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Purpose: This study aimed to evaluate the effect of transforaminal epidural steroid injection (TFESI) in patients with lumbosacral
disc herniation by comparing its effect between those diagnosed by clinical evaluation and plain radiography only (X-ray group) and
those by additional magnetic resonance imaging (MRI) (MRI group). Additionally, we investigated the accuracy of the preliminary
clinical assumption in the X-ray group using confirmative post-injection MRI.

Patients and Methods: We retrospectively recruited 367 patients with back and radicular pain due to lumbosacral disc herniation
from a single pain clinic. Among them, 201 and 166 patients were categorized into the X-ray and MRI groups, respectively. In the
X-ray group, the pathological level assumed initially by clinical evaluation and plain radiography concurred with that confirmed later
on post-injection MRI in 139 patients (corresponding group); the remaining 62 patients lacked this concurrence (non-corresponding
group). The NRS scores and Macnab criteria results were compared between the X-ray and MRI groups as well as the corresponding
and non-corresponding groups.

Results: Both the X-ray and MRI groups showed significant reductions in the NRS scores at 2 and 10 weeks post-injection when
compared with the pretreatment scores. However, no significant difference was noted between the groups in terms of the magnitude of
clinical improvement assessed by successful reduction in the NRS or Macnab scores. Furthermore, similar results were obtained in the
comparison between the corresponding and non-corresponding groups of the X-ray group.

Conclusion: TFESI guarantees favorable clinical outcomes even in the absence of confirmative MRI in patients with back and
radicular pain. The preemptive application of this procedure could be prioritized and justified in patients suspected of lumbosacral disc
herniation based on clinical evaluation and plain radiography only without the preceding MRI verification.
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Introduction

Lumbosacral disc herniation refers to the displacement of the intervertebral disc beyond the boundaries of the disc space, causing
lower back and radicular leg pain throughout the myotomal or dermatomal levels.' Pain due to lumbosacral disc herniation is one
of the most common causes of musculoskeletal pain.>* The prevalence of symptomatic lumbosacral disc herniation is 1-3%." The
mechanisms of pain due to lumbosacral disc herniation include direct mechanical compression of the sinuvertebral nerve and
nerve root and chemical inflammation around them.>® In most cases of lumbosacral disc herniation, chemical inflammation is the
main cause of lower back and radicular leg pain.”® To control the inflammation around the herniated lumbosacral disc,
transforaminal epidural steroid injection (TFESI) is commonly used in clinical practice.” Its effectiveness in controlling pain

due to lumbosacral disc herniation has been demonstrated in several previous clinical trials.” "'
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Prior to TFESI, spine magnetic resonance imaging (MRI) is performed to diagnose herniated lumbosacral disc and to
discern its location and severity.'>'* Based on the spine MRI findings, clinicians determine the exact location of TFESI
administration. However, due to the high price and low accessibility of MRI in clinical practice, patients frequently
refuse to undergo spine MRI or have to wait for a long time for appropriate treatment while awaiting MRI. Clinicians are
usually reluctant to perform TFESI before confirming the diagnosis, location, and severity of the herniated lumbosacral
disc on spine MRI, and many patients continue enduring pain without receiving symptomatic treatment with TFESI.

Based on this clinical reality, we speculated whether TFESI could be effectively administered based only on the
clinical and spine radiography findings, without performing a spine MRI. If the effects of TFESI with and without
confirming the diagnosis with MRI before TFESI are comparable, then TFESI could be administered without MRI as
the second-best option in unavoidable circumstances wherein spine MRI cannot be performed.

To the best of our knowledge, no study has evaluated the effectiveness of TFESI after determining the level of injection
administration based on the clinical and radiographic findings without a spine MRI prior to the procedure. Thus, we compared
the effectiveness of TFESI between patients diagnosed by clinical evaluation and radiography only and those diagnosed by
additional MRI. Additionally, we checked the accuracy of the preliminary clinical assumptions using confirmative post-
injection MRI in the patients diagnosed only by clinical evaluation and radiography. The primary outcome assessed was pain
using the numeric rating scale (NRS), and the secondary outcome was patient satisfaction using the MacNab criteria.

Materials and Methods

Patients

This study was approved by the Institutional Review Board of Wooridul Spine Hospital (WRDIRB-2021-03-004) after obtaining
written informed consent from each patient. This study complied with the Declaration of Helsinki’s ethical standards. Data were
retrospectively collected from January to December 2019 of consecutive patients with lower back and leg radicular pain, who
were subsequently treated with TFESI at the pain clinic after being diagnosed with lumbosacral disc herniation clinically or using
spine MRI for confirmation. Patients with prior lumbosacral spine surgical interventions or neurological deficits were excluded.
Among the 367 patients finally recruited, 201 patients were empirically treated with TFESI based only on the clinical evaluation
and spine radiography without MRI (X-ray group), and lumbosacral disc herniation was confirmed later on post-injection MRI.
The spinal level with translational or angular instability, when compared with the adjacent disc level on spine radiography, was

conventionally regarded as the main lesion segment'>'®

(Figures 1 and 2). The remaining 166 patients were diagnosed with
lumbosacral disc herniation using MRI prior to TFESI in addition to the routine clinical evaluation and spine radiography (MRI

group). The X-ray group was subdivided into a corresponding group, which comprised patients in whom the lesion level

Figure | Translational instability in the sagittal flexion (A) and extension (B) views on plain radiography. Black lines and arrows indicate the distances as a result of migration
of adjacent upper vertebra upon lower lumbar vertebrae during flexion.
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Figure 2 Angular instability in the sagittal flexion (A) and extension (B) views on plain radiography. Black line indicates the angular changes of adjacent upper and lower
vertebra that occurs during flexion and extension.

determined by clinical evaluation or plain radiography concurred with that on the post-injection confirmation MRI, and a non-
corresponding group, which comprised patients without this concurrence.

Transforaminal Epidural Steroid Injection

In our pain clinic, TFESI procedures have been conducted as described below. The patient is placed in a prone position.
The fluoroscope is manipulated either in the caudal or cephalad direction until the superior endplate of the lower vertebra
is projected as a single solid line, indicating true anteroposterior fluoroscopic view that is aligned parallel to the superior
endplate of the lower vertebra. The fluoroscope is rotated by approximately 30—40° ipsilaterally toward the symptomatic
side until the “Scotty dog” sign is visible.

The infraneural approach, also termed the retrodiscal or preganglionic approach, is routinely applied. This technique is
advantageous in terms of proper access and administration of the injectate into the epidural space behind the targeted disc level
as well as along the exiting nerve root. The needle is advanced directly into Kambin’s safe triangle behind the posterior annulus
using a tunnel vision technique under fluoroscopic guidance. The operator avoids passing the needle medial to the mid-pedicle
position in the oblique view to reduce the risk of incidental dural puncture. Contrast dye is injected to confirm that the flow is
limited to the epidural space without intravascular, intrathecal, or soft tissue penetrative leakage. Additionally, a lateral view
image is obtained to verify the presence of a contrast medium shadow over the ventral epidural space. Subsequently, a mixture
of 4 mL of 0.5% lidocaine and 1 mL (5 mg) of dexamethasone is injected. Injections are routinely repeated at 1-2-week intervals
for intended pain relief, either for the subjective satisfaction of the patients or for the objective flattening of the pain intensity to
a plateau phase. However, these repetitions should not exceed four sessions, regardless of the degree of patient satisfaction.

Clinical Evaluation

The pain intensity of the participants in this study was evaluated using the NRS, ranging from 0 (no pain) to 10 (worst
possible pain). Successful pain relief was defined as a more than 50% reduction in the NRS score when compared with
the pretreatment score.'”'® Moreover, patient satisfaction was assessed using the MacNab criteria, which categorizes the
treatment response as excellent, good, fair, or poor. Excellent and good responses were considered satisfactory results.'®
Comparative evaluations were conducted before the treatment and 2 and 10 weeks after the final injection between the

X-ray and MRI groups as well as the corresponding and non-corresponding groups of the X-ray group.
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Sample Size Calculation

The sample size calculation was based on the literature comparing paramedian and midline approach groups for lumbar
radicular pain.?® A sample size that could differentiate the proportion of clinical success by at least a 30% gap between
the two groups was considered clinically relevant in our study. Considering a 0.05 two-sided significance level, power of
80%, and an allocation ratio of 1:1, at least 42 patients were required in each group.

Statistical Analysis

Statistical analyses were performed using Statistical Product and Service Solutions (version 14.0; SPSS Inc.,
Chicago, IL, USA). Paired #-test was used to evaluate the significance of the reduction in the NRS scores at 2
and 10 weeks posttreatment. Chi-square test was used to compare the sex ratio, main lesion level, main affected
side, and improvement in the NRS scores and Macnab criteria results after treatment between the X-ray and MRI
groups as well as the corresponding and non-corresponding groups. Student’s z-test was used to compare the age,
symptom duration, number of injections, and NRS score before the treatment between the X-ray and MRI groups as
well as the corresponding and non-corresponding groups. Results were considered statistically significant if the

p-value was less than 0.05.

Results

Comeparison of General Characteristics and Clinical Outcomes Between the X-Ray
and MRI Groups

There were no significant differences in age, sex ratio, main lesion level, symptom duration, number of injections,
affected side, and NRS scores at baseline between the X-ray and MRI groups. The NRS scores in both groups
reduced significantly at 2 and 10 weeks after treatment when compared with the pretreatment scores (p<<0.001). In
the intergroup comparison, no significant difference was found in the improvement in the NRS scores and the
Macnab criteria results (Table 1).

Table | Comparison of General Characteristics and Clinical Outcomes Between the X-Ray and MRI Groups

The X-Ray Group (N=201) | The MRI Group (N=166) | p Score
Age 57.16x17.19 61.49£16.43 0.662
Gender Male 94 86 0.336
Female 107 80
Main lesion level LI-2 3 2 0918
L2-3 7 6
L3-4 10 12
L4-5 95 74
L5-S1 86 72
Pain duration 9.84+7.35 10.131£8.9 0.33
Number of injections 2.38+0.8 2.39+0.82 0.734
Main painful side Left 125 90 0.123
Right 76 76
NRS at baseline 7.17£0.92 7.16£0.97 0.564
NRS at 2 weeks 2.7311.62 2.72+1.62
NRS reduction at 2 weeks Successful 158 135 0518
Unsuccessful 43 31
NRS at 10 weeks 3.16£1.83 3.12+1.78
NRS reduction at 10 weeks Successful 130 110 0.750
Unsuccessful 71 56
(Continued)
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Table | (Continued).

The X-Ray Group (N=201) | The MRI Group (N=166) | p Score
McNab criteria at 2 weeks Satisfactory 148 120 0.773
Unsatisfactory 53 46
McNab criteria at 10 weeks Satisfactory 116 96 0.982
Unsatisfactory 85 70

Abbreviation: NRS, numeric rating scale.

Distribution of Main Lesion Levels as Determined on Radiography and Magnetic

Resonance Imaging Post-Treatment in the X-Ray Group

In 62 out of 201 patients in the X-ray group, the spinal level to be treated changed on the post-procedural confirmative
MRI. Out of the three patients with L1-2 herniation determined initially on plain radiography, one changed to L3-4 on the
confirmative MRI. Among the seven patients preliminarily determined as having L2-3 herniation, one changed to L1-2,
another to L3-4, and the remaining five to L4-5 level on the confirmative MRI. Moreover, of the 10 cases with L3-4
herniation, 3 patients were confirmed to have a lesion at L2-3, L4-5, and L5-S1, respectively. Among the 95 cases
initially determined as having L4-5 lesions, 2 patients changed to L1-2, 3 to L2-3, 8 to L3-4, and 13 to L5-S1 lesions.
Among the 86 patients initially determined as having L5-S1 lesions, 3 changed to L1-2, 3 to L2-3, 9 to L3-4, and 14 to
L4-5 lesions (Table 2).

Comparison of General Characteristics and Clinical Outcomes Between the
Corresponding and Non-Corresponding Groups of the X-Ray Group

Within the X-ray group, the corresponding group and non-corresponding group included 139 patients and 62 patients,
respectively. No significant differences in age, sex ratio, main lesion level, symptom duration, number of injections,

Table 2 Distribution of Main Lesion Levels Determined
by X-Ray and MRI After Injection in the X-Ray Group

Level by X-Ray N Level by MRI N
LI-2 3 LI-2 2
L3-4 |
L2-3 7 LI-2 |
L2-3 4
L3-4 |
L4-5 |
L3-4 10 L2-3 |
L3-4 7
L4-5 |
L5-S1 |
L4-5 95 LI-2 2
L2-3 3
L3-4 8
L4-5 69
L5-S1 13
L5-6 86 LI-2 3
L2-3 3
L3-4 9
L4-5 14
L5-S1 57

Abbreviation: MRI, magnetic resonance imaging.
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Table 3 Comparison of General Characteristics and Clinical Outcomes Between the Corresponding and
Non-Corresponding Groups in the X-Ray Group

The Corresponding The non-Corresponding | p Score
Group (N=139) Group (N=62)
Age 57.4x17.31 56.63+17.04 0.65
Gender Male 67 27 0.541
Female 72 35
Main lesion level LI-2 2 | 0.869
L2-3 4 3
L3-4 7 3
L4-5 69 26
L5-S1 57 29
Pain duration 9.93+7.23 9.63+7.66 0.893
Number of injections 2.41+0.8I 2.32+0.78 0.899
Main painful side Left 85 40 0.650
Right 54 22
NRS at baseline 7.21+0.92 7.08+0.93 0.534
NRS at 2 weeks 2.74%1.61 2.71£1.65
NRS reduction at 2 weeks Successful 109 49 0.922
Unsuccessful 30 13
NRS at 10 weeks 3.13+1.84 3.23£1.82
NRS reduction at 10 weeks Successful 9l 39 0.725
Unsuccessful 48 23
McNab criteria at 2 weeks Satisfactory 100 48 0416
Unsatisfactory 39 14
McNab criteria at 10 weeks Satisfactory 82 34 0.582
Unsatisfactory 57 28

Abbreviation: NRS, numeric rating scale.

affected side, and NRS scores at the baseline were observed between these two groups. The NRS score reduced
significantly in both the groups at 2 and 10 weeks after treatment when compared with the pretreatment scores
(p<0.001). However, no significant difference was found in the improvement in the NRS scores and the Macnab criteria
results between the two groups (Table 3).

Discussion
TFESI, which is more target-specific for pain generators, such as the ventral epidural space and nerve root, is performed
by advancing the needle through the neural foramen of the specific disc level that is considered the main source of pain.?'

Since high levels of specificity and accuracy are mandatory during the spinal level designation before TFESI, pretreatment
MRI is preferably requested for this injection method than for other methods, such as interlaminar or caudal injections.

However, due to the limited or non-availability of MRI, particularly in primary clinical settings, TFESI is frequently
administered based on clinical evaluation and radiographic findings only, skipping the prerequisite lesion level determi-
nation. This study showed that clinical improvement with TFESI without the aid of MRI confirmation is non-inferior and
comparable to treatment performed with MRI. This suggests that relevant clinical outcomes can be achieved without
expensive and sophisticated tools, such as MRI, for accurate diagnosis. Therefore, in patients with pain originating from
suspected disc herniation and in case of non-availability of spine MRI due to financial or logistic difficulties, TFESI
could be conducted without confirmation of the spinal lesion level using MRI. However, the cause of lower back and
radicular leg pain could be due to other spinal disorders, such as infection or tumor, and not due to lumbosacral disc
herniation; therefore, it is necessary to explain this possibility to patients prior to performing TFESI without MRI.

In most countries, prior to TFESI, MRI is performed to confirm the presence, location, and severity of the
lumbosacral disc herniation. In the Republic of Korea, TFESI can be performed even without the MRI findings, assuming
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the primary cause of pain is lumbosacral disc herniation and the pathological level is predicted by clinical evaluation and
spine radiography only. Therefore, this study investigated the effects of TFESI in patients with lumbosacral herniated
discs with and without confirmed diagnosis using MRI before TFESI.

Although TFESI is conducted after proper access to a specific neural foramen, it does not preclude the spread of the
medication into a nerve root and may even involve the epidural area. A 5 mL dose of injectate administered during
TFESI might be sufficient to include the epidural spaces at the adjacent disc levels. Furman et al demonstrated that 4 mL
of contrast dye was sufficient for involving both the superior and inferior disc levels of the index lesion level in 93% of
their TFESI cases.?? Therefore, this amount of medication could easily enter the epidural space and consequently lead to
misdiagnosis and incorrect lesion-level decisions based on plain radiography.

In our study, the tentative diagnoses based on plain radiography and clinical evaluation presented almost 70% accuracy
without the aid of MRI. This result suggests that a thorough clinical or radiographic assessment might be useful in providing clues
for a relatively accurate diagnosis as well as the consequent optimal transforaminal injection. Among the 62 patients (30.8%) in
whom the lesion level for treatment changed after the post-procedural MRI, only 21 patients (10.4%) showed a discrepancy of
more than two levels between the initial and final diagnosis. In other words, 5 mL of transforaminal injectate was sufficient to
relieve the pain in approximately 90% of the patients with a primarily correct diagnosis or with discrepancy within one level.

Notably, the actual source of pain does not always coincide with the prominent MRI findings.*>** We frequently encountered
the discrepancy between structural lesion and clinical or functional findings.?> Spinal pain could be due to chemical irritation other
than mechanical compression of the neural tissues, such as the nerve root and sinuvertebral nerves that are broadly innervated over
the epidural spaces, which justifies performing precedent epidural injection rather than direct surgical decompression.*®?’

Paradoxically, the incorrect injection level, as later determined on MRI, could actually be correct. For instance, the
most prominent disc protrusion at the L4-5 level on MRI might not be prioritized, or it could rule out the advanced
degeneration or mild bulging phenomenon at the L3-4 level as the actual pain source. Thus, the L3-4 injection level
designated superficially using plain radiography could incidentally be the actual affected level, although the L4-5 level
was shown to be the main structural lesion later on MRI.

Another interpretation for these coincidental clinical improvements, regardless of the treatment level discrepancies,
would be that the retrodiscal (infraneural) approach routinely performed might imitate the supraneural approach
performed one level below, thus yielding similar relief. Retrodiscal transforaminal injection causes the medication to
spill into the epidural space as well as the traversing root connected to the lower disc level.*** For example, a retrodiscal
injection at the L4-5 level may not be topically restricted to the L4-5 ventral epidural segment and could involve the
traversing LS nerve root, mimicking the drug-spreading pattern observed in the L5-S1 supraneural approach. Therefore,
a one-level discrepancy between the radiograph and MRI scan could readily be compensated by equivocal efficacy
through the dual access of injections across adjacent levels.

This study has some limitations. The retrospective design in this study is predisposed to a selection bias since the patients
undergoing post-procedural MRI were compared with those undergoing pre-procedural MRI. Second, the results and
conclusions were established based on a relatively short-term follow-up period (10 weeks). However, this may be excused
because the clinical course after each epidural injection usually declines over 2-3 months, along with diminishing steroid
effects, and dexamethasone used in this study tended to last for a shorter duration than methylprednisolone or triamcinolone.*

Conclusion

TFESI seems to guarantee a favorable clinical outcome in patients with back and radicular pain, even in the absence of
a confirmative MRI. In unavoidable circumstances where spine MRI cannot be performed, the preemptive performance
of this procedure could be prioritized and justified as the second-best option in patients suspected of lumbosacral disc
herniation based on clinical evaluation and radiographs only without the preceding MRI verification.
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