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A CASeE CONTROL STUDY

INTERLAMINAR VERSUS TRANSFORAMINAL EPIDURAL INJECTIONS FOR THE TREATMENT
OF SympTomATIC LUMBAR INTERVERTEBRAL D1sc HERNIATIONS

Michael K. Schaufele, MD, Laura Hatch, MD, and William Jones, MD

Background: Epidural steroid injec-
tions are commonly used for the treatment
of radicular symptoms associated with
symptomatic lumbar intervertebral disc
herniations. Transforaminal epidural injec-
tions are believed to produce better clin-
ical outcomes than interlaminar epidural
injections.

Objective: To determine a difference
in short-term pain improvement and long-
term surgical rates between interlaminar
and transforaminal injection techniques.

Design: Case Control Study.

Methods: For each technique, 20 pa-
tients were retrospectively identified who
received their first fluoroscopically guid-
ed epidural steroid injection for radicular
symptoms caused by a lumbar intraverte-
bral disc herniation over an 18 months in-
terval. All patients had corresponding MRI
findings and failed previous non-invasive
therapies. The Verbal Numerical Rating

Scale (VNRS, o-10 scale) before the treat-
ment, within one hour after the treatment
and upon follow-up (average 17.1 days)
were analyzed, along with the need for re-
peat injections and surgical interventions
over a 1-year follow-up interval. The pa-
tient groups were matched for symptom
duration, MRI findings and pre-injection
VNRS scores.

Results: In the transforaminal group,
there was a statistically significant im-
provement in the VNRS scores from be-
fore the injection (VNRS mean 5.9) to im-
mediately after the injection (VNRS mean
2.9, p<0.01), and upon follow-up (VNRS
mean 3.2, p<0.01, mean 18.7 days). Nine
patients (45%) required 1 or 2 repeated in-
jections, 2 patients (10%) underwent sur-
gery.

In the interlaminar group, there was
a statistically significant improvement in
the VNRS scores from before the injection

(VNRS mean 7.3) to immediately after the
injection (VNRS mean 3.1, p<o0.01), and
upon follow-up (VNRS mean 5.9, p<0.01,
mean 15.6 days). Eight patients (40%) re-
quired 1 or 2 repeated injection, 5 patients
(25%) underwent surgery.

Fourteen patients (70%) had an im-
provement of 2 points or more on the
VNRS scale in the transforaminal group,
compared to 9 (45%) in the interlaminar
group.

Conclusions: In the current study,
transforaminal epidural steroid injections
for the treatment of symptomatic lumbar
disc herniation resulted in better short-
term pain improvement and fewer long-
term surgical interventions than interlami-
nar epidural steroid injection.

Key words: Epidural Injections,
Radiculopathy, Rehabilitation, Interverte-
bral Disc Displacement

Epidural steroid injections (ESI)
have been used for decades for the treat-
ment of spinal pain, particularly for ra-
dicular symptoms and radiculopathy. In
a review of four older randomized, con-
trolled trials (RCT), epidural steroid in-
jections were found to be beneficial for
the treatment of acute radiculopathies
compared to a control treatment, es-
pecially for short-term outcomes (OR
2.2)(1). The more recent WEST study
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showed that ESI offered transient ben-
efit in symptoms at 3 weeks in patients
with sciatica, but no sustained bene-
fits in terms of pain, function or need
for surgery (2). Increasing emphasis is
placed on fluoroscopically guided, tar-
get specific injections to improve treat-
ment outcomes. Therefore, modern
study designs focus on fluoroscopical-
ly guided transforaminal injection tech-
niques. They have the theoretical ad-
vantage of delivering the injectate to
the site of the pathology in the anteri-
or epidural space. Vad et al (3) showed
a 84% “successful” outcome with trans-
foraminal ESI compared to 48% in pa-
tients receiving trigger point injections.
Riew et al (4) studied 55 patients with
lumbar radiculopathy who were all
considered surgical candidates. Seven-
ty-one percent of the patients who re-

ceived a nerve root injection with ste-
roid cancelled surgery. Only 33% of the
patients who received a local anesthetic
injection without steroid cancelled sur-
gery, indicating a significant reduction
of surgical rates from the steroid com-
ponent (4). In patients with chronic ra-
dicular pain, corticosteroids do not im-
prove outcomes compared to injection
of local anesthetic alone (5). This indi-
cates that epidural steroid injections are
more effective for acute radicular pain
with a significant inflammatory pain
component.

The goal of this study was to com-
pare short-term improvement in pain
and long-term surgical rates and the
need for repeat injections between these
two techniques. Our hypothesis was
that transforaminal ESI provide better
outcomes than interlaminar ESI.
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METHODS

The study was conducted at a large
academic spine center and was approved
by the University’s Institutional Review
Board. The study received no external
funding. Inclusion criteria for the study
were: 1) low back and uni- or bilater-
al leg pain of radicular nature caused
by a lumbar intervertebral disc herni-
ation 2) single level disc herniation on
recent MRI corresponding with the pa-
tient’s clinical symptoms 3) failure to re-
spond to non-invasive treatments. Ex-
clusion criteria were: 1) known contra-
indications for epidural steroid injec-
tions as described elsewhere (6) 2) pre-
vious lumbar epidural steroid injections
3) previous lumbar spine surgery 4) un-
stable neurological deficits and cauda
equina syndrome and 5) patients with
on-going workers compensation and
personal injury claims.

Between the fall of 2000 and the
spring of 2002, a total of 1,257 patients
were treated by the lead author with
spinal injections. Twenty consecutive
patients were retrospectively identified
who had undergone an interlaminar
epidural steroid injection for a symp-
tomatic single level lumbar disc herni-
ation and fulfilled the above inclusion

and exclusion criteria. These patients
were then matched with the first 20 con-
secutive patients during this 18-month
interval who fulfilled the inclusion and
exclusion criteria and had received a
transforaminal epidural injection for
the same diagnosis. VNRS scores are
prospectively collected on all our spinal
injection patients. Only patients with
complete sets of VNRS scores (pre-in-
jection, post-injection and follow-up)
were included in the study.

All patients were examined and im-
aging studies were reviewed prior to the
injection by the first author. The choice
as to whether to use the transforaminal
or the interlaminar technique was made
by the first author in no predetermined
order. At the time of the procedures, the
author had no personal preference for
either technique.

All injections were performed by
the first author in an injection suite af-
filiated with the teaching institution.
All injections using either technique
were performed at or below the level of
the disc herniation. A Siemens Iso-C C-
arm was used for the procedures and
anterior-posterior (AP) and lateral spot
films were obtained for documenta-
tion purposes (Figures 1, 2). Within one

hour before the procedure, the patients
were asked to rate their pain on the Ver-
bal Numerical Rating Scale (VNRS, 0-
10 scale) by a nurse not involved in the
performance of the procedure.

For the transforaminal approach, a
25 or 22-gauge, 3%-inch or 5-inch spi-
nal needle was used. The needle was
placed in the superior and anterior as-
pect of the corresponding neurofora-
men under frequent fluoroscopic guid-
ance, using the standard technique de-
scribed elsewhere (6,7). After the nee-
dle was determined radiographically to
be in the appropriate position, 0.5-1 ml
of non-ionic contrast material (Omnip-
aque 300) was injected to document ap-
propriate contrast spread along the spi-
nal nerve into the epidural space with-
out intravascular uptake (Fig. 1). Next,
a combination of 80 mg of methylpred-
nisolone acetate with 1 to 2 ml of lido-
caine 2% was injected. Diabetic patients
with unstable blood glucose levels re-
ceived 40 mg of methylprenisolone ac-
etate.

For the interlaminar epidural ste-
roid injections, we modified the tradi-
tional midline approach: An 18-gauge,
3%-inch or 5-inch Tuohy needle was ad-
vanced into the posterolateral epidural

cedeGy cnt

Fig. 1: Transforaminal Epidural Steroid Injection L4-5
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Fig. 2: Directed Lateral Interlaminar Epidural Steroid Injection L5-S1

space of the affected leg with radicular
symptoms, using the loss-of-resistance
technique. This “directed lateral inter-
laminar approach” may improve the de-
livery of the injectate to the site of the
pathology without increasing the tech-
nical difficulty or side effects of the pro-
cedure. After negative aspiration for ce-
rebrospinal fluid and heme, 0.5 -1 ml of
non-ionic contrast material (Omnip-
aque 300) was injected to document ap-
propriate contrast spread into the epi-
dural space on the patient’s symptom-
atic side (Fig. 2). Next, a combination
of 80 mg of methylprednisolone ace-
tate with 2 to 3 ml of lidocaine 1% was
injected in the epidural space. Diabet-
ic patients with unstable blood glucose
levels received 40 mg of methylprednis-
olone acetate.

The patients were then brought to
the recovery area. They were asked to
rate their back and leg pain on the VNRS
scale within 1 hour after the injection pri-
or to departure from the injection suite.
They were asked to sit, stand and walk
before rating their pain. The patients
were then seen in follow-up in our spine
clinic typically two to three weeks after
the injection. They were asked again to
rate their average back and leg pain using

the VNRS scale. All VNRS scores were
documented by nursing personnel not
involved in the procedure.

The patients’ charts were then re-
viewed for one year after the initial pro-
cedure to determine if further epidural
steroid injections or surgery for the pre-
senting problem were required in our
institution. Repeated epidural steroid
injections were carried out by the lead
author at the same level using the same
approach as the initial procedure. Only
patients with complete data for all time
points were included in the analysis.

Microsoft Excel/ Analyze-It soft-
ware (Version 2003) was used for statis-
tical analysis. A paired, two-tailed t-test
was used to determine a statistical dif-
ference for pre-injection, post-injection
and follow-up VNRS scores between the
interlaminar and transforaminal groups
(Table 2). Statistical significance was ac-
cepted at an alpha level of .05.

ResuLts

There was no statistically sig-
nificant difference in the duration of
symptoms prior to the injection in ei-
ther group (5.6 months in the transfo-
raminal group, 5.4 months in the in-
terlaminar group). Pre-injection VNRS

scores were higher in the interlaminar
group (VNRS mean 7.3) compared to
the transforaminal group (VNRS mean
5.9), but the difference did not reach
statistical significance (p=0.08). All
MRI reports were performed by radi-
ologists not involved in the study and
the information was reviewed. The ra-
diologists’ readings indicated a similar
distribution of protrusions and extru-
sions/ sequestrations in the two study
groups. The majority of injections were
performed in both groups at the L5-S1
level. In the transforaminal group, there
were three bilateral injections (for pa-
tients with bilateral leg symptoms) and
2 two-level injections (for patients with
nerve root compressions of the exiting
and descending nerve roots caused by
the same disc herniation) (Table 1).

In the transforaminal group, there
was a statistically significant improve-
ment in the VNRS scores from before
the injection (VNRS mean 5.9) to im-
mediately after the injection (VNRS
mean 2.9, p<0.01, 95% CI 1.63-4.42),
and upon follow-up (VNRS mean 3.2,
p<0.01, 95% CI 1.53-3.84, mean 18.7
days). Nine patients (45%) required one
or two repeated injections, and 2 pa-
tients (10%) underwent surgery.

Pain Physician Vol. 9, No. 4, 2006
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Table 1: Patients Summary of MRI
findings, pain duration and injection

levels

MRI FINDINGS N

IL-ESI
Protrusion 11
Extrusion 8
Sequestration 1

TF-ESI
Protrusion 11
Extrusion 9
Sequestration 0

PAIN DURATION (months)

IL-ESI 5.4 (0.5 to 12)

TE-ESI 5.6 (0.5-12)
INJECTION LEVEL

IL-ESI

L4-5 5

L5-S1 15
TE-ESI

L2-3 2

L3-4 1

L4-5 15

S1 1

numbers in parenthesis indicate range

In the interlaminar group, there
was a statistically significant improve-
ment in the VNRS scores from before
the injection (VNRS mean 7.3) to im-
mediately after the injection (VNRS
mean 3.1, p<0.01, 95% CI 2.80-5.50),
and upon follow-up (VNRS mean 5.9,
p<0.01, 95% CI 0.52-2.26, mean 15.6
days). Eight patients (40%) required 1
or 2 repeated injection, 5 patients (25%)
underwent surgery.

The post-injection VNRS scores
showed no statistical difference be-
tween the groups at post-injection, i.e.
immediately after the injection. How-
ever, at follow-up there was a statis-
tically significant difference between
the two groups in the improvement
in the VNRS scores (p<0.01, 95% CI
1.08-4.21) in favor of the transforami-
nal group: The interlaminar group had
an average improvement of 1.4 points
of the VNRS score, the transforaminal
group had an average improvement of
2.7 points of the VNRS score. Fourteen
patients (70%) had an improvement of
2 points or more on the VNRS scale in
the transforaminal group, compared to
9 (45%) in the interlaminar group. The
average VNRS improvement at follow-
up was 46% in the transforaminal group
and 19% in the interlaminar group.

DiscussionN

Analysis of our pre-procedure pa-
tient information did not show any sig-
nificant difference in symptom duration
between the two groups. There was also
no significant difference in MRI find-

ings (Table 1), indicating comparable
baseline data in both groups. Of note,
the interlaminar group had a higher
VNRS score compared to the transfo-
raminal group prior to the procedure,
but the difference did not reach statisti-
cal significance. Therefore, the patients
in this trial were matched for pre-in-
jection VNRS scores, MRI finding and
symptom duration.

The interlaminar group on aver-
age felt significantly better immediately
after the procedure. However, the pain
improvement was less pronounced at
follow-up, indicating a short-term treat-
ment effect mainly due to the local anes-
thetic injection. On the other hand, the
transforaminal group had significant
improvement of VNRS scores direct-
ly after the injection, which was largely
maintained at follow-up. We agree with
others that the more targeted delivery of
the injectate along the inflamed spinal
nerve is the most likely explanation for
these better outcomes (8) (Table 2). We
have changed our interlaminar tech-
nique to a “directed lateral interlami-
nar approach” by targeting the epidural
needle toward the side of the pathology.
This technique may improve outcomes
of the interlaminar approach, but these
findings are anecdotal. However, the ef-
fect of improved interlaminar injection
techniques on treatment outcomes may
warrant further scientific study.

Our study supports the findings of
Riew et al (4) that transforaminal ESIs
decrease the need for discectomies for
lumbar disc herniations. Our surgical

Table 2. Comparative responses from VINRS pre- and post-injection for both interlaminar and transforaminal

injections
Pre-injection Post-injection Follow-up Change VNRS Repeated Surgery
VNRS VNRS VNRS (pre-injection to | Injection
Mean+ SD Mean+ SD Mean+ SD F-U)
Mean+ SD
Interlaminar (n=20) 7.342.3 3.1%2.3 5.9%+2.7 14419 8 (40%) 5(25%)
Transforaminal (n=20) 5.9+2.4 2.9* 425 3.2% +2.0 2.7 42.5 9 (45%) 2(10%)

* statistically significant at p<o.01 within groups

# statistically significant at p<o.o1 with interlaminar group
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rates (10%) were lower than those re-
ported in that study (29%).

Our results are very similar to pre-
vious studies looking at the outcomes
from interlaminar and transforaminal
epidural steroid injections indepen-
dently. Buttermann reported a 42-56%
“effective treatment” in patients under-
going interlaminar epidural steroid in-
jections for a large lumbar of interverte-
bral disc herniations compared to 45%
in our study as defined by an improve-
ment of the VNRS score of two or more
points (9). Vad et al (3) reported a 84%
“success” in patients with lumbosacral
radiculopathy who underwent transfo-
raminal ESI, compared to 70% in our
group. Although these studies looked
at different outcome endpoints, the re-
sults seemed to be quite comparable to
the ones reported in our study, support-
ing the validity of our study.

The transforaminal approach has
been the favorite approach by most in-
terventional pain physicians for the
treatment of lumbar radicular symp-
toms over the last several years. This is
supported by two RCTs (3-4). Karpin-
nen’s trial, however, demonstrated few-
er positive results (10). On the other
hand, interlaminar ESIs have been used
for many years, but current science pro-
vides only limited support for the ef-
ficacy of this treatment for lumbar ra-
dicular symptoms (2,11,12). However,
all currently available studies on inter-
laminar ESIs have significant method-
ological flaws, mainly due to unreliable
utilization of fluoroscopic control and
contrast injection and the lack of cor-
relation of pathological findings on ad-
vanced imaging studies with the precise
localization of the ESI.

The currently published standards
indicate that ESIs should be performed
under fluoroscopic guidance with con-
trast injection to ensure appropriate lo-
calization of the needle and confirma-
tion of the appropriate delivery of the
injectate to the target area (6,8,13). To
our knowledge, there has been no study
to date directly comparing the transfo-
raminal with the interlaminar approach
for symptomatic lumbar radiculopa-

thies with corresponding MRI find-
ings utilizing these recommended stan-
dards.

The study has obvious limita-
tions: First, the follow-up interval for
pain improvement is short. However, it
is commonly agreed that epidural ste-
roid injections are particularly helpful
for pain control in the first weeks af-
ter the injection (2). We therefore fo-
cused our long-term outcomes on sur-
gical rates as well as the need for repeat
injections. Second, the sample size is
small. For the purpose of the study,
only patients with the previously stat-
ed, fairly strict inclusion/exclusion cri-
teria were enrolled. This eliminates a
large proportion of patients typical-
ly seen by pain interventionalists. ESIs
are commonly performed for radicu-
lar symptoms after previous lumbar
surgery, multilevel disc herniations,
chronic symptoms, previous blind epi-
dural steroid injections and for diag-
nostic reasons in cases of an unclear
diagnosis. It was our goal to limit the
study to a well-defined patient popula-
tion to increase the validity of our re-
sults. Third, all procedures were per-
formed by the same physician. The re-
sults of this study therefore reflect the
experience of one practitioner and may
not be generalized. Fourth, the study
was not randomized. Our goal was to
use a case-control design to determine
the feasibility of a future trial. The data
of this study will allow us to perform a
power analysis for an RCT, which is ul-
timately needed to more definitely an-
swer our initial hypothesis.

Therefore, the study should be
considered an initial attempt to answer
the question about the most efficacious
technique for ESL

CONCLUSIONS

Patients who received a transfo-
raminal epidural steroid injection for
the treatment of symptomatic lumbar
disc herniation had significantly better
short-term pain improvement and re-
quired fewer long-term surgical inter-
ventions than patients who were treat-
ed with an interlaminar epidural steroid

injection. The results of this study assist
in formulating an appropriate RCT.
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