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Study Design: A prospective sonographic study.
Purpose: To verify the effectiveness of simultaneous application of two landmarks, Doppler image of the vertebral artery and shape 
of the transverse tubercle of the seventh cervical (C7) vertebra.
Overview of Literature: Counting upwards from the C7 vertebra which only has a posterior tubercle of the transverse process is a 
commonly used method for ultrasound-guided cervical nerve root block. However, each transverse process has a different shape. 
Methods: Sonograms of 20 volunteers were examined. At first, we identified the C7 transverse process based on the presence of the 
vertebral artery without the anterior tubercle. The C5 and C6 transverse processes were identified based on the presence of anterior 
tubercle without the vertebral artery. Subsequently, we placed needles on the C5, C6, and C7 transverse processes and the location 
and direction of needles were confirmed by fluoroscopy.
Results: In the 120 segments, 93.3% of needles were placed correctly as desired; 97.5% of needles were placed on the 5C trans-
verse process; 97.5% of needles were placed on the C6 transverse process; and 85.0% of needles were placed on the C7 transverse 
process, respectively. Both sides showed the same accuracy of 93.3%. 
Conclusions: Simultaneous application of Doppler image of the vertebral artery and shape of the C7 transverse tubercle showed 
93.3% accuracy in identifying the target cervical level. Therefore, Doppler image of the vertebral artery can be considered to be a 
useful landmark for ultrasound-guided cervical nerve root block.
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Introduction

Traditionally, cervical nerve root block was performed 
under fluoroscopy for accurate positioning of the injec-
tion needle. A contrast agent was used to prevent intra-
vascular injection [1-3]. However, despite strict guidelines 

for performing the intervention, serious complications 
such as cerebral infarction or spinal cord injury may 
occur due to injection into the radicular artery. This is 
because soft tissue, nerves, and blood vessels cannot be 
visualized during fluoroscopy. Another disadvantage is 
the inability to perform the procedure on an outpatient 
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basis due to the possibility of radiation exposure [4-7]. 
In contrast, ultrasound-guided cervical nerve root block 
provides the advantage of preventing injection into blood 
vessels by real-time observation of soft tissue, nerves, and 
blood vessels. In addition, it is a relatively simple proce-
dure with no exposure to radiation [8]. However, there is 
a limitation in identifying the target cervical segment with 
ultrasound.

To determine the target cervical segment during cervi-
cal nerve root block, a method that counts cephalad start-
ing from the ultrasonographic marker of the transverse 
process with a posterior tubercle and without an anterior 
tubercle of the seventh cervical (C7) vertebra is needed [9]. 
However, this procedure may be technically demanding 
and limited in accuracy due to the difference in the shape 
of the transverse process of each cervical segment. 

Vertebral artery is the first branch of the subclavian 
artery. It passes anterior to the transverse process of C7, 
enters through the transverse foramen of C6, progresses 
towards the head, and enters the foramen magnum 
through the posteromedial side of the atlas. We hypoth-
esized that we can increase the accuracy by incorporat-
ing the anatomical characteristics of the vertebral artery 
in the currently used method for determining the target 
cervical segment. The aim of this study was to report the 
results of research on the use of marking that can increase 
the accuracy in identifying the target cervical segment by 
using the reference point of C7 after locating the vertebral 
artery through Doppler imaging while performing ultra-
sound-guided cervical nerve root block.

Materials and Methods

This prospective study was conducted on 20 volunteers 
(10 males and 10 females). The mean age of participants 
was 31.1 years, and there were 10 men and 10 women. 
The participants fully understood how the image would 
be rechecked with C-arm fluoroscopy after marking the 
target cervical segment using ultrasound, and agreed to 
participate in this study. It was performed on a total of 
120 segments including C5, C6, and C7 on both sides of 
20 participants.

1.   A method for counting the cervical segment by ultra-
sound

First, the patient was asked to lie in the supine position 

on a radiolucent table and pads were placed under both 
shoulders to extend the cervical spine by approximately 
20 degrees. Subsequently, the neck was rotated externally 
by approximately 30 degrees contralateral to the targeted 
direction (Fig. 1). We positioned the high-resolution lin-
ear probe (12-MHz SONOs, LogiQ S7 Expert, GE health-
care, Wauwatosa, WI, USA) in the transverse direction 
at approximately 2 cm under the cricoid cartilage and 
identified the thyroid isthmus. The probe was moved to 
the lateral side in the horizontal direction to identify the 
transverse process of the cervical vertebrae after locating 
the thyroid isthmus. Thereafter, we moved the probe cau-
dally, and defined the C7 segment based on Doppler im-
age of the vertebral artery and anatomical characteristics 
of the transverse process with a posterior tubercle but no 
anterior tubercle. Next, a metal needle was attached to the 
skin to mark the C7 segment in the same axis of the linear 
probe, which is the same direction as that of the needle, 
while performing ultrasound-guided cervical selective 
nerve root block (Fig. 2A).

After moving the linear probe upward in the coronal 
plane, the upper cervical segment was defined as the C6 
segment based on Doppler image of absence of the verte-
bral artery and anatomical findings of a transverse process 
which had both anterior and posterior tubercles (Fig. 2B). 
A metal needle was attached in the same manner as de-
scribed previously after defining the transverse process of 
the C6 vertebra. Afterwards, the linear probe was moved 
upward in the coronal plane and we defined the C5 seg-
ment based on the findings which were same as those of 
the C6. A metal needle was attached to the skin in the 
same manner (Fig. 2C).

Fig. 1. Position for ultrasound-guided cervical selective nerve root 
block. Supine position with neck extension and rotation contralaterally.
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2.   Confirmation of the metal needle position using 
fluoroscopy

An anteroposterior radiograph was obtained using 
C-arm fluoroscopy without changing the position of the 
patient so as to maintain the same position as during 

ultrasound-guided cervical selective nerve root block. Lo-
cation of the metal needle was confirmed on anteroposte-
rior radiographs and the accuracy in identifying the target 
cervical segment was evaluated by an imaginary extension 
line of the metal needle (Fig. 3).

Fig. 2. Ultrasound image of the lower cervical spine. (A) C7 
vertebra. Vertebral artery (arrowhead) is detected in front of 
the posterior tubercle (transparent arrow) of the C7 transverse 
process. (B, C) C6 and C5 vertebrae. Anterior (white arrow) and 
posterior (transparent arrow) tubercles are present, but the ver-
tebral artery is not detected. C5, C6, and C7 indicate each nerve 
root. SCMM, sternocleidomastoid muscle; IJV, internal jugular 
vein; CA, carotid artery; ASM, anterior scalene muscle; VA, ver-
tebral artery; MSM, middle scalene muscle; LCM, longus colli 
muscle; VB, vertebral body; TP, transverse process. 

A B

C

Fig. 3. Confirmation by C-arm fluoroscopy. (A) Needles were located at the target cervical segment. (B) Needles accurately indi-
cated the target intervertebral foramen.

A B
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Results

Accurate location of the metal needles in the target cer-
vical segment was observed in 112 out of the total 120 
cases (93.3%) through fluoroscopy; 39 out of the 40 cases 
(97.5%) in the C5 segment, 39 out of the 40 cases (97.5%) 
in the C6 segment, and 34 out of the 40 cases (85%) in the 
C7 segment, respectively (Table 1). There was no differ-
ence between both sides; 56 out of the 60 cases (93.3%) in 
the left side and 56 out of the 60 cases (93.3%) in the right 
side (Table 1). In the case of the vertebral artery which 
can be identified anterior to the C7 transverse process, 17 
out of the 20 cases (85%) in the left side and 17 out of the 
20 cases (85%) in the right side were identified.

The metal needle was located accurately in the target 
cervical segment based on the presence of the vertebral 
artery in two out of the five participants in whom the C7 
transverse process could not be identified due to short 
neck length. The metal needle in the remaining three par-
ticipants was located near the target cervical segment, but 

the imaginary extension line did not accurately indicate 
the target cervical segment (Fig. 4).

Discussion

Nowadays, ultrasound-guided cervical nerve root block 
is widely used because of its advantages; it can avoid in-
travascular injection or nerve damage due to real-time 
observation. There is no radiation exposure, and it is a 
relatively simple procedure that can be performed on an 
outpatient basis.

Two methods have been used to count each cervical 
segment during ultrasound-guided cervical intervention. 
First, the target cervical segment can be identified based 
on the transverse processes of lower cervical vertebrae. 
Anatomical characteristics were used to identify the target 
cervical segment with anterior and posterior tubercles of 
the transverse process of C6 but only a posterior tubercle 
of C7 [9]. Martinoli et al. [10] reported the difficulties 
in confirming anterior and posterior tubercles through 

Table 1. Validation of ultrasound-guided cervical target level confirmed by fluoroscopy 

Segment Right Left Total

C5   20 (100) 19 (95)    39 (97.5)

C6 19 (95)   20 (100)    39 (97.5)

C7 17 (85) 17 (85) 34 (85)

Total    56 (93.3)    56 (93.3) -

Values are presented as number (%).

Fig. 4. Confirmation by C-arm fluoroscopy. (A) Needles were located near target cervical segment. (B) But, low-
est needle does not indicate C7–T1 intervertebral foramen accurately.  

A B
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ultrasound since the transverse processes of lower cervi-
cal vertebrae are located deep in the soft tissue in patients 
with short and thick necks while performing ultrasound-
guided cervical nerve root block in 20 patients. 

The second method of counting the cervical segment is 
to perform a scan in the longitudinal axis parallel to the 
spine and place the mastoid on the side of the head, and 
to count the cervical segment by going down caudally. The 
probe is moved horizontally after determining the pres-
ence of the vertebral artery between C1 and C2, and the 
posterior facets of C2 and C3 can be identified on the ul-
trasound image. At this time, the target cervical segment 
can be identified by moving the probe downwards from 
C2, which shows the ultrasonographic finding of loss of 
hyperechoic pillar at the cephalic side [11]. However, it 
is difficult to ascertain ultrasound findings in cases with 
accompanying degenerative changes or presence of osteo-
phytes, accompanying posterior angulation of the pillar, 
and accompanying narrow pillar due to short length of 
C2. Finlayson et al. [11] reported that the injection needle 
was located in the lateral margin of the targeted pillar in 
19.1% of the cases while performing ultrasound-guided 
cervical nerve root block. 

The two methods mentioned above have a limitation 
in identifying the target cervical segment, and therefore, 
we felt that there was a need for an additional marker to 
increase the accuracy in determining the target cervical 
segment by ultrasound. In this study, accuracy in identi-
fying the target lower cervical segment could be increased 
by using anatomical characteristics of the vertebral artery 
that passes anterior to the C7 transverse process and runs 
through the C6 transverse foramen.

In previous studies, Narouze et al. [12] reported that 
all injection needles were located within 5 mm of target 
points in a prospective study of ten patients. Also, injury 
to the blood vessels and nerves could be avoided because 
progression of the metal needle could be observed in real 
time. On the other hand, Finlayson et al. [11] reported 
that the needles were located in the adjacent cervical seg-
ment, not in the target cervical segment in two patients, 
in spite of a high success rate of 94.5% in their study of 
163 cases in 50 patients. 

In this study, the target cervical segment was identified 
by the first method of using an additional ultrasono-
graphic marker of the vertebral artery through a Doppler 
image. The metal needle was located accurately in the 
target cervical segment in 39 out of the 40 cases (97.5%) 

in the C5 and C6 segments each, but the metal needle was 
located accurately in the target cervical segment in only 
34 out of the 40 cases (85%) in the C7 segment. This was 
because the soft tissue and muscle were thicker towards 
the lower cervical segment, especially in subjects with a 
short neck, and it was considered that a clear image could 
not be obtained through ultrasound. In addition, the met-
al needle was located accurately based on confirmation of 
the presence of the vertebral artery in two out of the five 
subjects, in whom it was difficult to identify the posterior 
tubercle of C7 through ultrasound, and the metal needle 
was located accurately in these two subjects; therefore, 
the accuracy rate for identifying the C7 segment was 
increased by 10% (2 out of the 20 cases). However, the 
vertebral artery was identified in 17 out of the 20 cases 
(85%) in the left and right sides of the C7 segment each. 
In a previous study, Bruneau et al. [13] reported that in 
93% of the cases, the vertebral artery entered through the 
transverse foramen of C6, and in 1.0%, 5.0%, and 0.8% of 
the cases, the vertebral artery entered through the trans-
verse foramen of C4, C5, and C6, respectively. Therefore, 
for identifying the target cervical segment based on the 
presence of the vertebral artery as an ultrasonographic 
marker of C7, it is necessary to combine the anatomical 
characteristics of the transverse process of the C7 vertebra 
and Doppler image of the vertebral artery. 

Ultrasound-guided cervical nerve root block is techni-
cally demanding, and therefore, a learning curve is neces-
sary. When ultrasound-guided cervical nerve root block is 
performed by an unskilled physician, it is necessary to fol-
low a practice of obtaining confirmation with fluoroscopy 
after ultrasound-guided contrast injection at the target 
cervical nerve root. After all, minimizing the complica-
tions associated with injections could be achieved with 
practice. 

This study was not conducted in patients who had ac-
tual cervical disease and it only evaluated the accuracy in 
identifying the target cervical segment. Hence, there was 
a limitation of not evaluating the effect or complications 
which can occur after performing cervical nerve root 
block. Therefore, a further study should be performed for 
evaluating the efficacy of nerve root block in patients with 
actual cervical disease.

Conclusions

During ultrasound-guided cervical selective nerve root 
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block, only 30 out of the 40 cases (75%) were accurately 
located in the target cervical segment based on the ana-
tomical finding of C7 transverse process with only a pos-
terior tubercle but no anterior tubercle, and the reason for 
this low percentage of cases is the difficulty in identifying 
the transverse process of the C7 segment in patients with 
a short neck. However, the accuracy increased by 10% (4 
out of the 40 cases) through the Doppler image of the ver-
tebral artery located in the C7 segment. The accuracy in 
identifying the target segment was 93.3% (112 out of the 
120 cases) by simultaneous application of the anatomical 
finding of the C7 transverse process and Doppler image 
of the vertebral artery. This suggests that Doppler image 
of the vertebral artery can be a useful additional marker 
to identify the target cervical segment.
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