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Abstract

Objective: This study aimed to compare parasagittal interlaminar (PS) and transforaminal (TF) epidural steroid injections for unilateral L5
and S1 radicular lower back pain in terms of patient comfort, efficacy, safety, contrast enhancement, and radiation exposure.

Methods: This was a prospective randomized single-blind study. A total of 59 participants were included in this study. The visual analog
scale (VAS) and Oswestry Disability Index (ODI) were obtained. A comfort questionnaire was administered to all participants. The total
fluoroscopy time and contrast distribution levels were recorded.

Results: Pre- and post-treatment VAS scores were similar between the groups. The ODI scores increased in favor of the PS group at week
2 (P < 0.041); however, there was no difference between the two groups at other times. The VAS and ODI scores improved significantly
with treatment in both the groups (P < 0.001). Total fluoroscopy time was shorter in the PS group (P < 0.001). PS application was more
comfortable (P < 0.001). While no complications were observed in the PS group, three complications occurred in the TF group. Anterior
epidural contrast spread to three or more levels was observed in 57% of the participants in the PS group, whereas no spread to more than
two levels was observed in the TF group.

Conclusion: The PS epidural approach is superior to the TF approach in terms of a low incidence of side effects, less radiation exposure,
better patient comfort, higher epidural contrast spread, and single-level needle access.
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* In our study, parasagittal epidural steroid injection was superior to the transforaminal method for the treatment of radicular low back
pain at week 2 and similar efficacy at week 4.

 'Total radiation dose, side effects, and patient comfort were superior to transforaminal.

* Our aim was to analyze the advantages and disadvantages of methods with similar efficacy. The parasagittal approach seems to be more
useful than the transforaminal approach.

Introduction

One of the most common causes of chronic low back pain is a herniated disc.' Radicular is caused by inflammation
of herniated disc material in the epidural space. It is treated with epidural steroids, especially dexamethasone.**
Epidural steroid injections can be performed using caudal, transforaminal, midline, and parasagittal interlaminar
approaches.

Previous studies have compared these methods in terms of treatment efficacy, contrast spread, and side effects.
Many reports suggest that treatment efficacy is superior for PS and TF interventions than for caudal and midline
interlaminar epidural approaches.”®
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However, there is no clear answer as to which of these two
methods is preferable. The effectiveness of the parasagittal
interlaminar (PS) and transforaminal (TT) approaches has
generally been found to be similar.®*!" In terms of safety,
in contrast to the benign nature of the PS approach, the
TT approach appears to have a higher risk of complications
because of its proximity to the radicular medullary artery
and nerve root.*'%!*Y Authors have different opinions on
contrast distribution and fluoroscopy time.*®

In this study, we compared the TF and PS methods
for radicular low back pain due to L4-L5 and L5-S1
posterolateral disc herniation. We aimed to determine
the superiority of these two techniques in terms of safety,
total radiation exposure, patient comfort, and contrast
enhancement.

Methods
Study Design and Population

This was a prospective, randomized, controlled clinical
trial. Ethics Committee approval was obtained from the
University of Health Sciences Turkey, Digkapt Yildirim
Beyazit Training and Research Hospital Ethics Committee,
and we are affiliated with and registered in Clinical Research
(date: 07.03.2022, approval no: 132/10, Clinical Trial
Number: NCT05551676).

Between August 2022 and January 2023, 123 patients with
unilateral radicular low back pain were assessed. Of the 123
patients who met the inclusion criteria, 59 were included
in the study. The participants underwent treatment in the
Department of Algology. The inclusion criteria were as
follows: 1) age 20-60 years; 2) radiologically proven L4-
L5 and L5-S1 protruded/extruded discs with radicular
symptoms; and 3) >3 months of pain that did not respond
to conservative treatment. The exclusion criteria were as
follows: 1) migrated disc or spinal stenosis (anteroposterior
spinal canal diameter less than 12 mm on lumbar
magnetic resonance images); 2) previous lumbar surgery
or algological procedure; 3) indication for emergency
surgery for discopathy; 4) malignancy, pregnancy, or other
rheumatological/neurological diseases; and 5) no contrast
spread to the anterior epidural space and target nerve roots
during the procedure.

We used a computer-assisted randomization program to
categorize the patients into two groups: the PS group was
assigned number 1, and the TF group was assigned number
2. The sample size was based on the primary outcomes and
calculations using G*Power 3.1.9.4 software, with an effect
size of 0.617, a=0.05, and power (1-f3) =0.80."*'" A total
of 40 subjects were included in each group. Kaur’s third-
month visual analog scale (VAS) scores [mean and standard
deviation (SD)| were obtained for this analysis.” A literature
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search was performed using PubMed from the National
Library of Medicine.

The study design is illustrated in Figure 1.

Eligible patients assessed (n=123)

Excluded (n=50)
Not meeting incusion criteria (n=42)
Declined to porticipate (ne8)

Patients randomized (n=73)

!—l—\

Parasagittal epidural steroid injection Transforaminal epidural sterold injection
(na38) (n=35)

Anterior epidural space
Contrast enhancement (+) (na30)
Contrast enhancemant (-) (na8)

Anterior epidural space
Contrast enhancement (+) (n=29)
Contrast anhancement (-) (n=5)

Narve root
Contrast anhancamant (+) (ns29)

Contrast enhancement (-) (n=1)

Unreachuble (n1)

Analysed (n=30) Analysed (n=29)

Figure 1. Flow chart diagram.

Intervention

Both procedures were performed under fluoroscopic
guidance without sedation. To avoid dural puncture, needle
distance was controlled in the lateral view using C-arm
fluoroscopy. During the procedure, 4 mL of the contrast
agent was administered. The number of vertebral levels
spread by the contrast agent in the anterior epidural space
was also recorded. As all participants had bi-level disc
herniation, the procedure was performed at the clinically
most prominent root level in the PS group, and at both root
levels in the TF group.

Transforaminal Epidural Approach

A 22-gauge, 3.5-inch blunt-tip atraumatic needle was
used. The L4-L5 and L5-S1 intervertebral foraminas
were approached using the subpedicular (safe triangle)
technique. We injected 2 mL of contrast medium at each
level to determine epidural spread. We administered 4 mL
of drug into each nerve root: two mL of dexamethasone
21-phosphate, one cc of 0.5% bupivacaine HCI, and one
cc of saline.

Parasagittal Interlaminar Epidural Approach

An 18 gauge, 3.5 inc Tuohy needle was used. The entry
point was approximately 1.5 cm lateral to the midline on
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the side of the painful lower extremity in the L4-L5 or L5-
S1 interlaminar space. Epidural space was obtained using
a loss-of-resistance technique. After entering the epidural
space, 4 mL contrast medium was administered. Spread into
the anterior epidural space was observed and vertebral levels
were noted. Four mL of dexamethasone 21-phosphate, two
mL of 0.5% bupivacaine HCI and two cc of saline were
injected, resulting in a total of eight mL of the drug. The
contrast distribution is shown in Figure 2.

arasagittal approa

Figure 2. Upper left image: Anteroposterior view in
transforaminal approach, Upper right image: Lateral
view in transforaminal approach, Bottom left image:
Anteroposterior view in parasagittal approach, Bottom right
image: Lateral view in parasagittal approach.

Outcome Measures

VAS, Oswestry Disability Index (ODI), and comfort
questionnaires were administered to all the patients. Total
fluoroscopy time, extent of contrast spread into the anterior
epidural space, and adverse events were recorded. The
primary outcome measure was improvementin pain intensity.
We asked the patients to report their VAS before and 2-4
weeks after treatment. Secondary outcomes were between-
group differences in functionality improvement, fluoroscopy
time, patient comfort, and side effects or complications. We
assessed the improvement in functionality using the ODI
score. The ODI is a patient-completed questionnaire that
measures the functioning of patients with low back pain.
The time at which the fluoroscopy device was active during
the procedure was also recorded. We asked the patients to
complete a comfort questionnaire after the procedure and
to answer how they felt during the procedure using one of
three options: comfortable, moderate, and uncomfortable.
While answering this question, we asked them to rate the
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length of time they spent in the operating theatre and the
pain they felt during and after the procedure. We monitored
the patients for side effects during and after the procedure,
and recorded their occurrence.

Statistical Analysis

All analyses were performed using Jamovi Project (2022,
Jamovi version 2.3) (computer software). The results of
this study are expressed as frequencies and percentages.
Normality analysis was performed using the Shapiro-
Wilk test, skewness kurtosis, and histograms. Normally
distributed variables are presented as means and SDs.
Categorical variables were compared using the chi-squared
test. Independent samples t-tests and Mann-Whitney U
tests were used to compare numerical dependent variables
between the groups. Repeated measures were analyzed
using Friedman’s test with Bonferroni correction for multiple
t-tests. Statistical significance was set at P < 0.05.

Results

Fifty-nine patients completed the third month of the follow-
up. There was no difference in age or sex between the two
groups (P > 0.05; independent samples t-test, chi-square
test). We compared the VAS and ODI scores before and
2-4 weeks after the procedure (independent samples t-test,
paired samples test, and Friedman test).

Fluoroscopy time and comfort scale scores were compared
between the groups (independent samples t-test, Fisher’s
exact test, continuity correction, Pearson’s chi-squared test,
and Mann-Whitney U test) (Table 1).

There was no difference in the pre- and post-treatment
VAS scores between the two groups (Table 1). When
analyzed within each group, the decrease in the VAS scores
over time was significant (P < 0.001 for both groups). When
the change between time points was analyzed, the change
between baseline two weeks and baseline four weeks was
significant in both groups (Bonferroni correction; P <
0.001, both). There were no differences between the
measurements at two and four weeks after treatment in
cither group (Table 2).

There was no difference in the ODI scores between the
groups at baseline; a statistically significant decrease was
observed in the PS group compared with the TTF group
in the second week (mean rank PS: 25.52, TT: 34.64,
P=0.041) (Table 1). No differences were found between
ODI measurements in the fourth week. When the change
in ODI scores was analyzed over time, a significant decrease
from baseline was observed in both groups (P < 0.001
for both). When the difference between time points was
analyzed, the change in the ODI score between the basal
2 weeks and basal 4 weeks was significant in both groups
(Bonferroni correction; P < 0.001 for both groups). There
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was no significant difference between the two- and 4-week
scores in either group (Table 2).

Total fluoroscopy time was 15.1%£1.93 seconds in the PS
group and 49.72£2.78 seconds in the TF group (P < 0.001).
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This duration was more than three times longer in the TT
group than that in the PS group. According to the comfort
query, 50% of the PS group replied comfortably, 40%
moderately, and 10% uncomfortable. In the TF group,
51.7% of participants reported discomfort, 34.4% reported

Table 1. Demographic Data and Group Comparison
Group PS Group TF Levene
n=30 n=29 Test st. Pvalue
F Sig.
Age 53.37£10.41 52.17£10.3 0.016 0.899 0.443 0.660°
Gender
Female (%) 22 (59.4) 15 (40.5)
2.093 0.148"
Male (%) 8(36.3) 14 (63.6)
68.5 (26-87) 77 (40-95)
ODI basal 2.797 0.1 -2.287 0.260°
63.80+17.73 73.14£13.21
20 (10-86) 26 (10-88)
ODI 2 week 569.5 0.041¢
25.13£16.67 36.34+22.69
20 (10-87) 20 (10-80)
ODI 4 week 450 0.820°
28.57£22.10 30.28+22.28
6.5 (3-8) 7 (4-9)
VAS basal -1.719 0.086°
6.4+1.32 7£1.25
2(1-8) 2 (1-8) R
VAS 2 week -0.851 0.395¢
2.3+1.95 2.76£2.11
2 (1-9) 2 (1-8) -
VAS 4 week -0.584 0.559¢
2.63+2.20 2.83+2.13
Fluoroscopy time (sec) 15.1+1.93 49.72 £2.78 2.133 0.15 -55.554 <0.001*
n =13, Level: 2
n =25, Level 2
Contrast spread n =15, Level: 3
n =4, Level 1
n =2, Level: 4
Comfort query:
Discomfort 3 (16.7%)" 15 (83.3%)""
Intermediate 12 (54.5%)" 10 (45.5%)* 14.537 <0.001¢
Comfortable 15 (78.9%)* 4 (21.1%)"
* Independent samples t-test; , Continuity correction; ¢, Mann-Whitney U test; ¢, Pearson chi-square; ***, Differences in comfort query. Mean * Standard deviation,
Median (minimum-maximum).
PS, parasagittal; TT, transforaminal, ODI, oswestry disability index; VAS, visual analog scale.
Table 2. ODI and VAS Scores Over Time
ODI VAS
Median (min.-max.)/mean " . . "
rank Test st. P*value | Median (min.-max.)/mean rank | Testst. | P*value
Basal 68.5 (26-87)/2.92 6.5(3-8)/2.9
PS group 2 week 20 (10-86)/1.58 46.907 <0.001 2(1-8)/1.45 48.326 <0.001
4 week 20 (10-87)/1.50 2(1-9)/1.65
Basal 77 (40-95)/2.71 7(4-9)/2.83
TF group 2 week 26 (10-88)/1.79 26.66 <0.001 2(1-8)/1.55 43.3 <0.001
4 week 20 (10-80)/1.50 2(1-8)/1.62
“Friedman test; PS, parasagittal; TF, transforaminal; ODI, Oswestry Disability Index; VAS, visual analog scale; min.-max., minimum-maximum.
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moderate discomfort, and 13.7% felt comfortable. This
difference was statistically significant (P < 0.001). We
recorded the number of levels of contrast medium that had
spread into the anterior epidural space. In the PS group,
37% of the patients had three or more levels of contrast
spread, whereas in the TT group, we did not record three
levels of contrast enhancement (Table 1).

No adverse events were observed in the PS group. Three
complications occurred in the TF group: one case of disc
penetration, one case of vascular penetration, and one
patient who experienced transient paralysis for five hours
(Figure 3). In the cases of intravascular injection and disc
penetration, the procedure was successfully performed by
changing the needle position and achieving the desired
contrast distribution. The patient with transient paralysis
was discharged 24 h after observation. At week 2, four
patients in the TT group had increased pain compared to
baseline, but by week 4, their pain was relieved.

Figure 3. The left and middle images: Contrast enhancement
of disc penetration, The right image: Vascular penetration.

Discussion

This study showed that PS and TF epidural steroid
injections were successful in treating radicular low back
pain due to 1.4-5 and L5-S1 posterolateral disc herniations.
At the end of the first month, both treatments resulted in
a 60% reduction in pain intensity and 50% improvement
in function. According to our results, the VAS and ODI
scores at week 4 were similar in both the groups. However,
the ODI score was significantly lower in the PS group at
week 2 (P=0.041). In the literature, the efficacy of TT ESI
and PS epidural approaches has generally been found to be
similar.**!"" However, in a meta-analysis comparing the two
methods, the PS approach was found to be superior for pain
relief; but no difference was found in terms of functionality.'®
In the results of studies comparing midline, PS and TF
approaches are conflicting.*'*%

Epidural steroid injections are the cornerstone of treatment
of low back pain caused by herniated discs or spinal stenosis.
Injection into the epidural space began in the 1950s, using
a caudal approach. Since the 1990s, interlaminar and
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transforaminal approaches have been used.? However, there
1s no consensus on which method is preferable.

Epidural approaches have been compared in patients with
discogenic radicular low back pain but not in a homogeneous
population. In previous studies, the level of disc herniation
differed between patient groups. In this study, we evaluated
the most common posterolateral protruded and extruded
discopathy at the I.4-L5 and L5-S1 levels, which had the
highest incidence of herniation.”

The TF and PS approaches have become popular because
of their easier access to the anterior epidural space. Anterior
epidural contrast distribution is higher with PS and TT than
with midline interlaminar administration,?* but there is no
consensus on the superiority of these techniques.*%7!:20% [
our study, all patients in the PS group had at least two levels
of contrast enhancement in the anterior epidural space, and
57% had three or more levels of contrast enhancement.
In the TT group, the contrast remained at the levels we
provided, and we did not observe three levels of contrast
enhancement in any patient. Given this situation, the
wide distribution achieved with a single injection in the PS
approach is remarkable.

In our study, fluoroscopy time was much shorter in the PS
group. This result was not surprising for this method, which
was easier to perform. In contrast, the patient and pain
practitioner were exposed to three times more radiation
during the TF approach. Previous authors also reported a
shorter fluoroscopy time with the PS method compared to
the TF method.?** However, in an article comparing the
midline, PS and TF methods, this time was found to be
similar for all three methods.®

We observed three complications in the TF group: disc
penetration, vessel penetration, and transient paralysis. The
absence of complications and low radiation exposure due
to the shorter fluoroscopy time made the PS method more
reliable. Intravascular penetration, spinal cord infarction,
paraplegia, permanent paralysis and discitis have been
reported with TF epidural steroid injections.'*'>!8

To the best of our knowledge, these two methods have not
been evaluated in terms of patient comfort. According to
the comfort questionnaire, patient satisfaction was four
times higher in the PS group than in the TF group.

Study Limitations

The short follow-up period is the main limitation of this
study. In addition, we did not evaluate the analgesics used.
However, comparing these two methods in patients with
isolated L5 and S1 radiculopathy was an advantage of our
study. Therefore, more reliable data were obtained.
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Conclusion

In the treatment of L4-L5 and L5-S1 radiculopathy, the
PS epidural approach produced a significantly greater
improvement in the ODI scores at two weeks and was at least
as effective as TF in reducing pain and improving function.
Low adverse events and radiation exposure, improved
patient comfort, and wide contrast distribution with a single-
level procedure make the PS epidural approach preferable.

Ethics

Ethics Committee Approval: Ethics Committee approval was obtained
from the University of Health Sciences Turkey, Diskap1 Yildirim Beyazit
Training and Research Hospital Ethics Committee, and we are affiliated
with and registered in Clinical Research (date: 07.03.2022, approval no:
132710, Clinical Trial Number: NCT05551676).

Informed Consent: This was a prospective, randomized, controlled
clinical trial.

Peer-review: Externally peer-reviewed.

Author Contributions: Surgical and Medical Practices - G.R.G.P, O.TA.,
D.Y; Concept - G.R.G.P, O.TA., D.Y;; Design - G.R.G.P, G.Y,, D.Y;; Data
Collection or Processing - G.Y., O.TA., E.C.; Analysis or Interpretation -
O.TA., E.C,; Literature Search - O.TA., D.Y.; Writing - G.Y., D.Y.

Declaration of Interests: The authors have no conflict of interest to
declare.

Funding: This study did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

References

1. Wheeler, AH, Murrey, DB. Chronic lumbar spine and radicular pain:
Pathophysiology and treatment. Curr Pain Headache Rep. 2002;6(2):97-105.

[CrossRef]

2. Carassiti M, Pascarella G, Strumia A, et al. Epidural steroid injections for low
back pain: a narrative review. Int J Environ Res Public Health. 2022;19(1):231.
[CrossRef]

3. Van Boxem K, Rijsdijk M, Hans G, et al. Safe Use of Epidural Corticosteroid
Injections: Recommendations of the WIP Benelux Work Group. Pain Pract.
2019;19(1):61-92. [CrossRef]

4. Lundin A, Magnuson A, Axelsson K, Nilsson O, Samuelsson L. Corticosteroids
peroperatively diminishes damage to the c-fibers in microscopic lumbar disc
surgery. Spine. 2005;30:2362-2367. [CrossRef]

Kamble PC, Sharma A, Singh V, Natraj B, Devani D, Khapane V. Outcome

of single level disc prolapse treated with transforaminal steroid versus epidural

steroid versus caudal steroids. Eur Spine J. 2016;25(1):217-221. Epub 2015 May

12. [CrossRef]

6.  Makkar JK, Gourav KKP, Jain K, et al. Transforaminal versus lateral
parasagittal versus midline interlaminar lumbar epidural steroid injection for
management of unilateral radicular lumbar pain: a randomized double-blind
trial. Pain Physician. 2019;22(6):561-573. [CrossRef]

[

20.

21.

22.

Turk J Anaesthesiol Reanim 2023;51(6):504-509

Kaur S, Gupta R, Singh S, Kumar R, Singh K. Impact of different approaches
of epidural steroid injection on outcome of patients treated for low backache.
Anesth Essays Res. 2017;11(3):697-701. [CrossRef]

Helm Ii S, Harmon PC, Noe C, et al. Transforaminal epidural steroid
injections: a systematic review and meta-analysis of efficacy and safety. Pain
Physician. 2021;24(S1):5209-S232. [CrossRef]

Ackerman WE 3rd, Ahmad M. The efficacy of lumbar epidural steroid injections
in patients with lumbar disc herniations. Anesth Analg. 2007;104(5):1217-1222.
[CrossRef]

Ghai KD, Katz JA, Chinthagada M, McCarthy RA, Knezevic NN. Incidence
of intradiscal injection during lumbar fluoroscopically guided transforaminal
and interlaminar epidural steroid injections. Anesth Analg 2010;110(5):1464-
1467. [CrossRef]

Hong JH, Park EK, Park KB, Park JH, Jung SW. Comparison of clinical efficacy
in epidural steroid injections through transforaminal or parasagittal approaches.
Korean J Pain. 2017;30(3):220-228. [CrossRef]

Goodman BS, Bayazitoglu M, Mallempati S, Noble BR, Geffen JE Dural
puncture and subdural injection: a complication of lumbar transforaminal
epidural injections. Pain Physician. 2007;10(5):697-705. [CrossRef]

Smuck M, Fuller BJ, Yoder B, Huerta J. Incidence of simultancous epidural and
vascular injection during lumbosacral transforaminal epidural injections. Spine

7 2007;7(1):79-82. [CrossRef]

Furman MB, O’Brien EM, Zgleszewski TM. Incidence of intravascular
penetration in transforaminal lumbosacral epidural steroid injections. Spine

(Phila Pa 1976). 2000;25(20):2628-2632. [CrossRef]
Cohen SP, Maine DN, Shockey SM, Kudchadkar S, Griffith S. Inadvertent disk

injection during transforaminal epidural steroid injection: steps for prevention
and management. Pain Med. 2008;9(6):688-694. [CrossRef]

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res Methods.

2009;41(4):1149-1160. [CrossRef]

Faul I, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods. 2007;39(2):175-191. [CrossRef]

Knezevic NN, Paredes S, Cantillo S, Hamid A, Candido KD. Parasagittal
Approach of Epidural Steroid Injection as a Treatment for Chronic Low
Back Pain: A Systematic Review and Meta-Analysis. Front Pain Res (Lausanne).
2021;2:676730. [CrossRef]

Gupta R, Singh S, Kaur S, Singh K, Aujla K. Correlation between
epidurographic contrast flow patterns and clinical effectiveness in chronic
lumbar discogenic radicular pain treated with epidural steroid injections via
different approaches. Korean 7 Pain. 2014;27(4):353-359. [CrossRef]

Ghai B, Bansal D, Kay JP, Vadaje KS, Wig J. Transforaminal versus parasagittal
interlaminar epidural steroid injection in low back pain with radicular pain:
a randomized, double-blind, active-control trial. Pain Physician. 2014;17(4):277-
290. [CrossRef]

Al Qaraghli MI, De Jesus O. Lumbar Disc Herniation. [Updated 2023 Aug
23]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2023
Jan-. Available from: https://wwwncbinlm.nih.gov/books/NBK560878/.
[CrossRef]

Weil L, Frauwirth NH, Amirdelfan K, Grant D, Rosenberg JA. Fluoroscopic
analysis of lumbar epidural contrast spread after lumbar interlaminar injection.
Arch Phys Med Rehabil. 2008;89(3):413-416. [CrossRef]

Candido KD, Raghavendra MS, Chinthagada M, Badiee S, Trepashko DW. A
prospective evaluation of iodinated contrast flow patterns with fluoroscopically
guided lumbar epidural steroid injections: the lateral parasagittal interlaminar
epidural approach versus the transforaminal epidural approach. Anesth Analg
2008;106(2):638-644. [CrossRef]

509


https://doi.org/10.1007/s11916-002-0005-x
https://doi.org/10.3390/ijerph19010231
https://doi.org/10.1111/papr.12709
https://doi.org/10.1097/01.brs.0000184685.93424.f0
https://doi.org/10.1007/s00586-015-3996-9
https://pubmed.ncbi.nlm.nih.gov/31775403/
https://doi.org/10.4103/0259-1162.204205
https://pubmed.ncbi.nlm.nih.gov/33492919/
https://doi.org/10.1213/01.ane.0000260307.16555.7f
https://doi.org/10.1213/ANE.0b013e3181d6bd12
https://doi.org/10.3344/kjp.2017.30.3.220
https://pubmed.ncbi.nlm.nih.gov/17876368/
https://doi.org/10.1016/j.spinee.2006.06.380
https://doi.org/10.1097/00007632-200010150-00014
https://doi.org/10.1111/j.1526-4637.2008.00478.x
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/bf03193146
https://doi.org/10.3389/fpain.2021.676730
https://doi.org/10.3344/kjp.2014.27.4.353
https://pubmed.ncbi.nlm.nih.gov/25054387/
https://www.ncbi.nlm.nih.gov/books/NBK560878/
https://doi.org/10.1016/j.apmr.2007.08.161
https://doi.org/10.1213/ane.0b013e3181605e9b



