and volume. The lack of any biometric changes
during the postoperative first year may be explained by
the slow rate of compensation. The present authors also
plan a study to determine the functional status of glands
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after ChT damage using submandibular gland scinti-
graphy for the same patient group as the current paper.

This study carries importance because it is one of the
few studies investigating the submandibular gland’s
ultrasonographic biometry. Although many studies of
ultrasonic diagnosis in salivary glands have been pub-
lished in the medical literature, specifications about the
size of normal functioning salivary glands are not
common. Dost [8,9] reported the ultrasonographic
biometry in normal submandibular salivary glands,
and no statistically significant difference was found in
the dimensions of submandibular gland dimensions
among populations matched for age, gender, and body
weight. Our findings were in accordance with his study.
However, his method of estimating the submandibular
gland volume using the Simpson formula was discordant
from those cadaveric submandibular gland volumes.
Our volume results found automatically by the software
of the ultrasonography devices were within the limits of
the real volume of the gland measured by displacement
of water (6.9 +2.3 ml) reported in his studies [8,9].

5. Conclusion

The late (13—84 months) biometric results of ChT
damage on submandibular gland were significant for
increase in the size of the contralateral, non-denervated
submandibular gland. In our study, the paramandibular
depth dimension and the volume were found to increase
significantly. An atrophying effect was not ascertained
in the submandibular gland denervated parasympathe-
tically due to the section of ChT. The complaint of
mouth dryness was not recorded in the patient group.
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