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ABSTRACT

Spinal ultrasonography has increasingly been
used to image axial structures from the cervical
to sacral region in recent years. In this work, we
propose a comprehensive, systematic cervical
scanning protocol that we refined as a route
map, especially for beginners, to facilitate
teaching, learning, diagnosis, and treatment in
clinical pain practice. As a simple and clear tool
to demonstrate the scanning protocol, the route
map is delineated with rectangles, lines, and
arrows. The rectangles represent the positions of
the transducer, the arrows indicate route direc-
tions, and the lines show the routes of trans-
ducer movement. In this article, we describe
cervical spinal ultrasonography to illustrate the
route map interpretation, scanning protocol
and target anatomical structures in detail. We
believe that this comprehensive, clear, system-
atic, and portable route map will be beneficial
for inexperienced pain clinicians and ultra-
sound beginners.
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Key Summary Points

This article introduced the novel idea of a
route map that was refined from a
comprehensive, systematic scanning
protocol for cervical spinal
ultrasonography.

The route map is delineated with concise
rectangles, lines, and arrows.

The route map may be a simple, clear,
systematic, comprehensive, and
portable tool for cervical spinal
ultrasonography beginners and pain
practitioners to learn quickly, scan
precisely, and operate safely.

We believe the route map has potential for
application in bedside teaching, learning,
ultrasound diagnosis, ultrasound-guided
interventions, text curricula, and training
workshops, among other areas.
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INTRODUCTION

Ultrasonography can be cost-effective and
affordable, especially in resource-constrained
settings. It has recently become used to image
axial structures and guide procedures for spinal
interventions because of its ease of use, good
success rates, and lack of radiation. For spinal
pain, most typical imaging examinations and
interventional procedures performed under
fluoroscopy have also been reportedly per-
formed under ultrasound guidance [1]. For cer-
tain types of cervical pain injection therapy,
there is also evidence that ultrasound provides
noninferior guiding effects when compared
with computed tomography [2]. Ultrasonogra-
phy guidance has many advantages: no ionizing
radiation, real-time guidance, high spatial res-
olution, excellent soft tissue contrast, and the
ability to identify and avoid critical structures
[3]. Moreover, shear-wave elastography has
recently been introduced on clinical scanners,
with a promising role in determining the
severity of disease and treatment follow-up of
various musculoskeletal tissues, including mus-
cles, nerves, and ligaments [4].

Currently, ultrasound-guided techniques are
well established for demonstration of the lum-
bar anatomy, intraspinal anesthesia of the
lumbar canal [5], and treatment of lumbar
spondyloarthropathy [6, 7]. However, ultra-
sound guidance has not been widely imple-
mented in other regions of the spine. For
untrained beginners and intermediate practi-
tioners, spinal ultrasonography involves abun-
dant sonographic sections and rich details,
which are challenging to organize mentally and
memorize. To simplify spinal ultrasonography
and create a more methodical approach, mak-
ing it easier to teach and learn, by summarizing
clinical experience and reviewing previous lit-
erature, we extracted a systematic scanning
protocol for the cervical spine and then refined
and delineated it as a route map using rectan-
gles, lines, and arrows.

The purpose of this article is to introduce the
route map as a novel tool for learning cervical
spinal ultrasonography. In this article, we
comprehensively describe the corresponding

approaches and propose the route map as a
simple and clear learning tool for educational
and practical use by inexperienced pain
clinicians.

METHODS

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Overview of the Route Map

Figures 1 and 2 demonstrate programmed travel
routes for the cervical ultrasound scan. Figure 1
includes both the anatomical diagram and the
ultrasonography route map. Figure 2 is an
express edition of the route map. In the route
map, the rectangles represent the positions of
the transducer. The black rectangles mark initial
starting points, while the white rectangles mark
transfer points or termini of transducer routes.
The arrows indicate route directions. Full lines
show the transducer route paths on the initial
side of the body, while dashed lines indicate the
paths in other orientations, i.e., anterior, pos-
terior, anterolateral, posterolateral, or lateral.

RESULTS

Scanning Protocol and Route Map
Interpretation

On account of the different scanning protocols,
the upper (C1*C2), middle (C3–C6), and lower
(C7) parts of the cervical region are described
separately in the map. Ultrasonography for each
region is summarized along both the short and
long axes of the cervical spine.

OVERVIEW OF THE UPPER CERVICAL
REGION (C1–C2)

Ultrasonography of the atlas (C1) and axis (C2)
is unique because of their characteristic
anatomical structures [8]. The transverse
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process of C1 is large and convex, and its spi-
nous process is replaced by a posterior tubercle,
which is a unique feature among all other

vertebrae. The vertebral body and lamina of C1
are absent. Because of the thinness of its ante-
rior and posterior arches, there are relatively
wide spaces between the atlas, occiput, and axis.
Moreover, the atlantoaxial joint is near the C2
dorsal root ganglion and vertebral artery.

In this area, five short-axis and seven long-
axis scanning sections are summarized in the
route map. A linear array probe is usually used
in this region. A convex array probe may also be
considered for long-axis ultrasonography in
particular sections.

Short-Axis Ultrasonography (Fig. 3)

Patients take a prone or sitting posture with
their head lowered. As shown in Figs. 1 and 3,
the transducer is initially placed in the middle
of the occiput at position 1 and then moved
caudally to positions 2 and 3 to visualize the
posterior arch of C1 and the spinous process of
C2. The transducer is relocated obliquely to
position 4, in parallel with the obliquus capitis

Fig. 1 The programmed travel routes for the cervical ultrasound scan route map, including both the anatomical diagram
and the simple ultrasonography route map

Fig. 2 The express edition of the ultrasonography route
map
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inferior muscle. At this point, the trapezius,
semispinalis capitis, and obliquus capitis infe-
rior muscles can be seen from shallow to deep.
Within the fascia between the semispinalis
capitis and obliquus capitis inferior muscles, a
long-axis view of the greater occipital nerve can
be obtained for use in guiding various pain
treatments [9]. Then, the transducer is moved
slightly anterolaterally to position 5 to view the
atlantoaxial joint and C2 dorsal root ganglion,
which lies on the surface of the atlantoaxial
joint [10]. The vertebral artery can also be seen
on the lateral edge of the display [11].

Long-Axis Ultrasonography (Figs. 4 and 5)

Patients take a lateral or sitting posture with
their head lowered. As shown in Figs. 4 and 5,
the transducer is initially placed at the caudal
end of the mastoid process at position 1. Then,
the transducer is moved caudally to position 2
to locate the transverse process of C1 and C2
and obtain a view of the C2–C3 facet joint at
position 3. Over the surface of the C2–C3 facet
joint, the third occipital nerve passes, which
can be visualized as a hypoechoic oval structure.
The transducer is then brought headward to
position 4 to detect the C2 nerve root or the
initiation site of the C2 dorsal rami at the C2
vertebral pedicle. Then, the transducer is moved
to position 5 for scanning of the C2 dorsal root
ganglion, which lies on the atlantoaxial joint
and beneath the obliquus capitis inferior mus-
cle. Injury of the vertebral artery or entry of the
spinal canal must be carefully avoided when
pain interventions are performed nearby. The

transducer is relocated dorsad to position 6,
where the greater occipital nerve can be
observed on top of the obliquus capitis inferior
muscle and blocked. Finally, the transducer is
shifted cephalad to position 7, with the head
end of the transducer between the mastoid
process and occipital protuberance. Here, the
atlanto-occipital joint can be observed between
the occipital bone and C1 transverse process
[12]. Note that operators must carefully identify
the nearby vertebral blood vessels and spinal
canal structure before performing injections
into the atlanto-occipital joint. Color Doppler
examination is highly recommended.

Overview of Middle Cervical Vertebrae
(C3–C6)

Middle cervical vertebrae (C3–C6) share similar
anatomical structures and ultrasonography. It is
the most commonly involved part in the clini-
cal setting. In this region, eight short-axis and
seven long-axis (Fig. 1) scanning sections are
summarized in the route map.

Short-Axis Ultrasonography (Fig. 6)

Patients are placed in a lateral posture or supine
position with their head rotated to the con-
tralateral side. Check each of the four TPs from
bottom to top, as shown in Figs. 1 and 6. C7 TP
is easily recognized because it has no anterior
but only a posterior tubercle. As the transducer
moves up from position 1 to 4, the anterior and
posterior tubercles of the TPs from the C6 to C3
vertebral levels appear, and the ventral rami can
also be seen as a hypoecho section as they run
above the TPs after exiting the intervertebral
foramen [13]. The cervical plexus passing
through the prevertebral fascia and envelope
fascia and superior cervical ganglion can be
located at positions 3 and 4 [14]. Rotate the
transducer 90� to position 5–8; here are targets
for the injection therapy of the medial branch
of the spinal nerves’ dorsal rami.

bFig. 3 Ultrasound images and anatomical illustration
along the short axis regarding the route map of the upper
cervical vertebral region (C1–C2). 1–5, ultrasound images
at positions 1–5; 6–10, transducer positions and anatom-
ical illustration at positions 1–5. RCPM rectus capitis
posterior minor muscle, SC semispinalis capitis, OCI
obliquus capitis inferior muscle, SP spinous process, DRG
dorsal root ganglion, AAJ atlantoaxial joint, TP transverse
process. The anatomical images were generated using VH
Dissector software (Touch of Life Technologies, http://
www.toltech.net)
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Long-Axis Ultrasonography (Figs. 7 and 8)

As a scan from dorsally to ventrally (Fig. 1),
patients may take a prone posture with their
heads lowered, lateral and supine posture suc-
cessively. As shown in Figs. 7 and 8, start from
the paraspinous scan at position 1 to check the
ligamentum flavum and spinal dura. Slide to
position 2 to locate the imbricate facet joint.
Then, move laterally to position 3 to obtain the
plane of ‘‘wave’’, in which the joint space lies in

the crest and medial branch of the dorsal rami
in the trough [15]. Moving ventralward to
position 4, a long, hypoechoic ventral ramus
can be observed emerging from the intertuber-
cular grooves of the TP. Place the transducer at
position 5 to check the vertebral artery beside
the anterior tubercle. Then, advancing to posi-
tion 6, the ‘‘waves’’ seen here are the uncover-
tebral joints. Finally, shift the transducer
inward to position 7, press to obtain images of
the anterior vertebrae and intervertebral discs.

Fig. 4 Ultrasound images along the long axis regarding the
route map of the upper cervical vertebral region (C1–C2).
1–7, ultrasound images at positions 1–7. MP mastoid
process, TP transverse process, FJ facet joint, NR/DR nerve

root/dorsal rami, SC semispinalis capitis, OCI obliquus
capitis inferior muscle, AAJ atlantoaxial joint, DRG dorsal
root ganglion, VA vertebral vessels, ACJ atlanto-occipital
joint
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Overview of the Lower Cervical Vertebra
(C7)

The structure of the lower vertebra C7 is differ-
ent from that of other cervical vertebrae; the SP
of C7 is unforked, and the TP is broad without
an anterior tubercle. The scanning protocol of
the lower cervical vertebra is described differ-
ently as well.

Ultrasonography (Fig. 9)

The ultrasonography scanning protocol
includes one dorsal plane and two ventral
planes (Fig. 1). First, patients take supine pos-
ture with their head rotated to the contralateral
side. As shown in Fig. 9, put the transducer on
the supraclavicular fossa, move upward to rec-
ognize the C7 TP, which has only a posterior
tubercle at position 1. Hypoechoic C7 ventral

Fig. 5 Anatomical illustration along the long axis regard-
ing the route map of the upper cervical vertebral region
(C1–C2). 1–7, transducer positions and anatomical
illustration at positions 1–7. NR/DR nerve root/dorsal

rami, DRG dorsal root ganglion, OCI obliquus capitis
inferior muscle, TP transverse process. The anatomical
images were generated using VH Dissector software
(Touch of Life Technologies, http://www.toltech.net).
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ramus can be seen between the TP and vertebral
artery. Injection of the C7 ventral ramus or
cervical sympathetic ganglion can be performed
at position 1. Then, slide caudalward until the
C7 TP disappears, and the C8 ventral ramus and
1st rib emerge at position 2 [16]. Doppler
imaging is recommended to enhance the ver-
tebral artery since most of them have not
entered the foramen transversalis of the TP at
the C7 level. Shift patients to side-lying or sit-
ting posture. Position 3 is designed to see the
medial branch of the dorsal rami. It can be
located at the waist of the cervical facet column,
as shown in Figs. 1 and 9.

DISCUSSION

As indicated above, we introduced the route
map for spinal ultrasonography in the cervical
region to help beginners accomplish clinical
scanning and interventional therapy.

Previous literature has described the
anatomical relationships and probe positions
for corresponding ultrasound images of com-
monly scanned spinal structures, aiming to
provide a standardized approach for spinal
ultrasonography [17]. Starting from this inte-
grated framework, we have made further
refinements to this scanning protocol; for
instance, we introduced more scanning planes
and detailed the cervical region into three dis-
tinct partitions regarding different segments,
namely, the upper, middle, and lower regions.

Fig. 6 Ultrasound images and anatomical illustration
along the short axis regarding the route map of the middle
cervical vertebral region (C3–C6). 1–8, ultrasound images
at positions 1–8; 9A, 10A, 11A, 12A, transducer positions
and anatomical illustration at positions 1–4; 9B, 10B, 11B,
12B, transducer positions and anatomical illustration at

positions 5–8. SCM sternocleidomastoid, CA carotid
artery, LC longus colli, SA scalenus anterior, VR ventral
rami, SM scalenus medius, TP transverse process. The
anatomical images were generated using VH Dissector
software (Touch of Life Technologies, http://www.toltech.
net)
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The concise route map, which was then sum-
marized and integrated, indicates not only the
probe positions but also the routes of probe
movement. In addition, to verify the reliability
and reproducibility of the ultrasound scan
technique described in this article, we dissected
the neck region using human anatomy model-
ing software (VH Dissector, Touch of Life
Technologies, http://www.toltech.net). The
related dissected sectional images are shown in
the article figures. Similarly, the route map can
be further generalized and used in all other
regions of the spine, including the thoracic,
upper/middle/lower lumbar and sacrococcygeal
regions. We believe this route map may con-
tribute to pain clinicians’ dynamic, coherent

clinical thinking when learning and performing
spinal ultrasonography.

Specifically, there are several advantages of
the route map. First, it is comprehensive, clear,
systematic, and portable. The route map may
help guide the operator back to the starting
point or one of the transfer points upon the
operator losing their orientation during scan-
ning. Second, the comprehensive and coherent
route map may help clinicians achieve objec-
tives through other anatomical landmarks to
avoid omission. Third, the ultrasonographic
sections are adjacent to each other in the neck
region. Beginners are prone to mistaking one
section for another, for example, mistaking the
lamina for the facet joint. From this perspective,

Fig. 7 Ultrasound images along the long axis regarding the route map of the middle cervical vertebral region (C3–C6). 1–7,
ultrasound images at positions 1–7. FJ facet joint, IAP inferior articular process, VR ventral rami, TP transverse process
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the route map may help beginners operate more
safely. Additionally, the portability of the map
allows it to be posted on ultrasound equipment
or a classroom wall or carried around in one’s
pocket.

The route map has potential for application
in bedside teaching, learning, ultrasound diag-
nosis, ultrasound-guided interventions, text
curricula, and training workshops, among other
areas. We hope that with the help of this route
map, the learning curve for inexperienced
beginners in spinal ultrasonography can be
improved, and the rates of missed diagnosis and
misdiagnosis can be decreased.

Notably, although spinal ultrasonography
has certain advantages, pain physicians should
be aware of its limitations, particularly the
challenges in sonographic visualization of deep
and bony structures. Advantages and disadvan-
tages should be weighed carefully when decid-
ing between ultrasound and other methods of
visualization [18]. Further studies are needed to
evaluate the safety and efficacy of ultrasound
guidance compared with fluoroscopy and com-
puted tomography guidance in spinal
procedures.

Applications of the route map may have
limitations considering the following aspects.
First, the proposed map is based on normal

Fig. 8 Anatomical illustration along the long axis regard-
ing the route map of the middle cervical vertebral region
(C3–C6). 1–7, transducer positions and anatomical
illustration at positions 1–7. The anatomical images were

generated using VH Dissector software (Touch of Life
Technologies, http://www.toltech.net)
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anatomical structures of the spine. The utility of
the route map in patients with abnormal spinal
anatomy, especially severe spinal malforma-
tions or a history of spinal surgery, may be
partly limited. Recently, we reported ultra-
sound-guided location and nusinersen admin-
istration for spinal muscular atrophy patients
with severe scoliosis [19]. Second, since the
spinal anatomy of children/newborns is slightly
different from that of adults [20], the route map
and methods for its clinical use in children may
require further modification. Finally, we regard

the route map as a simple and clear tool for
spinal ultrasonography beginners to learn.
However, as an exploratory study, we did not
accomplish the verification of usefulness in
teaching and learning. Future research to eval-
uate the efficacy of this learning tool is
warranted.

Fig. 9 Ultrasound images and anatomical illustration
regarding the route map of the lower cervical vertebral

region (C7). 1 ~ 3 [1]–[3], the ultrasound images, the

transducer positions and anatomical illustration at posi-
tions 1–3. SCM sternocleidomastoid, CA carotid artery,

CV carotid vein, LC longus colli, VA vertebral vessels, SA
scalenus anterior, SM scalenus medius, TP transverse
process, VR ventral rami. The anatomical images were
generated using VH Dissector software (Touch of Life
Technologies, http://www.toltech.net)
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CONCLUSIONS

The route map can be used as a simple and clear
learning tool in cervical spinal ultrasonography.
Its comprehensiveness, clarity, systematic
organization, and portability allow pain clini-
cians and ultrasound beginners to learn quickly,
scan precisely, and operate safely.
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