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INTRODUCTION
Epidural steroid injection (ESI) is an important treatment 
for patients with radicular lower back or neck pain. Due 
to the increased life expectancy and high prevalence of 
chronic back pain in older people [1], nonsurgical inter-
ventional procedures for spinal pain have significantly in-
creased. In the United States, ESI usage increased 130% 

from 2000 to 2011 in Medicare beneficiaries; ESI was per-
formed for 4,879 per 100,000 patients in 2011 [2].

Various chronic back pain conditions, which include 
herniated disc disease, spinal stenosis, and post-lumbar 
surgery syndrome, are conventional candidates for ESI. 
Multiple studies have shown robust evidence of the short- 
term (< 6 mo) effectiveness of ESI in patients with disc her-
niation [3,4]. For treatment, drugs are directly delivered 
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Background: To develop a rabbit epidural steroid injection (ESI) model for analyzing 
steroid retention in the tissue, and to assess the difference in steroid retention in 
the model according to the location and time elapsed after ESI.
Methods: Fluoroscopy-guided ESI was performed using the interlaminar approach 
between the lowest two lumbar segments in 13 female New Zealand white rabbits. 
Four rabbits were allocated to each of three different groups according to the time 
of sacrifice: 3, 7, and 15 days post-ESI; the remaining rabbit was sacrificed immedi-
ately post-ESI to obtain baseline data. After sacrifice, two segments were harvested: 
the lowest two lumbar vertebrae and another two lumbar vertebrae immediately 
above these. The residual steroid amount (RSA) and residual steroid concentration 
(RSC) in the collected spinal columns were analyzed. A linear mixed model was 
used to compare RSAs and RSCs between the injected and adjacent segments, and 
among the number of days until sacrifice; P < 0.05 was considered statistically sig-
nificant.
Results: Both RSA and RSC of the injected segment were significantly higher than 
those of the adjacent segment (P < 0.001, both). The RSA and RSC significantly de-
creased over time (P = 0.009 and P = 0.016, respectively).
Conclusions: The developed rabbit ESI model verified that significantly more steroid 
was retained at the injected segment than at the adjacent segment and the resid-
ual steroid decreased over time. This model could be useful not only for comparing 
current steroid medications, but also for developing new, better steroid formula-
tions. 
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into the epidural space under fluoroscopic or computed 
tomographic guidance. Steroids are generally used for 
their anti-inflammatory effects, but exert variable adverse 
systemic effects, including suppression of the hypothal-
amus-pituitary-adrenal axis, Cushing syndrome, osteo-
porosis [5], f luid retention, and hyperglycemia. There-
fore, current guidelines suggest limiting the frequency of 
interventional procedures. The American Society of Inter-
ventional Pain Physicians recommends that the interval 
between epidural injections be 2 months or longer, as-
suming that more than 50% relief is obtained for 2 months. 
However, a previous randomized, double-blind trial [6] 
showed widespread use of more frequent epidural injec-
tions, even of particulate steroids. 

Accordingly, there is a need for steroid formulations with 
longer local retention and better symptom relief after ESI. 
The duration and effectiveness of ESI have usually been 
assessed by questionnaires on patients’ symptoms, but the 
residual amount of steroid in the tissue has not actually 
been measured. Thus, for quantitative comparison of ste-
roid retention and development of more effective formula-
tions, an adequate animal model is essential. However, 
to the best of our knowledge, there exists no such animal 
model. 

In the present study, we designed a rabbit model for 
performing ESI under fluoroscopic guidance, simulating 
actual practice. Using this model, we can measure the 
locally retained steroid amount, which could help deter-
mine the duration for which the steroid remained in the 
injected area, as well as its spread through the epidural 
space. Therefore, the purpose of this study was to develop 
a rabbit ESI model for analyzing steroid retention in the 
tissue, and to assess the difference in steroid retention in 
the model according to the location and time elapsed after 
ESI.

MATERIALS AND METHODS
1. Ethical approval

Our study was performed from March 2017 to December 
2017. All procedures were approved by the Animal Care 
and Use Committees of Seoul National University Bun-
dang Hospital (approval number: BA1608-206/050-01).

2. Animals

Thirteen female New Zealand white rabbits (weight range, 
3.1-3.5 kg at the beginning of the study) were obtained 
from DooYeol Biotech (Seoul, Korea) and Orient Bio 
(Seongnam, Korea). Rabbits were housed in individual 
cages with a controlled light cycle (12-hr light/12-hr dark 
cycle) and temperature (21℃ ± 2℃). Standard laboratory 
chow and tap water were available ad libitum.

3. Experimental design

Twelve of the rabbits were allocated to three different 
groups according to time of sacrifice: 3, 7, and 15 days after 
ESI (Fig. 1). The remaining rabbit was sacrificed immedi-
ately after ESI to obtain baseline data. At each time-point, 
the rabbits were sacrificed, and two lumbar spinal seg-
ments were surgically harvested: the lowest two lumbar 
vertebrae as well as the two lumbar vertebrae immediately 
above these.

4. ESIs

A radiologist performed ESI under fluoroscopic guidance, 
in the manner used in actual clinical practice. Rabbits 
were anesthetized with intramuscular injection of alfaxa-
lone (Alfaxan, 10 mg/mL; Jurox Pty, Ltd., Rutherford, Aus-
tralia; 5 mg/kg body weight) and xylazine (Rompun, 23.32 
mg/mL; Bayer Korea, Ansan, Korea; 5 mg/kg body weight). 

Fig. 1. Flow diagram of the experimental design. ESI: epidural steroid injection.
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Subsequently, the rabbit was placed in the prone position 
on the fluoroscopy procedure table (Fig. 2A). We selected 
the interlaminar trajectory between the lowest two lum-
bar spine segments for epidural injection. A 25-gauge spi-
nal Quincke needle was used, and appropriate needle tip 
placement was confirmed by fluoroscopy (Fig. 2B) with the 
injection of approximately 0.5 mL of contrast material (io-
hexol, Omnipaque 300, 300 mg iodine per mL; GE Health-
care Co., Ltd., Shanghai, China) (Fig. 2C). The injectate 
was 40 mg (1 mL) triamcinolone acetonide suspension (TA; 
Triam, 40 mg/mL; Shinpoong Pharmaceuticals, Seoul, Ko-
rea) and the injection rate was approximately 0.3 mL/sec. 
A fluoroscopic image was obtained following the injection, 
to demonstrate the washout of the contrast agent.

5. Tissue harvest

Rabbits were sacrificed after induction of anesthesia, us-

ing potassium chloride (150 mg/mL; JW Pharmaceutical, 
Seoul, Korea; 150 mg/kg body weight). A longitudinal inci-
sion was made along the midline of the prone-positioned 
rabbit. The level of the tissue harvested was confirmed by 
palpation of the lumbosacral junction and spinous process 
of the lumbar vertebra. The paraspinal muscle was incised 
transversely using a sharp scalpel, and a rongeur was used 
for dividing the lumbar bony segments. The dorsal section 
of the rabbit containing the lumbar spine was excised en 
bloc (Fig. 3).

6. Analysis of the residual steroid amount

Collected spinal columns were sent to an analytical chem-
istry laboratory (Biological Mass Spectrometry Group at 
the Dankook University, Cheonan, Korea) for measuring 
the residual steroid amount (RSA) and residual steroid 
concentration (RSC) in the tissue, using a validated high-
performance liquid chromatography-mass spectrometry/
mass spectrometry (HPLC-MS/MS) assay. To extract TA 
from the tissue, the whole excised spine tissue was soaked 
in 50 mL of methanol and agitated in a shaking incubator 
for 12 hours. The extracted solution (1 mL) was diluted 50 
times with methanol and then centrifuged for 10 minutes 
at 14,000 rpm. The supernatant (10 μL) was injected into an 
HPLC-MS/MS system (LC-20 Prominence HPLC system; 
Shimadzu, Tokyo, Japan) and an API 2000 triple quad-
rupole mass spectrometer (AB/SCIEX, Poster City, CA). 
The chromatographic separation was performed using a 
Phenomenex Luna C18 column (2.0 × 150 mm, 5-μm par-
ticle size). The mobile phase consisted of 0.1% formic acid 
in water and acetonitrile at a volume ratio of 50:50, with a 
flow rate of 0.25 mL/min. 

Fig. 2. Epidural injection of triamcinolone 
through the interlaminar route. (A) Spine 
anteroposterior radiograph of the prone-
positioned rabbit. (B) Interlaminar ap-
proach with a 25-gauge spinal Quincke 
needle. (C) Appropriate needle tip place-
ment confirmed by the injection of a con-
trast agent.

Fig. 3. Representative image showing the tissue being harvested. Two 
dorsal sections of the rabbit corresponding to the lumbar spine were ex-
cised en bloc, including the lowest two (level of epidural steroid injection) 
lumbar vertebrae and the segment immediately above them.
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The steroidal compound eluted from the column was 
transferred into the MS/MS instrument with an electro-
spray ionization source in positive ion mode. The gas tem-
perature was 400℃, the ion spray voltage was 5,500 V, and 
the pressures of curtain and collision gases were 16 and 
6 psi, respectively. The TA was monitored using multiple 
reaction monitoring, with the m/z transition of 435.1 to 
415.0. For further TA confirmation, additional transitions 
(435.1 to 171.4 and 435.1 to 397.1) were also moni-tored. 
The assay exhibited excellent linearity (R2 value of 0.9917) 
over a TA concentration range of 100-600 ng/mL.

7. Statistical analysis

The RSA and RSC in the lumbar vertebrae were compared 
between the extracted upper and lower segments. These 
measurements were also compared with respect to the day 
of harvest. To this end, all comparisons were performed 
using the linear mixed-effects model, which accounts for 
two-way measurements per rabbit. For the mixed-effects 
model, the level of the segments (upper or lower) and the 
day of harvest (3, 7, or 15) were used as fixed effects, and 
rabbit identification was used as a random effect. Wil-
coxon’s signed-rank test was used as the post hoc test for 

comparing RSA and RSC on each harvest day. Statistical 
analysis was performed using the software Stata ver. 14.0 
(StataCorp LLC, College Station, TX); P < 0.05 was consid-
ered statistically significant.

RESULTS
The 12 rabbits in the experimental groups were able to 
bear weight, and exhibited normal gait after the ESI pro-
cedure; the rabbit used for obtaining baseline data was not 
assessed as it was sacrificed immediately after ESI. 

The collected spinal segments weighed 48.6 ± 9.07 mg 
(mean ± standard deviation). Mean RSA/RSC values in the 
immediately collected tissues were 1.3 mg per 19.4 ppm for 
the injected lower segment and 0.93 mg per 20.9 ppm for 
the adjacent upper segment. 

The RSA values in the injected area versus the adjacent 
area (mean, mg) on each day of sacrifice, and the percent-
age normalized to the immediately collected tissue, were 
as follows: 17 × 10–2 (13%) vs. 4.7 × 10–2 (5.0%), 7.9 × 10–2 (6.0%) 
vs. 2.4 × 10–2 (2.6%), and 2.5 × 10–3 (0.25%) vs. 0.65 × 10–3 
(0.070%) for sacrifice after 3, 7, and 15 days, respectively. 

The RSC values in the injected area versus the adjacent 

Table 1. Comparison of RSA and RSC

Variable
RSA (mg) RSC (ppm)

Upper Lower P value Upper Lower P value

3 days 4.7 × 10–2 ± 3.1 × 10–2 1.7 × 10–1 ± 1.6 × 10–1 0.002*a 1.0 ± 0.63 3.3 ± 3.2 0.005*a

7 days 2.4 × 10–2 ± 2.6 × 10–2 7.9 × 10–2 ± 6.3 × 10–2 0.002*a 0.56 ± 0.64 2.1 ± 2.0 0.002*a

15 days 0.65 × 10–3 ± 0.69 × 10–3 2.5 × 10–3 ± 2.7 × 10–3 0.002*a 0.015 ± 0.016 0.05 ± 0.05 0.002*a

LMM 0.009* 0.016*

Values are presented as mean ± standard deviation.
RSA: residual steroid amount, RSC: residual steroid concentration, LMM: linear mixed model.
*P < 0.05. aResults of Wilcoxon signed rank test.

Fig. 4. Line graphs of residual steroid measurements in the harvested tissue. (A) Residual steroid amount (RSA). (B) Residual steroid concentration (RSC).
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area (mean, ppm) on each day of sacrifice, and the per-
centage normalized to the immediately collected tissue, 
were as follows: 3.3 (17%) vs. 1.0 (4.8%), 2.1 (11%) vs. 0.56 
(2.7%), and 0.048 (0.25%) vs. 0.015 (0.071%) for sacrifice after 
3, 7, and 15 days, respectively (Table 1). The RSA and RSC 
values in the injected segment were significantly greater 
than those in the adjacent segment (P < 0.001, both). The 
RSA and RSC significantly decreased over time (P = 0.009 
and P = 0.016, respectively) (Fig. 4).

DISCUSSION
In this study, we developed a rabbit model that was used to 
assess the amount of steroid remaining after fluoroscopy-
guided lumbar ESI. As expected, the RSA and RSC of the 
injected segments were significantly larger than those of 
the adjacent segments; these results assure the reliability 
of this rabbit ESI model. We also found that the injected 
TA remained in the harvested tissue for 15 days after lum-
bar ESI. The amount and concentration of the remaining 
steroid decreased over time, and only 2.5 × 10–3 mg of TA 
remained in the injected segment by 15 days after ESI. 
This suggests that the injected steroid is dispersed or de-
graded relatively rapidly. These results are compatible 
with previous reports that ESI shows robust effectiveness 
in providing short-term symptom relief to patients with 
disc herniation [4] and those with spinal stenosis exhibit-
ing neurogenic claudication or radiculopathy [7]. However, 
for long-term effectiveness, the evidence was conflicting 
or less reliable for both patient groups [4,7]. 

In this study, TA, a particulate steroid, was used instead 
of a nonparticulate steroid, such as dexamethasone. Par-
ticulate agents have been shown to be superior to nonpar-
ticulate agents in terms of the duration of pain relief [6,8,9]; 
however, there are reports on serious adverse events after 
particulate steroid administration, such as spinal cord 
infarction or cerebellar infarction [10,11], presumably due 
to particle embolization. The current guideline of the US 
Food and Drug Administration [12] recommends against 
using particulate formulations in ESI. We believe that ani-
mal studies are crucial for the development of longer-last-
ing and safe particulate steroid formulations with more 
pain relief, and therefore, used TA in the development of 
the rabbit ESI model. 

The epidural space is encased between the dura mater 
and the walls of the vertebral canal, with intermittent at-
tachment via connective tissue. There is a thin layer of 
areolar tissue embracing the vertebral venous plexus and 
epidural adipose tissue, which lies in a recess between the 
dura mater and the ligament flava [13,14]. Drugs injected 
into the epidural space are absorbed and stored in the 

epidural fat, particularly lipophilic drugs, such as steroids. 
Redistribution of these drugs is affected by lipophilicity, 
tissue permeability, local blood supply, and the surface 
area involved [15].

Madsen et al. [16] reported that 1.0 mL of contrast agent, 
which was injected through an epidural catheter at the 
level of the 6th-7th lumbar vertebrae, is distributed to the 
level of the 8th-9th thoracic vertebrae in a rabbit model. 
Our study showed similar distribution of the contrast 
agent, and only 1.3 mg of injected TA (40 mg) remained 
at the injected segment. However, the amount of steroid 
retained in the injected level was significantly larger than 
that in the adjacent level. This finding could be explained 
by the characteristics of steroids. In contrast to water- 
soluble contrast agents, which might spread promptly to 
other spinal levels through the potential epidural space, 
lipophilic steroid agents might be dissolved in the epidural 
adipose tissue of the injected level. This could imply that 
targeted injection at the specific spinal level may be more 
effective.

The first documented steroid injection into the epidural 
space for managing lumbar radicular pain was performed 
in 1952 [17]. Since then, the epidural administration of ste-
roids has been one of the best-studied subjects in interven-
tional pain management. Although Beall et al. [18] report-
ed the tissue distribution of clonidine after intraforaminal 
implantation of biodegradable pellets, a methodology for 
investigating the presence of corticosteroid residue in the 
tissue after ESI has not been reported. In the present study, 
we designed a rabbit model to measure the quantity of 
drug remaining after ESI, over time. This rabbit model will 
make it possible to compare the residual concentrations of 
various steroid formulations. 

There are several limitations to our experimental study. 
First, the number of rabbits in each group and the total 
number of animals used were relatively small. Further 
studies with larger sample sizes would strengthen our 
results. Second, the measurement method could not dif-
ferentiate between residual amounts of steroid in specific 
tissues, such as the spinal cord, dura mater, epidural fat, or 
bones. However, the mechanism of the lumbar pain relief 
provided by steroids is complex [19], and investigating the 
RSA in specific tissues might be meaningless. Third, we 
only used the midline approach at the lowest lumbar level 
for the ESI, for experimental convenience. Other experi-
ments with different approaches, such as transforaminal 
routes or different injection levels, are war-ranted. Fourth, 
the amount of injectate was relatively large for the rabbit. 
Kim et al. [20] reported the usual TA dose of ESI in adult 
patients is approximate 20 mg. Because this study aimed 
to develop rabbit ESI model and to analyze steroid reten-
tion in the model, we used sufficient amount of steroid to 



Steroid analysis after epidural injection

Korean J Pain 2019;32(4):264-270www.epain.org

269

assess the analytical feasibility of residual steroid in the 
harvested tissue. In addition, given that TA is a non-solu-
tion suspension, it was assumed that injecting the entire 
volume of the vial (40 mg) is more consistent than using 
the vial fraction. 

In conclusion, we verified that retention of injected ste-
roids can be quantitatively assessed using the rabbit ESI 
model; the duration of retention and spread of the injected 
steroid can also be analyzed. Thus, this model could be 
useful not only for comparing current steroid medications, 
but also for developing new, better steroid formulations.
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