anesthesia research

Article

The Composition of the L5-S1 Neural Foramen on
MRI—A Retrospective Cohort Study Examining the Anatomy
Relevant to Transforaminal Epidural Steroid Injections

Zachary E. Stewart 1,#( Ronald W. Mercer 12, Steven Staffa 200, F. Joseph Simeone

check for
updates

Citation: Stewart, Z.E.; Mercer, RW.;
Staffa, S.; Simeone, EJ.; Huang, A.J.
The Composition of the L5-S1 Neural
Foramen on MRI—A Retrospective
Cohort Study Examining the
Anatomy Relevant to Transforaminal
Epidural Steroid Injections. Anesth.
Res. 2024, 1, 44-53. https://doi.org/
10.3390/anesthres1020006

Academic Editor: Michele Umbrello

Received: 22 April 2024
Revised: 27 May 2024
Accepted: 17 June 2024
Published: 1 July 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1@ and Ambrose J. Huang !

Musculoskeletal Imaging & Intervention, Department of Radiology, Massachusetts General Hospital,
Harvard Medical School, Boston, MA 02114, USA; rmercer@mgh harvard.edu (R W.M.);
fsimeone@mgh harvard.edu (E].S.); ajhuang@mgh.harvard.edu (A.J.H.)

2 Boston Children’s Hospital, Boston, MA 02115, USA; steven.staffa@childrens.harvard.edu

*  Correspondence: zstewart@mgh.harvard.edu

Abstract: Transforaminal epidural steroid injections are commonly used for the treatment of radicular
pain. Some providers opt for an antero-superior approach and others a postero-inferior approach.
In this retrospective cohort study, we evaluated MRI evident anatomic differences between the
antero-superior and postero-inferior neural foramen at L5-51 that may be relevant when choosing an
approach for injections. A total of 29 L5-51 neural foramina that were targeted for transforaminal
epidural steroid injections were included. Pre-procedure MRIs were assessed for the distribution of
the fat within the foramen. Additionally, the presence of foraminal vessels and foraminal stenosis
and the presence/absence of anterolisthesis was also observed. Final imaging data were obtained
by majority opinion of three or four radiologists. There was a statistically significant difference
in the distribution of foraminal fat between the postero-inferior foramen and the antero-superior
foramen (p < 0.001), with more fat generally in the postero-inferior foramen. Foraminal vessels were
not consistently visualized. There was weak inter-reader reliability for the presence of vessels. In
conclusion, this study suggests that there is a difference in the distribution of foraminal epidural
fat between the postero-inferior and antero-superior foramen at L5-S1. Through MRI, vessels are
inconsistently visualized and cannot be reliably detected on conventional MRI between readers.
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1. Introduction

Transforaminal epidural steroid injections (TFESI) are common non-surgical interven-
tions for the management of radicular pain [1]. The choice of injection location for TFESI is
up for debate. Classically, a supra-neural approach, targeting the antero-superior foramen
or the “safe triangle”, was recommended. This approach has been recommended because
the needle traverses the foramen supero-laterally, minimizing the risk of encountering the
nerve root or dural sleeve [2,3]. An infra-neural approach, targeting the postero-inferior
foramen or “Kambin’s triangle”, is another alternative which has gained popularity [4].

There is variability in the degree of foraminal fat between patients/spinal levels.
Foraminal fat fills the space in the foramen that is not occupied by nerve root and thus is
more likely to be absent, diminished, or displaced within stenosed foramina. If all else is
equal, an operator may opt to target the portion of the foramen with the most space—and
in turn, fat—to ensure a safe needle position to minimize risks and pain associated with
nerve root or dural sleeve puncture.

In this study, we aim to retrospectively assess the relevant anatomy of the affected
neural foramina at L5-51 in patients presenting for TFESI at L5-S1. Specifically, we used
magnetic resonance imaging (MRI) to characterize the pattern of foraminal fat and the
presence/location and/or absence of MR-visible foraminal vessels.
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2. Materials and Methods
2.1. Sample Selection

IRB approval was obtained. A total of 29 L5-S1 TFESI performed at our institution
between 1 February 2023, and 31 July 2023, were randomly selected. All injections were
performed in an out-patient setting with a C-arm for fluoroscopic guidance. Patients were
excluded if they did not have an MRI within the picture archiving and communication
system (PACS) available for review, had surgical hardware which limited MRI assessment,
had transitional lumbosacral 46 anatomy, or were younger than 19 years old. No patients
were randomly selected younger than 19 or with transitional lumbosacral anatomy, but two
patients were excluded due to the presence of hardware. In total, there were 26 patients
because bilateral injections were performed in three.

2.2. Data Collection and MRI Review Methods

Demographic data were obtained from the electronic medical record (EMR), and the
side of injection was obtained from the documented procedure within the PACS. The most
recent MRI was reviewed for each patient, all of which were performed on a 1.5 T or
3 T scanner.

A semi-quantitative method was used to grade foraminal fat in the antero-superior
and postero-inferior aspects of the neural foramen, the presence/absence/location of
foraminal vessels, and the degree of foraminal stenosis. The amount and direction of
listhesis and the presence/absence of lateral recess stenosis at the L4-L5 level were also
included as additional internal metrics of inter-reader reliability of commonly assessed
lumbar spine pathology. The MRI images were reviewed independently by 3 fellowship-
trained musculoskeletal radiologists with 1+, 2+, and 15+ years of experience. A consensus
was determined by majority agreement of the reviewers. In the absence of majority, a 4th
reviewer, a musculoskeletal radiologist with 10+ years of experience, acted as an arbitrator.

The semi-quantitative method for determining the amount of fat in both the antero-
superior and the postero-inferior aspects of the neural foramina was based on the diameter
of a 22-gauge needle, which is ~0.7 mm. With this as the standard, the reviewers were
instructed to grade the fat as “None” if there was less than 0.8 mm of distance in any
direction between nerve and bone/disc material, “Minimal” if there was 0.8 mm to 2.5 mm
of distance, and “Substantial” if there was more than 2.5 mm of distance. These numbers
reflect, in essence, a space too small to accommodate a 22-gauge needle, a space that is
1-3 times the size of a 22-gauge needle, or a space that can accommodate more than 3 times
the diameter of a 22-gauge needle (Figure 1).

For qualitatively determining the presence and location of vessels within the neural
foramen, the reviewers were instructed to use the same MRI slice that they used to judge the
foraminal fat. A convincing punctate low signal intensity structure next to the nerve root
(either antero-superiorly or postero-inferiorly) on the sagittal T1 sequence was considered
a vessel (Figure 2). Vessels were considered present when seen but considered “Not
Applicable” when not seen because in cases where there was no fat (“None”) in the neural
foramen, it would not be possible to see a vessel, and because many vessels may be too
small to see within the resolution limits of the MRI.
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Figure 1. Representative sagittal TIw MR images at the level of the L5-S1 neural foramen demon-
strating the foraminal fat grading system. (A) demonstrates “No fat” in either the antero-superior
or postero-inferior portions of the foramen. (B) demonstrates “Minimal fat” in the antero-superior
foramen and “Substantial fat” in the postero-inferior foramen. (C) demonstrates “No fat” in the
antero-superior foramen and “Minimal fat” in the postero-inferior foramen. (D) demonstrates
“Substantial fat” in both the antero-superior and postero-inferior foramen.

Foraminal stenosis was graded with a qualitative binary system as either “None to
mild” or “Moderate to severe”. “None to mild” was defined as the range of no encroach-
ment of the foraminal fat to some distortion of the foraminal fat without substantial mass
effect or effacement of nerve root. “Moderate to severe” was defined as substantial en-
croachment of the foraminal fat with or without mass effect/distortion of the nerve root in
the foramen.
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Figure 2. Representative sagittal TIlw MR images of the L5-S1 neural foramen demonstrating
foraminal vessels (arrows) in the antero-superior foramen (A) and postero-inferior foramen (B).

2.3. Statistical Analysis

Inter-reader reliability between raters was evaluated using Fleiss” kappa for cate-
gorical measures. Inter-reader reliability was described as “None”, “Minimal” “Weak”,
“Moderate”, “Strong”, or “Almost perfect”, using the interpretation of kappa described
by McHugh, where kappa expresses agreement beyond chance [5]. Continuous data are
presented as mean and standard deviation, and categorical data are presented as frequency
and percentage. Normality of continuous data were evaluated using the Shapiro-Wilk test.
Categorical data were compared between groups using Fisher’s exact test, and continuous
data were compared using a one-wayanalysis of variance (ANOVA). A two-tailed p < 0.05
was considered statistically significant. Statistical analysis was performed using Stata
(v17.1, StataCorp LLC, College Station, TX, USA).

A post hoc power calculation was performed to ensure this study was appropri-
ately powered, with the goal of achieving 80% power between the compared groups [6].
The achieved sample size of 29 foramina—with 19 foramina with “None to mild” steno-
sis, and 10 foramina with “Moderate to severe” stenosis—provided 80% power for de-
tecting clinically meaningful differences between these two groups (0.5 absolute differ-
ence in proportions), based on Fisher’s exact test and assuming a two-tailed 5% alpha.
Power calculations were performed using G*Power software (version 3.1.9.6, University of
Dusseldorf, Germany).

3. Results
3.1. Demographics and Foraminal Stenosis

A total of 26 patients were included in this study. The average age of each patient for
each assessed foramen at the time of their MRI was 61.1 years (range: 21.2-90.5; SD: 16.3).
There was a near-even distribution of men and women with 15/29 (51.7%) of foramen in
women and 14/29 (48.3%) of 100 foramen in men. There was a similarly even distribution
of laterality with 14/29 (48.3%) left-sided and 15/29 (51.7%) right-sided. A total of 19/29
(65.5%) foramina were deemed to have “None to mild” foraminal stenosis and 10/29
(34.5%) were assessed as “Moderate to severe” foraminal stenosis.

3.2. Foraminal Fat Distribution

In all, there was a statistically significant difference in fat in the postero-inferior
foramen compared to the antero-superior foramen (p < 0.001). There was more often no



Anesth. Res. 2024, 1

48

fat (“None”) and less often “Substantial” fat in the antero-superior foramen compared to
the postero-inferior foramen (Table 1). The quantity of fat showed a statistically significant
correlation to the degree of foraminal stenosis both in the antero-superior and postero-
inferior foramen. This effect was more dramatic within the antero-superior foramen
than in the postero-inferior foramen. For instance, in patients with “Moderate-severe”
foraminal stenosis, 40% had “Substantial” postero-inferior foraminal fat, while not one
had “Substantial” fat in the antero-superior foramen. All the patients with “None-Mild”
foraminal stenosis had “Substantial” postero-inferior foraminal fat, while less than a third
of the patients with “None-Mild” foraminal stenosis had “Substantial” antero-superior
foraminal fat (Table 2). The amount and direction of listhesis and patient age had no
statistically significant correlation with the amount of fat within either the antero-superior
or postero-inferior portion of the foramen.

Table 1. Consensus grade of foraminal fat in the antero-superior and postero-inferior portions of the
L5-51 neural foramen.

Antero-Superior Foraminal Fat N (%)
None 8 (27.6)
Minimal 15 (51.7%)
Substantial 6 (20.7%)
Postero-Inferior Foraminal Fat N (%)
None 2 (6.9%)
Minimal 4 (13.8%)
Substantial 23 (79.3%)

There is a significant difference between the antero-superior and the postero-inferior foraminal fat in the L5-S1
neural foramen (p < 0.001).

Table 2. Distribution of the grade foraminal fat in the antero-superior and postero-inferior portions
of the L5-51 foramen in the setting of “None-Mild” and “Moderate-severe” foraminal stenosis.

“None-Mild” Stenosis “Moderate-Severe” Stenosis

N (%) N (%) p-Value
Antero-superior Fat
None 2 (10.5%) 6 (60%)
Minimal 11 (57.9%) 4 (40%) 0.009
Substantial 6 (31.6%) 0 (0%)
Postero-inferior Fat
None 0 (0%) 2 (20%)
Minimal 0 (0%) 4 (40%) <0.001
Substantial 19 (100%) 4 (40%)

There is a statistically significant difference in the distribution of foraminal fat in both the antero-superior and
postero-inferior foramen between “None-mild” and “Moderate-severe” foraminal stenosis.

3.3. Foraminal Vessels

Foraminal vessels were not seen in either the antero-superior or postero-inferior
foramen in 12/29 (41.4%), were seen in both portions of the foramen in 9/29 (31.0%), only
in the postero-inferior foramen in 7/29 (24.1%) and only in the antero-superior foramen
in 1/29 (3.5%). There was a statistically significant relationship between the visualization
of vessels in the neural foramen and the degree of foraminal stenosis (p = 0.005). Vessels
were more often seen when there was “None-mild” foraminal stenosis than in the setting
of “Moderate-severe” foraminal stenosis (Table 3).
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Table 3. Distribution of the visualized foraminal vessels in the L5-S1 foramen in the setting of
“None-mild” and “Moderate-severe” foraminal stenosis.

“None-Mild” Stenosis “Moderate-Severe” Stenosis

Location of Vessel(s) N (%) N (%) p-Value
Antero-superior only 1 (5.3%) 0 (0%)
Postero-inferior only 5 (26.3%) 2 (20%)

Antero-superior + 0.005

Postero-inferior 9 (47.4%) 0 (0%)

None seen (N/A) 4 (21.1%) 8 (80%)

There is a statistically significant difference in the distribution of the visualized foraminal vessels fat between
“None-mild” and “Moderate-severe” foraminal stenosis.

3.4. Inter-Rater Reliability

There was moderate inter-rater reliability beyond chance (K = 0.60-0.79) for the postero-
inferior foraminal fat, foraminal stenosis, and listhesis variables. There was weak inter-rater
reliability beyond chance (K = 0.40-0.59) for the antero-superior foraminal fat and the
presence of vessels (Table 4).

Table 4. Inter-rater reliability of the measured variables.

Kappa (K) Level of Agreement
Antero-superior Fat 0.52 Weak
Postero-inferior Fat 0.74 Moderate
Vessels 0.50 Weak
Foraminal Stenosis 0.66 Moderate
L4-L5 Lateral Recess Stenosis 0.77 Moderate
L5-S1 Listhesis 0.77 Moderate

Levels of agreement based on McHugh et al.—Almost perfect (K > 0.90); Strong (K = 0.80-0.90); Moderate
(K =0.60-0.79); Weak (K = 0.40-0.59); Minimal (K = 0.21-0.39); None (K = 0.0-0.20) [5].

4. Discussion

In this study, we demonstrated a difference in the distribution of foraminal fat in the
postero-inferior and antero-superior foramen. In this population, 80% of L5-51 foramina
with moderate to severe stenosis had at least minimal postero-inferior epidural fat while
just 40% of these same foramina had at least minimal fat in the antero-superior neural
foramen. In fact, none of the foramina with moderate to severe stenosis had more than
minimal foraminal fat in the antero-superior foramen. Even in patients without stenosis,
more than 10% had no fat (“None”) in the antero-superior foramen, and only 31.6% had
more than minimal fat in this location. Postero-inferiorly, all patients without foraminal
stenosis had substantial foraminal fat. These findings for the L5-51 foramen may support
the notion that the postero-inferior approach (“Kambin’s triangle) for L5-51 TFESI may
be more advantageous than one in which the antero-superior foramen (“Safe triangle”) is
targeted (Figure 3).
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Figure 3. 59-year-old gentleman with L5 radiculopathy. (A) Sagittal Tlw MR image demonstrates
substantial fat in the postero-inferior foramen. The arrow corresponds to the needle trajectory for an
infra-neural approach. Lateral (B) and frontal (C) fluoroscopic images during transforaminal epidural
steroid injection show the needle projecting over the postero-inferior aspect of the foramen. The star
is over the pedicle in (C). Contrast can be seen moving centrally towards the spinal canal within the
inferior portion of the foramen.

Anatomical studies support the imaging findings in this study. The L5 nerve root has
been shown to enter the foramen from a more cranial position than any of the other lumbar
nerve roots [7]. The nerve root has also been shown to be further anterior and closer to the
intervertebral disc within the neural foramen than the other lumbar nerve roots [8]. While
the lumbar neural foramina are all similar in height, L5-51 is the widest, which allows for
more epidural fat to occupy the space posterior to the anteriorly positioned nerve [8].

In this study, vessels were visualized less often by MRI within the foramen in the
setting of stenosis. The presence of vessels also had the lowest inter-rater reliability of
all the variables recorded. The presence of vessels is important for a few reasons. For
one, an embolic phenomenon related to intra-arterial injection or direct needle trauma
to a dominant radiculo-medullary artery has been implicated in TFESI-related paralysis.
Secondly, if the anti-inflammatory /anesthetic is administered intra-vascularly, it will not
offer the local tissue effects desired from the procedure.

The inability to see vessels in the setting of stenosis is unsurprising. We identified
vessels as punctate low-signal-intensity foci on T1-weighted images which may not be
visible without a background of foraminal fat, as is often the case in the setting of foraminal
stenosis. Vessels were more often seen in the postero-inferior foramen (16/29) than in
the antero-superior foramen (10/29). This finding may simply reflect a secondary marker
of the increased foraminal fat postero-inferiorly. There is a known venous plexus within
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the foramen, including in the postero-inferior portion of the foramen, which specifically
includes the dorsal ascending vertebral vein and emissary veins, which may account for
the vessels seen posteriorly by MRI [9].

Cases of paralysis relating to TFESI preempted the 2015 publication of “Safeguards to
Prevent Neurologic Complications After Epidural Steroid Injections: Consensus Opinions
from a Multidisciplinary Working Group and National Organizations” [10]. These events
are believed to be related to an embolic phenomenon from either direct needle trauma or
inadvertent injection of a dominant radiculo-medullary spinal artery—also known as an
artery of Adamkiewicz—with a particulate steroid. The consensus from the working group
to minimize the risk of paralysis focused on minimizing the risk of embolic phenomena
but did not specifically make recommendations on the procedural approach to avoid
encountering vessels [10]. However, anatomic studies have identified that dominant
radiculo-medullary arteries arise within the antero-superior foramen and have implied
that an infra-neural approach, rather than a supra-neural approach, may minimize risk of
an inadvertent intra-arterial injection [11].

Even in the lower lumbar spine, there may still be risk of encountering the artery of
Adamkiewicz as its origin is highly variable [12]. Though it most commonly arises within
the T8-L1 neural foramina from left-sided intercostal or lumbar arteries, it has been seen to
arise from intercostal arteries as cranial as T3 and as caudal as L4 [13-16]. When present in
the neural foramen, this artery is typically located within the antero-superior portion of
the neural foramen [11]. The L5 nerve roots lack a lumbar artery, and to our knowledge,
only one study has ever reported a dominant radiculo-medullary artery arising at the L5-51
level [9,17]. Despite this, a potentially significant supporting radiculo-medullary vessel
arising from the iliolumbar trunk coursing alongside the L5 or S1 nerve roots has been
described in the antero-superior L5-51 foramen [18]. This vessel, also known as the artery
of Desproges—Grotteron, has been implicated in cases of conus medullary syndrome or
sciatica after L5-S1 TFESI [18,19].

There was moderate inter-rater reliability for characterizing the postero-inferior foram-
inal fat compared to weak inter-rater reliability for characterizing the fat in the antero-
superior foramen. The inter-rater reliability for the postero-inferior foraminal fat was similar
to that of both listhesis and L4-L5 lateral recess stenosis. The reason for the difference
in inter-reader reliability for the foraminal fat between the antero-superior and postero-
inferior foramen is unclear but may be because there was more often greater epidural fat
in the postero-inferior foramen. With more foraminal fat in the postero-inferior foramen,
the interpreter would less often need to decide between “Minimal” or “None”, which they
would have to do more regularly in their assessment of the antero-superior foramen.

This study was limited by the retrospective design and small sample size. This study
was also limited by utilization of a non-validated, semi-quantitative system for assessing
the anatomic characteristics of the neural foramen on MRI which showed less-than-perfect
inter-reader reliability across all studied variables. In particular, the weak inter-reader
reliability of assessment of the fat in the antero-superior foramen may limit its ability
for clinical implementation. It may be that the findings of this study should influence
practitioners to default to a postero-inferior approach when performing TFESI at L5-51,
and only stray from this approach if there are findings on MRI that contraindicate this
approach. Such findings that may preclude a postero-inferior approach that might be seen
on MRI include posterior disc herniations occupying the postero-inferior foramen or facet
joint synovial cysts and/or osteophytes obstructing access to the postero-inferior foramen.

For confident clinical implementation, future studies should directly compare the
safety and clinical efficacy of the two different approaches to TFESI. The safety concerns
associated with the supra-neural approach have been discussed at length, though there are
also risks that may be increased with an infra-neural approach. The primary concern unique
to the infra-neural approach is inadvertent disc puncture, which generally cannot occur
with a supra-neural approach [20]. Fortunately, at the time of this manuscript preparation,
there is reportedly a single-blinded, non-inferiority clinical trial underway in the United
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Kingdom, funded by the British Journal of Anaesthesia/Royal College of Anaesthetists,
aiming to prospectively compare the clinical efficacy and safety between the supra-neural
and infra-neural approaches to lumbar TFESI [21].

Future studies may aim to establish a validated method for assessing the foraminal fat
by MRI. It is possible that this could be achieved through prospective studies with intra-
operative correlation. Alternatively, this could potentially be accomplished through the
development of automated software capable of more precise quantification of the foraminal
fat by MRI. If developed, this technological innovation could allow for assessment of the
neural foraminal fat on a much larger scale.

5. Conclusions

In conclusion, in this population presenting for L5-51 TFESI, there was a statistically
significant difference in the distribution of epidural fat between the postero-inferior fora-
men and the antero-superior foramen, with generally more fat present postero-inferiorly
than antero-superiorly. This effect appears to be more dramatic in the setting of neural
foraminal stenosis.

Knowledge of the variable distribution of fat and the variable presence of vessels in
the L5-S1 neural foramen can help to inform the proceduralist’s approach when performing
an L5-51 TFESI. Specifically, since the foraminal epidural fat represents the target for needle
positioning and the conduit for the transforaminal flow of injectate, the main finding in
this study—the presence of more foraminal fat postero-inferiorly than antero-superiorly—
may encourage proceduralists to opt for the infra-neural (postero-inferior) approach over
the supra-neural (antero-superior) approach when performing TFESI at L5-S1. Future
prospective clinical trials directly comparing the safety and efficacy of these two approaches
may provide further clarity in guiding clinical decision-making.
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