Section: Orthopaedics

Original Research Article

EFFECTIVENESS OF THERAPEUTIC

LUMBAR
TRANSFORAMINAL EPIDURAL STEROID INJECTIONS

IN MANAGING DISCOGENIC PAIN

Ayesha Mubeen?, Shefin.M.S2, K.Ram Mohan?, Diddi Shravan Kumar*

12Final year Post Graduate MS Orthopaedics Kakatiya Medical College, Warangal, India.
3Associate Professor Department of Orthopaedics Kakatiya Medical College, Warangal, India.
“Assistant Professor Department of Orthopaedics Kakatiya Medical College, Warangal, India.

Received : 27/03/2024
Received in revised form : 25/05/2024
Accepted : 12/06/2024

Corresponding Author:

Dr. Diddi Shravan Kumar
Assistant Professor Department of
Orthopaedics Kakatiya Medical
College, Warangal, India

Email: shravankumar30@gmail.com
DOI: 10.5530/ijmedph.2024.2.181
Source of Support: Nil,

Conflict of Interest: None declared

Int J Med Pub Health
2024; 14 (2); 933-938

ABSTRACT

Background: A degenerate disc is one with structural failure combined with
accelerated or advanced signs of aging. Early degenerative changes should refer
to accelerated age-related changes in a structurally intact disc. Degenerative disc
disease should be applied to a degenerate disc that is also painful. Most patients
achieve good response with a single ESI injection and the repeat injection is not
recommended in the complete responders. Aim & Objectives: This study to
evaluate the effect of therapeutic transformational lumbar steroid injections for
discogenic pain.

Materials and Methods: A hospital based observational study was conducted
among a total of 20 patients who underwent percutaneous transforaminal steroid
injection using Kambin’s triangle approach. Patients were identified during a
period of 1 year from November 2022 to October 2023.Data collection was
performed after obtaining approval from IEC of KMC and MGM Hospital
Warangal.

Results: In this study, 20 patients with discogenic pain epidural PRP injection
therapy was shown to cause significant pain reduction and functional
improvement, which were measured using the numerical rating scale (NRS) and
the Oswestry disability index (ODI). In this study, data on 20 subjects from
Epidural Steroid Injections study showed positive results transforaminal steroid
injections provide modest analgesic benefit at 3 months in patients with lumbar
discogenic pain.

Conclusion: The advantage of Kambin’s triangle approach is needle placement
anterior to epidural space in cases with reduced disc space, which is safe and
does not injure any neurovascular structures.

Keywords: Numerical Rating Scale (NRS), Oswestry Disability Index (ODI),
Discogenic pain, Epidural steroidal injection.

INTRODUCTION

Adams and Roughley proposed definitions for disc
degeneration and degenerative disc disease as
follows: “The process of disc degeneration is an
aberrant, cell mediated response to progressive
structural failure. A degenerate disc is one with
structural failure combined with accelerated or
advanced signs of aging. Early degenerative changes
should refer to accelerated age-related changes in a
structurally intact disc. Degenerative disc disease
should be applied to a degenerate disc that is also
painful.” As with many other complex disease states,

degenerative disc disease is helpful as an organizing
principle for multiple complex pathologies, but is also
confusing in its lack of specificity. Further
clarification and definition of the terms “early
degenerative changes” and ““age related changes” will
help in our understanding of the broader term
“degenerative disc disease.”!
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Figure 1: Discogenic Pain

Early degenerative changes usually occur and
progress without symptoms; there are usually subtle
changes to the matrix of the nucleus pulposus (NP)
and inner annulus fibrosus (AF). As a result of these
nonpainful conditions, it is hard or impossible to
separate such early degenerative changes from aging
in the human. However, basic science studies can
discernearly degenerative changes to involve a shiftin
the balance of anabolic and catabolic activities that
can predispose to accelerated degeneration, as well as
increased proinflammatory cytokine production from
IVD cells that are considered to be nociceptive and
noxious triggers that can progress to painful
conditions.?® For example, nitric oxide, leukotrienes,
prostaglandinE, and lactic acid are known to increase
in early IVD degeneration; all are considered to be
powerful  direct nociceptive stimuli.  Disc
degeneration is perhaps most easily distinguished by
a loss of tissue and by structural derangement.
Although disc degeneration is age-associated, disc
degenerationis not equal to disc aging, but rather
involves pathological structural defects, which are
distinct from age-associated changes.! Such
localized defects can result in strain concentrations,
apoptosis, and increase proinflammatory conditions
and deformities, which can result in painful
conditions.[

Epidural injections are administered by accessing the
lumbar epidural space by multiple routes

including transforaminal, caudal, and interlaminar.
Substantial differences have been described among
these 3 approaches, with the transforaminal approach
having the advantage of being target-specific and
using the smallest volume, fulfilling the aim of
reaching the primary site of pathology, namely the
ventral  lateral  epidural  space.!!  However,
transforaminalepidural injections a e also associated
with substantial risk compared to either caudal or
interlaminar epidural injections.I’! Further, multiple
prognostic indicators,®®! the depth of the epidural
space,®! the relationship of the radicular
medullaryartery,i°! injectate volumes required,*!
filling patterns, and multiple modifications to improve
safety and effectiveness,i*? are important in treating

multiple  types of  painful  conditions.[*?!
Transforaminal epidural injections have been utilized
for multiple indications including lumbar radiculitis
with or without disc herniation, discogenic pain,
spinal stenosis, and in post lumbar surgery
syndrome.' The comparative effectiveness of
multiple types of steroids have also been studied.™"!
In addition, utilization of lumbar transforaminal
epidural injections has increased 152% for the
primary procedure and 218% for subsequent
procedures as illustrated from 2002 to 2006.1*8! From
2000 to 2010, they increased 699% for the primary
procedure and922% for subsequent procedures, an
annual increase of 70% and 92%, respectively.[*”]
Despite  increasing  utilization  of  lumbar
transforaminalepidural injections, significant debate
continues regarding their effectiveness.

Epidural 1
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Figure 2: Epidural injection

Among the multiple interventions used in managing
chronic spinal pain, lumbar epidural steroid injections
have been used extensively to treat lumbar radicular
and discogenic pain. Among caudal, inter laminar
transforaminal routes, the transforaminal steroid
injections have gained rapid and widespread
acceptance for treatment of lumbar discogenic pain.
The potential advantages are targeted delivery of a
steroid to the site of pathology, presumably an
inflamed nerve root.

Since the introduction of Fluoroscopy guided ESI,
most patients achieve good response with a single ESI
injection and the repeat injection is not recommended
in the complete responders. Repeat ESIs are
recommended only when first injection fails to
maintain a favourable outcome and the patient’s pain
aggravated after the initial injection. This study to
evaluate the effect of therapeutic transforaminal
lumbar steroid injections for discogenic pain.

MATERIAL AND METHODS

Study Design
A systematic review of therapeutic transforaminal
steroid injection therapy for low back and lower
extremity pain.
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Inclusion Criteria

Patients with age between 20 to 80 years presenting

with unilateral L5 and S1 radiculopathy for more than

45 days.

No symptoms improvement or continuation of pain

for more than 1 month after physical therapy and

medications.

Failed conservative treatment

Patient Reluctant for surgery

Exclusion Criteria

Patients with age <20 or >80 years

Bilateral radiculopathy with claudication

Cauda equine syndrome

History of previous surgery, infections, cancer

severe neurological deficits

uncontrolled medical or psychiatric illness

Allergy to contrast medium and steroids

Methods of Injection

KAMBIN’S TRIANGLE APPROACH

e Patients were positioned prone, cushioned with
pillows underneath the abdomen to compensate
Lumber Lordosis.

e Squaring of both the endplates was done under
Image intensification with tilt in cephalocaudal
direction.

e A 35 inch 22-gauge spinal needle was then
inserted into the skin, paraspinally, aiming at the
anterior epidural space in to the kambins
triangle.

The needle was advanced 2-3mm and end on view of

needle placement, hitting the facet and sliding in to

the epidural space was confirmed with contralateral
oblique and lateral views.

”

Kambin’s Triangle

Figure 3: Kambin’s Triangle Approach

e Once the needle is secured into the site, a single
injection of 1 cc of non-ion contrast agent was
administered to measure the position and degree
of contrast agent diffusion.

e Asecond injection of 2cc of pre-filled Lidocaine
controlled syringe (1.5mI+20mg Triamcinolone)
with 0.5% Lidocaine was administered.

Complications

e Intradural perforation, intradiscal injections,
inadvertent spinal nerve pricking, intravascular
injection, discal injection, infections, etc.

Outcome Measures

e  Pain relief (short term - upto 6 months, long term
>6 months)

e  Secondary outcome measures were
improvement in functional status, physiological
status, return to work and reduce opioid intake.

e A hospital based observational study was
conducted among a total of 20 patients who
underwent percutaneous transforaminal steroid
injection using Kambin’s triangle approach.

e Patients were identified during a period of 1 year
from November 2022 to October 2023.

Data collection was performed after obtaining

approval from IEC of KMC and MGM Hospital

Warangal

e The ODI and NRS scores were calculated at pre
injection, one month and three months post op
respectively.

The data were put into an Excel sheet in Microsoft

Office and analysed using IBM SPSS statistics for

Windows version 24.0.

Oswestry Disability Index

l Name: Reiner G. Ordova

Section 1 - Pain intensity
[CJ1 have no pain at the moment
(] The pain is very mild at the moment
The pain is moderate at the moment
[ The pain is fairty severe at the moment
] ™he pain is very severe at the moment
[ ™e pain is the worst imaginable at the moment

| | ate: April 1, 2023 J

Instructions: Please select the statement that best descrives how your lower back feals whenaver you do the ten different activities arranged
Ibelow. Please carefully think about how your lower back feels and o' exaggerate your pain and discomfort. Once you've answered this
questionnaire, subit this to your doctor/attending physician so they can caculate your score.

Section 2 - Personal care (washing, dressing etc)
[J1 can look after myseif normally without causing extra pain
[CJ1 can look after myseif normally but it causes extra pain
Itis painful to look after myself and | am siow and careful
[C]1 need some help but manage most of my personal care
[ need help every day in most aspects of selt-care
] do not get dressed, | wash with difficulty and stay in bed

Section 3 - Lifting
[J1 can lift heavy weights without extra pain
31 can lift heavy weights but it gives extra pain

Pain prevents me from kfting heavy weights off the floor, but |
can manage i they are conveniently placed eg. on a tablo

] Pain prevents me from lifting heavy weights, but | can
manage light to medium weights f they are converiently
positioned

[t can it very light weights.
[t cannot ift or carry anything at ail

Section 5 - Sitting
[ cansitin any chair as long as | like

31 can only sit in my tavourite chair as long as | like
Pain prevents me siting mora than an hour

(] Pain prevents me from sitting more than 30 minutes
] Pain prevents me from sitting more than 10 minutes
[ Pain prevents me from sitting at all

Section 4 - Walking
[[] Pain does not prevent me walking any distance
[J Pain prevents me from walking more than 2 kilometres
Pain prevents me from walking more than 1 kilometre
[[] Pain prevents me from walking more than 500 metres
11 can only walk using a sick or entches
[C]1am in bed most of the time.

Section 6 - Standing
(11 can stand as long as | want without extra pain
[[J1can stand as long as | want but it gives me extra pain
Pain provants me from standing for more than 1 hour
[ Pain prevants me from standing for more than 3 minutes
[ Pain prevents me from standing for mora than 10 minutes
[[] Pain prevents me from standing at all

Section 7 - Sleeping
[ My sleep is never disturbed by pain
[0 My sleep is occasionalty disturbed by pain
Bocause of pain | have less than 6 hours sicep
[ Because of pain | have less than 4 hours sleep
[ Bocause of pain | have fess than 2 hours sleep
(] Pain provents me from sieeping at all

Section 8 - Sex life (if applicable)
[CIMy sex ife is normal and causes no extra pain
[y sex ife is normal but causes some extra pain
My sex ffe is nearly normal but is very painful
[y sex ife is severely restricted by pain
[T My sex ife is nearly absent because of pain
[ pain prevents any sex life at all

Section 9 - Social life
[ My social life is normal and gives me no extra pain
[T My social life is normal but increases the degree of pain

Pain has no signiticant effect on my social life apart from
imiting my more energetic interests eg, sport

[ Pain has restricted my social ife and | do not go out as often
[[J Pain has restricted my social life to my home
1 have no social lite because of pain

htips://Carepatron.com

] Pain prevents me from traveling except to receive treatment

“Fairbank JC. Pynsent PB. The Oswestry Disabity Index. Spine 2000 Nov 15:25(22) 2940-52; discussion 52.

Section 10 - Traveling
11 can travel anywhere without pain
11 can travel anywhere but it gives me extra pain
Pain is bad but | manage joumeys over two hours
[ Pain restricts me to journeys of less than one hour

[ Pain restricts me to short necessary journeys under 30
minutes

" carepatron

oDl Level of disability ( Numeric Pain Rating Scale
core (%)

0-20  Minimal disability

21-40  Moderate disability

41-60  Severe disability

61-80  Cripple, pain impinges on all
aspects of patient’s life

81-100  Patients are bed-bound or

HHH

01 2345 6780910

e ] | J
| 1 I

Nre M Nodorate Sttt
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Limitations

e Primary limitation — since the sample size is
small, not possible to draw a definitive
conclusion

e Patients with additional pathology like
spondylolisthesis, facetal cyst, lumbar canal
stenosis, were not assessed on dynamic imaging.

e Several confounders- duration of pain,
functional safety of patient.

e Monitoring only 6 months.

RESULTS

In this study, 20 patients with discogenic pain
epidural Steroidal injection therapy was shown to
cause significant pain reduction and functional
improvement, which were measured using the
numerical rating scale (NRS) and the Oswestry
disability index (ODI). The patient is asked to make
three pain ratings, corresponding to current, best and
worst pain experienced over the past 24 hours. The
average of the 3 ratings was used to represent the
patient’s level of pain over the previous 24 hours.
Pain intensity is frequently measured on an 11-point
pain intensity numerical rating scale (PI-NRS), where
0=no pain and 10=worst possible pain. However, it is
difficult to interpret the clinical importance of
changes from baseline on this scale (such as a 1- or
2-point change). To date, there are no data driven
estimates for clinically important differences in pain
intensity scales used for chronic pain studies. There
were 10 items in the Oswestry disability index (ODI),
including pain, individual function, and personal
comprehensive function. The minimum score for
each item is 0 (good state), whereas the highest score
is 5 (poor state).The Oswestry disability index
referred to the percentage of the sum of score from
all 10 items out of 50.In this study, data on 20
subjects from Epidural Steroid Injections study
showed positive results transforaminal steroid
injections provide modest analgesic benefit at 3
months in patients with lumbar discogenic pain
Where as other 13 studies randomized trials meeting
inclusion  criteria  for  evaluating  lumbar
transforaminal epiduralsteroid injections, 5 trials,*!
evaluated. short-term results and 8 trials evaluated
long-term results.*®] There were 4 nonrandomized
studies,?! meeting inclusion criteria evaluating the
effectiveness of transforaminal epidural injections of
which 2 were short-term and 2 were long-term.

Our results showed that the 7 items of the ODI had
weak 11O property. The 11O property is a useful
feature for measurement of disability. For example, if
a patient with LBP reports impaired personal
hygiene, the patient would also suffer from disability

of the other 6 items of the ODI. Also, when a patient
reports improved disability of pain intensity, the
patient would have improved disability of the other 6
items of the ODI. Besides, our results concurred with
recent studies that the disability of personal hygiene
is the most difficult item of the ODI.[2%

Our results have two implications for research of the
ODI. First, the raw score of the ODI might not be the
ideal aggregate score of the ODI. Alternative scoring
methods of the ODI include dividing the raw score
into 5 categories, and using the individual items of
the ODI.[?Y Second, further research should consider
multidimensional scaling of the ODI, for example,
multidimensional scaling and item-response theory
models. 2223

Short- and long-term relief was evaluated in 13
randomized trials, of which 10 trials,? with 498
patients receiving steroids and 60 patients receiving
local anesthetic only 2 showed positive results. One
randomized trial showed negative results utilizing 44
patients in the steroid group. Negative results for
local anesthetics were seen in 2 trials with 54
patients. Further,2 randomized trials showed results
which could not be determined: these included 15
patients receiving local anesthetic and steroids, ! 80
patients receiving sodium chloride solution and
steroids, and 80 patients receiving normal saline.
Overall, long-term relief was illustrated in 6 of the 8
randomized trials evaluating long-term follow-up
whereas one trial showed results which were
undetermined and one trial showed negative
results.?®l A total of 538 patients were included in the
positive studies and a total of 90 patients were
included in the study with negative results. Among
the non-randomized studies, there were only 2 studies
evaluating long-term follow-up of these, one study
showed positive long-term results with 54 patients
receiving transforaminal injections.

Rosenberg et al, Berger et al and Manchikanti et al, 2"
2] studied the role of transforaminal epidural
injections in managing discogenic pain without
radiculitis or disc herniation. However, these studies
included a small number of patients. Thus, there were
no data for assessment of the evidence.

Of the 4 randomized active-controlled trials only 3
trials which included 46 patients,?°1 17 patients, and
57 patients receiving local anesthetic with steroids,
showed positive results both short-term and long-
term One randomized trial with 23 patients receiving
bupivacaine with steroids, had negative results for
steroids. Among the non-randomized studies, one
study which included 49 patients, showed positive
results for short-term improvement and a second
study with 62 patients showed negative results for
short-term improvement.

Table 1: The ODI and NRS scores at pre injection, one month and three months post op respectively

After 1 month (n=20)

After 3 months (n=20)

Pre injection (n=20)
NRS SCALE 6

5 4

ODI SCALE 18

10 4
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DISCUSSION

High levels of phospholipase A2, an enzyme
involved in the production of prostaglandin and
leukotrienes during inflammation, have been found in
herniated discs, and may be involved in the
generation of radiculopathic pain. Also, mechanical
irritation of the dorsal root ganglia has been shown to
decrease the thermal nociceptive threshold, and to
correlate with c-fos expression, as well as the
appearance of pain related behaviors. It also has been
shown that mechanical compression alone may not be
directly associated with the onset of pain, and
resolution of symptoms may not correlate with the
resolution of the compression.* Moreover, several
studies have shown abnormal MRI findings in those
without back pain. In addition other factors such as
substance P, calcitonin gene-related peptide, nitrous
oxide, and phospholipase A2 may be released from
the disc.

This systematic review evaluating the effectiveness
of lumbar transforaminal epidural injections in
managing chronic low back and lower extremity pain
caused by disc herniation with radiculitis showed
good evidence for them. However, the evidence is
fair for spinal stenosis. There was no evidence
available for axial pain in the literature. For lumbar
radiculitis in post-surgery syndrome, evidence is
limited. In this evaluation, a total of 13 randomized
trials and 5 non-randomized studies were included.%
Only the studies meeting at least moderate quality
criteria were included in analysis. A quality
assessment for all the manuscripts was performed.
This rigorous review Yyielded similar results to
Buenaventura et al published in 2009, a critical
review of APS guidelines and a reassessment of the
American  College  of  Occupational and
Environmental Medicine (ACOEM) guidelines.
Further, results provided by other reviewers are also
in line with the evidence from this review.
Systematic review of the efficacy of lumbosacral
transforaminal epidural steroid injections,
extensively discussed not only the effectiveness, but
also their role in avoiding surgical interventions.
They concluded that there was fair evidence
supporting transforaminal epidural steroid injections
as superior to placebo for treating radicular
symptoms, and there was good evidence that
transforaminal epidural steroid injection should be
used as a surgery-sparing

intervention.®2381  They also concluded that
transforaminal epidural injections were superior to
interlaminarepidural injections and caudal epidural
injections for radicular pain. However, they raised
multiple issues related to challenges facing the
determination of global recommendations based on
the available evidence. They noted that the body of
evidence contained very heterogenous studies with
significant differences in the study populations,
controls used, duration of follow- up, outcome
measures, the type of intervention, number of

injections, the technical approaches, types of
medications, and volume of injection. In the present
systematic review, we also echo the findings with the
same issues. However, the present evaluation showed
only limited evidence for superiority of
transforaminal epidural injections over caudal or
interlaminar epidural injections performed under
fluoroscopy. In contrast, the evidence in this
manuscript correlates with their conclusions that
transforaminalepidural ~ steroid injections are
effective in avoiding surgical interventions.

CONCLUSION

The advantage of Kambin’s triangle approach is
needle placement anterior to epidural space in cases
with reduced disc space, which is safe and does not
injure any neurovascular structures. Transforaminal
steroid injections provide modest analgesic benefit at
3 months in patients with lumbar discogenic pain, but
they have no impact in physical disability or
incidence of surgery. Fluoroscopically guided
transforaminal steroid injections serve as an
important tool in the non-surgical management of
lumbosacral radiculopathy secondary to herniated
discs.

REFERENCES

1. Adams MA, Roughley PJ. What is intervertebral disc
degeneration, and what causes it? Spine. 2006;31(18):2151—
61.

2. Risbud MV, Shapiro IM. Role of cytokines in intervertebral
disc degeneration: pain and disc content. Nat Rev Rheumatol.
2014; 10 (1): 44-56.

3. Johnson ZI, Doolittle AC, Snuggs JW, Shapiro IM, Le Maitre
CL, Risbud MV. TNF-a promotes nuclear enrichment of the
transcription factor TonEBP/NFATS to selectively control
inflammatory but not osmoregulatory responses in nucleus
pulposus cells. J Biol
Chem. 2017; 292 (42): 17561-75.

4. latridis JC, Michalek AJ, Purmessur D, Korecki CL.
Localizedintervertebral disc injury leads to organ level
changes in structure,c ellularity, and biosynthesis. Cel Mol
Bioeng. 2009;2(3):437-47.

5. Choi H, Tessier S, Silagi ES, et al. A novel mouse model of
intervertebral disc degeneration shows altered cell fate and
matrixhomeostasis. Matrix Biol. 2018; 70: 102—22.

6. Manchikanti L, Boswell MV, Singh V, Benyamin RM,
Fellows B, Abdi S, Buenaventura RM, Conn A, Datta S,
Derby R, Falco FJE, Erhart S, Diwan S, Hayek SM, Helm S,
Parr AT, Schultz DM, Smith HS, Wolfer LR, Hirsch JA.
Comprehensive evidence-based guidelines for interventional
techniques in the management of chronic spinal pain. Pain
Physician 2009; 12:699-802.

7. Conn A, Buenaventura R, Datta S, Abdi S, Diwan S.
Systematic review of caudal
epidural injections in the management of chronic low back
pain. Pain Physician 2009; 12:109-135.

8. Ghahreman A, Bogduk N. Predictors of a favorable response
to transforaminal injection of steroids in patients with lumbar
radicular pain due to disc herniation. Pain Med 2011; 12:871-
879.

9. Brummett CM, Williams BS, HurleyRW, Erdek MA. A
prospective, observational Observational study of the
relationship between body mass index and depth of the
epidural space during lumbar transforaminal epidural steroid
injection. Reg Anesth Pain Med 2009; 34:100-105.

937

International Journal of Medicine and Public Health, Vol 14, Issue 2, April-June, 2024 (www.ijmedph.org)



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Murthy NS, Maus TP, Behrns CL. Intraforaminal location of
the great anterior radiculomedullary artery (artery of
Adamkiewicz): A retrospective review. Pain Med 2010;
11:1756-1764.

Furman MB, Mehta AR, Kim RE, Simon JI, Patel R, Lee TS,
Reeves RS. Injectate volumes needed to reach specific
landmarksin lumbar transforaminal epidural injections. PM R
2010; 2:625-635.

Zhu J, Falco FJ, Formoso F, Onyewu CO, Irwin FL.
Alternative approach for lumbar transforaminal epidural
steroid injections. Pain Physician 2011; 14:331-341.
DeGregoris G, Diwan S. Phantom radiculitis effectively
treated by fluoroscopically guided transforaminal epidural
steroid injections. Pain Physician 2010; 13:505-508.

Smith CC, Booker T, Schaufele MK, Weiss P. Interlaminar
versus transforaminal epidural steroid injections forthe
treatment of symptomatic lumbarspinal stenosis. Pain Med
2010; 11:1511- 1515.

Anwar A, Zaidah I, Rozita R. Prospective randomised single
blind study of epidural steroid injection comparing
triamcinolone acetonide and methylprednisolone acetate.
APLAR J Rheumatol 2005; 8:51-52.

Manchikanti L, Singh V, Pampati V, Smith HS, Hirsch JA.
Analysis of growth of interventional techniques in managing
chronic pain in Medicare population A 10-year evaluation
from 1997 to 2006. Pain Physician 2009; 12:9-34.

Medicare Part B Carrier Summary Data Files. Center for
Medicare and Medicaid Services.
www.cms.gov/NonldentifiableData-

Files/04_5_ PartBCarrierSummaryData-File.asp#TopOfPage.
Bensler S, Sutter R, Pfirrmann CWA, Peterson CK.
Particulate  versus non-particulate corticosteroids  for
transforaminal nerve root blocks: Comparison of outcomes in
494 patients with lumbar radiculopathy. Eur Radiol
2018;28(3):946-52.

El-Yahchouchi CA, Plastaras CT, Maus TP, et al. Adverse
event rates associated with transforaminal and interlaminar
epidural steroid injections: A multi-institutional study. Pain
Med 2016;17 (2):239-49.

Lu Y-M, Wu Y-Y, Hsieh C-L, Lin C-L, Hwang S-L, Cheng
K-1, et al. Measurement Precision of the Disability for Back
Pain Scale-by Applying Rasch Analysis. Health Qual Life
Outcomes. 2013; 11:1-10.

Fairbank JC, Pynsent PB. The Oswestry Disability Index.
Spine.  2000;  25:2940-  53.  Available  from:
http://journals.lww.com/spinejournal/Fulltext/2000/
11150/The_Oswestry Disability_Index.17.aspx

Hartig J, Hohler J. Multidimensional IRT Models for the
Assessment of Competencies. Stud Educ Eval. 2009; 35:57—
63.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Jaworska N, Chupetlovska-Anastasova A. A Review of
Multidimensional Scaling (MDS) and its Utility in Various
Psychological Domains. Tutor Quant Methods Psychol. 2009;
5:1-10

Laemmel E, Segal N, Mirshahi M, et al. Deleteriouseffects of
intra-arterial administration of particulate steroids on
microvascular perfusion in a mouse model. Radiology
2016;279(3):731-40.

Gharibo CG, Fakhry M, Diwan S, Kaye AD. Conus medullaris
infarction after a right L4 transforaminal epidural steroid
injection using dexamethasone. Pain Physician 2016;19(8):
E1211-e4.

Elgafy H, Peters N, Lea JE, Wetzel RM. Hemorrhagic lumbar
synovial facet cyst secondary to transforaminal epidural
injection: A case report and review of the literature. World J
Orthop 2016;7 (7):452-7.

Beyaz SG. Comparison of transforaminal and interlaminar
epidural steroid injections for the treatment of chronic lumbar
pain [in Portuguese]. Rev Bras Anestesiol 2017;67(1):21-7.
Tecer D, Adiguzel E, Tan AK, Taskaynatan MA.Role of
magnetic resonance imaging in ascertaining the success of
transforaminal epidural steroid injection for lumbar radicular
pain. Pain Med 2017;18(4):645-50.

Joswig H, Neff A, Ruppert C, Hildebrandt G, Stienen MN.
The value of short-term pain relief in predicting the 1-month
outcome of lumbar transforaminalepidural steroid injections.
World Neurosurg 2017;159(2):291-300.

Albrecht DS, Ahmed SU, Kettner NW, Borra RJH, Cohen-
Adad J, Deng H. Neuroinflammation of the spinal cord and
nerve roots in chronic radicular pain patients. Pain
2018;159(5):968-77.

Samuel K. Rosenberg, Andreas Grabinsky, Christine Kooser,
Mark V. Boswell, Effectiveness of Transforaminal Epidural
Steroid Injections in Low Back Pain: A One-Year
Experience., Pain Physician, Volume 5, Number 3, pp 266-
270.

Bensler S, Walde M, Fischer MA, Pfirrmann CW, Peterson
CK, Sutter R. Comparison of treatment outcomes in lumbar
disc herniation patients treated with epidural steroid
injections: Interlaminar versus transforaminal approach. Acta
Radiol. 2020; 61:361-9.

Eman M. P. Gharu, Noel S. Singh, Rajesh Paul, and Narjeet
K. Osahan Comparing Functional Efficacy of Transforaminal
vs Interlaminar Epidural Steroid Injection for Lumbar Disc
Disease!! Do We Really Need Transforaminal Epidural Route
Injections? J Pharm Bioallied Sci. 2024 Feb; 16(Suppl 1):
S437-S439.

938

International Journal of Medicine and Public Health, Vol 14, Issue 2, April-June, 2024 (www.ijmedph.org)



