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Abstract
Objective The object of the present meta-analysis is to com-
pare the effectiveness of transforaminal epidural steroid injec-
tion (TFESI) and interlaminar epidural steroid injection
(ILESI) for treating patients with low back pain (LBP) sec-
ondary to lumbosacral radicular pain.
Methods A systematic search was performed in the PubMed
and Embase databases and the Cochrane Library for relevant
literature published through January 2016. The randomized
controlled trials (RCTs) and controlled observational studies
were selected, which did not only compare TFESI with ILESI
but also reported the available data. The Cochrane
Collaboration’s Handbook and Newcastle-Ottawa Scale
(NOS) were used for the methodological quality assessments
of the RCTs and observational studies respectively. The meta-
analysis was performed using the Revman 5.2 software.
Results A total of 931 patients from nine RCTs and four ob-
servational studies were subjected to meta-analysis. In prima-
ry outcomes, the TFESI patients experienced superior pain
relief compared with the TFESI patients in RCTs (P=0.01),
but not in observational studies (p=0.63). The pooled data of
RCTs showed that the TFESI group presented superior clini-
cal results in terms of visual analogue scale (VAS) than the
ILESI group (p=0.0005). Moreover, the numeric rating scale
(NRS) specifically favored TFESI in the RCTs (p<0000.1).
Similar functional improvement and oswentry disability index
(ODI) score were observed between TFESI and ILESI in

RCTs (P=0.62). In secondary outcomes, meta-analysis of
RCTs and observational studies revealed that there were no
statistically significant differences between both groups in re-
gard to procedure frequency, surgery rate, and ventral epidural
spread.
Conclusions According to the results of meta-analysis, TFESI
to manage LBP provides superior short term pain relief and
equal functional improvement when compared to ILESI. It
has not shown a statistically significant difference between
both groups with regard to procedure frequency, surgery rate,
and ventral epidural spread.
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Introduction

Low back pain (LBP), which is the most common form of
lumbosacral radicular pain, is the leading cause of disability
[1–3]. Lumbar disc herniation (LDH) and spinal stenosis (SS)
is the main aetiology of LBP [4–6]. Numerous modalities of
treatment, including conservation approaches, traditional or
minimally invasive surgery and interventional techniques
have been commonly used for management of low back pain
[7–10].

Among various procedural interventions for LBP, epidural
steroid injection (ESI) is widely utilized for multiple indica-
tions including LBP with or without LDH, SS, and radiculitis
[2, 11–13]. Via the lumbar transforaminal or interlaminar
route, local anesthetics or steroids is injected into the site of
pathology to limit inflammatory response from injures, im-
peding the nociceptor transmission and interrupting the pain
spasm-cycle [14]. Several systematic reviews and meta-
analyses have concluded that both epidural injections with
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steroids or with local anesthetic alone provided significant
pain relief and functional improvement in managing chronic
LBP secondary to LDH or SS, and the inclusion of steroids
confers no advantage compared to local anesthetic alone
[15–19]. Even though both transforaminal injection and inter-
laminar injection can deliver medication into the epidural
space, there are important differences between the two ap-
proaches. The transforaminal approach is considered to trans-
mit the medication more closely to the primary site of pathol-
ogy, requiring less volume than the interlaminar route [20].
Moreover, multiple studies [12, 21–28] and systematic re-
views [20, 29] have shown that lumbar transforaminal epidu-
ral steroid injections (TFESI) to treat lumbosacral radicular
pain provides superior short-term (≤1 year) pain relief and
functional improvement compared with interlaminar epidural
steroid injections (ILESI).

In contrast, recent studies have suggested that TFESI was
equivalent in pain relief and functional improvement to ILESI
for the management of LBP secondary to lumbosacral radic-
ular pain [30–35]. A few randomized controlled trials have
focused on evaluating the efficacy of TFESI and ILESI, and
the available studies are limited by their small sample size,
thereby resulting in controversy over the clinical benefits of
TFESI and ILESI. Although several systematic reviews
concerning the clinical efficacy between TFESI and ILESI
have been performed [20, 29, 34, 35], the valid data are not
pooled and analyzed. In addition, a number of new RCTs have
recently emerged. Therefore, the objective of this study is to
compare the clinical outcomes between the two procedures by
a meta-analysis.

Methods

Search strategy

According to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [36], this
meta-analysis was performed for comparing TFESI and ILESI
in treating patients with LBP. We performed systematic
searches of the relevant literature contained in PubMed,
Embase, and the Cochrane Library for studies published up
to January 2016. The following keywords were used for the
database research: Bchronic low back^, Blower extremity pain^,
Blumbar disc herniation^, Bspinal stenosis^, Bradiculitis^,
Bradicular pain^, Bsciatica^, Bepidural injections^, Bepidural
steroid^, Bselective nerve root blocks^, Bnerve root injections^,
Bnerve blocks^, Btransforaminal^, Binterlaminar^, and
Binterspinous^. The search was limited to English publications,
although it was not limited to RCT and included all study de-
signs. In addition, references from each article comparing two
routes were also manually screened until no additional studies
were found.

Inclusion and exclusion criteria

The following inclusion criteria for the articles selected were
applied: 1) patients’ LBP were secondary to LDH or lumbar
SS; 2) eligible RCT and observational studies that directly
compare TFESI and ILESI; 3) at least one of the following
data was presented: visual analogue scale (VAS), Oswentry
disability index (ODI), numeric rating scale (NRS), effective
pain and functional relief, procedure frequency, surgery rate,
and ventral spread; 4) patients were followed-up at least
two weeks. We excluded from the final analysis: 1) review
articles, abstracts, letters and case report; 2) a lack of consis-
tent use of fluoroscopic guidance; 3) absent of any outcome of
interest and studies not available in English.

Data extraction

After duplicate publications were deleted, two investigators
(GW and BC) independently screened all titles and abstracts
related to inclusion criteria, and thereafter reviewed the full
text when the study was considered to be relevant or not clear.
Then, the following data was independently extracted from
each eligible study: first author, publication date, number of
patients, demographic information, intervention characteris-
tics and all the outcome parameters which consisted of VAS,
ODI, NRS, number of patients with effective pain and func-
tional relief, procedure frequency, surgery rate, and ventral
epidural spread. Any discrepancies were resolved through
group discussion. Extracted data were entered into a standard-
ized Excel file and checked by another author (CSZ).

Assessment of methodological quality

Two authors (GW and BC) independently utilized two differ-
ent tools to assess the methodological quality of the included
RCTs or observational studies. For RCTs, the Cochrane
Collaboration’s Handbook was applied, and the following
criteria: adequate sequence generation, allocation conceal-
ment, blinding, incomplete outcome data, selective outcome
reporting, and other potential sources of bias [37]. For obser-
vational studies, the Newcastle-Ottawa scale (NOS) was used
for the methodological quality assessment, with three aspects
of selection, comparability, and outcome [38]. The quality of
each study was graded as low (0–3), moderate (4–6), and high
(7–9). Discrepant opinions were resolved by discussion and
consensus.

Statistical analysis

The meta-analysis of RCT and observational studies was per-
formed separately using Review Manager 5.2 software, when
there were available data that could be combined. For contin-
uous results, the mean and standard deviation (SD) were used
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to calculate the mean difference (MD) and 95 % confidence
interval (CI). For dichotomous outcomes, such as in the num-
ber of events, the relative ratio (RR) and the 95 % CI were
computed. The heterogeneity between studies was tested by
using the I2 statistic and the χ2 test. When I2 statistic >50% or
P<0.1, the data was considered to have substantial heteroge-
neity and a random-effects model was selected. Otherwise, a
fixed-effects model was applied to estimate the overall sum-
mary effect size. A value of P<0.05 was regarded as statisti-
cally significant. When heterogeneity existed, a sensitivity
analysis was performed to evaluate the influence of the indi-
vidual study on the pooled results by omitting every single
study per iteration.

Results

Study selection

The primary literature search identified 956 potentially rele-
vant titles. After discarding the duplicate studies and reading
the titles and abstracts of the articles, 929 publications were
excluded. The remaining study was further assessed for eligi-
bility based on the full text articles. Although three studies
included caudal epidural steroid injection as part of their re-
search protocol [12, 27, 28], only data on TFESI or ILESI
were included for analysis. Eventually, nine RCTs [21, 24,
26–28, 30–32, 39] and four observational studies [12, 22,
25, 33] were identified for data collection and critical assess-
ment. The process of literature selection is presented in Fig. 1.

Study characteristics

The main characteristics of the included RCTs and observa-
tional studies are summarized respectively in Tables 1 and 2.
The 13 eligible studies assessed a total of 931 participants
(RCTs: 242 for the TFESI group, 263 for the ILESI group;
observational studies: 128 for the TFESI group, 178 for the
ILESI group), with ages ranging from 35 to 67 years. Plenty of
patients received injections at L4-L5 or L5-S1 levels. In the
majority of studies, VAS and NRS were applied to measure
pain rating scores, and ODI was used to evaluate functional
ability. A 50 % or greater pain relief from baseline on VAS
was considered significant.

Risk of bias in included studies

The risk of bias of the included RCTs is presented in Fig. 2.
All RCTs [21, 24, 26–28, 30–32, 39] had low risk of bias for
random sequence generation, incomplete outcome data and
selecting reporting. The method of concealment of allocation
was reported in four studies [24, 26, 28, 31]. Four of the nine
studies [26, 28, 31, 32] performed patient blinding, and all

trials demonstrated assessor blinding, with the exception of
one study [32]. Regarding other bias, two studies [21, 28]
had been unclear. Four observational studies were assessed
using NOS (Table 3). All of them had won seven stars, con-
sidered as relatively high-quality.

Primary outcomes

Pain relief

The available data regarding post-injection follow-up pain
relief in both TFESI and ILESI group were provided in four
RCTs [21, 27, 30, 32] and two observational studies [12, 33].
The outcome from the pooled analysis of four RCTs showed
that patients in the TFESI group had a significant pain relief
compared to those in the ILESI group (RR 1.28, 95 % CI
1.05–1.57, P=0.01; Fig. 3), whereas this difference was not
observed in two observational studies (RR 1.06, 95 % CI
0.82–1.38, p=0.63; Fig. 3). There were no indications of sta-
tistical heterogeneity in RCTs (P=0.27, I2 =24 %) and the
observational studies (P=0.6, I2 = 0 %).

Data of VAS pain scores were available from four RCTs
[24, 28, 32, 39] and two observational studies [22, 33]. Pooled
estimates from four RCTs indicated that the TFESI patients
had a significant reduction on VAS (MD −0.69, 95 % CI
−1.08 to -0.30, p=0.0005; Fig. 4), and significant heteroge-
neity was not observed (P=0.64, I2 =0 %). On the contrary,
Pooled estimates from two observational studies showed that
there was no significant difference between the two groups
(MD −10.88 95 % CI −32.54–10.78, p=0.32; Fig. 4), and it
should be noted that significant heterogeneity was detected in
the observational studies (I 2=99 %, P<00001).

Fig. 1 Flow diagram of the literature search

International Orthopaedics (SICOT) (2016) 40:2533–2545 2535



T
ab

le
1

C
ha
ra
ct
er
is
tic
s
of

th
e
in
cl
ud
ed

ni
ne

R
C
Ts

St
ud
y
(y
ea
r)

St
ud
y
de
si
gn

Pa
rt
ic
ip
an
ts

D
ur
at
io
n
of

fo
llo

w
-u
p

C
au
se

of
pa
in

In
te
rv
en
tio

ns
O
ut
co
m
es

T
F

IL

G
ha
ie
ta
l.

(2
01
4)

[3
0]

R
C
T
do
ub
le
bl
in
d

pr
os
pe
ct
iv
e

30
pa
tie
nt
s;
19

m
al
es
,1
1

fe
m
al
es
;m

ea
n
ag
e

46
.1
±
12
.5
;d

ur
at
io
n
of

pa
in
:3

0.
2
±
65
.8

m
on
th
s

32
pa
tie
nt
s;
17

m
al
es
,

15
fe
m
al
es
;m

ea
n
ag
e

42
.8
±
9.
6;
du
ra
tio

n
of
pa
in
:

25
.1
±
25
.9

m
on
th
s

2
w
ee
ks
,1
,2
,3
,6
,9
,

an
d
12

m
on
th
s

L
D
H
an
d/
or

L
SS

T
F
an
d
IL
:8

0
m
g

m
et
hy
lp
re
dn
is
ol
on
e
ac
et
at
e

+
2
m
L
st
er
ile

no
rm

al
sa
lin

e
V
ol
:4

m
l

E
ff
ec
tiv

e
pa
in

re
lie
f,
V
A
S,

M
O
D
Q
,P

G
IC
,p
ro
ce
du
re

fr
eq
ue
nc
y,
ve
nt
ra
la
nd

pe
ri
ne
ur
al
sp
re
ad
,

fl
uo
ro
sc
op
y
tim

e
an
d

co
m
pl
ic
at
io
ns

R
ez
en
de

et
al
.

(2
01
5)

[2
4]

R
C
T
do
ub
le
bl
in
d

pr
os
pe
ct
iv
e

20
pa
tie
nt
s;
7
m
al
es
,1
3

fe
m
al
es
;m

ea
n
ag
e
48
.8
5

du
ra
tio

n
of

pa
in
:N

R

20
pa
tie
nt
s;
10

m
al
es
,

10
fe
m
al
es
;m

ea
n
ag
e
50
.0
5

du
ra
tio

n
of

pa
in
:N

R

24
h,
7,
21

da
ys

3
m
on
th
s

L
D
H
an
d/
or

L
SS

T
F
an
d
IL
:1

20
m
g

be
ta
m
et
ha
so
ne

ph
os
ph
at
e
+

2
m
L
0.
25

%
ne
o-

bu
pi
va
ca
in
e
+
5
m
L
of

di
st
ill
ed

w
at
er

V
ol
:1

0
m
l

V
A
S,

co
m
pl
ic
at
io
ns

G
up
ta
et
al
.

(2
01
4)

[2
1]

R
C
T
si
ng
el
bl
in
d

pr
os
pe
ct
iv
e

20
pa
tie
nt
s;
10

m
al
es
,

10
fe
m
al
es
;m

ea
n
ag
e

50
.6
±
15
;d

ur
at
io
n
of

pa
in
:

≥4
w
ee
ks

20
pa
tie
nt
s;
10
m
al
es
,1
0

fe
m
al
es
;m

ea
n
ag
e

49
.7
±
16
.3
;d

ur
at
io
n
of

pa
in
:≥

4
w
ee
ks

1
w
ee
k,
1,
3
m
on
th
s

U
ni
la
te
ra
lL

D
H

an
d/
or

SS
T
F
an
d
IL
:4

0
m
gt
ri
am

ci
no
lo
ne

ac
et
at
e
+

0.
25
%
bu
pi
va
ca
in
e
+

1,
50
0
IU

hy
al
ur
on
id
as
e

an
d
50

m
g
tr
am

ad
ol

V
ol
:

3
m

l

E
ff
ec
tiv
e
pa
in

re
lie
f,
ve
nt
ra
l

sp
re
ad

an
d
ne
rv
e
ro
ot

fi
lli
ng
,c
om

pl
ic
at
io
ns

R
ad
os

et
al
.

(2
01
1)

[3
2]

R
C
T
si
ng
el
bl
in
d

pr
os
pe
ct
iv
e

32
pa
tie
nt
s;
20

m
al
es
,

12
fe
m
al
es
;m

ea
n
ag
e

46
.1
±
12
.5
;d

ur
at
io
n
of

pa
in
:8

–9
m
on
th
s

32
pa
tie
nt
s;
21

m
al
es
,

11
fe
m
al
es
;m

ea
n
ag
e
49
.2
;

du
ra
tio

n
of

pa
in
:8

–9
m
on
th
s

6
m
on
th
s

L
D
H
an
d/
or

L
SS

T
F:

40
m
g

m
et
hy
lp
re
dn
is
ol
on
e
+
3
m
l

0.
5
%

lid
oc
ai
ne

V
ol
:5

m
l

IL
:8

0
m
g

m
et
hy
lp
re
dn
is
ol
on
e
+
8
m
l

0.
5
%

lid
oc
ai
ne

V
ol
:1

0
m
l

E
ff
ec
tiv

e
pa
in

an
d
fu
nc
tio

na
l

re
lie
f,
V
A
S,

O
D
I,
an
d

G
lo
ba
lP

er
ce
iv
ed

E
ff
ec
t

Q
ue
st
io
nn
ai
re
s

G
ha
ri
bo

et
al
.

(2
01
1)

[2
6]

R
C
T
do
ub
le
bl
in
d

pr
os
pe
ct
iv
e

20
pa
tie
nt
s;
11
m
al
es
,9

fe
m
al
es
;m

ea
n
ag
e

48
.0
5
±
12
.6
3;

du
ra
tio
n
of

pa
in
:≥

4
m
on
th
s
an
d
≤

1
ye
ar

18
pa
tie
nt
s;
13

m
al
es
,5

fe
m
al
es
;m

ea
n
ag
e

51
.2
2
±
17
.0
9;

du
ra
tio

n
of

pa
in
:≥

4
m
on
th
s
an
d
≤

1
ye
ar

10
-1
6
da
ys

L
D
H
an
d/
or

L
SS

T
F
an
d
IL
:8

0
m
g

tr
ia
m
ci
no
lo
ne

di
ac
et
at
e

+
2
m
L
0.
25

%
bu
pi
va
ca
in
e
V
ol
:4

m
l

N
R
S,

O
D
I,
pr
oc
ed
ur
e

fr
eq
ue
nc
y,
de
pr
es
si
on

sc
al
e,
w
al
ki
ng

to
le
ra
nc
e,

th
e
ab
ili
ty

to
to
le
ra
te

ph
ys
ic
al
th
er
ap
y

A
ck
er
m
an

et
al
.

(2
00
7)

[2
7]

R
C
T
si
ng
el
bl
in
d

pr
os
pe
ct
iv
e

30
pa
tie
nt
s;
20

m
al
es
,1
0

fe
m
al
es
;m

ea
n
ag
e
34

±
5;

du
ra
tio

n
of

pa
in
:

35
±
5
da
ys

30
pa
tie
nt
s;
21

m
al
es
,9

fe
m
al
es
;m

ea
n
ag
e

39
.2
±
6;

du
ra
tio
n
of

pa
in
:

33
±
7
da
ys

2
w
ee
ks

3,
6
m
on
th
s

L
D
H
an
d/
or

L
SS

T
F
an
d
IL
:4

0
m
g

tr
ia
m
in
co
lo
ne

+
3
m
L

is
oh
ex
ol

30
0
+
4
m
L

pr
es
er
va
tiv

e-
fr
ee

sa
lin

V
ol
:

8
m
l

Pa
in

re
lie
f,
N
R
S,

O
D
I,

pr
oc
ed
ur
e
fr
eq
ue
nc
y
an
d

th
e
B
ec
k
de
pr
es
si
on

sc
or
es

C
an
di
do

et
al
.

(2
00
8)

[3
9]

R
C
T
si
ng
el
bl
in
d

pr
os
pe
ct
iv
e

28
pa
tie
nt
s;
16

m
al
es
,1
2

fe
m
al
es
;m

ea
n
ag
e
51
.9
6;

du
ra
tio

n
of

pa
in
:

≥0
.5

m
on
th
s

29
pa
tie
nt
s;
11

m
al
es
,1
8

fe
m
al
es
;m

ea
n
ag
e
52
.3
1;

du
ra
tio

n
of

pa
in
:

≥0
.5

m
on
th
s

2
w
ee
ks
,1
,3
,

6
m
on
th
s.

L
D
H
an
d/
or

L
SS

T
F
an
d
IL
:8

0
m
g

m
et
hy
lp
re
dn
is
ol
on
e
ac
et
at
e

+
1
m
L
1
%

lid
oc
ai
ne

+
1
m
L
no
rm

al
sa
lin
e
V
ol
:

4
m
l

V
A
S,

fl
uo
ro
sc
op
y
tim

e
an
d

co
nt
ra
st
sp
re
ad

K
am

bl
e
et
al
.

(2
01
5)

[2
8]

R
C
T
do
ub
le
bl
in
d

pr
os
pe
ct
iv
e

30
pa
tie
nt
s;
ge
nd
er
,a
ge

an
d

du
ra
tio

n
of

pa
in
:N

R
30

pa
tie
nt
s;
ge
nd
er
,a
ge

an
d

du
ra
tio

n
of

pa
in
:N

R
1
h,
1,
6
m
on
th
s

L
D
H
an
d/
or

L
SS

T
F:

40
m
g
tr
ia
m
ci
no
lo
ne

ac
et
at
e
+
1
m
lb

up
iv
ac
ai
ne

+
2
m
ll
ig
no
ca
in
e
V
ol
:4

m
l

IL
:4

0
m
g
tr
ia
m
ci
no
lo
ne

ac
et
at
e
+
1
m
lb

up
iv
ac
ai
ne

+
2
m
ll
ig
no
ca
in
e
+
6
m

l
no
rm

al
sa
lin

e
V
ol
:1

0
m
l

V
A
S,

ch
an
ge

in
V
A
S,

O
D
I,

pr
oc
ed
ur
e
fr
eq
ue
nc
y
an
d

su
rg
er
y
ra
te

2536 International Orthopaedics (SICOT) (2016) 40:2533–2545



Furthermore, two RCTs [26, 27] and one observational
study [25] evaluated the pain relief by the method of NRS
between the TFESI group and the ILESI group. The pooled
outcome from two RCTs showed that the TFESI patients ex-
perienced superior pain relief compared with the ILESI pa-
tients (MD −3.02, 95 % CI −4.03–-2.00, p<0000.1; Fig. 5).
No statistical heterogeneity was discovered (I 2 = 0 %,
P=0.56). The same effects were observed in one observation-
al study (RR −2.70, 95 % CI −4.17 to -1.23, P= 0.0003,
Fig. 5).

Functional improvement

Two RCTs [31, 32] and one observational study [22] reported
data on functional improvement. Meta-analysis of the functional
improvement events displayed no significant difference in both
groups (RR 1.08, 95 %CI 0.79–1.47; P=0.64, heterogeneity
test, P=0.2 and I2=38%, Fig. 6). However, in one observation-
al study, the functional improvement rate was significantly
higher in the TFESI group (14/25) than in the ILESI group
(6/24) (RR 2.24, 0.02, 95 % CI 1.03–4.86, P=0.04, Fig. 6).

Data of ODI were available from four RCTs [26–28, 32]
and one observational study [22]. We performed the meta-
analysis to investigate the effects of functional improvement
in both groups, even though the heterogeneity was high
(P=0.04, and I2=63%). A random effect model of the pooled
data revealed no significant difference (MD −1.10, 95 % CI
−5.43–3.23, P=0.62, Fig. 7). However, the observational
study suggested that TFESI was more effective than ILESI
in improving functional status (MD −22.4, 95 % CI −24.52
to -20.28, P<00001, Fig. 7).

Secondary outcomes

Procedure frequency

Four RCTs [26–28, 30] and three observational studies [22,
25, 33] were included in the analysis of events of repeated
injection. In RCTs, the meta-analysis indicated no significant
difference between both groups in the rate of repeated injec-
tion (RR 0.78, 95 % CI 0.42–1.46, P=0.43; Fig. 8). Similar
results were shown in the observational studies (RR 1.07,
95 % CI 0.81–1.41, P=0.62; Fig. 8). It should be noted that
significant heterogeneity was detected in the RCTs (P=0.05,
I2 = 62 %) but not the observational studies (P = 0.58,
I2 =0 %).

Surgery rate

One RCT [28] and three observational studies [22, 25, 33]
reported the number of patients that underwent surgery during
the follow-up. The RCT suggested that neither TFESI
(6.67 %) nor ILESI (10 %) resulted in lower rate of surgeryT
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when compared with each other (RR 0.67, 95%CI 0.12–3.71,
P=0.64, Fig. 9). Moreover, there was no indication of statis-
tical heterogeneity in three observational studies (P=0.52,
I2 =0 %), and a fixed-effect model of the pooled data revealed
no significant difference in surgery rate between the two
groups (RR 0.72, 95 % CI 0.31–1.67, P=0.44, Fig. 9).

Ventral epidural spread

Three RCTs [21, 30, 39] presented data of ventral epidural
spread. The pooled estimates did not identify statistically

significant differences in the TFESI and ILESI groups by
using random-effect model (RR 0.94, 95 % CI 0.74–1.19,
P=0.61, Fig. 10). There was significant heterogeneity be-
tween the included studies (P=0.04, I2=69 %).

Sensitivity analysis

A series of sensitivity analysis were conducted to assess
the stability of synthesis results and to identify sources of
heterogeneity by removing every single study and analyz-
ing the effect on overall results. According to the analysis

Table 3 Quality assessment of four observational studies with NOS

First author Year Selection of subjects
(4 stars)

Comparability of groups
(2 stars)

Measurement of exposure
(3 stars)

Total star of NOS
(9 stars)

Kawu et al. [22] 2012 ★★★★ ★ ★★ ★★★★★★★

Lee et al. [12, 23] 2009 ★★★★ ★ ★★ ★★★★★★★

Schaufele et al. [25] 2006 ★★★★ ★ ★★ ★★★★★★★

Smith et al. [33] 2010 ★★★★ ★ ★★ ★★★★★★★

Fig. 2 Risk of bias graph and
summary: a review of the author’s
judgments regarding each risk of
bias item, for each included RCT

International Orthopaedics (SICOT) (2016) 40:2533–2545 2539



results, there was not a particularly influential study
among all selected studies, apart from the impact of
Chai’s study [30] on procedure frequency. Exclusion of
the Chai’s trial dramatically altered the results on proce-
dure frequency, resulting in statistic difference between
TFESI and ILSEI groups (RR = 0.55, 95 % CI 0. 34–
0.88, P= 0.01; heterogeneity, I2 = 0 % and P= 0.37). This
heterogeneity may have been due to differences of adju-
vant therapies included individual patient exercise rou-
tines and analgesic drug therapy. Due to the small number
of studies included, we did not undertake a publication
bias assessment.

Discussion

This is a further meta-analysis of nine RCTs and four obser-
vational studies to evaluate the efficacy of TFESI and ILESI in
the treatment of LBP with lumbosacral radicular pain. In the
pooled study of around 931 participants from 13 studies, we
chose VAS, NRS, and ODI to assess pain relief and functional
improvement of patients post-operatively. The primary find-
ing from our study consistently suggested that clinical results
of the TFESI were significant different from those of the
ILESI on pain relief, whereas equivalent functional improve-
ment was observed in both groups. In terms of procedure

Fig. 3 Forest plot of effective pain relief

Fig. 4 Forest plot of VAS
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frequency, surgery rate and ventral epidural spread, the results
of this review showed that there was no significant difference
between the two approaches.

To our knowledge, three systematic reviews [13, 34, 35]
evaluating the clinical effectiveness of TFESI vs. ILESI have
been published recently. What they found was in disagreement
with the result of our meta-analysis which showed TFESI was
clinically significantly superior to ILESI in the treatment of
pain. Nevertheless, an equivalent functional improvement in
both groups was revealed in our study and consistent with the
result of the above three reviews. The difference may be par-
tially ascribed to small sample size and different score systems
in the previous three systematic reviews, which may result in
publication bias. Moreover, transforaminal epidural injection
considered as a specific route was the targeted delivery of the
injectate to the typical site of nerve root compression,

nevertheless the interlaminar epidural injection was regarded
as a non-specific approach since the injectate is free to extend
within the posterior epidural space with possible flow anteri-
orly, cephalad, and caudad [40, 41]. The SS or LDH patients
usually were accompanied by the epidural ligaments fibrosis,
scar tissue, hypertrophies of postlongitudinal ligaments,
hypertrophied lateral recess, which may prevent interlaminar
techniques from delivering injectate directly to the ventral
aspect of the lumbar nerve root sleeve and the dorsal aspect
of the disc herniation where inflammatory and mechanical re-
actions occur [23, 42, 43]. Whereas, the transforaminal tech-
nique was easier to deliver injectate into the ventral or anterior
epidural space compared with the interlaminar technique.
Thus, this might explain reasons that TFESI was more effec-
tive than ILESI in treating LBP originated from SS and LDH.
Moreover, TFESI may be a more effective treatment method

Fig. 5 Forest plot of NRS

Fig. 6 Forest plot of functional improvement
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for reduction of radiating leg pain, and study of patients with
radiating leg pain is worth conducting in the future. However,
it was noted that the pooled data of two low-evidenced non-
RCTs showed no significant difference in effective pain relief.
With respect to the assessment of functional improvement on
ODI, there was no significant difference between both groups
in RCTs. However, the heterogeneity test showed significant
values. A possible explanation is that the confounding vari-
ables, which included the baseline scores or disease status,
opioid intake, physical therapy, and follow-up time, may have
impacted the outcomes. Through sensitivity analysis, we
found that the heterogeneity became insignificant after elimi-
nating the Kamble’s trial [28], whereas this did not affect the
results.

In secondary outcomes, an equal frequency of ESI through
both TF and IL approaches was observed respectively in four
RCTs [26–28, 30] and three observational studies [22, 25, 33]
in our meta-analysis. On account of inconsistent subjective
indications of repeated injection and the differences of adju-
vant therapies, the results should be interpreted discreetly.
Some studies [27, 30] suggested that repetitive injections
could increase the clinical efficacy via TF or IL routes, which
may be in part related to the cumulative effect of epidural
steroid. The TFESI group did not have high repeat numbers
of injections in spite of the more effective pain relief in TFESI
group in our meta-analysis. Multiple studies also illustrated
patients that had undergone LBP could reduce the rate of
spinal surgery in the short term, when treated with epidural

Fig. 7 Forest plot of ODI

Fig. 8 Forest plot of procedure frequency
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injections [11, 44–47]. In our studies, we evaluated the rates of
surgery between the TFESI group and the ILESI group by the
pooled data of three observational studies [22, 25, 33], and we
did not find a significant difference in both groups. Similar
results were observed in one RCT [28]. However, it is argu-
able that the follow-up time is inconsistent or there no suffi-
cient time to make decisions regarding the effectiveness of
LESI, especially in terms of preventing surgery. Besides, the
limited long-term effectiveness of ESI was associated with
numerous factors, including the duration of action of the ste-
roid, procedure frequency, and disease progression of the
patient.

The different clinical effects of the two techniques were in
connection with ventral epidural spread of the injectate. The
patients with TFESI had greater incidence of ventral epidural
spread of injectate which corresponded to a better outcome
when compared to interlaminar injection [23, 26, 48]. The
targeted site of interface of the disk and the exiting root was
often situated in the ventral epidural space, whereas the
injectate from the interlaminar route may be prevented from
diffusing from the posterior epidural space to the ventral epi-
dural space. Nevertheless, our meta-analysis based on only
three RCTs [21, 30, 39] suggested that the transforaminal

approach was balanced with the interlaminar route for placing
contrast into the ventral epidural space. This finding may be
explained by the fact that the limited numbers of patients did
not have sufficient power to detect differences in the ventral
epidural spread between the two groups.

The results of this study may be applied to interventional
pain management practices utilizing the superiority of TFESI
over ILESI. Even though the adverse event rates of both ap-
proaches were not evaluated in our studies because of a few
complications reported and the short-term follow-up time, the
choice between ILESI and TFESI should be based on docu-
mented efficacy and effectiveness but not driven by safety
concerns [49]. Moreover, this meta-analysis was conducted
on RCTs and observational studies respectively, and all of
themwere of high quality. The RCTwouldminimize the recall
and selection bias and provide strong evidence for TFESI in
managing LBP with lumbosacral radicular pain in the short
term (≤1 year). Meantime, the observational studies could
further confirm the pooled results of the RCTs.

However, a number of potential limitations should be taken
into account when interpreting our results. First of all, doses,
injectate volumes or types of glucocorticoids, and analgesic
drug therapy in each trial were not exactly the same, which is

Fig. 9 Forest plot of surgery rate

Fig. 10 Forest plot of ventral epidural spread
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likely to have an impact on the results of our meta-analysis.
Second, the limited numbers of RCTs, sample size, lack of
long term follow-up, and appropriate outcome parameters
maybe bring about inconsistencies in our results. Thirdly, we
did not perform a publication bias assessment because of the
relatively limited quantity of included studies. Finally, there is
no consistency or standardization of indications (HVID and
SS) and operation procedure utilized for either TFESI or
ILESI between studies. Although the evidence may be imper-
fect, the results of this meta-analysis have implications for
clinical practice, which can guide physicians and patients to
make the appropriate choice for treating LBP with lumbosa-
cral radicular pain by TFESI or ILESI.

Conclusions

As a result of our meta-analysis, the overall summary sug-
gested that TFESI to manage LBP secondary to lumbosacral
radicular pain results in superior short term pain relief but
equal functional improvement when compared to ILESI.
Regarding procedure frequency, surgery rate, and ventral epi-
dural spread, it did not show a statistically significant differ-
ence between both groups. Sufficient, high-quality, prospec-
tive randomized controlled trials with large samples are re-
quired to further evaluate these two procedures.
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