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-BACKGROUND: Accurate location of the skin incision is
helpful to decrease the technical difficulty and save the
operative time in anterior cervical spine surgery. Spine
surgeons usually use the traditional neck anatomic struc-
tures (the hyoid bone, thyroid cartilage, and cricoid carti-
lage) as landmarks during the surgery. However, the
reliability of these landmarks has not been validated in
actual practice.

-OBJECTIVE: To find out which landmark is the most
accurate for identifying the cervical levels in anterior
cervical spine surgery.

-METHODS: The lateral flexion and extension radio-
graphs of cervical spine in standing position from
30 consecutive patients from January 2015 to February 2015
were obtained. The cervical vertebral bodies from C2 to C7
were divided equally into 2 segments. The cervical seg-
ments corresponding to each of the surface landmarks
were recorded on the flexion and extension radiographs,
respectively, and the displacement of corresponding cer-
vical segments from the flexion to extension radiographs
for each landmark was calculated.

-RESULTS: Based on the measurements, the main corre-
sponding cervical levels for the mandibular angle were C2
on both of the flexion and extension films, for the hyoid
bone were the C3eC4 interspace on flexion film and C3 on
extension film, for the thyroid cartilage C5 on both of
flexion and extension films, and for the cricoid cartilage C6
on flexion film and C5eC6 interspace on extension film,
respectively. The ratios of displacement within 2 segments

from flexion to extension were 83.3% (25/30) for mandibular
angle, 56.7% (17/30) for hyoid bone, 66.7% (20/30) for thyroid
cartilage, and 56.7% (17/30) for cricoid cartilage, respec-
tively. The mean displacement from flexion to extension
films were significantly less than 2 cervical segments for
the mandibular angle but greater than 2 segments for the
other landmarks. Significant differences were found be-
tween mandibular angle and the other 3 landmarks for the
displacement from flexion to extension.

-CONCLUSIONS: The angle of mandible was found to be
the most accurate landmark for identifying the cervical
level, which corresponded to C2 and C2eC3 disc space.
The hyoid bone, thyroid cartilage, and cricoid cartilage
were not reliable to predict the cervical levels.

INTRODUCTION

Anterior cervical spine surgery (ACSS) is a useful procedure
for treating different cervical spinal disorders, such as
cervical disc herniation, ossification of the posterior

longitudinal ligament, and cervical vertebral fracture.1,2 Since
Cloward3 and Smith and Robinson4 reported the use of transverse
skin incision in the cervical anterior approach, this incision
became popular because of good cosmesis for patients. Accurate
location of the skin incision in ACSS is important to protect
neurovascular and visceral structures of the neck and to achieve
adequate exposure for cervical decompression and fusion.
Improper position of the skin incision may increase technical
difficulty, operative time, and the risk of esophageal injury due

Key words
- Cervical
- Landmarks
- Mandibular angle
- Spine

Abbreviations and Acronyms
ACSS: Anterior cervical spine surgery

From the 1Department of Orthopedic Surgery, the First Affiliated Hospital of Nanchang
University, Nanchang; and 2Department of Orthopedic Surgery, the 94th Hospital of Chinese
People’s Liberation Army, Nanchang, P. R. China

To whom correspondence should be addressed: Zhi-Li Liu, M.D.
[E-mail: liuzhiliyfy@163.com]

Jia-Ming Liu and Liu-Xue Du contributed equally to this work and they are considered as
co-first authors.

Citation: World Neurosurg. (2017) 103:133-137.
http://dx.doi.org/10.1016/j.wneu.2017.03.129

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2017 Elsevier Inc. All rights reserved.

WORLD NEUROSURGERY 103: 133-137, JULY 2017 www.WORLDNEUROSURGERY.org 133

Original Article

http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2017.03.129&domain=pdf
mailto:liuzhiliyfy@163.com
http://dx.doi.org/10.1016/j.wneu.2017.03.129
http://www.WORLDNEUROSURGERY.org
www.sciencedirect.com/science/journal/18788750
http://www.WORLDNEUROSURGERY.org


to excessive retraction during the surgery.5-7 Spine surgeons usu-
ally use fluoroscopy or navigation to confirm the location of the
target cervical segment and help to make the incision; however,
fluoroscopy or navigation used in the surgery would increase the
radiation, which is harmful to patients.
During the past decade, several studies have reported the use of

surface neck landmarks, such as hyoid bone, thyroid cartilage, and
cricoid cartilage, to identify cervical spinal levels based on the
study of preoperative radiographs.8-10 However, the reliability of
those techniques was controversial, because the intraoperative
positions of cervical spine were different from preoperative
ones.11,12 Thus, it is unknown which landmark is reliable for
predicting cervical levels no matter what position of the cervical
spine; few studies reported about this. The purpose of this study is
to determine which is the most accurate landmark to identify the
cervical levels and provide information for making incision during
ACSS.

MATERIALS AND METHODS

Patient Selection
A study was performed on 30 consecutive patients (15 men and 15
women) who underwent cervical spine radiographic tests in the
outpatient clinic because of cervical diseases from January 2015 to
February 2015 at our hospital. The study protocol was given ethical
approval by the human research ethics committee of the hospital.
Patients meeting the following criteria were included in this study:
1) age between 20 to 40 years; 2) underwent both cervical flexion
and extension radiographs in standing position, without severe
cervical degeneration; 3) no cervical vertebral body and disc
destruction. Patients with cervical kyphosis, previous cervical
surgery, congenital spinal anomalies, cervical tumor, and tuber-
culosis were excluded from this study.

Radiographic Measurement
All lateral cervical spine radiographs of the included patients were
obtained. The anterior landmarks and the corresponding cervical
spinal levels were displayed clearly on the films. For the mea-
surement, several lines were drawn on the films as follows: first,
each of the cervical spinal vertebral body was equally divided into
2 segments from C2 to C7, including the upper and lower seg-
ments, and each of the cervical interspaces was defined as one
segment (Figure 1). Second, a line connecting the tip of the
odontoid process and the center of C7 vertebra was drawn as
the sagittal vertical axis of cervical spine. Third, a horizontal
line was set perpendicular to the sagittal vertical axis from the
middle of each surface landmark to the cervical spine on both
of the flexion and extension radiographs (Figure 2). The surface
landmarks included in this study consisted of the angle of
mandible, hyoid bone, thyroid cartilage, and cricoid cartilage.
According to the horizontal line, the cervical segments corre-

sponding to each of the surface landmark were recorded on both
of the flexion and extension radiographs, and the displacement
from the flexion to the extension radiographs for each landmark
was calculated. If the displacement was greater than 2 segments
(1 vertebra), it was determined that this landmark was not reliable
to predict the cervical spinal levels. On the contrary, if the

displacement was less than 2 segments, the landmark was
determined to be reliable for identifying the cervical spinal levels.

Statistical Analysis
All data were presented as mean � standard deviation in this
study. All statistics were conducted with SPSS 17.0 software (SPSS
Inc., Chicago, Illinois, USA). The data were analyzed with the
Student’s t test for continuous variables and c2 test for categorical
variables. Values of P < 0.05 were considered to be statistically
significant.

RESULTS

The mean age of the patients was 32 years. Based on the mea-
surement, the cervical spinal levels corresponding to the position
of the surface landmarks on the lateral flexion and extension ra-
diographs are displayed in Table 1. For the angle of the mandible,
most of the corresponding spinal levels were C2 on both of the
flexion and extension films. The majority of cervical spinal levels
corresponding to the position of hyoid bone were C3eC4
interspace on flexion film and C3 on extension film. For the
thyroid cartilage, the corresponding spinal levels on both of
flexion and extension films were C5. The reference level for

Figure 1. Cervical vertebral bodies from C2 to C7 were
equally divided into 2 segments, and cervical
interspace was defined as one segment for the
measurement.
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