
ORI GI NAL ARTICLE  

18

©Copyright 2023 by the Turkish Spine Society / The Journal of Turkish Spinal Surgery published by Galenos Publishing House.

J Turk Spinal Surg 2023;34(1):18-25

ULTRASONOGRAPHY IN CAUDAL INJECTIONS CAN REDUCE 
THE USE OF FLUOROSCOPY

 Ali Güler1,  Yiğit Can Şenol1,  Resul Karadeniz1,  Ali Dalgıç2

1Ankara Bilkent City Hospital, Clinic of Neurosurgery, Ankara, Turkey
2Ankara Medicana International Hospital, Clinic of Neurosurgery, Ankara, Turkey

Objective: We evaluated the differences between classical, fluoroscopy-guided caudal epidural steroid injection (CESI) and ultrasonography-
guided CESI in terms of pain levels and the number of fluoroscopy shots administered in patients with lower lumbar disk herniation (L4-L5, 
L5-S1).
Materials and Methods: All procedures were performed in an operating room under sterile conditions. In total, 28 patients who underwent 
CESI using ultrasonography and 28 who underwent CESI using classical fluoroscopy were randomized and retrospectively compared in terms 
of the number of fluoroscopy shots administered. In the ultrasonographic group, the localization of the needle was confirmed by lateral 
fluoroscopic imaging after the procedure. In the classical fluoroscopy group, posteroanterior and lateral fluoroscopic images were used to 
guide the entry of the needle into the caudal canal from the skin entry point, advance the catheter in the canal, and administer the contrast 
material. The patients’ pain levels before and after the procedure were self-evaluated using a visual analog scale.
Results: In the classical fluoroscopy group, the mean number of fluoroscopy shots was 7.07. In the ultrasonography group, it was 1.21. In the 
fluoroscopy group, the mean pain scores were 8.64±0.78 before, 3.10±1.13 immediately after, and 4.64±1.96 3 weeks after the procedure. In 
the ultrasonography group, the mean pain scores were 8.53±0.174 before, 3.10±0.238 immediately after, and 4.60±0.376 3 weeks after the 
procedure.
Conclusion: The use of ultrasonography in caudal injections reduces fluoroscopy exposure and, therefore, radiation exposure.
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INTRODUCTION

The most common causes of low back and leg pain are lumbar disk 
herniation, lumbar spondylosis, degenerative spondylolisthesis, 
and previous lumbar operation(1). In patients with low back and 
radicular pain due to a spinal pathology, epidural injection 
is known to reduce pain and improve functional status(2). 
Caudal epidural steroid injection (CESI) can be considered a 
nonsurgical treatment method in patients with lower lumbar 
disk herniation (L4-L5, L5-S1) or lumbar spondylosis, in which 
pain cannot be relieved through medical treatment, rest, and 
physical therapy(3). The caudal approach for epidural injection 
is easy to perform and relatively safe compared with the 
interlaminar and transforaminal approaches; thus, the risk of 
accidental dural puncture is reduced(4). The caudal epidural 
intervention was first introduced as a block- and landmark-
based blind technique. The blind procedure had a success rate 
of >96% in children; however, in adults, this rate was only 68-
75%, even with experienced practitioners(5,6). In epidural steroid 
injection (ESI), long-acting local anesthetic and corticosteroids 
with antiedema and anti-inflammatory effects are injected into 

the epidural space(7). The effectiveness of the injection depends 
on precise drug delivery to the putative site of pathology. The 
procedure is usually performed under fluoroscopy guidance, 
which has remarkably improved the success rate of CESI and 
is now considered the gold standard(8). Fluoroscopic guidance 
helps confirm that the needle is correctly positioned and the 
drugs are properly injected into the epidural space. However, 
owing to the fluoroscopy-associated radiation hazard to 
patients and clinicians; it may not be applicable in daily 
practice. Intravascular injection during CESI has been reported 
in 3-14% of cases when conventional fluoroscopy is used, even 
after negative aspiration(9).
The use of ultrasound guidance for conventional caudal 
epidural injections is increasing(1,10,11). Ultrasound guidance 
enables the localization of the sacral hiatus and visualization 
of the sacrococcygeal ligament; it facilitates the detection 
of variations, thereby making injection easy and safe(12,13). 
Ultrasound guidance can be used in almost any clinical setting; 
it is easy to learn and radiation-free. Very high success rates of 
96.9-100% have been reported in ultrasound-guided CESI(10,14). 
Ultrasound is not only effective for guiding needle placement 
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but also can be used to predict CESI success and reduce the 
time spent on fluoroscopy-guided injections. We aimed to study 
the effect of ultrasonography on the number of fluoroscopy 
shots administered (radiation exposure) in fluoroscopy-guided 
CESI for lower lumbar disk herniation pathologies that do not 
require surgical intervention.

MATERIALS AND METHODS

We retrospectively and randomly screened patients with 
lower back and leg pain who had been diagnosed with lower 
lumbar disk herniation (L4-L5 and L5-S1), unilateral or bilateral 
radiculopathy for >3 months, and underwent the CESI procedure 
between June 2019 and June 2020. We excluded patients 
with rapidly progressive neurological deficit, cauda equina 
syndrome, motor weakness, previous spinal surgery, steroid 
use, and a history of allergy to steroids and iodinated contrast 
agents. Furthermore, we excluded patients with a skin infection 
at the site of intervention or multiple comorbidities (e.g., 
hypertension, diabetes mellitus, and ischemic heart disease).
The study was approved by the Ankara City Hospital Ethics 
Committee (decision no: E1/913/2020, date no: 16.07.2020) of 
the relevant institute. Informed written consent was obtained 
from all patients evaluated at an outpatient clinic. The patients’ 
age and body mass index (BMI) data were recorded. A total of 
28 patients underwent the ultrasound-guided CESI procedure, 
and 28 patients underwent classical fluoroscopy-guided 
CESI. The number of fluoroscopy shots administered during 
the procedure was noted and intergroup comparisons were 
performed. All procedures were performed in an operating 
room in sterile conditions. The CESI procedure was performed 
by placing a pillow under the abdomen of the patient lying in 
a prone position. The operation site was subsequently cleaned 
with an antiseptic solution containing povidone-iodine and 
covered in a sterile manner. Vascular access was opened using 
a 20-gauge Angiocath™ (Becton Dickinson, Franklin Lakes, NJ, 
USA), and isotonic solution [0.9% NaCl=saline fluid (SF)] was 
injected. Arterial blood pressure, pulse, peripheral oxygen 
saturation, and electrocardiogram were monitored.
An 18-gauge Tuohy spinal epidural needle was used in the 
classical fluoroscopy-guided CESI procedure. Fluoroscopy 
was performed (OEC Fluorostar C-8; GE Healthcare, Solingen, 
Germany) in stages of the localization of the spinal needle 
on the skin for confirming its entry into the caudal hiatus, 
advancing the catheter in the caudal hiatus, and confirming 
the location with 1-2 mL of contrast material (Omnipaque; 
Medikim, Istanbul, Turkey). Posteroanterior and lateral images 
were obtained (Figure 1), and the number of fluoroscopy shots 
was noted. Subsequently, the sacral hiatus was determined, and 
local anesthesia (lidocaine, 2 mL) was applied using a 27-gauge 
dental-tipped (Germany) needle. Through separate injectors, 
the following were administered via the catheter as a 10 mL 
mixture: 1 mL (40 mg) methylprednisolone acetate as steroid; 
40 mg/mL Depo-Medrol® (Pfizer, New York, NY, USA) with 5 mL 

(25 mg) bupivacaine as a local anesthetic; and Marcaine (0.5 
flacons; Eczacıbaşı, Turkey), diluted with 5 mL of 0.9% NaCl=SF. The 
needle was inserted up to the S3 level for proper dissemination 
of the drug. A Christmas tree-like appearance was observed in all 
patients, resembling a contrast dye distribution. 
For ultrasound-guided CESI, we used the Aplio 500 ultrasound 
machine (Toshiba, Tokyo, Japan). After sterile wrapping of the convex 
probe, an axial image was first obtained in the midline; the two 
hypoechoic sacral corns, sacrococcygeal ligament, and sacrum 
surface were visualized. The sacral hiatus was visualized between 
the sacrococcygeal ligament and sacral surface (Figure 2). The 
sacral canal is a triangular opening at the caudal end of the 
sacrum, bound laterally by two sacral corns. While the probe 
was on the sacral hiatus, it was rotated 90° longitudinally and 
the sacral base, sacrococcygeal ligament, and sacral hiatus 
were observed (Figure 3). The skin was then penetrated by an 
18-gauge spinal needle under ultrasound guidance. As soon as 
the sacral hiatus was believed to have been entered, a lateral 
fluoroscopic image was obtained; thus, it was confirmed that 
the needle was in the sacral hiatus (Figure 4). When the needle 
was at the point of passing the sacrococcygeal ligament, 
without further advancement, a mixture of steroid, local 
anesthesia, and saline was administered at the same dose as 
in the other method. In both methods, negative pressure was 
applied to the needle and the absence of vascular leakage 
was confirmed. Although contrast material was administered 
in the fluoroscopy-guided procedure, it was not administered 
in the ultrasound-guided procedure. After the procedure, each 
patient was transferred to a postoperative follow-up room and 
their hemodynamic parameters were monitored for 30 min; 
they were subsequently moved to the ward. The patients were 
followed up for 2 h before being discharged and were informed 
about any possible complications. The patients evaluated their 
pain levels before, during, immediately after, and 3 weeks after 
the injection using a visual analog scale (VAS), with the absence 
of pain scoring 0 and severe pain scoring 10 on the VAS.

Statistical Analysis

Statistical Package for the Social Sciences, version 23.0 (IBM 
Corporation, Armonk, NY, USA), was used for statistical analyses. 
We tested for normality using the Shapiro-Wilk test. Descriptive 
statistics are reported as means with standard deviations, 
medians with ranges, or frequencies with percentages. We 
calculated 95% confidence intervals. Intergroup comparisons 
were performed using Student’s t-test or Mann-Whitney U test. 
Outcomes at baseline and follow-up were analyzed using a 
two-way repeated-measures analysis of variance. Statistical 
significance was set at p<0.05.

RESULTS

This study included 56 patients-28 received classical 
fluoroscopic CESI, and the remaining 28 received ultrasound 
guidance-assisted CESI. In the classical fluoroscopic group, 
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Figure 2. In the axial view of the convex ultrasound probe, two hy-
poechoic sacral corns, the sacrococcygeal ligament, and the sacrum 
surface were visualized. The sacral hiatus was visualized between 
the sacrococcygeal ligament and sacral surface

Figure 3. While the probe was on the sacral hiatus, it was rotated 
90° longitudinally and the sacral base, sacrococcygeal ligament, 
and sacral hiatus were observed

Figure 4. Lateral fluoroscopic image. It was confirmed that the needle was in the sacral hiatus

Figure 1. Lateral fluoroscopic view of catheter advancement in fluoroscopic CESI
CESI: Caudal epidural steroid injection
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there were 10 men and 18 women (age, 48.53±10.18 years; 
BMI, 24.96±1.02 kg/m2; mean symptom duration, 18.3±12.85 
months). Lumbar disk pathology was at L5-S1 in 11 patients, 
L4-L5 in 5, and both L5-S1 and L4-L5 in 9. Nine patients had 
a lumbar narrow canal attached to the disk. The mean number 
of fluoroscopy shots administered was 7.07±0.76 (Table 1). 
The mean VAS pain scores were 8.64±0.78 before, 3.10±1.13 
immediately after (p<0.001), and 4.64±1.96 (p<0.001) 3 weeks 
after the procedure (Table 1).
In the ultrasound guidance-assisted group, there were 12 men 
and 16 women (age, 49.35±10.75 years, BMI, 24.36±1.66 kg/
m2; mean symptom duration, 22.5±17.64 months). Lumbar disk 
pathology was at L5-S1 in 10 patients, L4-L5 in four patients, 
and at both L5-S1 and L4-L5 in five patients. Lumbar narrow 
canal attached to the disk was present in five patients. The 
mean number of fluoroscopy shots administered was 1.21±0.41 
(p<0.001) (Table 1). Mean VAS pain scores were 8.53±0.174 
before, 3.10±0.238 immediately after (p<0.001), and 4.60±0.376 
(p<0.001) 3 weeks after the procedure (Table 1).
No significant difference was observed between the two groups 
in terms of mean age and sex (Table 1). The VAS pain scores 
after the procedure were significantly lower in both groups 
than before it (p<0.001) (Table 2). Furthermore, no significant 
difference was noted in the improvement of VAS pain scores 
after the procedure between the two groups (Table 3). The 
mean number of fluoroscopy shots was significantly lower in 
the ultrasound-assisted group than in the classical fluoroscopic 
group (p<0.001).
In one patient who received ultrasound-assisted CESI, the caudal 
hiatus entrance was located and medication was administered 
using fluoroscopy because axial imaging with the ultrasound 
probe could not be technically performed owing to the patient’s 
gluteal pathology. Therefore, this patient, who received a 
high number of fluoroscopy shots, was not included in the 
evaluation. Similarly, two patients who underwent ultrasound-
assisted CESI could not be confirmed using fluoroscopy because 
of an unexpected malfunction of the fluoroscopy device. The 
procedure was considered successful; the patients’ pain scores 
decreased considerably after drug administration. However, 
these two patients were not included in the evaluation.
No complications were observed in either group.

DISCUSSION

The mean number of fluoroscopy shots administered to patients 
was significantly lower in the ultrasound-assisted group than 
in the classical fluoroscopic group. Thus, the ultrasound group 
received less radiation exposure than the fluoroscopy group. 
In both groups, there was an improvement in VAS pain scores 
immediately and 3 weeks after the procedure compared with 
the pre-procedure score. No significant intergroup difference 
was noted in terms of the improvements.
In caudal epidural injection, the sacral hiatus is a crucial bone 
structure with a diameter of <3.7 mm apically. This structure 

has been associated with difficulty in inserting a needle 
into the caudal epidural space using the blind technique(15). 
Challenges are encountered when ultrasound is used to guide 
needle insertion in patients with a sacral hiatus anteroposterior 
diameter of <1.6 mm(11). In our study, there was no failure during 
needle insertion in either group. 
Several studies have reported that ultrasonography is an 
effective tool for the CESI procedure because it is easy to use in 
the evaluation of musculoskeletal diseases, provides real-time 
images, and does not cause radiation exposure(10,12,16). Hazra 
et al.(17) reported that needle insertion time was significantly 
shorter using ultrasound guidance than using fluoroscopy 
guidance.
Needle placement in the (fluoroscopic) control subjects was 
performed with complete accuracy in the ultrasound-assisted 
procedures of our study. We did not use contrast materials in the 
fluoroscopic controls; we used the fluoroscopic controls only to 
confirm the location of the needle before drug administration.
The contrast agent used in fluoroscopy to examine the 
distribution of the administered drug can cause various 
side effects such as nausea, vomiting, extensive urticaria, 
bronchospastic reaction, hypotension, tachycardia, and 
anaphylactic reactions(18,19). Other serious complications 
include lower extremity myoclonic spasms and tonic seizure, 
leading to status epilepticus; rhabdomyolysis and disseminated 
intravascular coagulation have also been reported(20). In addition 
to the side effects of the contrast medium, cost should also be 
considered. We did not use contrast material in the ultrasound 
guidance group; no complications were observed during the 
procedure or follow-ups. There is a minimal risk of intravascular 
injection or dural puncture when the injection is performed 
immediately after penetration into the sacrococcygeal 
ligament. Doo et al.(21) examined the effect of needle depth in 
caudal injection under ultrasound guidance by comparing two 
groups as follows: One with caudal injection performed using 
a traditional method after the needle was advanced 1 cm into 
the sacral canal, the other in which injection was performed 
using a new method immediately after penetration into the 
sacrococcygeal ligament. Subsequently, fluoroscopy with 
contrast material was obtained to evaluate the epidural spread 
of the injected materials and monitor possible complications. 
The incidence of intravascular injection was 24% in the first 
group and 0% in the second. The authors concluded that the new 
caudal epidural injection technique was a safe alternative to the 
traditional technique, with a higher success rate and lower risk 
of accidental intravascular injection. Their study also reported 
that the use of contrast to verify the accuracy of needle position 
in the CESI procedure was not necessary and did not confer 
additional benefits when performed by experienced clinicians. 
In our study, the injection was performed under ultrasound 
guidance when the needle was at the point of penetrating the 
sacrococcygeal ligament at an angle of approximately 45° in 
the position preceding advancement into the sacral canal. No 
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contrast material was used in the fluoroscopic control and no 
complications were observed.
In a study by Chen et al.(10), the sacral hiatus was accurately 
positioned by ultrasound in 70 patients; then, the caudal 
epidural needle was successfully inserted into the sacral hiatus 
and caudal epidural space, which was subsequently confirmed 
via contrast agent fluoroscopy. An accuracy of 100% in needle 
placement was reported. In our study, we also report 100% 
accuracy in needle placement performed with ultrasound 
guidance. Ultrasonography can be as effective as fluoroscopy 
in preventing complications during caudal epidural injection, 
except for intravascular and intrathecal injections(22). Naidoo et 
al.(23) investigated the value of using contrast as an additional 
aid to verify the accuracy of needle placement for intraoperative 
image intensifier-guided caudal epidural injections. Correct 
needle placement on the first attempt was confirmed in 100% 
of cases. These results show that an experienced surgeon can 

accurately place the needle in caudal epidural injections using 
image intensification, without contrast.
Although fluoroscopy is the gold standard for confirming needle 
placement during the CESI procedure, radiation exposure is a 
major concern when fluoroscopic images are obtained(24,25).
The presence of an association between radiation and cancer 
is well known; however, the long-term effects of exposure 
to low radiation doses-and the known safe dose-are not 
completely known(26,27). Ionizing radiation has two effects at 
the cellular level. First, in deterministic effects, a threshold for 
the occurrence of damage exists and the amount of damage 
increases as the dose increases. In these terms, skin injuries have 
been a major concern in a fluoroscopy-guided intervention(10). 
Second, in cytochastic effects, the radiation effect is “all or 
nothing”; there is no threshold, and the effects are likely to 
occur even at the lowest dose levels. During medical imaging, 
the cytochastic effect is more probable. Chronic effects are 

Table 2. Changes in the VAS score before, immediately after, and 3 weeks after the procedure
Ultrasound p-value Fluoroscopy p-value

VAS before 8.53±0.174 - 8.64±0.78 -

After VAS 3.10±0.238 <0.001 3.10±1.13 <0.001

VAS 3rd week 4.60±0.376 <0.001 4.64±1.96 <0.001
SD: Standard deviation; BMI: Body mass index, VAS: Visual analog scale pain score

Table 3. Comparison of improved VAS scores between the two groups
Ultrasound mean difference Fluoroscopy mean difference p-value

VAS before-after 5.41±0.29 5.53±0.28 0.810

VAS before-3rd week 3.92±0.39 4.00±0.39 0.961
VAS: Visual analog scale pain score

Table 1. Comparison of patients’ demographics, number of fluoroscopy shots administered, and VAS before and after the procedure. 
Changes in the VAS score before, immediately after, and 3 weeks after the procedure

Ultrasound (n=28)  Fluoroscopy (n=28) p-value
Age (± SD) 49.35±10.75 48.53±10.18 0.863

Gender

Female (n; %) 16; 57.1 18; 64.3 0.392

BMI (± SD) 24.36±1.66 24.96±1.02 0.254

Duration (month) 22.5±17.64 18.3±12.85 0.478

Level

L4-L5 (n; %) 4; 14.3 5; 17.9

0.984

L5-S1 (n; %) 10; 35.7 11; 39.3

Midline (n; %) 4; 14.3 4; 14.3

Disc + narrow channel (n; %) 5; 17.9 9; 16.1

L45 + L4-L5 + L5-S1 (n; %) 5; 17.9 9; 16.1

Number of shots 1.21±0.41 7.07±0.76 <0.001*

VAS before 8.53±0.174 8.64±0.78 0.734

After VAS after 3.10±0.238 3.10±1.13 0.823

VAS 3rd week 4.60±0.376 4.64±1.96 0.927
*p<0.05
SD: Standard deviation, BMI: Body mass index, VAS: Visual analog scale pain score
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more likely to be the result of long-term, low-dose exposure. It 
is well known that cumulative exposure to radiation increases 
the risk of adverse health effects such as genetic effects, 
cataracts, circulatory diseases, and cancer(26,27).
The radiation dose is a measure of the energy stored in tissue as 
a result of the interaction between radiation and living tissue, 
measured in units of radiation absorbed dose (RAD), roentgen 
equivalent man (REM), grays (Gy), and sieverts (Sv). The gray 
unit (the international unit for RAD) represents the amount of 
radiation that causes 1 J energy absorption in 1 kg irradiated 
material (1 RAD=1 REM=1000 mRAD=1000 mREM=0.01 Gy). The 
international unit of measurement for the biological effects of 
X-rays on the human body is the Sv: 1 Sv=100 RAD (i.e., 1 Sv=1 
Gy=100 RAD=100 REM or 1 REM=1 RAD=0.001 Sv).
The maximum dose for radiation workers is 20 mSv/year for 
five consecutive years and 50 mSv/year for a single year. For the 
public, the maximum dose is 10 mSv/year for five consecutive 
years and 5 mSv/year for a single year(28). To avoid radiation-
induced skin damage, the recommended threshold for exposure 
is 2 Gy and the annual exposure limit is 50 mSv(29).
As mentioned earlier, radiation is known to be associated 
with cancer; however, the long-term effects of exposure to 
low radiation doses as well as the known safe dose remain 
unknown. In Turkey and worldwide, the “as low as reasonably 
achievable” (ALARA) principle is used to reduce radiation 
exposure(30). At present, to the best of our knowledge, there 
is no universally accepted guideline for minimizing radiation 
exposure in the operating room; the cumulative radiation 
exposure of operators is not known. The operators must follow 
simple radiation safety rules to minimize their exposure, such 
as increasing their distance from the radiation source; reducing 
overall exposure time; and protecting sensitive areas with 
lead aprons, thyroid shields, lead goggles, and lead gloves. A 
study by Vural et al.(31) reported that 90% of operating room 
workers had been exposed to fluoroscopy in the past year; 44% 
were exposed to fluoroscopy more than once per week. Even 
very low radiation doses (e.g., 0.001 RAD) are carcinogenic 
and exert negative effects on the skin, eyes, gonads, and 
blood cells. Wearing a lead apron is an important protection 
against radiation; a lead thickness of 0.5 reduces radiation 
exposure by 97-99%(32). The annual average dose received by 
workers exposed to radiation should be between 1-5 mSv. 
When fluoroscopy machine operators use radiation protection 
methods, their radiation dose can be limited to <1 mSv per 
year. Notably, each dose can have a harmful effect. Hence, most 
doctors believe that even a single radiological X-ray carries a 
small risk. Therefore, the ALARA principle is accepted as the 
gold standard in radiology practice.
The dose area product (DAP) and kerma area product (KAP) are 
radiation dose monitoring methods used in radiographic and 
fluoroscopic studies. They provide indications of the radiation 
dose received by a patient. DAP is calculated as the product 
of the dose and beam area (Gy/cm2). It can be divided by the 
area of exposure (cm2) to determine the event total exposure 

(air kerma) of that area, which can be used to calculate the 
skin’s accumulated dose. It is important to measure this in 
interventional and fluoroscopic procedures because of the risk 
of deterministic effects.
In a previous study involving 228 patients, KAP and fluoroscopy 
time (FT) were recorded in 47 patients to whom lumbosacral ESI 
was administered. It was found that the longer the fluoroscopy 
period, the longer was the KAP in both transforaminal and 
caudal ESIs. FT was longer for transforaminal than for caudal 
ESIs. However, the KAP of transforaminal ESI was less than that 
of caudal ESI after correction for the length of FT(33).
Kim et al.(34) evaluated radiation exposure and response 
time during various ESI procedures (caudal, interlaminar, and 
transforaminal) according to surgical seniority (senior faculty, 
junior faculty, and trainee) and fluoroscopy type [continuous 
monitoring (CM) or intermittent monitoring (IM)]. DAP, FT, and 
intervention time during lumbar ESI were compared. Radiation 
exposure was found to be within the established safety limits 
during lumbar ESIs under CM, depending on practitioners and 
methods. With an experienced practitioner, IM resulted in less 
radiation exposure than CM. IM is reported to be effective at 
reducing radiation exposure and appears to be preferable to CM.
Cushman et al.(35) studied the relationship among BMI, FT, and 
radiation dose during lumbar ESI and found that fluoroscopy 
radiation dose and FT during lumbar ESIs increased in older 
patients and those with a high BMI; the presence of a trainee 
did not affect FT. The present study found no difference in terms 
of BMI between the two experimental groups.
Tecer et al.(36) investigated differences in the radiation exposure 
of patients between the oblique and posteroanterior views. 
Data regarding the total KAP, procedure duration, and FT were 
obtained from medical records. The authors concluded that 
radiation risk does not vary between these approaches. 
A previous study found that the duration of fluoroscopy 
exposure (for various interventional procedures) in educational 
settings such as university hospitals is significantly higher than 
in private practice settings. Significant differences were also 
found among physicians in the same university setting(37).
Hwang et al.(38) conducted a study to predict and compare 
the radiation exposure of patients during transforaminal 
fluoroscopy-guided ESI at different vertebral levels. The 
patients were categorized into three groups according to the 
injected lumbosacral nerve level (L2-L4, L5, or S1); FT and DAP 
were recorded. After correcting for FT, DAP was found to be 
significantly lower at S1 than that at either L2-L4 or L5.
When there is direct physician control of the fluoroscopy unit 
in fluoroscopy-guided lumbar spinal interventions, the FT 
required is significantly shorter (6 seconds), which results in a 
lower radiation dose (DAP, 0.59 Gy∙cm2)(39).
A previous study compared the safety of reducing radiation 
exposure via high-dose CM fluoroscopy, medium-dose pulsed 
fluoroscopy (eight pulses per second), and low-dose pulsed 
fluoroscopy (one pulse per second) in 231 patients receiving 
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Braun lumbar transforaminal ESI. Pulsed fluoroscopy reduced 
the radiation dose by up to 72.1% without causing any 
significant adverse events; thus, it should be considered the 
initial fluoroscopic for reducing radiation exposure(40). In 
our study, we used pulsed fluoroscopy to reduce radiation 
exposure. The use of ultrasound guidance reduced the number 
of fluoroscopy shots administered by approximately 80%.
Approximately 250-300 deaths occur per year in the United 
Kingdom due to cancer arising directly from medical radiation 
exposure(41).
A study by Botwin et al.(42) found that the physician’s radiation 
exposure is within safety limits when appropriate techniques 
are used. In our study, we used a lead apron during CESI in 
the classical fluoroscopic group. In the ultrasound guidance-
assisted group, fluoroscopy was used only to confirm that the 
needle was in the caudal canal; all personnel in the operating 
room were protected from the fluoroscopy device by maintaining 
a 5m distance from it or leaving the room. Because radiation 
exposure is cumulative over a lifetime, it is necessary to employ 
basic principles of radiation protection, including maximizing 
distance from the radiation source, using shielding materials, 
and minimizing exposure time. Even if protective clothing is 
used (e.g., lead apron, lead goggles, and radiation-attenuating 
gloves), the radiation hazard is still a significant concern for 
the radiologists who perform interventions. Regardless of 
the protection measures taken, it is never possible to reset 
radiation exposure. The most effective prevention of radiation 
exposure may be a reduction of the use of fluoroscopy (e.g., 
using ultrasonography).

Study Limitations
Although our study was limited in measuring radiation 
exposure by the number of fluoroscopy shots (rather than 
direct measurement), we consider that the radiation dose was 
minimal.

CONCLUSION

Modern ultrasonography enables good visualization of 
anatomical structures in real-time and avoids the hazards 
posed by radiation and iodinated contrast media. We believe 
that CESI with ultrasound guidance is effective for acute and 
chronic low back pain with the advantage of minimal radiation 
exposure. Long-term, follow-up and comparative studies with 
larger numbers of patients are required for evaluating the 
efficacy of CESI.
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