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Background: Cervical epidural steroid injections can be performed through either interlaminar
or transforaminal approaches, although the interlaminar approach is more frequently used, for
cervical radicular pain as a result of cervical disc herniation or spinal stenosis. Cervical selective nerve
root block (CSNRB) is an injection that uses a similar approach to that of cervical transforaminal
epidural steroid injection (CTFESI) but CSNRB is mainly used for diagnostic injection, often with
local anesthetic only.

Objective: The aim of this study was to investigate an optimal needle entry angle for cervical
transforaminal epidural steroid injection (CTFESI) or cervical selective nerve root block (CSNRB)
using the fluoroscopically guided anterior oblique approach. The angle for optimal entry into
the neuroforamen was measured at various vertebral levels using cross-sectional cervical spine
computed tomography (CT) scans.

Study Design: Retrospective case series analysis.

Methods: From March 2009 to July 2012, consecutive patients with presumed discogenic neck
pain underwent cervical post discography CT scans. The axial images of these CT scans were used
to measure the optimal angle for needle entry into the neuroforamen. The angles were taken
bilaterally at levels of C3-4, C4-5, C5-6, C6-7, and C7-T1. The average angle between the patient’s
left and right side was calculated. A total of 190 patients were analyzed, including 73 men and 117
women, with ages ranging from 21 to 78 years old.

Results: In both men and women, the mean optimal angle (in degrees) with standard deviation
measured in the 190 patients at C3-4, C4-5, C5-6, C6-7, and C7-T1 were 48 + 4, 49 + 4, 49 +
4,49 £ 5, 48 + 6, respectively. The 95% confidence interval for the true value of the parameter is
within 39.84 to 57.56 degrees.

Limitations: The data for the optimal needle entry angle for CTFESI has yet to be tested or
confirmed in clinical studies.

Conclusion: This is the first study investigating the optimal needle entry angle for performing
CTFESIs or CSNRB. Based on a patient population of 190, the optimal entry angle using the anterior
oblique approach appears to be between the range of 33 to 68 degrees with an average of
slightly less than 50 degrees. Further research with angle of needle entry and/or initial fluoroscopic
alignment of approximately 50 degrees in CTFESI or CSNRB is warranted to confirm the usefulness
of these findings.
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ervical epidural steroid injections can be

performed through either interlaminar or

transforaminal approaches, although the
interlaminar approach is more frequently used, for
cervical radicular pain as a result of cervical disc
herniation or spinal stenosis (1-6). Cervical selective
nerve root block (CSNRB) is an injection that uses a
similar approach to that of cervical transforaminal
epidural steroid injection (CTFESI) but CSNRB is mainly
used for diagnostic injection, often with local anesthetic
only.

Cervical interlaminar epidural steroid injection
(CIESI) was shown to be efficacious in reducing neck
pain and radicular pain in randomized clinical trials and
systematic reviews (1-3). Meanwhile, the efficacy of CT-
FESI is less convincing due to a sub-optimally designed
randomized study (7); but multiple prospective studies
indicated that CESls are effective in reducing radicular
neck pain and the need for surgery (8-10). There is no
prospective randomized clinical trial comparing the ef-
ficacy of CIESI with CTFESI or CSNRB.

CTFESI and CSNRB have been associated with
rare but serious neurological complications (11-22).
The catastrophic neurological complications such as
paralysis and death are thought to be the results of
unintentional needle cannulation and injection of
particulate corticosteroids into the vertebral artery or
radiculomedullary artery, inducing embolic infarction
in the terminal arterioles supplying the spinal cord,
brainstem, and cerebrum (11-22). Cervical interlaminar
epidural injections also carry infrequent risks such as
dural puncture and epidural hematoma injury of the
spinal cord resulting in paralysis.

Despite the uncertainty of the efficacy of CTFESI
and CSNRB, a study of epidural steroid injections on
Medicare beneficiaries from 2000 to 2011 demonstrat-
ed a 142% increase in the performance of cervical/tho-
racic transforaminal epidural injections (23). Therefore,
proper techniques of needle placement in the posterior
bony wall of the cervical neuroforamen to avoid the
needle penetration of the vertebral artery are impor-
tant to improve the safety of CTFESI or CSNRB.

In the cervical spine, the techniques for CTFESI
and CSNRB have been described, yet no studies have
been performed regarding the optimal needle entry
angle. The objective of this study is to investigate the
orientation and angles of the posterior bony wall of
the cervical neuroforamina in the supine position. It
is evident that if the needle is introduced in an angle
that is parallel to and eventually touches the poste-

rior wall of neuroforamen, the chance of the needle
encountering the vertebral artery while perform-
ing CTESIs or CSNRBs may be avoided or minimized,
which may increase the safety of CTFESI and CSNRB
(9). However, it is important to note that this needle
location can still encounter the spinal radicular artery
(18,24,25).

MEeTHODS

Study Design

This was a retrospective case series analysis. The
protocol for this study was approved by the institu-
tional review board.

Patients

From March 2009 to July 2012, a total of 190 con-
secutive patients underwent computed tomography
(CT) scans of the cervical spine. The axial sections of
these scans were used to measure the potential optimal
angle for needle entry into the neuroforamen. The
patients’ ages ranged from 21 to 78; a total of 190 pa-
tients were analyzed (73 men and 117 women).

Measurements

Data were collected by measuring angles from
the axial sections of cervical post-discography CT scans
from C3-4 through C7-T1 levels. The axial sections
traversing the intervertebral disc (IVD) and the up-
per third of the superior articular process (SAP) were
chosen to reflect the fact that the needle tip during a
transforaminal epidural injection should be located in
the middle aspect (level of IVD) of the posterior bony
wall (upper portion of SAP) of the neuroforamen. The
angles on the axial sections of 190 CT scans were mea-
sured using engineering software. One line was drawn
along the inner surface of the posterior wall of the
neuroforamen. The other line bisected the vertebra
and spinous process of the same vertebral segment
(Fig. 1). The angle between the 2 arms formed repre-
sents the potential optimal needle entry angle, or the
obliquity of ipsilateral rotation of the fluoroscope dur-
ing the cervical transforaminal epidural injection. The
needle entering the neuroforamen obliquely along
the arm of this angle should land immediately ante-
rior to the posterior boney wall of the neuroforamen.
The structures anterior to the needle are the exiting
cervical spinal nerve and/or dorsal root ganglion and
the vertebral artery. The angle was measured at the
C3-4, C4-5, C5-6, C6-7, and C7-T1 levels bilaterally, and
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each average between the 2 sides was used as a data
point.

REesuLTs

The mean optimal angle (in degrees) measured in
the 190 patients (with standard deviation) at C3-4, C4-5,
C5-6, C6-7, and C7-T1 were the following: 48 + 4, 49 +
4, 49 £ 4, 49 + 5, and 48 = 6, respectively (Fig. 2). In
the 73 men (average age 44 + 10), the optimal angles
measured at C3-4, C4-5, C5-6, C6-7, and C7-T1 were the
following: 48 + 4, 49 + 4, 49 + 4, 49 + 4, and 48 =
respectively (Fig. 3). In the 117 women (average age 44
+ 10), the optimal angle measured at C3-4, C4-5, C5-6,
C6-7, and C7-T1 were the following: 48 + 4, 49 + 4, 50 +
4,49 + 4, and 48 + 5, respectively (Fig. 4).

Fig. 1. CT scan showing lines used to measure optimal angle of
entry at vertebral/foraminal level.
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Fig. 3. Men versus women.
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Discussion

This is the first study measuring the angles of orien-
tation of the cervical neuroforamina and thus inferred
needle entry angles for CTESIs or CSNRBs performed via
the anterior lateral approach in order to optimize safety.

The 190 patients analyzed in this study displayed
minimal variation between cervical vertebral levels,
with averages ranging from 47.9 to 49.4 degrees (stan-
dard deviation range 3.7 to 5.5).

There is 95% confidence that the true value of
the parameter is within the interval of 39.84 to 57.56
degrees. It is important to note that this is reference
data and does not represent the entire population, but
certainly provides an estimate.

The average angles between men and women
were statistically significant but not clinically significant
as the difference of the angle was relatively small (dif-
ference of 49.4 vs. 47.9 i.e., only 1.5 degrees). In clinical
practice, it is difficult to discern the angle with a dif-
ference of only 1.5 degrees. Similarly, when comparing
the average angles between age groups below 55 and
above 55 years of age, there was also a difference that
was statistically significant but not clinically significant.

From the data of this study, the optimal entry angle
for CTESI or CSNRB using the anterior oblique approach
appears to lie in the range of slightly less than 50 de-
grees (cumulative average angle of 48.7 degrees). Al-
though there are many approaches to CTESIs, the data
from our study suggested that this procedure should
be performed under fluoroscopic guidance aligning the
image at approximately 50 degrees using an anterior
oblique approach and then moving the c-Arm back and
forth slightly until optimal visualization of the fora-
men is seen. This position allows the needle tip to stay
away from the vertebral vessels yet remain adjacent to
the exiting nerve root (26). This angle represents the
posterior aspect of the neuroforamen, where the entry
needle tip during CTESI and CSNRB would lie. Specifi-
cally, the needle at this angle would be expected to lie
directly anterior to the surface of posterior bony wall of
neuroforamen formed by the superior articular facet.
The needle tip in this position of the neuroforamen

is posterior to the cervical nerve root or dorsal root
ganglion and the vertebral artery. By maintaining the
needle tip against the posterior bony wall and away
from these vital structures, the likelihood of uninten-
tional needle injury to the spinal nerve root or dorsal
root ganglion and needle entry into the vertebral ar-
tery causing dissection may be avoided or significantly
reduced. However, a recent study has revealed location
variations with up to 29% of vertebral arteries within
2 mm of the posterior wall in the neuroforamen (27).
Therefore, the axial sections of cervical spine magnetic
resonance imaging (MRI) or CT scans should be evalu-
ated for the exact location of vertebral artery before
the CTESI or CSNRB to avoid needle penetration.

It is important to note that the optimal angle
targeting the posterior bony wall of the foramen aims
to avoid major structures, mainly the vertebral artery
and its adjacent exiting spinal nerves. The angle does
not aim to avoid cannulation of, or injection into, the
radiculomedullary arteries in the neuroforamen. Re-
cent studies have investigated the variability of arterial
anatomy in the cervical spine amongst patients, pre-
senting additional concern for injuring the ascending
and deep cervical arteries (24,25). These arteries either
anastomose with the vertebral artery or supply the
segmental radiculomedullary branches to the anterior
spinal artery. Occlusion of the segmental medullary
arteries that give rise to the anterior spinal artery has
been shown to result in the devastating anterior spi-
nal artery syndrome (28). Therefore, other techniques
such as applying real time fluoroscopic guidance with
contrast enhancement, digital subtraction angiogra-
phy (DSA) (29), test doses of local anesthetic (30), and
non-particulate corticosteroids (19,31-33) are tools to
decrease the likelihood of such devastating complica-
tions (34,35).

ConcLusION

Further research prospectively using oblique angle
needle entry in CTESI or CSNRB is warranted to confirm
the usefulness of the 50 degree oblique angle as the
optimal angle for needle entry and/or initial fluoro-
scopic alignment.
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