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Background: The aim of the study was to evaluate the relations between sub-
mandibular duct, lingual nerve and hypoglossal nerve for making a reassessment
of this area in fresh frozen specimens. Also, the distance between the angle of the
mandible and the vertical line drawn from the point where submandibular duct
crossed lingual nerve to the base of the mandible was measured to determine

a new landmark for neck surgeons.

Materials and methods: Fourteen fresh frozen head and neck specimens were
dissected and evaluated. A marginal mandibular incision was made from the

mastoid process to the chin.

Results: In 8 cases, lingual nerve was crossing the submandibular duct superior-
ly; in 5 cases, lingual nerve was crossing the duct infero-medially and in 1 case
it was parallel to the duct. In 1 case, lingual nerve subdivided into anterior and
posterior branches. In 2 cases, 2 parallel submandibular ducts were found and the
lingual nerve was crossing the upper duct from superior. In 1 case, lingual nerve
was crossing the duct infero-medially and then it was subdividing into branches
superior to mylohyoid. In 12 cases, the course of hypoglossal nerve was classical.
In 1 case, hypoglossal nerve crossed the submandibular duct medially and co-
ursed parallel to the tendon of posterior belly of digastric. And in another case,
hypoglossal nerve crossed the inferior branch of submandibular duct medially.

The other structures in this area were as usual.

Conclusions: The main factor for reducing nerve damage during surgery is the
understanding of the anatomy of this area. (Folia Morphol 2018; 77, 3: 521-526)
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INTRODUCTION nerve (LN) and medial to the sublingual gland. It
Submandibular duct (SD) is also referred as Whar- bends sharply at the posterior margin of mylohyoid
ton’s duct and it is the main excretory duct of the sub- to form the genu of SD, and then it runs forward
mandibular gland. SD begins by numerous branches lateral to hyoglossus and genioglossus and medial
that leave the submandibular gland anteriorly from to the insertion of mylohyoid to the mandible. After-
the sublingual aspect, coursing deep to the lingual wards, it passes between hyoglossus and mylohyoid
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muscles on the genioglossus muscle. It is 4-5 cm in
length, running superior to the hypoglossal nerve
(HN) and inferior to the LN. At the anterior border of
hyoglossus muscle it is crossed laterally by the LN. This
duct drains into a papilla in the floor of the mouth
behind the lower incisor tooth, lateral to the lingual
frenulum [16, 19].

The LN is a branch of the posterior division of
mandibular nerve that carries the presynaptic fibres
to the submandibular ganglion. The postsynaptic
nerve innervates both the submandibular and sub-
lingual glands. It also takes the general sensation of
the mucosa of the anterior two-thirds of the tongue,
the sublingual mucosa, the mandibular lingual gin-
giva and the floor of the mouth. LN courses laterally
between the medial pterygoid muscle and ramus of
mandible, enters the oral cavity at the lower third
molar, then it travels across the hyoglossus along
the floor of the mouth. It lies on the deep part of the
submandibular gland and passes below the SD which
crosses it from medial to lateral, then curves upward,
forward and medially to enter the tongue. LN is the
first key for the glandular excision by the endoscopic
intraoral approach [1, 8, 16, 19].

The HN travels just deep to the posterior belly
of the digastric muscle and common tendon until it
reaches the submandibular triangle. Its location is an-
terior, deep and medial relative to the submandibular
gland. Generally, the nerve has a close relationship
to the anterior belly of the digastric muscle. It then
ascends anterior to the LN and its genu deep to the
mylohyoid muscle. It lies below the deep part of
the submandibular gland, SD and LN, with which
it communicates. Extreme care should be taken to
preserve this important nerve during head and neck
surgery [16, 19].

The aim of our study was to evaluate the relations
between SD, LN and HN for making a reassessment of
this area in fresh frozen specimens. Also, the distance
between the angle of the mandible and the vertical
line drawn from the point where SN crossed LN to
the base of the mandible was measured to determine
a new landmark for neck surgeons.

MATERIALS AND METHODS

In the study, 7 fresh frozen head and neck speci-
mens were used and the dissections were made bi-
laterally. Totally, 14 specimens’ neck regions were
dissected. First of all, a marginal mandibular incision
was made from the mastoid process to the chin. The
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Figure 1. The distance between the angle of mandible and the ver-
tical line drawn from the point where submandibular duct crossed
lingual nerve to the base of the mandible; asterisk — the angle of
the mandible; dashed line — the vertical line drawn from the point
where submandibular duct crossed lingual nerve to the base of the
mandible.

Figure 2. Lingual nerve crossing the submandibular duct superiorly;
red arrow — lingual nerve; blue arrow — hypoglossal nerve; asterisk
— submandibular duct; DM — digastric muscle, posterior belly.

dissection was standardised in each case. The relation-
ships between the SD, LN and HN were investigated.
The distance between the angle of mandible and the
vertical line drawn from the point where SD crossed
LN to the base of the mandible was also measured
with a digital goniometer (150 mm digital calliper)
(Fig. 1). Before each measurement, the correction of
the goniometer was done. Statistical analyses were
performed by using SPSS 15.

RESULTS

In our study, head and neck regions of 7 fresh
frozen specimens were dissected bilaterally. Four-
teen specimens’ SDs, hypoglossal and LNs and their
relations were examined. LN was crossing the SD
superiorly in 8 cases (Fig. 2); whereas, it was cross-
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Figure 3. Lingual nerve subdivided into two branches: anterior

and posterior. Anterior branch crossed the submandibular duct
superiorly within the gland; posterior branch coursed parallel to the
duct; red arrows — lingual nerve, anterior and posterior branches;
asterisk — submandibular duct.

ing the duct infero-medially in 5 cases. In 1 case,
LN was parallel to the gland and coursed from the
supero-medial aspect of it. LN was subdivided into
2 branches while entering the gland in 1 case; ante-
rior and posterior branches. Anterior branch crossed
the SD superiorly within the gland; posterior branch
coursed parallel to the duct (Fig. 3). In 2 cases (from
different fresh frozen specimens), 2 parallel SDs were
found and the LN was crossing the upper duct from
superior (Fig. 4). Right side of 1 specimen had 2 par-
allel SDs and left side of it had 1 large duct which
was parallel to the LN coursing supero-medially. In
1 case, LN was crossing the SD infero-medially and
then it was subdividing into 2 branches superior to
mylohyoid (Fig. 5).

The findings of the study were summarised in
Table 1.

The distance between the angle of the mandible
and the vertical line drawn from the point where SD
crossed LN to the base of the mandible was measured
in 13 fresh frozen specimens. In 1 specimen, LN was
parallel to the SD, so there was not a cross between
them. The mean distance was found 30.231 = 8.78
mm (range 17-45 mm).

In 12 cases, the course of HN was classical; it was
passing deep to the posterior belly of the digastric
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Figure 4. Two parallel submandibular ducts, lingual nerve crossing
the upper duct from superior; red arrow — lingual nerve; asterisks
— submandibular duct; blue arrow — hypoglossal nerve.

Figure 5. Lingual nerve crossing the submandibular duct infero-
medially and then dividing into two branches; red arrow — lingual
nerve; asterisk — submandibular duct; green arrows — mylohyoid

nerves.

muscle. It was placing anterior, deep and medial to
the submandibular gland. It had a close relation-
ship to the anterior belly of the digastric muscle.
Then it ascended anterior to the LN. In 1 case, HN
crossed the SD medially and coursed parallel to
the tendon of posterior belly of digastric. And in
another case, HN crossed the inferior branch of SD
medially (Fig. 6).
The other structures in this area were as usual.

DISCUSSION

The most frequent disorders that require surgical
excision of the submandibular gland are chronic in-
flammation of the gland with or without sialolithiasis,
followed by benign tumours (pleomorphic adenoma,
neurinoma, haemangioma, lymphangioma and li-
poma) and malignant tumours (adenoid cystic carci-
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Table 1. The findings of the dissections in each side of the specimens

Specimens Relations between LN and SD Cross HN
1 R LN superiorly crossed SD 21 mm N

L LN superiorly crossed SD 17 mm N
2 R LN superiorly crossed SD 24 mm N

L LN subdivided into two; anterior and posterior. 27 mm N

Anterior branch superiorly crossed SD within the gland,
posterior branch was parallel to SD

3 R LN infero-medially crossed SD 34.2 mm HN crossed SD medially

L Two parallel SDs, LN superiorly crossed 34 mm HN crossed the inferior branch

the upper SD of SD medially
4 R Two parallel SDs; inferior duct was narrower, 28 mm N
LN superiorly crossed the upper duct

L One large SD. LN was parallel to it and coursed supero-medially No cross N

5 R LN infero-medially crossed SD. 45 mm N
LN subdivided into branches

L LN infero-medially crossed SD 44 mm N
6 R LN infero-medially crossed SD 37 mm N

L LN infero-medially crossed SD 36 mm N
1 R LN superiorly crossed SD 25mm N

L LN superiorly crossed SD 22 mm N

HN — hypoglossal nerve; L — left side; LN — lingual nerve; N — Normal; R — right side; SD — submandibular duct

Figure 6. The classical course of the hypoglossal nerve; red arrow
— lingual nerve; asterisk — submandibular duct; blue arrow —
hypoglossal nerve.

noma, adenocarcinoma, mucoepidermoid carcinoma,
metastatic squamous cell carcinoma). Excision of the
submandibular gland is regarded as a minor surgical
operation. Nevertheless, careful anatomic dissection
and protection of the nerves in this area are required.
These nerves are the marginal mandibular branch of
the facial nerve, LN and HN. LNs and HNs are large
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nerves with coherently standard anatomic courses.
But the variations of these two nerves should be well
known by the surgeon to minimise the complications
of this surgical procedure. LN and HN can be damaged
if there is a severe inflammatory reaction or massive
bleeding. There is no consensus about the routine
identification of the nerves and the skin incision [13].
Because of the long and twisted course of the LN, it
can be damaged by a variety of procedures such as;
tonsillectomies, third molar extractions, local anaes-
thesia injections, laryngoscopies, SD explorations and
salivary gland surgeries [10].

There are many reports about the frequency of the
nerve complications in this type of surgery that varies
widely. The experience of the surgeon and the type of
the surgical manoeuvre are important factors for surgi-
cal complications. The experienced head and neck sur-
geons showed the lowest rate of complication because
they are familiar with the anatomy of this region [13].

In the literature, the entity of double ducts of the
submandibular gland was reported [5, 7, 20, 21]. The
presence of double ducts is important for treating
bilateral dry eyes with one transferred submandibular
gland through transfer of double ducts [11]. In our
study, two parallel SDs were found in 2 cases and the
LN was crossing the upper duct from superior. One
of the specimens had 2 parallel SDs on the right and
had one large duct on the left that was parallel to LN
coursing supero-medially.
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Most of the studies describe a loop configuration
of the LN around the SD [1, 9, 17]. They claim that
the LN passes lateral to the SD, then continues supe-
riorly and anteriorly on its medial side to the surface
of hyoglossus [6, 12]. This is known as the classical
pattern of the nerve. Mendes et al. [15] found that
this situation occurs in 62.5% of the cadavers; in the
remaining 37.5% LN crosses above the duct. Holzle
et al. [12] reported that SD runs deep in the floor of
the oral cavity without a relationship with the LN in
11.8% of the cases. Al-Amery et al. [1] found that LN
was passing below the SD before rising again toward
the ventral surface of the tongue in 12 out of the
13 of the cases; in 1 case the relationship was similar
to the findings of Holzle et al. [12, 15].

In our study, LN was passing below the SD in
5 cases which is relevant to the classical pattern that
matches with the findings of Mendes et al. [15] and
Al-Amery et al. [1]. And LN was crossing above the
SD in 8 cases. There was no significant difference
between these conditions. In 1 case, LN subdivided
into 2 branches (anterior, posterior) while entering
the gland. Anterior branch was crossing above the SD;
posterior branch was passing parallel to the duct. In
1 case, LN was crossing below the SD and then it was
subdividing into 2 branches superior to mylohyoid.

Mendes et al. [15] reported that there was not
a constant position for the intersection point of the
SD and LN, but the cross is around the premolar
region. Castelli et al. [4] reported that 55% of the
intersections occurred at the level of the third molar
tooth or behind it. Klepacek and Skulec [14] identified
a constant position of this cross in the close vicinity of
the upper surface of the posterior portion of the mylo-
hyoid muscle closely to the inner surface of the man-
dible within the range of the third permanent molar.
In the lateral view, the LN and SD cross courses on the
external mandibular surface distally from the retro-
trigonal triangle into the region where the mandibular
body and mandibular branch are fused [14]. Al-Amery
etal. [1] found the mean distance of overlap between
these two structures was 6.92 mm (1.5-13 mm),
most of the loops terminated at between the first and
second molar teeth. They also found the mean distance
between the LN and alveolar ridge was 12.36 mm
and the mean distance between the LN and the lower
border of mandible was 12.03 mm [1].

Tumours of the submandibular gland are usually
within the gland, and resection is confined to the
gland, surrounding fat and lymph nodes. A curvilinear

525

incision, extending from the midline of the mandible
to the mastoid process following the course of the
digastric muscles, provides good exposure [3]. Hence,
we used the angle of the mandible as a landmark, as
we think that this is a practical approach with possible
clinical application. In the cervical submandibular
gland resection, it is recommended that the incision
should be placed at least 3 cm below the angle of the
mandible to constantly avoid injury to the branches of
the facial nerve [18]. In our study, the mean distance
between the angle of the mandible and the point
where SD crosses LN was found 32.91 = 9.46 mm
(range 17-45 mm). The variable range of the findings
necessitates increasing the number of the cadavers
for obtaining a significant result.

Submandibular gland is related to the glos-
sopharyngeal nerve, LN and HN medially. Deep part
of the gland is related to the LN superiorly and HN
inferiorly. The first part of the SD lies beneath the LN
and above the HN [2]. The LN is located superiorly
under the mandible and is attached to the gland
by the submandibular ganglion. SD lies deep to the
LN and it should be ligated carefully to avoid nerve
injury during surgery. The HN is located inferiorly
below the digastric muscle and a venous plexus ac-
companies it [3].

In our study, the course of HN was classical in
12 cases; it was passing deep to the posterior belly
of the digastric muscle and placing anterior, deep
and medial to the submandibular gland. It was close
to the anterior belly of the digastric muscle. Then it
ascended anterior to the LN. In 1 case, HN crossed
the SD medially and coursed parallel to the tendon of
posterior belly of digastric. And in another case, HN
crossed the inferior branch of SD medially.

Ichimura et al. [13] reported that in 41 resec-
tions LN could not be identified during the surgery.
Identification of the LN will reduce the incidence of
temporary paraesthesia. When the posterior border
of the mylohyoid muscle is retracted anteriorly SD,
LN and HN are easily identified. There is controversy
about the benefit of routine nerve identification at
surgery. Some of the surgeons are consistent about
the identification of the nerve is the only certain
method to avoid injury; however, other surgeons
claim that it contains more risk to identify the nerve
than to use a method of excision that will safeguard
the nerve, because classical visualisation may cause
neurapraxia and altered conductivity that leads to
paresis [13].
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This study may be useful for the sialography, sia-
loendoscopy and submandibular gland transfer. The
technical facility and good knowledge of anatomy of
the surgeon is important to reduce the injury to the
nerves in this area. There is a wide variation in the
course of LN up to its intersection with the SD. If the
surgical procedures were performed without enough
appreciation of the relationship between LN and SD,
the damage potentiality to the LN will be increased
as it is intertwined with the SD [1]. This study was
limited by the number of the cadavers available so
the findings may not possibly present the general
population.

CONCLUSIONS

Although the anatomical courses of SD, LNs and
HNs are sufficiently known, there are few conclusive
reports on their anatomical variants. We defined cases
where the LN was crossing SD superiorly (8 cases),
infero-medially (5 cases) or LN was parallel to SD
(1 case). Also, we found one LN subdivided into
2 branches which had different courses (1 case), and
we defined 2 cases with 2 parallel SDs. And the course
of the HN was unusual in 2 cases. Even right and
left sides of a specimen had different variations. Our
study showed that the anatomical variations of these
structures are frequent and diversified. The routine
identification of the LN and HN is used to avoid injury
by many surgeons. Appreciation of these variations
is also very important in assessing new diagnostic
and therapeutic techniques [11]. The limitation of
our study is the number of the cadavers available to
precisely define the course of these structures.

The surgeons use many different surgical techniques
to reach the submandibular region. There is no consen-
sus about the routine identification of the nerves and
the skin incision. In this study, the distance between the
angle of the mandible and the point where SD crossed
LN was measured to determine a new landmark for
neck surgeons. The measurements were very variable,
so increasing the number of the cadavers would provide
a more precise landmark for the surgeons.

This study was presented in the National Anatomy
Congress 2016, llgaz, Turkey as a poster presentation.

All procedures performed in this study involving
human cadavers were in accordance with the ethical
standards of the institutional and national research
committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical
standards.
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