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ABSTRACT

AIM: To investigate the demographic, clinical and radiological findings associated with treatment success after interlaminar epidural
steroid injection (ILESI) in radicular pain induced by cervical disc herniation.

MATERIAL and METHODS: In this retrospective study, the data of patients who received cervical ILESI between January 2017
and June 2021 were screened. Of 223 patients, 92 with unilateral radicular neck pain due to cervical disc herniation were included.
Demographic data, symptom duration, and numerical rating scale scores at baseline, at three weeks, three months, and six months
after treatment were collected from the medical records of the patients. Disc herniation level, cervical axis, disc height, presence
and degree of spinal canal and neural foraminal stenosis, vertebral endplate signal change, and definitive presence of uncovertebral
and facet osteoarthritis were evaluated using cervical spine magnetic resonance imaging. Treatment success was determined as
>50% reduction in pain scores at six months compared to baseline.

RESULTS: Data of 92 patients (27 men, 65 women) were included. The mean age was 50.82 + 10.22 years, and the median
symptom duration was 12 (4.25 to 20) months. At six months after ILESI, treatment was successful in 58 (58.7%) patients and
unsuccessful in 34 (41.3%) patients. Multivariable logistic regression analysis was performed to identify the factors associated with
treatment success at six months post-injection. In the final model, neural foraminal stenosis (non-severe vs. severe) and spinal canal
stenosis (non-severe vs. severe) were significantly associated with the treatment success (OR=3.02, 95% Cl=1.40-10.95, p=0.009;
OR=5.31, 95% CI=1.77-15.85, p=0.003).

CONCLUSION: Treatment success of cervical ILESI at six months is favorable. However, the presence of severe neural foraminal
and spinal canal stenosis is associated with a reduced likelihood of treatment success.

KEYWORDS: Epidural injection, herniated disc, neck pain, radiating pain

ABBREVIATIONS: CRP: Cervical radicular pain, CDH: Cervical disc herniation, ILESI: Interlaminar epidural steroid injection,
MRI: Magnetic resonance imaging, NRS: Numerical Rating Scale

B INTRODUCTION annual incidence of 83 per 100,000 individuals (19). One of the
) . . . . . most common causes of CRP is cervical disc herniation (CDH).
erV|.ca.I radicular pain (CRP) is characterized by necklpaln Pain develops due to direct mechanical compression of the
radiating from the shoulder to the arm and somgtlmes herniated disc material on the spinal nerves or inflammation

to the hand. It is a common health problem, with an triggered by circulating enzymes and chemokines (14).
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Epidural steroid injections, one of the interventional pain treat-
ment methods, are frequently administered for the treatment
of CRP resistant to conservative treatment. Administration of
cervical interlaminar epidural steroid injection (ILESI) is pre-
ferred over using the transforaminal approach owing to its
ease of administration and low risk of complications (12,20).
Many studies have proven its efficacy and safety in the short
term (5,22,26). Although cervical ILESI has a low complication
risk, catastrophic complications, such as spinal cord injury,
have been reported in the literature (2). Therefore, it is of ut-
most importance to identify the factors associated with treat-
ment outcomes to avoid unnecessary costs and the risk of
complications. However, limited studies in the literature have
examined the factors associated with treatment success of
cervical ILESI (9,12,20). Sencan et al. reported that high level
of CDH and the presence of severe neural foraminal steno-
sis in cervical spinal magnetic resonance imaging (MRI) had
a negative effect on treatment success at three months af-
ter cervical ILESI (20). Lee et al. observed less improvement
in patients with paresthesia at the two-week follow-up after
cervical ILESI. However, both of these studies have a short
follow-up period (12). As there are only few studies on this
subject in the literature, the effect of various demographic,
clinical, and radiological variables on the treatment success of
cervical ILESI still remains to be elucidated.

In the present study, we aimed to investigate the demographic,
clinical, and radiological variables associated with mid-term
treatment success after ILESI in patients with CRP.

B MATERIAL and METHODS
Study Design and Study Population

This study was designed as a single-center, retrospective
study. The data of patients diagnosed with CDH-induced
unilateral CRP after physical examination and cervical spinal
MRI evaluation and those who underwent cervical ILESI and
presented to our pain medicine center between January 2017
and June 2021 were screened. Of 223 patients, 92 were
included in the study (Figure 1).

Inclusion criteria were as follows: aged 18-65 years, CDH
diagnosed on cervical spinal MRI in only one of the C3-4,
C4-5, C5-6, C6-7 levels, presence of neck and unilateral
arm and/or hand pain resistant to conservative treatment,
symptom duration of >3 months, baseline Numerical Rating
Scale (NRS) score of >4. Exclusion criteria were as follows:
myelomalacia (high intensity signal change on T2-weighted
cervical spinal MRI), history of cervical spinal surgery, multiple
epidural interventions within the last six months, lack of six-
month follow-up data and cervical MRl images.

In accordance with the routine practices at our center, a
written and verbal consent was obtained from each patient
before the cervical ILESI procedure. The study was approved
by the institutional Ethics Committee (Date: 10.21.2021, No:
2019-131) and conducted in accordance with the principles of
the Declaration of Helsinki.
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223 patients who underwent ILESI over
4 years and 6 months period in our pain
medicine center

!

Inclusion criteria

(1) 18-65 years of age
(2) Presence of unilateral radicular neck pain
(3) CDH diagnosed on cervical spinal MRI in only one level
(4) Symptom duration of >3 months
(5) NRS pain score > 4
!

Primary inclusion
(n=145)

Exclusion

(1) Multiple epidural interventions within the last 6 months (n=7)

(2) Myelomalacia - high intensity signal changes on T2-weighted images
on cervical spinal MRI (n=6)

(3) Having undergone cervical spinal surgery (n=4)

(4) Lack of medical records or absence of cervical MRI (n=36)

J

Final inclusion
(n=92)

./\.

Successful treatment
(n=54)

Unsuccessful treatment

(n=38)

Figure 1: Flow diagram of the study.

Data Collection and Assessment

Sex, age, body mass index (BMI), neck and radiating pain to
the arm and/or hand, symptom duration, and the side of the
radicular pain were collected from the medical records of the
patients.

According to routine practice at our pain medicine center,
patients are evaluated before treatment and at three weeks,
three months, and six months after treatment. The severity
of pain is assessed using NRS (0 to 10, verbal). The baseline
pain score before cervical ILESI and the pain scores at three
weeks, three months, and six months after the procedure were
obtained through standard evaluation forms of the patients.
Treatment success was defined as >50% reduction in NRS
scores at six months compared to baseline.

Radiological Assessment

All cervical spinal MRI evaluations were performed by a
radiologist with 10 years of experience in spinal imaging.
The radiologist was blinded to patients’ clinical data during
evaluation. All images were acquired with a 3.0 Tesla MRI
device (Philips Achieva 3.0T) using dedicated cervical spinal
coil with standard cervical MRI protocol and without contrast
administration.

The level of CDH was determined on radiological evaluation.
C3-4 and C4-5 level CDH were categorized as high and
C5-6 and C6-7 level CDH as low level CDH. In addition,
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cervical axis (normal lordosis and kyphosis), intervertebral
disc height (normal and reduced), vertebral endplate signal
changes (modic change present vs. no modic change),
definitive uncovertebral osteoarthritis (present and absent),
and definitive facet osteoarthritis (present and absent) were
evaluated. Furthermore, severity of neural foraminal stenosis
(non-severe and severe) and spinal canal stenosis (non-severe
and severe) were recorded.

The presence of neural foraminal stenosis was evaluated
on T2-weighted axial images based on the grading system
developed by Kim et al. (8). In this grading system, neural
foraminal stenosis is classified into three grades: Grade 0:
normal, absence of neural foraminal stenosis; Grade 1: the
narrowest width of the neural foramen is >50% of the width of
the extraforaminal nerve root; Grade 2: the width of the neural
foramen is <50% of the width of the extraforaminal nerve root.
In the present study, Grades 0 and 1 neural foraminal stenosis
were classified as non-severe stenosis, while Grade 2 neural
foraminal stenosis was classified as severe stenosis.

Evaluation of the presence of spinal central canal stenosis
was performed on sagittal T2-weighted fast spin-echo images
based on the grading system developed by Kang et al. (6).
According to this grading system, spinal canal stenosis is
classified into four grades. Grade 0: absence of central canal
stenosis; Grade 1: obliteration of the subarachnoid space
at a rate of >50% without spinal cord deformity; Grade 2:
central canal stenosis with spinal cord deformity but no spinal
cord signal change; Grade 3: presence of spinal cord signal
changes close to the level of stenosis on T2-weighted images.
According to the routine practice in our center, epidural
intervention is not performed in patients with myelomalacia
appearance in the spinal cord. Therefore, Grade 3 patients
according to the grading system mentioned above were
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excluded. In the present study, the presence of Grade 0 and
Grade 1 stenosis was classified as non-severe stenosis, while
the presence of Grade 2 stenosis was classified as severe
stenosis.

Procedure

After the patients were taken to the intervention room,
intravenous vascular access was established and the patients
were monitored and placed in the prone position. All ILESI
procedures were performed under fluoroscopy guidance and
sterile conditions. The injection site was wiped with povidone—
iodine, and a sterile drape was laid. After visualizing the C7-
T1 interlaminar space in the anteroposterior view, the entry
site was determined. Skin anesthesia was administered in
the form of 3 mL of 2% prilocaine injection. The paramedian
approach was used for all cervical ILESI procedures. The skin
was penetrated with an 18-gauge Tuohy needle from the side
of the radicular arm (Figure 2). The epidural space was entered
under the contralateral oblique view using a loss of resistance
injector. Thereafter, epidural spread was confirmed with no
intravascular spread by administering 2 cc of contrast agent
(Figure 3). After epidural spread was confirmed, a mixture of
8 mg of dexamethasone (2 cc), 1 cc of 2% lidocaine, and 3
cc of saline was injected. After the procedure, the patients
were followed for 1 hour in the post-anesthesia care unit.
Patients without any complications were discharged with
recommendations.

Statistical Analysis

Statistical analysis was performed using the SPSS version
23.0 software (IBM Corp., Armonk, NY, USA). Descriptive data
were presented in mean =+ standard deviation (SD), median
(min-max) or number and frequency. The Shapiro-Wilk test
was used to check whether quantitative variables conformed

Figure 2: A) The paramedian
approach. The entry of the needle
and the angle it makes with the
skin are shown in a patient with
radicular pain on the right.

B) Anteroposterior fluoroscopic
image of the needle advanced
into the epidural space.



to normal distribution. As the data did not show normal
distribution, the Mann-Whitney U test was used to compare
the patients with and without treatment success in terms
of these variables. Associations between the categorical
variables and treatment success at six months after ILESI
were analyzed using the Pearson chi-square analysis or
Fisher-Freeman-Halton test. Variables with a p value of <0.05
in the univariate tests were included in the multivariate logistic
regression model, and their adjusted effects on treatment
success were calculated. A p value of <0.05 was considered
statistically significant.

B RESULTS

Of 223 patients who received cervical ILESI, 145 met the
inclusion criteria. A total of 53 patients were excluded from the
study. Of these, 36 patients were excluded due to the missing
data, seven patients received multiple epidural interventions
within the last six months, six patients had high intensity
signal change on T2-weighted cervical spinal MRI, and four
patients previously underwent cervical spinal surgery. Data of
a total of 92 patients (27 men and 65 women) were included in
the final analysis (Figure 1). The mean age of the entire study
group was 50.82 + 10.22 years, and the median symptom
duration was 12 (4.25 to 20) months. Demographic and clinical
characteristics of all patients are presented in Table I.

A significant decrease in NRS pain scores was observed
at all time points after the procedure compared to baseline
(Table Il). At six months after cervical ILESI, the treatment
was successful in 54 (58.7%) patients and unsuccessful in
34 patients (41.3%). No serious complications associated
with the procedure were observed. Two patients developed
a vasovagal reaction, but the complication did not prevent
completion of the procedure.

According to treatment success, there was no significant
difference between the groups in terms of demographic
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Figure 3: A) Epidural spread of the
contrast agent in the contralateral
oblique fluoroscopic image.

B) Epidural spread of the contrast
agent in the anteroposterior
fluoroscopic image.

Table I: Demographic and Clinical Characteristics of All Patients

. Mean = SD
Variables (n=92)
Sex Male 27 (29.3)

Female 65 (70.7)
Age (years) 50.82 + 10.22
BMI (kg/m?) 27.72 + 4.65
Symptom duration (month) 15.10 £ 14.27
NRS (baseline 8.13+1.23

. . . Right 42 (45.7)
Side (Radicular pain) Left 50 (54.3)

. - High level 23 (25)
Disc heniation level Low level 69 (75)
Cervical curvature Normal lordosis 32 (34.8)

Kyphosis 60 (65.2)

. . Normal 71(77.2)

Intervertebral disc height Reduced 21 (22.8)
Spinal canal stenosis Non-severe 69 (75.0)

P Severe 23 (25.0)

Neural foraminal stenosis  On-Severe 65(70.7)
Severe 27 (29.3)

. Present 27 (29.3)
Modic change Absent 65 (70.7)
... Present 15 (16.3)

Uncovertebral osteoarthritis Absent 77 83.7)
" Present 21 (22.8)

Facet osteoarthritis Absent 71 (77.2)

BMI: Body mass index.
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data, BMI, CDH level, cervical axis, intervertebral disc height,
vertebral endplate signal change, uncovertebral osteoarthritis,
and facet osteoarthritis (p>0.05). Subgroup analysis revealed
that treatment success rate was significantly higher in
patients with C5-6 level CDH compared to those with C4-5
level CDH (p<0.05). In addition, a significant difference was
found between the groups in terms of neural foraminal and

Table II: Temporal Variation of Pain Scores in All Patients

N=92 Mean x SD o)
NRS baseline 8.13+1.23
NRS week 3 2.63 +£2.50

0.001
NRS month 3 3.64 +2.30
NRS month 6 4.47 +2.03

NRS: Numerical Rating Scale.

central spinal stenosis (p<0.05) (Table Ill). In the final model,
neural foraminal stenosis (non-severe vs. severe) and central
spinal stenosis (non-severe vs. severe) had a significant
effect on treatment success (OR=3.02, 95% Cl=1.40-10.95,
p=0.009; OR=5.31, 95% CI=1.77-15.85, p=0.003) (Table 4).
The presence of severe neural foraminal stenosis and severe
central spinal stenosis was found to be associated with a low
likelihood of treatment success.

B DISCUSSION

In the present study, we investigated the predictive roles
of demographic data and degenerative findings on cervical
spinal MRI on the treatment success of cervical ILESI for
CDH-induced CRP. According to our results, a significant
decrease in pain intensity was observed in the entire study
group (n=92) at all time points during follow-up compared to
baseline. Treatment success rate was 58.7% at six months

Table lll: Comparison of Demographic and Clinical Characteristics Between Groups According to Treatment Success

Treatment Success

Successful Unsuccessful
n=54 n=38 P
Male 16 (59.3) 11 (40.7)
Sex Female 38 (58.5) 27 (41.5) 0.615
Age (years) 51.52 + 8.78 49.82 + 12.05 0.586
BMI (kg/m?) 27.80 + 4.45 27.61 £ 4.97 0.874
Symptom duration (month) 12.0 (3.0-20.5) 10.5 (6.7-21.0) 0.504
NRS (Baseline) 8.09 +1.29 8.18 +1.15 0.728
. . . Right 26 (61.9) 16 (38.1)
Side (Radicular pain) Left 28 (56.0) 22 (44.0) 0.567
. Normal lordosis 19 (59.4) 13 (40.6)
Cervical curvature Kyphosis 35 (58.3) 25 (41.7) 0.923
. - High level 13 (56.5) 10 (43.5)
Disc herniation level Low level 25 (36.2) 44 (63.8) 0.087
. . Normal 43 (60.6) 28 (39.4)
Intervertebral disc height Reduced 11 (52.4) 10 (47.6) 0.503
) . Non-severe 47 (68.1) 22 (31.9)
Spinal canal stenosis Severe 7 (30.4) 16 (69.6) 0.001
. . Non-severe 44 (67.7) 21 (32.3)
Neural foraminal stenosis Severe 10 (37.0) 17 (63.0) 0.007
. Present 19 (70.4) 8 (29.6)
Modic change Absent 35 (53.8) 30 (46.2) 0.143
" Present 10 (66.7) 5(33.3)
Uncovertebral osteoarthritis Absent 44 (57.1) 33 (42.9) 0.493
" Present 14 (66.7) 7 (33.3)
Facet osteoarthritis Absent 40 (56.3) 31 (43.7) 0.398

BMI: Body mass index, NRS: Numerical rating scale.
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Table IV: Exploration of Predictive Factors Affecting Treatment Success in the Six Month After Procedure

95% CI for OR

OR p
Lower Upper
Spinal canal stenosis (Non-severe vs. severe) 5.31 1.77 15.85 0.003
Neural foraminal stenosis (Non-severe vs. severe) 3.92 1.40 10.95 0.009
Age (years) 1.03 0.99 1.08 0.127
Sex 1.33 0.47 3.71 0.580

OR: Odds ratio, Cl: Confidence interval.

after cervical ILESI. Moreover, severe neural foraminal and
central spinal stenosis were predictive factors associated with
a low likelihood of treatment success.

Many studies have shown that cervical ILESI is an effective
and safe treatment for CRP in the short term (5,22,26). In
the present study, a significant decrease at all time points
was found within six months compared to baseline. The
exact mechanism underlying the efficacy of epidural steroid
injections in the treatment of pain have not been fully
elucidated; however, several mechanisms of action have
been proposed to date. Steroids injected into the epidural
space exert a potent anti-inflammatory effect by inhibiting
the arachidonic acid cascade initiated by phospholipase
A2 (24). In addition, local anesthetics administered with
steroids show anti-inflammatory properties (1). With the
reduction of inflammation in the spinal nerve root after
injection, edema in the nerve tissue decreases. This may be
the mechanism through which the compression on the nerve
tissue due to foraminal stenosis decreases (7). Steroids also
provide membrane stabilization on neurons, they can inhibit
neuropeptide synthesis, and they can provide pain relief by
blocking ectopic signals (21). Moreover, the injected mixture
can provide a “washout” effect by removing the inflammatory
agents from around the inflamed spinal and dorsal root
ganglion (23). Taken together, all these features may explain
the effect of cervical ILESI in CRP treatment.

Limited studies in the literature have examined the effect of
the severity of neural foraminal stenosis on cervical epidural
steroid injections according to cervical spinal MRls (7,20). Kim
et al. evaluated the data of 53 patients and classified neural
foraminal stenosis as non-severe and severe stenosis. They
reported that the severity of neural foraminal stenosis had no
significant effect on treatment outcomes at three months after
cervical transforaminal epidural steroid injection (7). In the
present study, the same classification was used to determine
the degree of neural foraminal stenosis. Severe neural foraminal
stenosis was identified as a risk factor for reduced success of
cervical ILESI treatment. The difference between the results
may be due to the different time points used in these two
studies. The study of Kim et al. covered a short follow-up period
of three months, whereas the present study covers a longer
follow-up period of six months (7). Over a longer follow-up
period, the success rate may decrease in patients with severe
neural foraminal stenosis compared to those with non-severe

stenosis, and the difference in treatment success between the
patients in the two groups may be increasing. Another reason
for the differences between the results may be the different
treatment methods applied in the two studies. Using the
interlaminar approach, the injectant is given close to the site
of pathology, whereas using the transforaminal approach is
target-specific and the injectant can be given directly around
the spinal nerve root and dorsal root ganglion at the level of
the pathology (16). In this way, even if severe neural foraminal
stenosis is present at the injection level, sufficient injectate
may reach the area of pathology. However, ILESI may be
considered as a better option as it is more important to reduce
the probability of permanent neurological problems that may
occur because of catastrophic neurological complications of
the transforaminal approach, as reported in the literature (11,
15). In their study evaluating the data of 61 patients, Sencan
et al. defined severe neural foraminal stenosis as a risk factor
that reduces the success of cervical ILESI treatment at three
months (20). Our results are consistent with this previous
study in this respect. Ghahreman and Bogduk et al. reported
that lumbar transforaminal epidural steroid injection was less
effective in patients with high-grade lumbar spinal nerve root
compression compared to those with low-grade compression
(3). They argued that in the majority of the patients with
high-grade spinal root compression, the main source of
pain was not inflammation of the nerve root but mechanical
compression, which did not improve even after TFESI; this
explained the obtained results. Treatment success was also
lower in patients with severe neural foraminal stenosis in the
present study, which may be due to the same mechanism.

Since there is no globally used cervical canal stenosis grading
system, Kang et al. developed a four-stage grading system
that can be easily evaluated on sagittal T2-weighted fast spin-
echo images (6). It was later reported that this grading system
correlated quite well with neurological symptoms (18,25). To
the best of our knowledge, the present study is the first to
evaluate the effect of cervical canal stenosis grade on epidural
steroid injection therapy. Manzur et al. evaluated the data of
244 patients with cervical myelopathy [Grade 3 according to
the classification of Kang et al. (6)] and reported that epidural
steroid injections did not delay surgical treatment (17). In our
clinical practice, we refer patients with myelopathy in cervical
spinal MRI and severe symptoms to surgical treatment,
as their condition may be progressive. Therefore, patients
with Grade 3 cervical canal stenosis were not included in
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the present study. As a result, patients with Grades 0 and 1
cervical canal stenosis without cord deformity were classified
as non-severe, and Grade 2 patients were classified as severe
cervical canal stenosis. In the present study, the presence of
severe cervical canal stenosis was found to be associated
with a low likelihood of cervical ILESI treatment success. This
may be associated with the more severe clinical symptoms
in this patient group, as well as the fact that the main cause
of pain in patients with severe cervical canal stenosis is
advanced mechanical compression rather than inflammation
in the neural structures.

Sencan et al. found a significantly higher treatment success
rate in patients with C5-6 level and C6-7 level CDH compared
to those with C3-4 level and C4-5 level CDH, respectively (20).
In the present study, C6-7 and C5-6 were classified as low
spinal levels and C3-4 and C4-5 as high spinal levels for CDH,
and no significant difference was found between the groups in
terms of the treatment success. However, subgroup analysis
revealed that treatment success was significantly higher in pa-
tients with C5-6 level CDH compared to those with C4-5 level
CDH. In this context, the results are consistent with previous
findings. However, further studies with larger patient groups
are warranted to evaluate the relationship between cervical
ILESI treatment results and CDH level more clearly.

In the current study, age, sex, and duration of symptoms did
not affect treatment success, consistent with the literature
(9,12,20). In addition, cervical spinal MRI parameters,
including cervical axis, intervertebral disc height, vertebral
endplate signal change, presence of definitive uncovertebral,
and definitive facet osteoarthritis, other than neural foraminal
and cervical canal stenosis stages had no effect on treatment
success. This may be explained by the fact that the main cause
of pain in patients with CDH-related neck and radicular pain is
neural inflammation and spinal nerve and cord compression.

Three basic methods have been described for cervical
ILESI, midline, paramedian, and parasagittal (13). Compared
to the midline approach, the paramedian and parasagittal
approaches are more effective in delivering the injectant to the
symptomatic side and in terms of treatment outcomes (4,10).
In addition, the epidural space in the cervical region widens
as you go down from the upper levels to the C7-T1 spinal
levels (20). In our clinical practice and study, cervical ILESI
was performed using a paramedian approach from the C7-T1
spinal level owing to the advantages mentioned above.

Nonetheless, there are certain limitations to this study. The main
limitation is its single-center, retrospective design. Second,
patient disability and functional evaluation was unable to be
performed. Finally, the contrast diffusion pattern was unable
to be evaluated. On the other hand, the homogeneous patient
group with neck and radicular pain due to CDH and the six-
month follow-up period are the main strengths of the study. To
the best of our knowledge, this is the first study to investigate
the effect of multiple degenerative findings as evidenced by
cervical spinal MRI on the success of cervical ILESI treatment,
and the results obtained are valuable.
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B CONCLUSION

In conclusion, cervical ILESI is an effective and safe treatment
method for CDH-induced CRP. The presence of severe neural
foraminal and cervical canal stenosis is a predictive factor
associated with a low likelihood of treatment success at six
months after the procedure. These results may contribute to
the decision-making process on cervical ILESI treatment for
CDH-induced CRP. Careful pre-procedural evaluation of these
factors associated with treatment success can reduce the
number of unnecessary interventions and prevent possible
complications. However, further large-scale, long-term,
prospective studies are required to better understand the
factors associated with treatment success.
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