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Surgical anatomy for transoral endoscopic thyroid surgery
through vestibular approach (TOETVA)
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Abstract: Transoral endoscopic thyroid surgery through vestibular approach (TOETVA) is well accepted

by patients and doctors because of its minimal invasion, excellent cosmetic effect and superiority for level

VI/VII lymph node dissection. It has considerable prospection and has been applied in treatment of benign

thyroid diseases and follicular thyroid tumors including suitable differentiated thyroid cancer (DTC). To

better understand the procedure of TOETVA and its key points, the anatomy from transoral vision should

be mastered first of all. Previous studies have demonstrated the anatomical feature of transoral thyroidectomy

on animals and cadavers. Here, we are to summarize our experience of transoral thyroidectomy on human

from the vision of clinical anatomy.
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Introduction

Since American surgeon Michel Gagner accomplished the
first endoscopic parathyroid surgery in 1996, endoscopy
thyroidectomy (E'T) has been widely applied for treatment of
different thyroid diseases including nodular goiter, Graves’
disease and follicular tumors [benign tumors and suitable
differentiated thyroid cancers (D'T'Cs)] in the past 20 years. ET,
especially scarless endoscopic thyroidectomy (SET), is popular
mainly due to its perfect cosmetic effect. Various approaches
have been introduced for performing SET, including
extracervical access [anterior chest wall (1) and axilla (2)]
and transoral access [sublingual (3) and vestibule (4,5)].
Extracervical access approach has been proved to be
safe and can avoid the visible scar on the neck. However,
it requires extensive flap dissection and is controversial on
its enhanced physical trauma. Besides, inevitable scars are
finally left on the body surface. Recently, natural orifice
transluminal endoscopic surgery (NOTES) has generated
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excitement among surgeons as potentially scar-free
surgery. Especially for thyroidectomy, transoral approach
can be truly physical minimal invasive, safe and cosmetic
effective. In 2008, the first clinical application of transoral
thyroidectomy by the sublingual approach was reported by
Witzel et al. (3), and the first vestibule approach by Nakajo (4).
Currently, the vestibule access is preferred for transoral
thyroidectomy (5).

Comparing to traditional extracervical approaches,
Transoral endoscopic thyroid surgery through vestibular
approach (TOETVA) requires “to see” the anatomical
structures from an opposite direction. Therefore, the
“up-down” vision of the traditional, well-known, surgical
landmarks must be well understood by surgeons. Previous
researches have studied anatomy under transoral perception
on animals and cadavers (6-9). Here, we are going to
summarize our experience of TOETVA on human from the
vision of clinical anatomy.
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The anatomy of oral vestibule

The oral vestibule is bounded anteriorly and laterally
by the cheeks and the lips, and posteriorly and medially

Figure 1 The anatomy of oral vestibule and the incisions. Dashed
lines show the incisions; the triangles indicate mandibular first
premolars. Black arrow shows mandibular labial frenulum; the

cross symbol means mental nerve and mental foramen.

Figure 2 The position of trocars. The triangle shows suspension
device; the cross symbol shows observation hole; the stars show

operation holes.
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by the teeth and the gums. The lips are covered by skin
externally and a mucous membrane internally. The most
important landmarks of the oral vestibule in TOETVA
are the mandibula labial frenulum and the mandibular first
premolars (Figure I). The labial frenulum is the median
folds of the mucous membrane connecting the lips to the
gum. The mandibular first premolar is the fourth mandible
tooth from median line. In TOETVA, a lcm horizontal
incision is made across the mandibula labial frenulum, and
is served as observation hole. Two 0.5-cm vertical incisions
are made on the lip inferolateral to the mandibular first
premolars, and are served as operating holes (Figure 2).

The mental nerve is a sensory nerve originating from the
inferior alveolar nerve and contributes to the sensation of
the oral vestibule. The mental nerve emerges at the mental
foramen which is located below the root of the mandible
second premolar. In TOETVA, the mental nerve is not
routinely exposed. To avoid injury of the mental nerve, the
0.5-cm incisions, as is shown in Figure 1, should not be
made closely to the root of the mandibular first premolars,
and the 5-mm trocars should be moved directly downward,
crossing the lower boundary of the mandible, before their
direction turning internally.

As is shown in Figure 3, there are four major muscle upon
the mandibule, including the orbicularis oris, the depressor
labii inferioris, the mentalis and the depressor anguli oris (10).
The orbicularis oris is an orbicular muscle that consists
muscular fibers from different directions surrounding
the orifice of the mouth and also fibers derived from the
other facial muscles. The depressor labii inferioris arises
from the oblique line of the mandible and passes upwards
and medially into the skin and mucosa of the lower lip. It
is located between the symphysis menti and the mental
foramen and is continuous with the fibers of the platysma
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Figure 3 The muscles of the vestibule and the dissection. This figure is adapted from “Color Atlas of Practical Oral Anatomy” authorized

by Wang MQ.
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muscle at its origin. The mentalis is a paired central muscle
originating from the incisive fossa of the mandible and
inserting into the skin of the chin. The depressor anguli
oris arises from the mental tubercle of the mandible and the
oblique line below and lateral to depressor labii inferioris.
Its fibers converge converges into a narrow fasciculus
inserted into the angle of the mouth.

In TOETVA, dissection of the main tunnel is performed
beneath these muscles and upon the periosteum of
mandibule in order to decrease bleeding and prevent injury
of these muscles (Figure 4). On the other side, these muscles

Figure 4 The muscles at mandible. The triangle shows depressor
labii inferioris; the white stars show mentalis; the hexagon shows

mandibule.
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are then connected to the platysma in the neck. Dissection
closely to the periosteum can prevent skin injury and insure
the working space to be beneath the platysma.

The anatomy of the submandibular space

The submandibular space arises from the mandibule to
the hyoid bone and is the channel for the three tunnels
during TOETVA. The proper level for these three trocars
is in the superficial level of deep cervical fascia, beneath
the dorsal part of the platysma. It should be between the
bilateral sternocleidomastoid muscles and upon the ventral
part of suprahyoid muscles including the digastric muscle,
the mylohyoid muscle, the geniohyoid muscle and the
stylohyoid muscle (Figures 5,6) (10).

Important muscular structures at the submandibular
space include the platysma, the sternocleidomastoid and
the suprahyoid muscles. The platysma is a superficial
muscle that arises from the fascia covering the upper
parts of pectoralis major and deltoid. Its fibers mainly
interlace with the fibers of the contralateral muscle across
the midline. The rest fibers attach to the lower border of
the mandible or to the lower lip or cross the mandible to
attach to skin and subcutaneous tissue of the lower face.
The sternocleidomastoid is a tricep that originates from
the manubrium of the sternum and the clavicle. It travels
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Figure 5 The cervical fascias at the level of the seventh cervical vertebra. The right level of working space is in the superficial level of deep

cervical fascia. This figure is adapted from “Color Atlas of Practical Oral Anatomy” authorized by Wang MQ.
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Figure 6 The cervical muscles. The proper level of working space is beneath the platysma and upon the deep neck muscles. This figure is
adapted from “Color Atlas of Practical Oral Anatomy” authorized by Wang MQ.

obliquely upwards, and is inserted to the mastoid process
of the temporal bone. The digastric muscle is composed of
two bellies connected by an intermediate tendon which is
attached to the body and greater cornu of the hyoid bone. It
extends from the mastoid notch to the symphysis menti in a
curved form. The mylohyoid muscle is located immediately
superior to the anterior belly of the digastric muscle and
runs from the mylohyoid line to the hyoid bone, forming
the floor of the oral cavity. The geniohyoid muscle arises
from the mental spine and is located superior to the medial
border of the mylohyoid muscle. The stylohyoid muscle
arises from the styloid process of the temporal bone, passing
inferior and anterior and inserting into the body of the
hyoid bone.

The key to prevent complications related to creating
working space is to keep moving trocars in the right space
mentioned above (Figure 6). When the trocars are inserted
deeper than expected, injury of the suprahyoid muscles or
bleeding may occur. When the trocars are inserted more
superficially then expected, there is potential danger of
skin injury. Especially, right upon the hyoid bone, there is
a wrinkle of the skin, which is the most dangerous place for
skin injury during the insertion of the trocars.
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The anatomy of anterior neck

In the neck, the right level of the working space is also
in the superficial level of deep cervical fascia beneath
the platysma. The working space is upon the superficial
fascia of strap muscles and sternocleidomastoids, between
the external boundary of the sternal heads of bilateral
sternocleidomastoid. It is beyond the sternal jugular notch
and bilateral clavicular heads. Once the working space is
accomplished, all these landmarks can be found (Figure 7).
In TOETVA, a visible dissection rod is used for blunt
dissection from the lem incision to suprasternal fossa after
injection of the expansion fluid. The visible dissection rod is
then moved back to the superior border of thyroid cartilage,
and moved in the direction of the lateral boundary of
sternal heads both left and right side. Energetic equipment
is applied for enlargement of the working space. An ideal
working space requires for adequate separation. The
internal sternocleidomastoid muscle should be exposed
before lobectomy and dissection of central compartment.
For the working space, the superior bound is the upper
side of thyroid cartilage and the inferior bound is the sternal
jugular notch. The sternal jugular notch located at the

Ann Thyroid 2017;2:15



Annals of Thyroid, 2017

Figure 7 The anatomy of working space. The triangle shows
sternal jugular notch; the cross symbols show sternocleidomastoid;
the black star shows anterior jugular vein; the dashed line shows

linear alba cervicalis.

Figure 8 The thyroid superior vessels. The triangle shows left
sternohyoid muscle; the cross symbol shows cricothyroid muscle;
the black star shows thyroid cartilage; the hexagon shows right
thyroid lobe; the white arrow shows right superior thyroid vessels.

Figure 9 The thyroid middle vein. The triangles show
sternocleidomastoid; the rhombus shows sternohyoid muscles; the
cross symbol shows right sternothyroid muscle; the hexagon shows
right common carotid artery; black arrows show right thyroid

middle veins; the white star shows right thyroid lobe.
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superior border of the sternum manubrium, between the
clavicular notches, is the most important skeleton landmarks
when creating the working space. The sternal jugular
notch is critical for searching the sternocleidomastoid and
evaluating the depth of working space. Moreover, when
dissection of level 3 or 4 lymph nodes is needed, the lateral
sternocleidomastoid muscle should be exposed (11).

The anatomy of thyroid gland

After splitting the linea alba cervicalis completely from the
superior boundary of thyroid cartilage to the sternal jugular
notch, the isthmus of thyroid gland is exposed. The whole
thyroid gland is located posterior to the strap muscles and
its isthmus is fixed on the tracheal from the second to the
fourth rings of the trachea.

For this part, the skeleton landmarks include the trachea,
the thyroid cartilage, the cricoid cartilage and the sternal
jugular notch. The trachea is the most important landmark
and is the navigator for localization of the thyroid gland and
other anatomical structures. Therefore, finding the trachea
is the first step in transoral thyroidectomy. The thyroid
cartilage is a cartilage that sits in front of the larynx and
above the thyroid gland. It is the origin of the sternothyroid
muscle, the upper boundary for splitting the linea alba
cervicalis and the very upper boundary of the transoral
working space. The thyroid cartilage can be exposed by
adequately turning the laproscopy vertically. The cricoid
cartilage is located below the thyroid cartilage and is the
skeleton landmark for dissecting the Delphian lymph
node (DLN). The cricothyroid muscle which is located
between the thyroid cartilage and the cricoid cartilage, is
an important landmark for localization of the cricothyroid
space and the thyroid superior pole.

For better exposure of the thyroid upper pole, the
superior part of the sternothyroid can be partly cut off
closely against the internal boundary connecting to the
thyroid cartilage. By traction of the strap muscle upper
outwards, the superior thyroid vessels can be well exposed
and divided closely against the thyroid upper pole after the
pretracheal fascia is exposed (Figure §).

The thyroid middle vein is usually identified and divided,
and cut off closely to the thyroid capsule (Figure 9). Next,
the common carotid artery can usually be exposed. The
right common carotid originates from the brachiocephalic
trunk, while the left originates from the aortic arch. Both
arteries split into the external and internal carotid arteries
at the upper border of the thyroid cartilage. The inferior
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Figure 10 The nerves and skeleton landmarks. The triangle shows
sternohyoid muscles; the rhombus shows sternothyroid muscles;
the cross symbol shows right recurrent laryngeal nerve; the star
shows right common carotid artery; the arrow shows cricoid
cartilage; the circle shows cricothyroid muscle; the hexagon shows

trachea; the dashed line shows the route of right vagus nerve.

Figure 11 The parathyroid gland. The triangles show common
carotid arteries; the cross symbol shows esophagus; the star shows
right inferior parathyroid gland; the hexagon shows trachea; the
arrows show thymus; the dashed lines show left recurrent laryngeal

nerve.

thyroid artery runs across the recurrent laryngeal nerves
(RLN) near the thyroid lower pole. Therefore, before
division of the inferior thyroid vessels, the RLN should
be exposed and well protected. The procedure of inferior
thyroid vessels is almost always the last part of transoral
thyroidectomy. Once the inferior thyroid vessels are cut off,
the thyroid lobe is completely excised.

The anatomy of nerves, parathyroid glands and
lymph system

Just like open thyroidectomy, in TOETVA, all the surgical

procedures also should be performed closely against the
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true capsule to protect the RLN and the blood supply of
parathyroid nodule.

The RLN and the superior laryngeal nerve (SLN), both
derived from the vagus nerves, are the most important
nerves in thyroidectomy (Figures 10,11). Although
the direction in which the RLNs run can be diverse,
the entrance of RLN external branch to larynx at the
cricothyroid space is relatively fixed and can be easily found
under transoral perception. Therefore, the cricothyroid
space is important in identification of RLN and is a critical
landmark for novices during TOETVA (12). The SLN
travels along with the internal carotid artery and divides
into two branches at the hyoid bone level. In transoral
thyroidectomy, the SLN is hard to expose because of
perception, but the SLN should be protected when
manipulating the thyroid upper pole.

The superior parathyroid glands are developed from the
fourth pharyngeal pouch, along with part of the thyroid
gland and its location is relatively constant at the dorsal
aspect of the upper thyroid lobes at the level of the inferior
border of the cricoid cartilage. The inferior parathyroid
glands are developed from the third pharyngeal pouches
with the thymus and its location is more variable (Figure 11).
The blood supply of parathyroid glands originates from
the superior and inferior thyroid arteries. In transoral
thyroid surgery, the superior parathyroid glands and their
blood supply should be kept in situ if possible. To protect
the blood supply of the parathyroid glands, surgical
manipulation should be performed closely to the true
capsule of the thyroid gland and the division of vessels
should be performed at the level of the third branch of the
thyroid vessels. Moreover, it is important to preserve the
thymus during central neck dissection since the latest study
indicates preservation of the layer of thymus-blood vessel-
inferior parathyroid gland is important for preserving the
inferior parathyroid gland in situ (13).

The cervical lymph nodes are classified into seven level.
The central compartment (level VI) is between the two
carotid sheathes, bound by cricoid cartilage superiorly and
sternal notch inferiorly. Comparing to SET via anterior
chest access, transoral thyroidectomy has advantage
in dissection of the lower part of central compartment
(especially lymph nodes behind sternum or clavicle)
including level VII lymph nodes.

Conclusions

Transoral thyroidectomy is minimal invasive, safe and
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cosmetic effective. Transoral thyroidectomy has advantage
in manipulation of the lower part of the thyroid gland and
the central compartment. Familiarity with the anatomy and
landmarks will aid surgeons when dealing with important
structures.
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