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Objective To compare the long-term effects and advantages of ultrasound (US)-guided selective cervical nerve
root block with fluoroscopy (FL)-guided transforaminal block.

Methods From March 2009 to November 2012, 162 patients received steroid injections for lower cervical radicular
pain. A total of 114 patients fulfilled the inclusion criteria. All procedures were performed by using US or FL. We
compared the intravascular injections during the procedure with the effects and functional scales at 3, 6, and
12 months after the procedure between the two groups. Successful treatments occurred when patients obtained
significant pain reliefs (as measured by >50% improvements in the verbal numerical scale [VNS] score and >40%
improvements in the neck disability index [NDI] score) and reported a patient satisfaction score of 3 or 4 points at
12 months after the injection. Image analysis of intravascular injection and chart review were performed. Logistic
regression was performed to reveal the correlations between successful treatments and variables (patient’s age,
gender, duration of the disease, cause, injection method, and radiologic finding).

Results The VNS and NDI improved 3 months after the injection and continued to improve until 12 months for
both groups. But there were no statistical differences in changes of VNS, NDI, and effectiveness between these two
groups. The proportion of patients with successful treatment is illustrated as 62.5% in US-guided group and 58%
in FL-guided group at 12 months. There were no significant differences between the groups or during follow-up
periods. Three cases of the intravascular injections were done in FL-guided group.

Conclusion The US-guided selective cervical nerve root blocks are facilitated by identifying critical vessels at
unexpected locations relative to the foramen and to protect injury to such vessels, which is the leading cause
of reported complications from FL-guided transforaminal blocks. On treatment effect, significant long-term
improvements in functions and pain reliefs were observed in both groups after the intervention. However,
significant differences were not observed between the groups. Therefore, the US-guided selective cervical nerve
root block was shown to be as effective as the FL-guided transforaminal block in pain reliefs and functional
improvements, in addition to the absence of radiation and protection vessel injury at real-time imaging.
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INTRODUCTION

Epidural steroid injection is considered to reduce in-
flammatory edema of the injured nerve roots, decrease
sensitization of the dorsal horn neurons, and suppress
the transmission of nociceptive C-fibres [1]. Two princi-
pal techniques are available in order to deliver medica-
tion into the cervical epidural space: the transforaminal
and interlaminar routes. The transforaminal approach is
advantageous because corticosteroid preparations can
be closely injected to the probable source of the irritated
nerve root, and this approach results in better ventral
epidural spreading than the interlaminar approach [2,3].

Although computer tomography (CT) or fluoroscopy
(FL) guidance is the standard aiding procedure for
transforaminal approach, these techniques are time-
consuming and involve radiation exposure. On the other
hand, ultrasound (US) dose not expose the patients or
personnel to radiations and the image can be performed
continuously during the injection.

Narouze et al. [4] demonstrated that US-guided cervical
selective nerve root block allowed the needle to be lo-
cated within 5 mm of the targeted location. Moreover, the
US-guided approach was reported to be a safe procedure
since the blood vessels near the targeted area could be
avoided with continuous visualization on the real-time
images of the treatment site [4]. Yamauchi et al. [5] re-
ported on the improvement in symptoms at 24 hours and
1 month after the US-guided approach.

Above studies have not yet been performed to compare
the US with other methods, such as FL. Therefore, there
are limitations to propose the usefulness of injection
methods by using US. Jee et al. [6] compared the short-
term treatment effects between US-guided cervical selec-
tive nerve root blocks and FL-guided cervical transfo-
raminal epidural blocks, and significant differences were
not observed between the groups. Unlike injections using
FL, the contrast agent often reflexes from proximal spinal
canal and epidural space to distal portion in US-guided
approach after injection. For such reasons, treatment ef-
fects could not last long-term since medications cannot
be injected to lesion sites in some cases. Therefore, the
effects of injections between US and FL need to be com-
pared by long-term follow-ups.

The aims of this study are to compare the treatment ef-
fects of US-guided cervical selective nerve root block and

FL-guided cervical transforaminal epidural block for one
year in patients with lower cervical radicular pain and to
identify factors influencing the treatment results of injec-
tions.

MATERIALS AND METHODS

Subjects

This study included 162 patients who underwent either
US-guided cervical selective nerve root block or FL-guid-
ed cervical transforaminal epidural block due to lower
cervical radicular pains from March 2009 to November
2012. This study involved patients who were suspected of
cervical radicular pain based on physical examination,
inquiry or electromyography, and also patients who were
confirmed with herniated cervical intervertebral disc
(HCD) and spinal stenosis in cervical CT and magnetic
resonance imaging in corresponding nerve root location.
Exclusion criteria were for history of cervical spinal sur-
gery, cervical spondylotic myelopathy due to ossification
of the posterior longitudinal ligament or central spinal
stenosis, invasion in more than two nerve roots and as-
sociation of segmental instability.

A total of 114 subjects satisfied the inclusion criteria
and were divided into US-guided group of 64 patients
and FL-guided group of 50 patients. US-guided group
comprised of 24 males and 40 females, and FL-guided
group comprised of 21 males and 29 female. Mean ages
were 57.1 years old in US-guided group, 56.0 years old in
FL-guided group. Mean duration of therapeutic injec-
tions after symptom expression was 6.8 weeks in US-
guided group and 6.7 weeks in FL-guided group. As
causes of cervical radicular pain, 11 subjects had HCD
and 53 subjects had spinal stenosis in US-guided group, 7
subjects had HCD and 43 subjects had spinal stenosis in
FL-guided group. Injection sites were C5 in 9 subjects, C6
in 40 subjects, and C7 in 15 subjects for US-guided group
and C5 in 4 subjects, C6 in 35 subjects, and C7 in 11 sub-
jects for FL-guided group.

The patients received 2 consecutive therapeutic injec-
tions with a two-week interval between the injections.
The second injection proceeded conditionally. If the ini-
tial injection resulted in significant symptom reduction
(verbal numerical rating scale [VNS] >50%), the second
injection was omitted with a progression follow-up. If no
pain reliefs or pain deteriorations were observed, a sec-
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Table 1. Characteristics of the patients

Ultrasound-guided (n=64) Fluoroscopy-guided (n=50) p-value
Age (yr) 57.1+9.5 56.0+9.4 0.704
Gender

Male 24 (37.5) 21 (42.0)

Female 40 (62.5) 29 (58.0) 0.626
BMI (kg/m?) 23.542.0 23.5+1.8 0.529
Duration (mo) 6.8+2.1 6.7+£2.1 0.919
No. of injection 1.5+0.6 1.7+0.6 0.934
Cause

HCD 11(17.2) 7 (14.0)

Steosis 53 (82.8) 43 (86.0) 0.643
Target root

c5 9(14.1) 4(8.0)

Cé 40 (62.5) 35 (70.0)

C7 15 (23.4) 11 (22.0) 0.557

Values are presented as meantstandard deviation or number (%).

BM]I, body mass index; HCD, herniated cervical disc.

ond injection or reevaluation was not considered. Such
patients were withdrawn from the study without sub-
sequent data collection since the cause of the pain was
considered outside the inclusion criteria. If the patients
experienced pain reliefs of less than 50% reduction in
VNS, a second injection was scheduled with a progres-
sion follow-up. No statistical differences were found in
injection site, cause of pain, duration, gender, age, and
body mass index (BMI) between two groups (Table 1).

Injection method

US-guided selective nerve root block

All treatments were performed as an outpatient proce-
dure. Accuvix XQ (Medison, Seoul, Korea) with a linear
probe at 6 to 12 MHz was used as the US instrument [4-
7]. With the patient’s head externally rotated at 30° to
40° away from the targeted area in supine position, the
frontal cervical spine area from the clavicle to mandible
was adequately disinfected with Betadine and an aseptic
dressing was applied. The sternocleidomastoid muscle
was first palpated from the posterior side to palpate the
transverse process of the cervical spine. A probe was
placed and a transverse scan image of the transverse pro-
cess was obtained after locating the transverse process.
The location of the 7th transverse process was confirmed
by probing adjacent transverse processes from the su-
perior to the inferior direction. Unlike the transverse

660

WWWw.e-arm.org

processes of the 3rd to 6th cervical spines, the transverse
process of the 7th cervical spine has a rudimentary ante-
rior tubercle and a prominent posterior tubercle [7].

The targeted transverse process was identified by slowly
moving the probe in all directions with the 7th cervical
spine transverse process as the reference point. The opti-
mal image of the nerve root, the location of the radicular
artery, and the surrounding vessels near the border of
the nerve root were obtained through the probe manipu-
lation. Next, a spine needle 22-G Spinocan (B. Braun,
Melsungen, Germany) was inserted from the posterior to
anterior direction, towards the nerve root and parallel to
the probe. The needle end was placed on the dorsal side
of the nerve by cautiously avoiding damages to the pos-
sible deep cervical artery near the insertion site and thus,
locating the area free of the radicular artery. First, 1 mL
of the contrast media Omnipaque 300 (GE Healthcare,
Carrigtwohill, Ireland) was injected. The anteroposte-
rior images were obtained to confirm the distribution or
spread pattern of the injected contrast media with C-arm
FL. The following steps were initiated after confirming
for proper shadowed contrasts of the nerve root and the
absence of intravascular injection of the contrast media.
The 1 mL of 1% lidocaine was injected and monitored for
the onset of clinical manifestations, such as midneck and
contralateral arm pain, metallic taste, dizziness, tachy-
cardia, full body paresthesias, auditory changes, slurred
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speech, and motor ataxia for 1 to 2 minutes [8]. The 3 mL
of the treatment drug, composed of 2 mL dexamethasone
(10 mg) and 1 mL 0.5% lidocaine, was injected after con-
firming the absence of abnormal findings (Fig. 1).

FL-guided transforaminal epidural block

The transforaminal epidural injection was conducted
under the FL-guidance by the same physician. All treat-
ments were performed as an outpatient procedure. With
the patient’s head externally rotated 30° to 40° away from
the procedure site in a supine position, the frontal cer-
vical spine area from the clavicle to mandible was ad-
equately disinfected with Betadine and the aseptic dress-

FAT2 [ P30
FSi0

*PG:0

ing was applied.

The fluoroscopic apparatus KMC 950 (KOMED,
Gwangju, Korea) was adjusted to obtain a proper oblique
and well-defined view of the intervertebral foramen. Af-
ter applying a local anesthesia with 1% lidocaine to the
targeted area, the distal 5 mm end of the spine needle
22-G Spinocan (B. Braun) was bent about 15°—20° [9].
The angulated needle end was carefully tilted towards
the posterior side and contacted the medial side of the
superior articular process, which composes the poste-
rior side of the targeted foramen. When the needle end
contacted the superior articular process, the needle was
turned 180° proceeding 2 to 3 mm in the forwarding di-

Fig. 1. (A) Ultrasound-guided selective nerve root block (target nerve root C6). (B) This figure shows axial transverse
ultrasound image of the C7 transverse process which has only 1 posterior tubercle. (C) Power Doppler image shows
radicular arterial blood flows (arrowhead) of the C6 nerve root. (D) Needle (arrows) is placed on the dorsal surface of
the C6 nerve root. (E) The targeted C6 nerve root is outlined by 1-2 mL contrast media (arrow). Contrast media spread
to intraforaminal lesion (arrowhead). AT, anterior tubercle; PT, posterior tubercle.
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rection under continuous FL-guidance. The depth of the
fluoroscopic apparatus was adjusted under the antero-
posterior view to locate the needle end at the center of
the articular pillar. The cerebrospinal fluid and blood
absorption tests were conducted to detect possible blood
traces in non-targeted areas. The fluoroscopic images
were continuously monitored while injecting non-ionic
contrast media Omnipaque 300 (GE Healthcare) to con-
firm the shadowed contrast of the foramen, nerve root,
epidural space, and other related structures. The 1 mL of
1% lidocaine was injected if the needle was repositioned
for vessel infusion, the images of the nerve root showed
properly shadowed contrast, and the contrast media was
not identified within any proximal vessel. The patients
were monitored for the onset of clinical manifestations,
such as midneck and contralateral arm pain, metallic
taste, dizziness, tachycardia, full body paresthesias, au-
ditory changes, slurred speech, and motor ataxia for 1
to 2 minutes after the injection [8]. After confirming the
absence of abnormal findings, the FL-guided approach
was completed after injecting the drug similar to the US-
guided approach.

Treatment effects between the approaches and
correlation between the treatment effects and variables

After retrospectively reviewing medical records, we clas-
sified the cause of cervical radicular pain as being due to
spinal stenosis or HCD. The patient’s demographic vari-
ables were also detailed at the initial evaluation. In US-
guided approach, the injection of medication to the in-
traspinal epidural space or distal portion was confirmed
based on radiographic imaging. The degree of pain im-
provement was measured with VNS as to compare the ef-
fects of injection. The degree of functional improvement
was identified with neck disability index (NDI). When
patient record was unidentifiable during the follow-up,
injection method was inquired over the telephone by an
independent investigator. Patients were surveyed with 1)
re-injection or operation and 2) VNS, NDI, and patient’s
satisfaction. The effect of treatment was considered as
failure in cases of re-injection and surgical procedures.
VNS and NDI were confirmed for statistical analysis and
excluded afterwards.

When using VNS, the patients were asked to rate their
pains on a scale from zero to 10, where zero and 10 rep-
resented “no pain” and “the worst pain possible,” respec-
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tively, in whole numbers with 11 integers including zero
[10]. A medical investigator marked the scale for patients
who were incapable of marking for themselves by direct-
ing and slowly moving from zero to 10 on a VNS scale
board. The patients knotted at the appropriate score.

The degree of physical disability was measured with
NDI, which is the most widely used survey questionnaire
assessing cervical spine abnormality. NDI was first devel-
oped to evaluate the degree of limitations in daily lives of
patients with severe cervical pains, especially for those
with whiplash trauma [11]. NDI with 10 questionnaires
is composed of 7 functional activity-related, 2 symptom-
related, and 1 concentration-related questions. The
final NDI score was obtained by adding all scores from
the questions. Higher NDI score indicated increased
functional disability related to cervical abnormality. The
original developer, Vernon, suggested interpreting the
scores by the following ranges: 4 or lower, no disability; 5
to 14, mild disability; 15 to 24, moderate disability; 25 to
34, severe disability; 35 or over, complete disability.

The patient satisfactory scores were measured with a
5-grade scale (<0, no effect at all; 1, bad; 2, fair; 3, good;
>4, excellent) at 12 months after the treatments. ‘Excel-
lent’ meant satisfied with the treatment result as expect-
ed, ‘good’ meant not as much as expected but willing to
try this treatment next time when pain redevelops, ‘fair’
meant had some effects but not enough to choose the
same treatment next time when pain re-develops, and
finally, ‘bad’ meant same effects prior to the treatment or
worse.

The degree of contrast agent diffusion was examined
by taking X-ray from anteroposterior and lateral view for
both US and FL approaches. Based on radiologic find-
ings, the diffusion degree was divided into ‘delivery to in-
traspinal epidural’ or ‘proximal foraminal lesion and dis-
tal portion’ according to the diffusions of contrast agent
to targeted nerve roots by a radiologist who was blinded
with injection methods (Fig. 2). When VNS and NDI im-
proved by more than 50% and 40%, respectively, after
every 3, 6, and 12 months, we considered treatment effect
as successful [12]. Surgical treatment and re-injection
due to relapse of symptom (VNS by >50%) in every period
were defined failures.

Successful treatment occurred when patients obtained
significant pain reliefs (as measured by >50% improve-
ment in the VNS score and >40% improvement in the
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Table 2. Pain improvements of steroid injections with
ultrasound- and fluoroscopy-guided at 3-, 6-, and
12-month follow-up assessments

Fig. 2. Anteroposterior view for
C6 ultrasound-guided selective
C6 nerve root block. (A) Contrast
spread to intraforaminal epidural
space. (B) Contrast spread to only
distal nerve root.

Table 3. Functional improvement of steroid injections
with ultrasound- and fluoroscopy-guided at 3-, 6-, and
12-month of follow-up on assessments

Ultrasound-guided Fluoroscopy-guided

Ultrasound-guided Fluoroscopy-guided

(n=64) (n=50) (n=64) (n=50)
Baseline 6.50+0.89 6.34+0.82 Baseline 24.52+5.78 24.76+5.96
3 mo 2.75+1.05” 2.60+1.11% 3 mo 16.97+4.06” 16.96+5.21%
6 mo 1.95+1.28" 1.86+1.23 6 mo 9.88+6.31" 9.7246.10"
12 mo 1.42+1.22% 1.36+1.27% 12 mo 7.22+5.20” 6.28+5.31°

Values are presented as meantstandard deviation.
“p<0.05 comparison of verbal numerical scale score with
baseline.

NDI score) and reported a patient satisfaction score of 3
or 4 points at 12 weeks after the injections. In addition,
we examined the effects of injection method, patient’s
age, gender, symptom, illness duration, cause of cervical
nerve root pain, and degree of contrast agent diffusion on
treatment success.

Statistics

Chi-square tests, Fisher exact tests, and Mann-Whitney
U tests were used to compare differences in sex, age, BMI,
target nerve root, cause of radicular pain, and duration
of diseases between the two groups. At each time point,
the VNS and NDI scores were compared when using re-
peated measures analysis of variance, and Bonferroni
corrections were utilized for post hoc comparisons.

Patient satisfaction scores were analyzed with a chi-
square test. The treatment outcome and variables (in-
jection method, patient’s age, gender, duration of the
disease, and cause) were analyzed with logistic regres-

Values are presented as meantstandard deviation.
9p<0.05 comparison of neck disability index score with
baseline.

sion analyses. All analyses were performed with SAS En-
terprise Guide 4.1 (SAS Institute, Cary, NC, USA) with a
significance level of p<0.05.

RESULTS

Treatment effect between approaches

No differences were shown between two groups in NDI
and VNS scores before injection, as well as in treatment
effects after injection at 3, 6, and 12 months, respectively
(Tables 2, 3). In terms of period, 13 subjects underwent
re-injection and a subject received operation at 3 months
in US-guided group. Treatment was successful in 50
patients (78.1%). Meanwhile, 10 subjects underwent
re-injection and two subjects received operation at 3
months in FL-guided group. Treatment was successful in
38 patients (76%). On the 6 months, 7 subjects underwent
re-injection and 43 subjects (67.2%) showed successful
outcomes in US-guided group, and 5 subjects underwent
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re-injection and 33 subjects (66%) showed successful
outcomes in FL-guided group. On the 12 months, only 3
patients underwent re-injection and a total of 40 patients
(62.5%) showed successful results in US-guided group,
and only 4 patients underwent re-injection and a total of
29 patients (58%) showed successful results in FL-guided
group (Fig. 3). No difference was found in the successful
rate of treatment in every assessment period between two
groups.

Correlation between the treatment effects and
variables

According to radiographic analysis results, contrast
agent was observed only in distal portion of 45 subjects
(70.3%) and flowed into intraspinal epidural space in 19
subjects (29.7%) of US-guided group. Contrast medium
flowed into intraspinal epidural space in all patients of
FL-guided group.
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Fig. 3. Illustration of significant pain reliefs (>50% reduc-
tion in verbal numerical scale from baseline) and func-
tional improvements (>40% reduction in neck disability
index from baseline). US, ultrasound; FL, fluoroscopy.

Successful treatment occurred when patients obtained
significant pain reliefs (as measured by >50% improve-
ment in the VNS score and >40% improvement in the
NDI score) and reported a patient satisfaction score of 3
or 4 points at 12 months after the injections. Treatment
success was unrelated to either the US-guided nor the
FL-guided approach, as shown in the cause of radicular
pain, the patients’ age and gender, the duration of symp-
toms, and contrast patterns (Table 4).

Complications

Three cases of vessel injections were only observed in
the FL-guided transforaminal approach without a signifi-
cant difference between the approaches (p>0.05). Com-
plications, such as a dural puncture did not occur during
both approaches. The patients with complications were
transferred to the recovery room for observations. All
symptoms disappeared prior to the discharge.

DISCUSSION

Cervical epidural steroid injections can be categorized
by the needle insertion pathway into the epidural space
and include the interlaminar and transforaminal ap-
proaches. Compared with an interlaminar epidural ste-
roid injection, transforaminal approaches are expected
to provide better delivery of medications to the site of
radiculopathy and increased distribution of the drug into
the ventral epidural space [13]. Although FL-guided cer-
vical nerve root block is a widely known standard proce-
dure, accidental intravascular injections can lead to cata-
strophic problems, such as vertebral artery dissection or
spinal cord infarction [14-16].

In recent years, several studies presented the usefulness
of US in cervical selective nerve root blocks. US-guided

Table 4. Multiple logistic regression analysis for possible outcome predictors for injection effectiveness at follow-up

Factor OR 95% CI p-value
Age 1.01 0.97—-1.06 0.65
Gender 1.03 0.46—2.31 0.94
Symptom duration 0.98 0.81-1.18 0.81
No. of injections 0.59 0.30—-1.15 0.12
Cause (spinal stenosis or herniated lumbar disc) 0.56 0.18—1.68 0.30
Ultrasound- or fluoroscopy-guided method 0.97 0.45-2.12 0.94
Contrast pattern 1.02 0.35-2.14 0.68

OR, odds ratio; CI, confidence interval.
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approach enables visualization of soft tissues, nerves,
blood vessels and others through real-time imaging, it
also observes the degree of diffusion for injected medi-
cations around nerves and prevent the nerve damages
by injection needles [17]. Narouze et al. [4] published a
report on two major vessels on the frontal and posterior
side of the foramen in 6 patients with a color Doppler
during a prospective study on the US-guided nerve root
block. A different study reported that more than 20%
(21/95) of the subjects under investigation had either an
ascending or deep cervical artery or a large branch with-
in 2 mm of the needle path for cervical transforaminal
procedures [18]. One-third of these vessels were spinal
branches that entered the foramen posteriorly, poten-
tially forming a radicular or a segmental feeder vessel to
the spinal cord [18].

According to a comparative study of Jee et al. [6] on US-
guided cervical selective nerve root block and FL-guided
cervical transforaminal epidural block, deep cervical ar-
tery was observed in posterior intervertebral foramen for
4 patients out of 55 subjects. Deep cervical artery or ra-
diculomedullary was located in the place to be injured by
needle in the FL-guided approach. After the injection of
contrast agent, intravascular injection was not confirmed
in US-guided group and found in 5 subjects in FL-guided
group. However, no statistically significant difference
was found [6]. In this study, the intravascular injection
was not detected in US-guided group, but observed in 3
subjects of the FL-guided group. However, no statistically
significant differences were found.

Although the US may assist to avoid intravascular injec-
tions, it is not clear if it can help to detect such injections.
To avoid this, the study used two methods. First, non-
particular steroid was implemented as the medication.

Tiso et al. [19] recommended small particles of dexa-
methasone or betamethasone since the particles of
methylprednisolone or triamcinolone flocculate may
block smaller arteries by forming large coagulations with
100 um or larger in diameters. Derby et al. [20] also re-
ported that the arterial or capillary obstruction should be
avoided during the inadvertent injection into the artery
due to the size of the dexamethasone sodium phosphate
particles, which is one-tenth the size of the red blood
cells.

Second, test dose injection technique was applied using
local anesthetics, such as lidocaine and others. Smuck et

al. [8] recommended 1 mL of 1% lidocaine as the anes-
thetic test dose to prevent intravascular injection during
the transforaminal injection procedures. The rate of posi-
tive findings during the intravascular injections was 0.56%
during the test dose injections. The 1 mL of 1% lidocaine
was used as the test dose before the drug injections in
this study. The patients were monitored for every special
reaction for 1 to 2 minutes after the test dose injections
before proceeding to the actual treatment injections. Al-
though positive findings of intravascular injections were
not observed, the test dose method was applied in both
procedures to prevent possible intravascular injections.
To achieve satisfactory treatment effects of epidural
steroid injection, sufficient amount of steroid needs to
be administered to anterior epidural space, foraminal
stenosis lesion causing corresponding radicular pains.
Unlike FL-guided approach, the US-guided approach of-
ten manifested by spreading tendency of contrast agents
along with nerve roots toward the distal portion. As a re-
sult, treatment effects and durations were considered to
decrease when compare to FL-guided approach. In this
study, radiographic analysis results revealed that contrast
agent was observed only in distal portions of 45 subjects
(70.3%) and in proximal spinal canal and intraspinal
epidural space in 19 subjects (29.7%) from US-guided
group. On the other hand, contrast agent was observed
in proximal spinal canal and intraspinal epidural space
for all patients of FL-guided group. However, treatment
successes were unrelated to radiologic findings. Yamau-
chi et al. [5] have explained such results with hydrostatic
pressures and osmotic effects. Such mechanisms may
have led the solutions to be further absorbed into the
nerve fiber. In another words, the intracellular fluid flow
may have pushed the local anesthetics and steroids to-
wards the central lesion, the site of possible nerve root
compressions or inflammations. Second, the differences
in viscosity of the drug and contrast could also support
the findings. Jee et al. [6] demonstrated that the spread-
ing of the contrast media into the intraforaminal epidural
space was observed by comparing the anteroposterior
images taken after the contrast media injections and
the washout images taken after the drug injections in 25
patients. The observations of the contrast media, Om-
nipaque and in the intraspinal epidural area post wash-
out, despite its comparatively high viscous nature [21],
could be explained by the injected drug (0.5% lidocaine
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1 mL+dexamethasone 1 mg). The injected drug, with its
low viscosity, may have diluted and further spread the
contrast media into the targeted area [6]. Such phenome-
na may be explained by the proximal delivery of the drug
to the lesions for higher efficacy. Based on the results of
the above two studies, US-guided approach is anticipated
to have the same treatment effects with FL-guided ap-
proach.

This study used non-particle steroids as injection medi-
cation. In the previous study, cervical selective nerve
root block was performed by using dexamethasone and
triamcinolone to compare clinical effects, and although
more favorable outcome was shown in triamcinolone
group, no statistically significant differences were found
in patient satisfaction scores during short-term follow-
ups [22]. Jee et al. [6] used injection techniques of both FL
and US and compared short-term treatment effect when
dexamethasone was injected. Pain index and function
index improved in both injection methods as compared
with prior injection.

This study identified factors that could influence treat-
ment outcomes. Although the authors were unable to
find statistically significant results, the successfully rate
of treatment was 0.56 times higher in HCD as compared
to spinal stenosis. Choi et al. [23] examined prognostic
factors of lumbar transforaminal epidural steroid injec-
tion in patients with lower radiating pains. They found
out that favorable treatment outcomes were shown in pa-
tients with herniated intervertebral discs while unfavor-
able treatment results were shown in patients with failed
back surgery syndromes and spondylolisthesis. Slipman
and Chow [24] suggested that treatment effects of epidur-
al injections were more outstanding in patients with her-
niated intervertebral disc than in patients with lumbar
or cervical stenosis. They reported that the unfavorable
outcomes of stenosis patients are attributable to various
factors including circulatory disorders, inflammations,
structural nerve root damages, and others involved in
stenosis symptoms.

There are some limitations in the study. First, we were
unable to exclude several other factors that could affect
treatment effects since this study was a retrospective
study. Second, intermittent FL was limited to detect the
condition of intravascular injections of contrast media
as compared to real-time imaging [25]. Therefore, the
results of this study are not fully reliable, since the intra-
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vascular injection rates of contrast agents are low in both
approaches used in the study. Prospective randomized
long-term studies should be performed in the future to
supplement such limitations.

In conclusion, US-guided selective nerve root block
enables injection by avoiding blood vessels that could be
injured with the use of FL-guided approach and by visu-
alizing nerve roots and major blood vessels in real-time.
In terms of treatment effects, insignificant differences
were found in 12-month long-term treatment effects, the
degree of functional improvements, and patient satisfac-
tions without radiation exposures as compared to the FL-
guided approach. Therefore, the US-guided approach is
recommended.
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