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ABSTRACT

Purpose

Lumbar radicular pain is usually caused by a herniated disc (LDH) or spinal
stenosis which instigates inflammatory and immunological responses. Trans-
foraminal epidural injections (TEI) with steroids are aimed at reducing these
responses in order to relieve pain symptoms and improve physical functionality.
However, it is unknown which factors can differentiate between responders and
non-responders. The purpose of this systematic review is to elucidate which
demographical, clinical and radiological factors are associated with patient
outcome after TEL.

Methods

The PubMed, Embase, Web of Science, Cochrane Library, Emcare and Academic
Search Premier databases were searched for studies assessing the association
between demographic, clinical and radiological variables, and clinical outcome
after a unilateral, single-level TEI in patients with lumbar radiculopathy second-
ary to disc herniation or degenerative stenosis. Risk of bias was evaluated us-
ing an adjusted version of the Cowley risk of bias criteria. Outcome measures
included patient-reported symptom relief, leg pain or physical functionality
scores. A qualitative analysis of included studies was performed.

Results

A total of 36 studies were included assessing 37 different factors and their
association with TEl outcome. Among demographic variables there was some
evidence for an association between shorter duration of symptoms and superior
outcome after TEI. For clinical factors there was limited evidence associating
a positive Slump test with better patient outcome. Among radiological factors
limited evidence was found for an association with stenosis rather than LDH,
more centrally located LDH compared to more laterally locations of the her-
niation, the absence of transitional vertebrae and a higher degree of nerve root
compression with a favorable outcome after TEL.

Conclusion

Several factors were identified that associated with TEI outcome possibly indi-
cating some predictive power, although generally the evidence was limited. The
small number of studies that assessed each factor and heterogeneity among
studies precluded a quantitative analysis of the results. Additional studies are
necessary to further substantiate these associations before strong conclusion
can be drawn.
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INTRODUCTION

Lumbar radiculopathy is generally caused by lumbar disc herniation or spinal
stenosis secondary to degenerative changes located in the lateral recess or in
the neuroforamen [1]. Due to an intricate interplay of physical compression, in-
flammatory and immunological processes, irritation of a nerve root arises which
may result in symptoms of leg pain, sensory and motor deficits [2, 3]. Since these
symptoms usually interfere with daily activities, lumbar radiculopathy is often
considered strongly invalidating and patients seek for effective treatments to
relieve symptoms [4]. For lumbar disc herniation current guidelines recommend
starting conservative therapy during the first weeks to months before switch-
ing to more invasive options as this condition is generally self-limiting over time
[5-7]. For spinal stenosis there is no full consensus on treatment strategies as
some patients may experience spontaneous relief of symptoms despite the
general idea that spinal stenosis has a more chronic character than disc her-
niation. As a result, clinical guidelines are more incongruous with each other
[8-11]. Nevertheless, for both conditions there are treatment options aside from
surgery for patients whose symptoms do not resolve naturally within reasonable
time.

Transforaminal epidural steroid injections (TEI) is a treatment that has been of-
fered to patients with (unilateral) lumbar radiculopathy due to disc herniation
or stenosis for decades [12]. These steroid injections are aimed at reducing
inflammatory cytokines and downregulating immunological reactions in order
to relieve pain symptoms [13, 14]. They are assumed to have a temporary an-
algesic effect but may result in complete resolution of symptoms in some pa-
tients. In addition to the transforaminal route, epidural steroid injections can be
administered through a caudal or interlaminar approach, but the transforaminal
injection is considered to be the most selective one. Despite the wide use of
TEI in patients with lumbar radiculopathy due to disc herniation or spinal ste-
nosis its effectiveness remains a matter of debate. Studies have demonstrated
contradictory results with large variation in efficacy and success percentages,
but it remains unclear which determinants are of influence on the efficacy of
TEI [10, 12, 15-18]. Some studies have suggested that TEI| effectiveness may be
affected by the etiology of lumbar radiculopathy (i.e., disc herniation or steno-
sis), whereas other studies propose alternative subgroups of patients that may
benefit more from treatment with TEI. The varying effectiveness of TEl across
studies and the uncertainty of which patient groups benefit more than others
have led to discrepancies between clinical guidelines on the applicability and
timing of TEI [5, 6, 8, 12, 15, 18-20]. Therefore, establishing predictive factors
for treatment success with TEI could aid in tailoring treatment strategies for
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patients with lumbar radiculopathy, possibly obviating the need for surgery or
expediting the timing of surgical intervention. For this reason, we aim to provide
a comprehensive overview of the current literature on demographic, clinical
and radiological factors and their association with TEI efficacy in patients with
unilateral lumbar radiculopathy due to disc herniation or stenosis.

METHODS

This systematic review was conducted in accordance with the PRISMA guide-
lines.

Search and selection

Six databases (PubMed, Embase, Web of Science, Cochrane Library, Emcare
and Academic Search Premier) were searched from inception to 25 July 2025.
A search strategy was constructed and adapted to every database by an expert
librarian (Appendix 1). Full texts as well as meeting abstracts were included in
the search. Strings were included for prospective and retrospective studies on
patients with lumbar disc herniation or degenerative stenosis with unilateral
symptoms. Acceptable outcome measures were the Numerical Rating Scale
(NRS) or the Visual Analogue Scale (VAS) for pain scores and the Oswestry
Disability Index (ODI) or the Roland Morris Disability Questionnaire (RMDQ) for
physical disability scores. All results were screened by two reviewers (EV and
NV) separately based on title and, consequently, on abstract. The remaining full
texts were evaluated by two reviewers independently. Any discrepancies were
resolved by discussion or consulting a third reviewer (CVL).

Inclusion and exclusion criteria

Studies analyzing the association between predictive factors and the success of
TEI were included if they met the inclusion and exclusion criteria. Studies were
eligible if the study design was a Randomized Controlled Trial (RCT), prospec-
tive cohort or retrospective cohort and patients had unilateral radicular pain.
The choice to only include patients with unilateral symptoms was based on the
idea that patients with bilateral complaints may not be sufficiently helped with
a single transforaminal injection and pain and disability scores would not rep-
resent the treatment efficacy accurately. In addition, studies were eligible if pa-
tients had MRI confirmed LDH or degenerative stenosis (central, lateral recess
and/or foraminal), they were injected on only one level on one side, received TEI
containing any type of steroids, the outcome measure was based on symptom
relief, leg pain, functionality scores or need for subsequent surgery, the cohort
consisted of at least 20 patients, the follow-up was at least two weeks, and the
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article was written in English. Studies were excluded if they presented a case
report or series, systematic review or meta-analysis, included patients with
previous back surgery, scoliosis or spondylolisthesis, allowed for administration
of multiple injections, used an injection approach other than the transforaminal
route, evaluated technical aspects of transforaminal injections, evaluated dif-
ferent types or concentrations of corticosteroids, used non-fluoroscopy guided
injections, only measured back pain, or investigated a predictive factor derived
from invasive examinations that are not part of routine work-up (e.g., not every
patient with lumbar radiculopathy undergoes EMG).

Risk-of-bias assessment

Risk of bias assessment was performed by two reviewers separately (EV and
NV), using an adjusted version of the Cowley risk of bias criteria (Appendix 2)
[21]. Each study could be awarded a minimum of O and maximum of 10 points.
Studies with a score above seven points were classified as low risk of bias, stud-
ies with 5-7 points as intermediate risk of bias and studies with fewer than 5
points as high risk of bias. Differences between the two assessors were resolved
during a consensus meeting with a third reviewer (CVL).

Data extraction and analysis

From all included studies, data on methods (study design, cohort size), patients
(inclusion and exclusion criteria, baseline characteristics, diagnostic character-
istics), treatment, outcome variables and results were gathered by one reviewer
with a second reviewer verifying the final data extraction. When patients were
dichotomized based on treatment outcome the definition of treatment suc-
cess was included. Results were based on data from text, tables or graphs and
included raw data, whether an association was found and the conclusion the
authors had drawn. For continuous outcome measures means and standard de-
viation (SD) or median value and range were retrieved, whereas for dichotomized
outcomes absolute numbers, percentages, or odds ratios (OR) were gathered. A
qualitative analysis was performed for all results.

RESULTS

Article selection

The literature search yielded a total of 2057 unique articles of which 162 refer-
ences were selected for full-text screening. Eventually, 36 articles were included
for this review (Fig. 1) [22-57]. Twenty-two articles assessed patients with lum-
bar disc herniation, five articles evaluated patients with spinal stenosis and nine
studies included both patient groups. Twenty-one studies were prospective,
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and fifteen studies were conducted retrospectively. All studies were published
between 2006 and 2025 and the patient population size ranged between 20
and 2024 patients. A more elaborate overview of study characteristics is given

in Appendix 3.

Fig.1Flowchart of the article search and selection process. A total of 2057 records were
screened of which 36 articles were included in this review.

Risk-of-bias assessment
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Of the 36 reports, ten scored 8 or 9 out of ten points and were considered low
risk of bias [28, 31, 32, 39, 45, 50, 52, 53, 55, 57]. A total of 22 reports were
awarded 5 to 7 points and were categorized as intermediate risk of bias [22, 24-
27,29, 30, 35, 36, 38, 40-44, 46-49, 51, 54, 56]. Four studies scored four points
or lower and were judged as high-risk of bias [23, 33, 34, 37] (Appendix 4).
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Factors associated with patient outcome

In all studies, a total of 37 different factors were assessed for their association
with patient outcome after treatment with a TEl. Of these 37 factors, eight
variables were demographic, ten were clinical and nineteen were radiological.
Results are summarized in Table 1. All extracted data are provided in Appendix
5.

Table 1 An overview of all demographic, clinical and radiological variables studied for
their association with TEl outcome. For each variable the number of studies that found
an association and the number of studies that did not find an association are provided.

Number of studies stur::ltiI:;I:::\::li d
Variable that found an References . References
. L. not find an
association . .
association
Demographic factors
Age 1 [37] 8 [22, 24, 29, 36,
38, 41, 46, 50]
BMI 1 [37] 4 [36, 40, 46, 50]
Duration of symptoms 4 [29, 35, 37, 48] 6 [24, 36, 38, 41,
46,50]
Injection level 6 [22, 24, 42, 50,
56]
Injection side 4 [24,37, 38, 56]
MRI to block [38]
Sex [37] 6 [24, 36, 38, 41,
42,50]
Smoking status 1 [36]
Clinical factors
hsCRP [44]
Positive Slump test [31,32] 0
Pre-injection func- [36, 37] 1 [45]
tional score
Pre-injection pain [37] 5 [29, 36, 45, 46,
score 50]
Presence of HACS [47] 0
Presence of neuro- [36] [31]
logic deficit
Presence of neuro- [51] 0
pathic pain
Vitamin D deficiency [43] 0
Post-injection func- [36] 1 [45]
tional score
Post-injection pain [50] 2 [36, 45]

score
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Table 1 An overview of all demographic, clinical and radiological variables studied for
their association with TElI outcome. For each variable the number of studies that found
an association and the number of studies that did not find an association are provided.

(continued)
Number of studies stuh:.ltilt'ansI::::::ii d
Variable that found an References - References
.. not find an
association . ..
association
Radiological factors

Facet tropism 1 [27] 0
Gadolinium enhance- 1 [54] 0
ment of nerve root
IVD signal intensity 1 [56] 0
Lesion level 0 3 [24, 29, 36]
Lesion severity 2 [28, 39] 3 [24, 33, 36]
Lesion side 0 1 [36]
Location of LDH 2 [32,34] 3 [29, 36, 56]
Grade of facet degen- 1 [49] 0
eration
Grade of nerve root 3 [31,32, 56] 4 [26, 40, 46, 50]
compression
Mean spinal nerve 1 [38] 0
intensity
Morphology of LDH 2 [36, 55] 1 [30]
Nerve-to-fat signal 1 [38] 0
ratio
Paraspinal muscle 0 1 [46]
area
Presence of Modic 0 1 [57]
changes
Presence of transi- 3 [36,52, 53] 1 [50]
tional vertebrae
Radiological etiology 3 [24, 25, 42] 3 [29, 31, 41]
of symptoms
Type of disc degen- 1 [32] 2 [36,56]
eration
Type of Gadolinium 0 1 [54]
enhancement of nerve
root
Type of transitional 1 [53] 0

vertebrae

BMI: Body Mass Index; HACS: human assumed central sensitization; hsCRP: high-sensi-
tivity C-reactive protein; IVD: intervertebral disc; LDH: lumbar disc herniation; MRI: Mag-
netic Resonance Imaging
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Demographic factors

One high risk-of-bias study reported that age was positively associated with
improvement in pain and disability scores following TEI [37], whereas eight oth-
ers did not demonstrate a relationship [22, 24, 29, 36, 38, 41, 46, 50]. Duration of
symptoms was negatively associated in four out of ten studies in terms of pain
and functionality scores [29, 35, 37, 48], including one high-risk-of-bias study
[37].

Sex was evaluated in seven studies [24, 36-38, 41, 42, 50], but only one (high risk
of bias) observed better outcomes in men at two months follow-up [37]. Among
fives studies investigating body mass index (BMI) [36, 37, 40, 46, 50], only a
single high-risk-of-bias report found a marginal positive association with short-
term functional improvement but not with pain or longer-term results [37].

For injection level [24, 38, 42, 50, 56], injection side [24, 37, 38, 56], the number
of days between MRI and TEI treatment [38] and smoking status [36], no as-
sociation was found in any of the studies.

Clinical factors

Six studies assessed pre-injection pain scores [29, 36, 37, 45, 46, 50] and three
pre-injection functional scores [36, 37, 45]. Only one high-risk of bias study
found an association between pre-injection pain scores and better short-term
outcome [37]. That same study, along with another [36], reported an associa-
tion between baseline functional scores and post-injection outcomes.

High-sensitivity C-reactive protein levels were not associated with TEl out-
come [44]. One study showed that patients with neuropathic pain experienced
greater functional improvement at three months than those without [51]. A
positive Slump test correlated with greater reductions in pain and disability at
three weeks [31, 32], whereas vitamin D deficiency and the presence of central
sensitization were negatively associated with outcome [43, 47]. One study
found no association between neurological deficit and treatment effect [31],
while, contrastingly, another reported poorer outcomes in patients with sensory
symptoms [36].

Pain reduction one hour post-injection predicted three-month success in one
study [50], although two other studies found no such association [36, 45]. How-
ever, one of these did find an association between higher functionality at three
weeks and one-year outcome [36].
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Radiological factors

Three of six studies demonstrated an association between the radiological eti-
ology (LDH or stenosis) and treatment effect [24, 25, 29, 31, 41, 42]. Patients with
lumbar stenosis achieved greater immediate post-injection improvement than
those with LDH in one study [24], whereas another reported superior long-term
results for foraminal stenosis compared to LDH or spinal/lateral recess stenosis
[42]. Contrastingly, the third study demonstrated better pain reduction in LDH
than LSS at four weeks [25].

Type of disc degeneration (i.e., bulging, protrusion, extrusion) was assessed
in three studies [32, 36, 56], but only one found greater short-term functional
improvement for disc extrusion compared to disc protrusion [32]. Two of three
studies evaluating disc morphology reported an association with TElI outcome,
though one was high risk-of-bias [23, 55].

Findings on LDH location were inconsistent: three studies found no correlation
[29, 36, 56], whereas two other studies suggested better outcomes for central/
subarticular or paramedian herniations compared with foraminal/extraforami-
nal lesions [32, 34], one of which had high risk of bias.

Three studies investigated MRI signal characteristics. Increased nerve-to-fat
signal ratio and mean spinal nerve intensity on axial T2-weighted images pre-
dicted better post-injection outcomes in one study [38], and gadolinium en-
hancement of the nerve root was also associated with improvement in another,
independent whether the post-dorsal root ganglion enhanced [54]. High signal
intensity zones within the intervertebral disc were associated with lower pain
scores at two weeks, but not for success rates or for three-month post-injection
outcomes [56].

Lesion level and side were not associated with TEl outcome [24, 29, 36]. Lesion
severity (grading of LDH or stenosis) was examined in five studies using vari-
ous grading scales [24, 28, 33, 36, 39]. Four categorized lesion severity as mild,
moderate or severe: two reported better outcomes for mild-moderate or mod-
erate stenosis compared to severe cases [28, 39], whereas two studies found no
association for either LDH or stenosis patients [24, 33], though the latter study
had a high risk of bias. Another study also found no correlation between Pfir-
rmann grade and post-injection outcome [36].

Seven studies evaluated the degree of nerve root compression using different

grading systems. Three demonstrated outcome differences by compression
grade. In two studies, high-grade subarticular compression was associated with
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greater short-term functional improvement compared to high-grade foraminal
or low-grade (subarticular) compression, whereas pain scores and outcomes
between low- and high-grade foraminal compression did not differ [31, 32].
A third study reported lower pain scores at three months in patients with any
compression versus none, but not at two weeks or in success-rate analyses
[56]. By contrast, three studies using the (modified) Pfirrmann scale and one
dichotomizing discoradicular contact found no association between compres-
sion grade and TEl outcome [26, 40, 46, 50].

Four studies assessed the presence of transitional vertebrae of which three
found a negative association with TEl outcome [36, 52, 53]. Specifically, sa-
cralization was associated with worse results than lumbarization or absence of
transitional vertebrae [53]. Facet tropism and high-grade facet degeneration
were associated with less favorable TEI responses [27, 49]. No associations were
demonstrated for paraspinal muscle area or the presence of Modic changes
[46,57].

DISCUSSION

This systematic review summarizes the current literature on demographic,
clinical and radiological variables, and their association with patient outcome
after TEl. For demographic variables, there is some evidence for an association
between duration of symptoms and outcome after TEI, with four out of ten stud-
ies indicating worse patient outcome when symptom duration was longer. Chro-
nicity of inflammatory processes can result in pain perception and conduction
alterations, and, therefore, may render local treatment with corticosteroids less
effective [29, 37, 58, 59]. However, of these studies, three had an intermediate
and one had a high risk of bias. Of the studies that found no association, five
were intermediate and one was low risk of bias. As a result, there is no convinc-
ing evidence that can fully sustain this association and, thus, no implication that
patients with chronic radicular symptoms should be advised against treatment
with TEL.

In terms of clinical factors, a positive Slump test was positively associated with
TEI outcome. A possible explanation for the positive association may be that this
test makes a distinction between lumbar radiculopathy and leg pain symptoms
without neural compromise, while TEI is only aiming to relieve radicular pain.
However, the evidence was limited with only two studies reporting on this vari-
able. In addition, five out of six studies found no association with pre-injection
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pain score, indicating that both patients with mild and severe radicular pain may
benefit from TEI.

Similarly, there was limited evidence for the association between stenosis
rather than LDH patients and improved outcome after TEl. This appears to
contrast with the results related to symptom duration in some studies, since,
in general, patients with lumbar stenosis tend to suffer from chronic symptoms
more frequently than LDH patients. However, it is possible that the inflamma-
tory component plays a more significant role in stenosis patients compared to
LDH patients. Some evidence was available for the association between the
presence of transitional vertebrae and inferior TEl results. This association may
be due to a more challenging identification of the affected nerve root to aim
for with TEI, or to the technically more complicated procedure in applying TEL.
Furthermore, there was limited evidence suggesting that more centrally located
LDH are associated with better outcomes following TEI compared to more
lateral locations. Central or paramedian herniated discs may be larger, poten-
tially eliciting a higher release of inflammatory cytokines. Although this would
also result in more compression, lateral herniations may actually exert greater
physical impingement due to the restricted space available for the nerve root
within the foramen. Hence, in the case of central and paramedian disc hernia-
tions, the inflammatory component rather than mechanical compression may
affect the nerve root more, leading to a higher response to TEI. Conversely,
three out of seven studies demonstrated a positive correlation between higher
grades of nerve root compression and superior TEl outcomes. This finding ap-
pears counterintuitive, as patients with less physical compression are generally
thought to have a larger inflammatory or immunological component and would
therefore be expected to respond better to TEI. However, the reliability of this
association is limited: it was observed in fewer than half of the available studies
and only for functional improvement, not for pain scores [31, 32]. Moreover, one
study included only patients with either marked (= 10-point) improvement in ODI
or no response, thereby excluding those with intermediate outcomes [31], while
another found a statistically but not clinically significant difference [56].

A strength of the current review is that strict inclusion and exclusion criteria
were applied during the literature search. Only studies that described treatment
with a single transforaminal epidural steroid injection were eligible for inclusion
in order to maximize the comparability between treatments. Moreover, only
studies on patients with unilateral radiculopathy could be included as it was hy-
pothesized that TEI may not be as effective in patients with bilateral complaints
due to its route of administration, hence our results would be confounded by
this. Furthermore, reports using outcome instruments for pain symptoms other
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than NRS and/or VAS, or for functional disability other than ODI and/or RMDQ
scores were excluded for comparability purposes. However, our strict inclusion
and exclusion criteria may have resulted in the omission of articles that held
interesting results but not fully met our criteria. Another limitation is that com-
parability of studies may be restrained by the diversity of steroids, volumes and
dosages used for TEI, and the variety in follow-up moments across studies. This
may have affected the results from our review.

To our best knowledge, only three other reviews have been published before
that evaluated the association of factors with outcome after epidural steroid
injections [60-62], though they had different approaches than we chose for the
current paper. One review focused on RCTs of epidural steroid injection versus
placebo, different epidural injection approaches, different type and dose of
corticosteroids, and yielded only limited evidence for epidural corticosteroid
efficacy, without appointing clear prognostic factors [60]. Another review
considered laboratory markers and imaging characteristics as predictive tools
for epidural steroid injection efficacy [61], and concluded that there is some
evidence for an association of more pain relief in patients with more nerve root
compression. Additionally, they reported that IFN-y obtained from epidural
lavage fluid predicts short-term pain reduction, although it was mentioned that
the use of this assay is challenging and expensive in a clinical setting. Yet, for
that particular review studies on all epidural techniques and both patients with
cervical and lumbar radicular pain were included. A more recent review on prog-
nostic factors in disc-related sciatica reported findings consistent with ours,
demonstrating some evidence of a negative association between symptom du-
ration and TEl outcome, as well as for the degree of nerve root compression, for
which our review provided only limited support [62]. However, the authors ac-
cepted studies on patients with bilateral sciatica, all three epidural techniques
with or without image-guidance, multi-level injections, they did not include the
PubMed database, excluded stenosis patients and included fewer prospective
studies.

The heterogeneity with regard to design and methodology between studies
complicates the comparability of findings and may explain that some results are
contradictory. In order to identify subgroups of LDH and stenosis patients that
benefit more from TEI treatment, future studies should be specifically designed
for development of a prediction model for TEIl success. Moreover, future studies
should focus on predictive factors for the effect of a single injection rather than
a series of injections.
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Overall, there is no strong evidence for any association between the assessed
variables and TEIl outcome based on the studies in this review. There is limited
support that duration of symptoms, positive Slump test, radiological etiology of
symptoms, location of LDH, transitional vertebrae and nerve root compression
may influence TEI efficacy, but these associations need to be further substanti-
ated in future studies before firm conclusions can be drawn.

Appendices will be available online after publication.

76



Factors associated with patient outcome after transforaminal epidural injection

REFERENCES

10.

M.

12.

13.

14.

15.

16.

Tarulli AW, Raynor EM. Lumbosacral radiculopathy. Neurol Clin. 2007;25(2):387-
405.

Kobayashi S, Yoshizawa H, Yamada S. Pathology of lumbar nerve root compression.
Part 1: Intraradicular inflammatory changes induced by mechanical compression.
J Orthop Res. 2004;22(1):170-9.

Robinson JP, Brown PB, Fisk JD. Pathophysiology Of Lumbar Radiculopathies and
The Pharmacology Of Epidural Corticosteroids and Local Anesthetics. Physical
Medicine and Rehabilitation Clinics of North America. 1995;6(4):671-90.

Winter CC, Brandes M, Miller C, Schubert T, Ringling M, Hillmann A, et al. Walk-
ing ability during daily life in patients with osteoarthritis of the knee or the hip
and lumbar spinal stenosis: a cross sectional study. BMC Musculoskelet Disord.
2010;11:233.

Kreiner DS, Hwang SW, Easa JE, Resnick DK, Baisden JL, Bess S, et al. An
evidence-based clinical guideline for the diagnosis and treatment of lumbar disc
herniation with radiculopathy. Spine J. 2014;14(1):180-91.

Lorio M, Kim C, Araghi A, Inzana J, Yue JJ. International Society for the Advance-
ment of Spine Surgery Policy 2019-Surgical Treatment of Lumbar Disc Herniation
with Radiculopathy. Int J Spine Surg. 2020;14(1):1-17.

Chiu CC, Chuang TY, Chang KH, Wu CH, Lin PW, Hsu WY. The probability of spon-
taneous regression of lumbar herniated disc: a systematic review. Clin Rehabil.
2015;29(2):184-95.

Kreiner DS, Shaffer WO, Baisden JL, Gilbert TJ, Summers JT, Toton JF, et al. An
evidence-based clinical guideline for the diagnosis and treatment of degenerative
lumbar spinal stenosis (update). Spine J. 2013;13(7):734-43.

Kreiner S, Shaffer W, Baisden J, et al. Evidence-Based Clinical Guidelines for Mul-
tidisciplinary Spine Care. Diagnosis and Treatment of Degenerative Lumbar Spinal
Stenosis. North American Spine Society; 2011.

Katz JN, Zimmerman ZE, Mass H, Makhni MC. Diagnosis and Management of
Lumbar Spinal Stenosis: A Review. Jama. 2022;327(17):1688-99.

Anderson DB, Luca K, Jensen RK, Eyles JP, Van Gelder JM, Friedly JL, et al. A
critical appraisal of clinical practice guidelines for the treatment of lumbar spinal
stenosis. Spine J. 2021;21(3):455-64.

Palmer WE. Spinal Injections for Pain Management. Radiology. 2016;281(3):669-
88.

McLain RF, Kapural L, Mekhail NA. Epidural steroid therapy for back and leg pain:
mechanisms of action and efficacy. Spine J. 2005;5(2):191-201.

Starkweather A, Witek-Janusek L, Mathews HL. Neural-immune interactions:
implications for pain management in patients with low-back pain and sciatica. Biol
Res Nurs. 2005;6(3):196-206.

Deer TR, Grider JS, Pope JE, Lamer TJ, Wahezi SE, Hagedorn JM, et al. Best Prac-
tices for Minimally Invasive Lumbar Spinal Stenosis Treatment 2.0 (MIST): Consen-
sus Guidance from the American Society of Pain and Neuroscience (ASPN). J Pain
Res. 2022;15:1325-54.

Helm |i S, Harmon PC, Noe C, Calodney AK, Abd-Elsayed A, Knezevic NN, et al.
Transforaminal Epidural Steroid Injections: A Systematic Review and Meta-Analy-
sis of Efficacy and Safety. Pain Physician. 2021;24(51):5209-s32.

77



Chapter 4

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

78

Smith CC, McCormick ZL, Mattie R, MacVicar J, Duszynski B, Stojanovic MP. The
Effectiveness of Lumbar Transforaminal Injection of Steroid for the Treatment
of Radicular Pain: A Comprehensive Review of the Published Data. Pain Med.
2020;21(3):472-87.

Services Department of Health and Human Services. Local Coverage De-
termination - Epidural Steroid Injections for Pain Management. 2023. Avail-
able from: https://www.cms.gov/medicare-coverage-database/view/lcd.
aspx?LCDId=39054. [Accessed on: July 12, 2023].

Comer C, Ammendolia C, Battié MC, Bussiéres A, Fairbank J, Haig A, et al. Con-
sensus on a standardised treatment pathway algorithm for lumbar spinal stenosis:
an international Delphi study. BMC Musculoskelet Disord. 2022;23(1):550.
Manchikanti L, Knezevic NN, Navani A, Christo PJ, Limerick G, Calodney AK, et
al. Epidural Interventions in the Management of Chronic Spinal Pain: American
Society of Interventional Pain Physicians (ASIPP) Comprehensive Evidence-Based
Guidelines. Pain Physician. 2021;24(S1):527-s208.

Cowley DE. Prostheses for primary total hip replacement. A critical appraisal of the
literature. Int J Technol Assess Health Care. 1995;11(4):770-8.

Abdullah A, Haque SSM, Pathan AA. Pain relief outcomes after selective nerve root
block in patients with lumbar disc herniation. International Journal of Life Sciences
Biotechnology and Pharma Research. 2025;14(4):333-7.

Arun-Kumar K, Jayaprasad S, Senthil K, Lohith H, Jayaprakash KV. The Outcomes
of Selective Nerve Root Block for Disc Induced Lumbar Radiculopathy. Malays
Orthop J. 2015;9(3):17-22.

Bang YJ, Park HJ, Sim WS, Lee DW, Lee JY. Correlation between paravertebral
spread of injectate and clinical efficacy in lumbar transforaminal block. Scientific
Reports. 2020;10(1):11508.

Bokhari SHR, Awais MZ, Igbal MT. Four-Week Outcomes of Transforaminal Epidur-
al Injections in Patients With Lumbar Radicular Pain. Cureus. 2024;16(12):75929.
Budrovac D, Rados |, HnateSen D, HarSanji-Drenjancevic¢ |, Tot OK, Kati¢ F, et al.
Effectiveness of Epidural Steroid Injection Depending on Discoradicular Contact:
A Prospective Randomized Trial. Int J Environ Res Public Health. 2023;20(4).
Celenlioglu AE, Sencan S, Gunduz OH. Does facet tropism negatively affect the re-
sponse to transforaminal epidural steroid injections? A prospective clinical study.
Skeletal Radiol. 2019;48(7):1051-8.

Chang MC, Lee DG. Outcome of Transforaminal Epidural Steroid Injection Ac-
cording to the Severity of Lumbar Foraminal Spinal Stenosis. Pain Physician.
2018;21(1):67-72.

Cyteval C, Fescquet N, Thomas E, Decoux E, Blotman F, Taourel P. Predictive fac-
tors of efficacy of periradicular corticosteroid injections for lumbar radiculopathy.
AJNR Am J Neuroradiol. 2006;27(5):978-82.

Dhandapani K, Som D, Muthiahpandian P, Miller A, Venkatesan A, Baid M, et al.
Functional Outcomes and Successful Predictors of Lumbar Transforaminal Epi-
dural Steroid Injections (LTFESIs) for Lumbar Radiculopathy Under Fluoroscopic
Guidance: A Prospective Study. Cureus. 2023;15(12):€50257.

Ekedahl H, Jonsson B, Annertz M, Frobell RB. Three week results of transforaminal
epidural steroid injection in patients with chronic unilateral low back related leg
pain: The relation to MRI findings and clinical features. J Back Musculoskelet Re-
habil. 2016;29(4):693-702.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Factors associated with patient outcome after transforaminal epidural injection

Ekedahl H, Jonsson B, Annertz M, Frobell RB. The 1-Year Results of Lumbar Trans-
foraminal Epidural Steroid Injection in Patients with Chronic Unilateral Radicular
Pain: The Relation to MRI Findings and Clinical Features. Am J Phys Med Rehabil.
2017;96(9):654-62.

Elsayad E, Mortada M, Elhawala TAES, Hady EAE, Hijab A. SAT0596 Efficacy of
epidural steroid injection in lumbar spinal stenosis is not related to the degree of
severity by mri. Annals of the Rheumatic Diseases. 2017;76(Suppl 2):1000-.

Guclu B, Deniz L, Yuce Y, Adilay U, Aytar H, Turkoglu M, et al. Transforaminal
Epidural Steroid Injection in the Treatment of Pain in Foraminal and Paramedian
Lumbar Disc Herniations. Turk Neurosurg. 2020;30(3):394-9.

Guclu B, Deniz L, Katar S, Ozdemir A. Optimal Timing and Outcome of Transfo-
raminal Epidural Steroid Injection for the Management of Radicular Pain due to
Extruded Lumbar Disc Herniation. Turk Neurosurg. 2023;33(3):509-13.

Kanna RM, Shetty AP, Rajasekaran S. Predictors of Successful Outcomes of
Selective Nerve Root Blocks for Acute Lumbar Disc Herniation. Global Spine J.
2019;9(5):473-9.

Kaufmann TdJ, Geske JR, Murthy NS, Thielen KR, Morris JM, Wald JT, et al. Clini-
cal effectiveness of single lumbar transforaminal epidural steroid injections. Pain
Med. 2013;14(8):1126-33.

Kim YH, Kim HJ, Seo J, Chai JW, Song HG, Choi YH, et al. Spinal nerve signal inten-
sity on Dixon T2-weighted water-only sequence: an important outcome predictor
after lumbar transforaminal epidural injection. Eur Radiol. 2021;31(12):9459-67.
Kim M, Bak J, Goh D, Bae J, Shin K, Son HJ, et al. Changes in pain scores and walk-
ing distance after transforaminal epidural steroid injection in patients with lumbar
foraminal spinal stenosis. Medicine (United States). 2023;102(25):E34032.

Kokar S, Sencan S, Yildiz B, Polat BA, Sacaklidir R, Gunduz OH. The Effect of
Obesity on the Treatment Outcomes of Lumbar Transforaminal Epidural Steroid
Injections. Turk Neurosurg. 2025;35(1):120-8.

Lee JW, Kim SH, Lee IS, Choi JA, Choi JY, Hong SH, et al. Therapeutic effect and
outcome predictors of sciatica treated using transforaminal epidural steroid injec-
tion. AJR Am J Roentgenol. 2006;187(6):1427-31.

Olguner SK, Celiktas M, Oktay K, Arslan A, Bilgin E, Gezercan Y, et al. Comparison
of 1-year results of single transforaminal epidural steroid injection among pa-
tients with different spinal pathologies-related radicular pain. Niger J Clin Pract.
2020;23(6):835-41.

Ozturk EC, Sencan S, Sacaklidir R, Albayrak O, Gunduz OH. The Impact of Vitamin
D Deficiency to Treatment Success of Transforaminal Epidural Steroid Injection.
Pain Physician. 2021;24(5):E619-e24.

Park CH, Lee SH. Prognostic usefulness of high sensitivity C-reactive protein for
transforaminal epidural steroid injection in patients with radicular pain. Pain Med.
2011;12(2):219-23.

Ploumis A, Christodoulou P, Wood KB, Varvarousis D, Sarni JL, Beris A. Caudal vs
transforaminal epidural steroid injections as short-term (6 months) pain relief in
lumbar spinal stenosis patients with sciatica. Pain Med. 2014;15(3):379-85.
Sacaklidir R, Soydemir E, Sencan S, Giundtz OH. The effect of lumbar multifidus
cross-sectional areas on transforaminal epidural steroid injection: An observa-
tional clinical study. Agri. 2023;35(4):205-11.

79



Chapter 4

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

50.

60.

o1

62.

80

Sahin T, Sacaklidir R, Sancar M, Ozturk EC. The effect of human assumed central
sensitization on transforaminal epidural steroid injection in chronic lumbar radicu-
lopathy: An observational study. J Back Musculoskelet Rehabil. 2024;37(6):1749-
55.

Sariyildiz MA, Batmaz i, Yazmalar L, Giines M, Turan Y. The effectiveness of trans-
foraminal epidural steroid injections on radicular pain, functionality, psychological
status and sleep quality in patients with lumbar disc herniation. J Back Musculo-
skelet Rehabil. 2017;30(2):265-70.

Sekizkardes Tutuncu M, Sencan S, Kurt CB, Kokar S, Gunduz OH. The role of facet
joint degeneration in the treatment success of transforaminal epidural steroid
injection: a retrospective clinical study. Skeletal Radiol. 2025;54(8):1689-96.
Sencan S, Celenlioglu AE, Asadov R, GUndliz OH. Predictive factors for treatment
success of transforaminal epidural steroid injection in lumbar disc herniation-
induced sciatica. Turk J Med Sci. 2020;50(1):126-31.

Sencan S, Celenlioglu AE, Yazici G, Gunduz OH. Transforaminal Epidural Steroid
Injection Improves Neuropathic Pain in Lumbar Radiculopathy: A Prospective,
Clinical Study. Neurol India. 2021;69(4):910-5.

Sencan S, Azizov S, Celenlioglu AE, Bilim S, Gunduz OH. Effect of sacralization on
the success of lumbar transforaminal epidural steroid injection treatment: pro-
spective clinical trial. Skeletal Radiol. 2022.

Son KM, Lee SM, Lee GW, Ahn MH, Son JH. The Impact of Lumbosacral Transi-
tional Vertebrae on Therapeutic Outcomes of Transforaminal Epidural Injection in
Patients with Lumbar Disc Herniation. Pain Pract. 2016;16(6):688-95.

Tak HJ, Jones R, Cho YW, Kim EH, Ahn SH. Clinical evaluation of transforaminal
epidural steroid injection in patients with gadolinium enhancing spinal nerves as-
sociated with disc herniation. Pain Physician. 2015;18(2):E177-85.

Tanyel Saracoglu T, Erken B. Impact of Transforaminal Epidural Steroid Injection
on Pain and Disability Outcomes by Lumbar Intervertebral Disc Herniation Class: A
Prospective Study. Pain Med. 2025.

Tecer D, Adiguzel E, Tan AK, Taskaynatan MA. Role of Magnetic Resonance Imag-
ing in Ascertaining the Success of Transforaminal Epidural Steroid Injection for
Lumbar Radicular Pain. Pain Med. 2017;18(4):645-50.

Verheijen EJA, van der Vlist NRE, Bartels EC, van Haagen O, Vleggeert-Lankamp
CLA. The effect of a transforaminal epidural injection in patients with lumbar disc
herniation is not correlated with the presence of type Il modic changes. Brain
Spine. 2025;5:104222.

Rados |, Sakic K, Fingler M, Kapural L. Efficacy of interlaminar vs transforaminal
epidural steroid injection for the treatment of chronic unilateral radicular pain:
prospective, randomized study. Pain Med. 2011;12(9):1316-21.

Latremoliere A, Woolf CJ. Central sensitization: a generator of pain hypersensitiv-
ity by central neural plasticity. J Pain. 2009;10(9):895-926.

Chou R, Hashimoto R, Friedly J, Fu R, Bougatsos C, Dana T, et al. Epidural Cortico-
steroid Injections for Radiculopathy and Spinal Stenosis: A Systematic Review and
Meta-analysis. Ann Intern Med. 2015;163(5):373-81.

Benny BV, Patel MY. Predicting epidural steroid injections with laboratory markers
and imaging techniques. Spine J. 2014;14(10):2500-8.

Nagington A, Foster NE, Snell K, Konstantinou K, Stynes S. Prognostic factors as-
sociated with outcome following an epidural steroid injection for disc-related sci-



Factors associated with patient outcome after transforaminal epidural injection

atica: a systematic review and narrative synthesis. Eur Spine J. 2023;32(3):1029-
53.

81





