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Surface landmarks in the neck are important for orientations of cervical glands,
arteries, veins, nerves, and vertebrae. Recent research suggests some orienta-
tions are not correct. What are the cervical landmark orientations in the Chi-
nese population? In this study, two essential cervical anatomy planes, the
thyroid cartilage and C7 planes, were assessed in living adult Chinese subjects
using computed tomography (CT), and the hyoid, carotid bifurcation, cricoid
cartilage, thyroid arteries, and vertebral artery were simultaneously positioned.
After excluding patients with distorting pathology, a total of 108 cervical CT
scans were examined. The thyroid cartilage plane commonly passed through
the C5 (in males) or C4 (in females) vertebral level. The carotid artery bifurcat-
ed most commonly at C3 (left) or C4 (right), more than 10 mm above the thy-
roid cartilage plane bilaterally in most cases. Orientation of the carotid
bifurcation according to the body or greater horn of the hyoid was more accu-
rate. The superior thyroid artery was found a finger-breadth below the thyroid
cartilage plane, and the inferior thyroid artery in the C7 plane. The inferior bor-
der of the cricoid cartilage was most often at C7 (in males) or C6 (in females).
The vertebral artery entered the C6 transverse foramen in more than 80% of
scans. This reassessment of cervical surface anatomy using modern imaging
tools in vivo provides both qualitative and quantitative information for surgeons
in clinical practice. Clin. Anat. 30:330–335, 2017. VC 2017 Wiley Periodicals, Inc.
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INTRODUCTION

Many important structures are crowded together in
the neck: muscles, glands, arteries, veins, nerves, lym-
phatics, trachea, esophagus, and vertebrae. Conse-
quently, the neck is a well-known region of vulnerability
(Moore et al., 2013). The positions of deep structures in
the neck are often described in relation to surface land-
marks such as the thyroid and cricoid cartilages. Howev-
er, there are numerous inconsistencies in the locations
of important structures described according to surface
landmarks; the carotid bifurcation is a typical example
(Lo et al., 2006; Mirjalili et al., 2012; Standring, 2015).
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In this study, we investigated two essential cervical
anatomy planes and some surface landmarks in living
Chinese adults using CT images. The results were com-
pared among age and sex groups and with commonly-
accepted descriptions of surface anatomy, and also with
similar studies in Western populations.

MATERIALS AND METHODS

Adult CT scans of the neck were acquired in the
hospital using a dual-source dual-energy scanner
(Siemens SOMATOM Definition Flash, Forchheim, Ger-
many) with slice thickness 1.0 mm. During CT exami-
nation, the subjects held their heads in the same
position with the skull aligned in the Frankfurt plane.
All scans were taken in supine position with spontane-
ous breathing. Patients with any distorting pathology
such as a goiter, obvious lymphadenopathy, major
cervical spine fractures, and cervical segmentation
anomalies were excluded. After exclusions, the CT
images (enhanced with iodinated intravenous con-
trast) of 108 patients (Han nationality, mean age
54.1 6 15.6 years, range 24–82 years, 46 female)
were reconstructed on a Siemens Syngo.via (version
VA11B_HF03) workstation and analyzed by dual con-
sensus reporting (Murphy et al., 2010).

The vertebral levels of planes, vessels, bone and
cartilage landmarks in the neck were determined on
sagittal scans. Each was recorded as the level at
which a horizontal line intersected the anterior border
of the vertebral column, according to whether it inter-
sected the upper or lower half of a vertebra or the
intervertebral disc (Smith and Darling, 2011; Mirjalili
et al., 2012; Shen et al., 2016).

In this study, two essential cervical anatomical
planes and major related structures were defined and
identified as follows.

Thyroid Cartilage Plane

A horizontal line through the superior limit of the
thyroid cartilage lamina was determined as the thy-
roid cartilage plane (Fig. 1A). The point of division of
the common carotid artery (CCA) into internal and
external carotid arteries was determined as the carot-
id bifurcation (Fig. 1B). The vertebral levels corre-
sponding to the thyroid cartilage plane and the carotid
bifurcation were noted. It was also noted whether the
carotid bifurcation was in the thyroid cartilage plane,
and its distance from the thyroid cartilage plane was
recorded.

The distance of the upper pole of each lobe of the
thyroid gland (the position where the superior thyroid
artery reached the gland) from the thyroid cartilage
plane was also recorded (Fig. 1C) [note: positive (1)
indicates above the plane and negative (2) indicates
below the plane]. The center of the body of the hyoid
was identified from a midline sagittal plane image and
its vertebral level was recorded.

Seventh Cervical Vertebra Plane

In the midline sagittal plane image, a horizontal
line at the midpoint of the anterior border of the 7th
cervical vertebra was defined as the seventh cervical
vertebra plane (C7 plane, Fig. 1A).

The inferior border of the cricoid cartilage in the
midline anteriorly was determined from sagittal and
coronal images, and its corresponding vertebral level
was recorded.

The vertebral level of the inferior thyroid artery was
determined as it reached the lateral border of the ipsi-
lateral lobe of thyroid gland (Fig. 1D).

The distances of the inferior border of the cricoid
cartilage and the inferior thyroid artery from the C7
plane were recorded [note: positive (1) indicates
above the plane and negative (2) indicates below the
plane].

In addition, the first cervical transverse foramen
entered by the vertebral artery was observed and
recorded.

Statistical Analyses

Data were analyzed using SPSS Statistics version
19.0.0 (IBM Corp., Armonk, NY). Means and standard
deviations were calculated for continuous data. Asso-
ciations with age were analyzed using Pearson’s corre-
lation and linear regression, left and right sides were
compared using a paired-samples t test, and sex dif-
ferences were examined using an independent-
samples t test. P < 0.05 was considered to indicate a
statistically significant difference.

Ethical Approval

This study received approval by the institutional
ethics committee.

RESULTS

Thyroid Cartilage Plane

Overall, the thyroid cartilage plane ranged between
the C3/4 intervertebral disc and lower C6. This plane
commonly passed through C5 (42.6%) or C4 (33.4%)
vertebral level or the C4/5 intervertebral disc (16.7%).
However, it was slightly higher in women (at C4 in
females, C5 in males, P 5 0.001), and it was age-related
(decreased with age: r 5 0.4, P< 0.001) (Table 1).

The CCA bifurcated most commonly at the C3 (left
49.1%, right 38.9%) or C4 (left 24.1%, right 41.6%)
vertebral level, ranging between lower C2 and lower C5
on both sides. The left and right carotid bifurcations
were at the same vertebral level in 42.6%, the left
higher than the right in 46.3%, and the right higher
than the left in only 11.1%. There were no significant
differences in vertebral level related to age (left P 5

0.304, right P 5 0.313) or sex (left P 5 0.345, right
P 5 0.202).

The carotid bifurcation was >10 mm above the thy-
roid cartilage plane in 81.5%, within the plane
(610 mm) in 17.6%, and >10 mm below the plane in
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only one case (0.9%) on the left. As for the right carotid
bifurcation, 75.9% were above and 24.1% within, and
there was no case below the plane. The left carotid
bifurcation was a mean of 21.4 6 11.5 mm above the
thyroid cartilage plane (range from 211 to 144 mm),
which was a mean of 3.1 mm (95% CI 2.0–4.3 mm)
higher than the right (18.3 6 10.9 mm, range from
28 to 140mm) (P 5 0.000). The bifurcation was signif-
icantly nearer the thyroid cartilage plane in women on
both sides (17.9 6 11.6 mm on the left and
14.7 6 11.1 mm on the right in females, compared to
24.0 6 10.8 mm on the left and 21.0 6 10.1 mm on the
right in males; P 5 0.006, 0.003, respectively). This
distance was weakly linked to age (left r 5 0.257,
P 5 0.007; right r 5 0.287, P 5 0.003).

The center of the body of hyoid was most often at
C4 (52.8%), C5 (19.5%) or the C4/5 intervertebral
disc (15.7%), ranging between lower C3 and upper
C6. There was no significant relationship with age
(P 5 0.314) or sex (P 5 0.06).

Concerning the upper pole of each lobe of the thy-
roid gland, the left was at a mean of 18.0 6 7.9 mm
below the thyroid cartilage plane (range from 239 to
22 mm), whereas the right was 4.5 mm (95% CI
3.0–6.0 mm) higher than the left (a mean of

TABLE 1. Vertebral Level of the Thyroid Cartilage
Plane

Vertebral
level

Overall (%)
n 5 108

Male (%)
n 5 62

Female (%)
n 5 46

C3/4 2.8 0 6.5
UC4 6.5 1.6 13.0
LC4 26.9 25.8 28.3
C4/5 16.7 17.7 15.2
UC5 29.6 29.0 30.4
LC5 13.0 19.4 4.3
C5/6 1.9 1.6 2.2
UC6 0 0 0
LC6 2.8 4.8 0

Fig. 1. (A) The thyroid cartilage plane (superior line, lower C4) and C7 plane (infe-
rior line) on a sagittal CT scan; (B) carotid bifurcation; (C) the upper pole of the thyroid
gland and the superior thyroid artery; (D) the inferior thyroid artery. A–D all are maxi-
mum intensity projection images.
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13.5 6 9.3 mm below, range 235 to 116 mm; six
above, three exactly in, and the remaining 99 below)
(P 5 0.000). This distance did not differ significantly
with age (left P 5 0.252, right P 5 0.967) or gender
(left P 5 0.125, right P 5 0.117).

Seventh Cervical Vertebra Plane

The inferior border of the cricoid cartilage in the
midline anteriorly was most often at C7 (41.6%),
ranging between lower C5 and upper T1. It was lower
in older subjects (r 5 0.272, P 5 0.001). This surface
landmark was sexually dimorphic, being significantly
lower in men [most often at C7 (53.2%) in males and
C6 (47.8%) in females; P 5 0.000] (Fig. 2).

Overall, the inferior border of the cricoid cartilage
was within the C7 plane (610 mm) in 65.7% of scans,
>10 mm above in 25.9%, and >10 mm below in 8.3%
(range from 222 to 130 mm with a mean of 5.2 mm
above). Among all scans, 75.8% were within, 14.5%
above, and 9.7% below the C7 plane in males, and
52.2% within, 41.3% above, and 6.5% below the C7
plane in females. It was significantly nearer the C7
plane in men (2.4 6 9.3 mm inmales ranging from 222
to 124mm compared to 8.9 6 9.9mm in females rang-
ing from 218 to 130 mm; P 5 0.001). The distance
from the inferior border of the cricoid cartilage to the C7
plane was related to age (r 5 20.356, P < 0.001, male
r 5 20.395, P 5 0.001, female r 5 20.338, P 5 0.022),
decreasing by a mean of 2.3 mm (range 1.1–3.5 mm)
per decade (Fig. 3).

The inferior thyroid artery reached the lateral bor-
der of the ipsilateral lobe of the thyroid gland most
often at the C7 vertebral level on both sides (left
73.0% with eight cases not found, range between C6/
7 intervertebral disc and lower T1; right 67.0% with
two cases not found, range between upper C6 and
upper T1). There was no significant relationship with
age (left r 5 0.011 P 5 0.914, right r 5 0.005

P 5 0.960) or gender (left P 5 0.511, right
P 5 0.654). The distance from where the inferior thy-
roid artery reached the thyroid gland to the C7 plane
ranged between 224 and 111 mm with a mean of
2.3 mm below on the left, and a little lower than the
right (mean 0.2 mm below, range from 217 to
117 mm; P 5 0.011). Where the inferior thyroid
artery reached the thyroid gland was within the C7
plane (610 mm) in >80% of scans (left 88.0%, right
89.6%), below this level in 11.0% on the left and
5.7% on the right, and above the level in the remain-
der (left 1%, right 4.7%). The distance from the infe-
rior thyroid artery to the C7 plane also had no
significant relationship to age (left r 5 0.005
P 5 0.964, right r 5 0.017 P 5 0.862) or gender (left
P 5 0.238, right P 5 0.798).

The vertebral artery first entered the C6 transverse
foramen in >80% of scans (left 88.8%, right 85.8%),
followed by C5 (left 7.5%, right 8.5%). The remainder
entered the transverse foramen at a level other than
C6 (C1 and C3 transverse foramen in one case bilater-
ally, C4 and C7 transverse foramen in one case on the
left, C4 transverse foramen in four cases on the right)
(Table 2) (Fig. 4).

DISCUSSION

Contemporary anatomy texts agree that the superi-
or border of the thyroid cartilage is at C3/4 or C4 (Ellis
and Mahadevan, 2010; Abrahams et al., 2011; Sinna-
tamby, 2011; Douglas et al., 2013; Moore et al.,
2013; Drake et al., 2014; Standring, 2015). However,
our study showed that the thyroid cartilage plane was
most often at C5 (42.6%), and at C3/4 in only 2.8%.
It is generally known that CCA bifurcates into the
internal and external carotid arteries in the thyroid
cartilage place, and this has been considered a reli-
able surface marking for the carotid bifurcation. Our
study showed that the carotid bifurcation occurred
above the thyroid cartilage plane in more than three
quarters of cases (left 81.5%, right 75.9%),

Fig. 2. Vertebral level of the inferior border of the cri-
coid cartilage according to gender.

Fig. 3. The distance from the inferior border of the
cricoid cartilage to the C7 plane.
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corresponding most often to the C3 (left) or C4 (right)
vertebral level. The carotid bifurcation occurred within
the thyroid cartilage plane in only about 20% (left
17.6%, right 24.1%). This result was not in accor-
dance with current textbooks, but similar to findings
in the literature (Lo et al., 2006; Mirjalili et al., 2012).
Mirjalili et al. found that the carotid bifurcation was
significantly nearer the upper limit of the ipsilateral
thyroid lamina in women on the right (10 6 13 mm in
females compared to 18 6 10 mm in males;
P 5 0.02) but not on the left (P 5 0.2). In this study,
we found that the left carotid bifurcation was higher
than the right and it was significantly nearer the thy-
roid cartilage plane on both sides.

Anatomy texts agree that the hyoid is at C3 (Sinna-
tamby, 2011; Moore et al., 2013; Moore et al., 2014).
However, we found that C4 was a more accurate

location for the body of the hyoid. This was consistent
with findings in the literature (Mirjalili et al., 2012).
Since the greater horn of the hyoid slopes anteroinfer-
iorly to its junction with the body of the bone, the tip

Fig. 4. 3-D volume-rendered reconstruction images show the vertebral artery
entering the transverse foramen. (A) Left C6, right C6, (B) left C6, right C5, (C) left
C6, right C4, (D) left C4, right C4.

TABLE 2. Vertebral Artery Entering the Transverse
Foramen

Transverse foramen Left Right

C1 1 1
C3 1 1
C4 1 4
C5 8 9
C6 95 91
C7 1 0
Not seen 1 2
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of the greater horn can lie at the C3 vertebral level.
Therefore, orientation of the carotid bifurcation accord-
ing to the body or greater horn of the hyoid is more
accurate than the thyroid cartilage.

The surface landmark of the inferior border of the
cricoid cartilage in the midline anteriorly was sexually
dimorphic, horizontally lined to vertebral level C6/7 or
C7 in males and lower C6 or C6/7 in females. This
was compatible with findings in the literature (Mirjalili
et al., 2012).

In this study, nearly 90% of vertebral arteries first
entered the C6 transverse foramen; an anomalous
vertebral artery entering the transverse foraminal col-
umn at a level other than C6 was rare. This result was
consistent with current anatomy texts and the
literature.

Reassessment of cervical surface anatomy using
modern imaging tools in vivo has provided both quali-
tative and quantitative information for surgeons in
clinical practice. Knowledge of the location of the thy-
roid artery is very important to the surgeon operating
on the thyroid gland. The superior and inferior thyroid
arteries reach the gland at the upper pole and lateral
border of the ipsilateral lobe. According to the results
of the present study, the superior thyroid artery can
be found a finger-breadth below the thyroid cartilage
plane, and the inferior thyroid artery in the C7 plane.
During a thyroidectomy, the surgeon can find and
ligate the arteries quickly without inadvertent injury to
the recurrent laryngeal nerve or the external branch
of the superior laryngeal nerve.

The surface landmarks in the neck are also impor-
tant for the orientation of target cervical vertebrae.
The anterior cervical approach, providing better
access to the vertebrae for the surgeon, is one of
most common procedures for treating cervical pathol-
ogy. The deep cervical vertebrae can be estimated
according to the external surface landmarks. In this
study, the reference vertebral orientations were as fol-
lows: the hyoid identified at C4, the superior limit of
the thyroid cartilage corresponded to C5, and the infe-
rior border of the cricoid cartilage corresponded to C7
most commonly. This orientation is useful, quick and
less vulnerable to surgery. It is worth noting that
because of the wide range of variation, surface land-
marks only provide general reference points, some-
times causing confusion about the target cervical
level. Intraoperative fluoroscopy ensures a more

precise placement to the targeted cervical level (Oh
et al., 2014).
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