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Background: Epidural injection (El) has been used to manage lower back and radicular leg
pain caused by a herniated lumbar disc. There are 3 types of El techniques currently being used:
transforaminal (TFEI), interlaminar (ILEl), and caudal epidural injections (CEl).

Objectives: To evaluate the comparative effectiveness of TFEI, ILEl, and CEl in reducing pain and
improving function in patients with HLD.

Study Design: Systematic review and meta-analysis.

Methods: The PubMed, Embase, Cochrane Library, and Scopus databases were searched from
the earliest records up to August 2022 for randomized controlled trials (RCTs) and non-RCTs. The
standard mean differences (SMDs) in the changes in the Visual Analog Scale (VAS) and Oswestry
Disability Index (ODI) scores were calculated from one week through one month posttreatment
(short-term) and from 4 months through 6 months posttreatment (long-term).

Results: In total, 11 studies comprising 1,050 patients were included. Network meta-analysis
showed that the improvement in the VAS scores was better with TFEI than with CEl (SMD =
-1.16, 95% Cl = -2.10 to —0.23). Ranking probability analysis showed that TFEI had the highest
probability of being the best treatment for reducing pain and improving function in the short- and
long-term evaluation periods.

Limitations: Only a small number of previous studies were included in our analysis. Also,
subgroup analysis according to the injection volume, material type, or pain onset could not be
conducted.

Conclusions: TFEl had the best potential of the 3 El techniques to reduce pain and improve
function in patients with a herniated lumbar disc. Further qualified trials comparing the effects of
these 3 techniques are warranted to derive definitive conclusions.

Key words: Disc herniation, back pain, radicular pain, epidural injection, transforaminal injection,
interlaminar injection, caudal injection, lumbar spine
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herniated lumbar disc (HLD) is one of the most
common musculoskeletal diseases causing
lower back and lumbosacral radicular pain
in the lower extremities (1). The primary mechanism
underlying the pain associated with an HLD is chemical
inflammation surrounding the sinuvertebral nerves in

the ventral epidural space and nerve roots (2). In most
HLD cases, the pain can be successfully managed with
conservative treatment (3). Various oral medications
and procedures are used to control inflammation
caused by an HLD. Among these therapeutic methods,
epidural injection (El) is frequently used in clinical
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practice (4-14). The injected drugs control the axial
or radicular pain by reducing inflammation around
the HLD. Several previous studies have reported the
favorable HLD-induced pain-reducing effect of these
injected drugs (4-14). Three types of El techniques,
including transforaminal El (TFEl), interlaminar El
(ILEI), and caudal El (CEl), have been utilized in clinical
practice (4-14).

Because the HLD is usually located in the ventral
epidural space, it is logical to consider that drugs
should be administered into this space. While TFEI can
deliver drugs directly into the ventral epidural space,
ILEI delivers drugs into the posterior epidural spaces
with the expectation that the injected drugs will even-
tually spread to the ventral epidural spaces ( 15,16). CEl
is considered as an easy and safe procedure providing
favorable clinical outcomes (17). However, because CEl
is not administered specifically in the pathologic area,
a significant portion of the injectate may not reach the
target area even when a large drug volume is injected.
Since TFEIl can directly deliver the drugs into the ventral
epidural space, we believe that it can achieve better
clinical effects than the other El methods. However,
conflicting outcomes regarding the superiority of the
techniques have been reported in previous studies
(4-14).

To date, a few meta-analyses have compared the
effects of the aforementioned 3 techniques on an
HLD (18-22), and some have compared only 2 of the
3 procedures. Our study used a network meta-analysis
to synthesize and compare the effects of TFEI, ILEI, and
CEl on HLD pain. Ranking the effectiveness of each El
technique would be clinically useful and could help
clinicians choose appropriate treatments for patients
with an HLD.

METHODS

Search Strategy

This meta-analysis was performed in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines. The
protocol of this meta-analysis was registered with the
International Platform of Registered Systematic Review
and Meta-analysis Protocols (Registration number:
INPLASY202280091). The relevant articles were sys-
tematically searched using PubMed, Embase, Cochrane
Library, and Scopus databases up to August 2022.

The following “Population/Patient, Intervention,
Comparison, and Outcome” question guided the search

strategy: “In patients with lower back and radicular leg
pain caused by HLD, which intervention among TFElI,
ILEI, and CEl has a better effect on pain reduction and
functional improvement when compared to the oth-
ers?” The search was conducted using the established
individual search terms in the search engine of each
database (Supplemental File 1).

Study Selection

The detailed inclusion criteria for the network
meta-analysis were studies with 1) patients aged > 18
years; 2) patients having lower back and radicular leg
pain caused by an HLD; 3) a diagnosis of an HLD on
radiological evaluation, such as magnetic resonance
imaging or computed tomography; 4) randomized
controlled trials (RCTs) and non-RCTs, including at least
two therapeutic arms comprising TFEI, ILEI, or CEl; (5)
using the Visual Analog Scale (VAS) or Oswestry Dis-
ability Index (ODI) for outcome measurements; and 6)
written in English.

The exclusion criteria were 1) studies with patients
with a previous history of lumbar and lumbosacral
surgery, nonspecific lower back pain without a definite
diagnosis of an HLD, severe disc degeneration, intradis-
cal derangement or a bulging disc, spinal stenosis, or
prominent spinal instability; 2) reviews, case reports,
commentaries, letters, and animal studies; and 3) stud-
ies with outcomes that were not reported or were
insufficient.

Two independent reviewers excluded articles after
reading the titles and abstracts (SGK and MCCQ); full-
text assessments were conducted to exclude those that
did not fulfill the inclusion criteria. The reviewers at-
tempted to resolve any disagreements through consen-
sus. If necessary, the opinion of a third reviewer (YJC)
was considered to resolve the disagreement.

Data Extraction

All data were extracted independently by 2 re-
viewers (SGK and MCC) using a standard data collec-
tion form. If the designated outcome variables were
unavailable or incomplete in the published articles,
the corresponding authors were contacted for the
original data. The following data were recorded using
a table for each eligible article: 1) name of the first
author; 2) year of publication; 3) number of patients;
4) type and dose of injectate; 5) type of approach
technique; 6) follow-up period; 7) clinical evaluation
tools; and 8) comparative results extracted from the
selected articles.
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Quality Assessment

To assess the methodological quality assessment
and qualitative analysis utilizing best evidence syn-
thesis principles, the Interventional Pain Management
Techniques—Quality Appraisal of Reliability and Risk of
Bias Assessment (IPM-QRB) (23) was used for RCTs (n
= 9) (4,6-12,14) and Interventional Pain Management
Techniques—Quality Appraisal of Reliability and Risk
of Bias Assessment for Nonrandomized Studies (IPM-
QRBNR) (24) was used for non-RCTs (n = 2) (5,13).

The IPM-QRB assesses the following 22 domains:
trial design guidance and reporting, type and design of
trial, setting/physician, imaging, sample size, statistical
methodology, inclusiveness of the population, duration
of pain, previous treatments, duration of follow-up
with appropriate interventions, outcome assessment
criteria for significant improvement, analysis of all ran-
domized patients in the groups, description of dropout
rate, similarity of groups at baseline for important
prognostic indicators, role of co-interventions, method
of randomization, concealed treatment allocation,
patient blinding, care provider blinding, outcome as-
sessor blinding, funding and sponsorship, and conflicts
of interest.

The IPM-QRBNR assesses the following 16 domains:
study design guidance and reporting, study design and
type, setting/physician, imaging, sample size, statistical
methodology, inclusiveness of population, duration of
pain, previous treatments, duration of follow-up with
appropriate interventions, outcome assessment criteria
for significant improvement, description of drop-out
rate, similarity of groups at baseline for important
prognostic indicators, role of co-interventions, method
of assignment of patients, and funding/ sponsorship.

The IPM-QRB and IPM-QRBNR were provided as
checklists for scoring each item. Scores from 32 to 48
were considered to be high-quality studies. A score of
16-31 was considered a moderate-quality study. A score
of less than 16 was considered a low-quality study (25).
These evaluations were conducted by 2 independent
reviewers (SGK and MCC), and all discrepancies were
resolved through discussions between them.

Data Synthesis and Analysis

Continuous variables were analyzed with the out-
comes presented as standard mean differences (SMDs)
and 95% confidence intervals (Cl) for the changes in the
VAS and ODI scores in the short- and long-term periods.
The short- and long-term periods were defined as the
period from one week through one month posttreat-

ment and from 4 months through 6 months posttreat-
ment, respectively. If there were several measurements
within the same time frame (short-term or long-term),
the outcome recorded during the last follow-up was
used in the meta-analysis.

The I? statistic and Cochran’s Q test were used to
determine the heterogeneity of direct comparisons.
Significant heterogeneity was assumed in the case of
12 values > 50% and P values < 0.05. Probability rank-
ing metrics were used to reflect the clinically important
relative differences in outcomes, which were shown on
the ranking probability curves and surface under the
cumulative ranking area (SUCRA). The SUCRA value
ranged between 0 and 1; treatments with a higher
SUCRA value suggest better effectiveness and supe-
rior ranking (26). It was presented as the percentage
of the mean rank of each treatment in relation to the
presumed best intervention (27). Publication bias was
examined using Egger’s regression test and by inspect-
ing the distribution pattern of the effect size on the
funnel plot. All analyses were performed using R 4.2.1
software (The R Foundation); P values < 0.05 were con-
sidered statistically significant.

REsuLts

Study Selection and Characteristics

In total, 3,588 articles were identified as poten-
tially relevant in the primary literature search (Fig. 1).
After reviewing the titles and abstracts and assessing
their eligibility based on the full text, 11 studies were
included in the meta-analysis (Table 1).

Of the 11 studies included, 8 studies compared TFEI
with ILEI, 4 studies compared ILEl with CEl, and 2 stud-
ies compared TFEI with CEl. This meta-analysis included
1,050 patients, of which 401, 449, and 200 received ILElI,
TFEI, and CEl, respectively.

Results of the Meta-analysis

The values of 12 and P values in Cochran’s Q test
were > 50% and < 0.05, respectively, in all the meta-
analyses. A random-effect model was used for all the
meta-analyses and showed the following results: short-
term VAS, 1> =89.2% and P < 0.001; long-term VAS, I> =
79.5% and P < 0.001; short-term ODI, 1> = 93.4% and P
< 0.001; and long-term ODI, I? = 93.8% and P < 0.001.

Regarding short-term VAS changes, the pairwise
meta-analysis showed no significant differences in the
comparisons between ILEl and TFEI (SMD = 0.33, 95%
Cl =-0.12 to 0.79), ILEI and CEI (SMD = 0.10, 95% Cl =
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Cl =-0.14 t0 0.77), ILEl and CEI (SMD
=-0.04, 95% Cl = -0.27 to 0.18), and
TFEI and CEI (SMD = -0.11, 95% ClI
= -0.73 to 0.51) (Fig. 2B). Figure 3B
shows the network graph closing
the geometry of the treatment net-
work. In the network meta-analysis,
no El method was found to be su-
perior to the other methods (ILEI vs.
CEl: SMD = 0.00, 95% CI = -0.69 to
0.69; TFEI vs. CEl: SMD = -0.11, 95%
Cl = -0.69 to 0.48; ILEI vs. TFEl: SMD
=-0.31,95% Cl=-0.11 to 0.73) (Fig.
4B). The rank probability results and
SUCRA values are presented in Fig.
5B and Table 2, respectively. TFEI had
the highest probability of being the
most effective treatment (59.9%),
CEl had the highest probability of
ranking second (39.4%), and ILEI
was most likely to be the least effec-
tive (66.6%).

Regarding the short-term ODI
changes, the pairwise meta-analysis

(h=5)

did not reveal any significant differ-

Studies included in review
(n=11)

[ Included ] [

ences in the comparisons between
ILEl and TFEI (SMD = 0.43, 95% ClI
-0.89 to 1.74), ILEl and CEl (SMD

Fig. 1. Flow diagram of the study selection process.

0.35, 95% Cl = -0.16 to 0.86), and
TFEI and CEl (SMD = -0.29, 95% Cl

-0.40 to 0.61), and TFEIl and CEl (SMD = -1.18, 95% ClI
= -2.73 to 0.38) (Fig. 2A). Figure 3A shows the network
graph closing the geometry of the treatment network.
In the network meta-analysis, the improvement in the
VAS score was better with TFEI than with CEI (SMD =
-1.16, 95% Cl = -2.10 to -0.23) (Fig. 4A). However, no
significant differences were found in the comparisons
between ILEI and CEI (SMD = 0.10, 95% Cl = -1.48 to
1.68) and between ILEI and TFEI (SMD = 0.34, 95% CI
= -0.26 to 0.95) (Fig. 4A). The rank probability results
and SUCRA values are presented in Fig. 5A and Table 2,
respectively. TFEl had the highest probability of being
the most effective treatment (77.6%), CEl had the high-
est probability of ranking second (51.1%), and ILEl was
most likely to be the least effective (21.3%).

Regarding the long-term VAS changes, the pairwise
meta-analysis showed no significant differences in the
comparisons between ILElI and TFEI (SMD = 0.31, 95%

= -2.46 to 1.89) (Fig. 2C). Figure 3C

shows the network graph closing the
geometry of the treatment network. In the network
meta-analysis, no El method was found to be superior
to the other methods (ILEI vs. CEl: SMD = 0.35, 95% Cl =
—-1.86 to 2.57; CEl vs. TFEl: SMD = -0.29, 95% Cl = -1.87
to 1.29; ILEl vs. TFEI: SMD = 0.43, 95% Cl = -0.86 to 1.71)
(Fig. 4C). The rank probability results and SUCRA values
are presented in Fig. 5C and Table 2, respectively. TFEI
had the highest probability of being the most effective
treatment (59.3%), CEl had the highest probability of
ranking second (55.0%), and ILEl was most likely to be
the least effective (35.7%).

Regarding long-term ODI changes, the pairwise
meta-analysis revealed no significant differences in the
comparisons between ILEl and TFEI (SMD = 0.51, 95%
Cl = -0.60 to 1.62), ILEI and CEI (SMD = 0.07, 95% Cl =
—-0.55 to 0.70), and TFEI and CEl (SMD = 0.04, 95% Cl =
—-1.27 to 1.36) (Fig. 2D). Figure 3D shows the network
graph closing the geometry of the treatment network.
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Table 1. Characteristics of the included studies.

First Comparison Follow Major
author, Study design (subject Medication Evaluation u Outcome | adverse
year number) P effect
A TFEI (30) vs. TFEIf‘IIEEII;iO o ‘;frfriamﬁ;n"l‘me VAS, BDI, TFEI >
20C07e (4)an ’ RCT AL E) v, CEL 40‘:]15 of tr(i)am(;inoellorsli + e19 mL NPIS, @ owsliss [LEI or :
CEI (30) FAme ; OLBPS CEI
of normal saline
TFEI and ILEL: 40 mg of one day No
Bensler, 2020 Retrospective TEEI (99) vs. triamcinolone + one mL of 0.2% NRS, PGIC - one significant -
(5) ILEI (99) . . €
ropivacaine month difference
TFEI & ILEI: 80 mg of No
Candido, TFESI (28) vs. methylprednisolone + one mL 2weeks— [ .
2008 (6) RCT ILEI (29) of normal saline + one mL of 1% VAS 4 months s1gn1ﬁcant )
. . difference
lidocaine
No
Ghai, 2014 TFEI (30) vs. | 2 mL of methylprednisolone acetate + 3,6,9,12 | . .
7) RCT ILEI (32) 2 mL sterile normal saline VAS, MODQ months s1gn1ﬁcant )
difference
TFEIL: 40 mg of triamcinolone + one No
Gharibo, TFESI (20) vs. mL of 0.25% bupivacaine . n
2011 (8) RCT ILEI(18) | ILEL 80 mgof triamcinolone + 2mL | o OPL | 2-3 weeks | significant ’
. difference
of 0.25% bupivacaine
TFEI: 40 mg of triamcinolone +
Kamble TEBL G0y | O OTEREER s L e! one,6 | THEL>
2016 (9) RCT ILEI (30) vs. ILEI and CEI: 40 mg of triamcinolone VAS, ODI months ILEI or )
CEI (30) . . CEI
+ one mL of bupivacaine + one mL of
lignocaine + 10 mL of normal saline
TFEI & ILEI: 80 mg of
Makkar, TFESI (20) vs. ) o 2 weeks — TFESI >
2019 (10) RCT ILEI 21) methylpredm.solon'e + 2 mL of 1% VAS, MODQ 6 months ILEI -
lidocaine
TFEL 1.5 mL of 1% lidocaine with 0.5
mL of sodium chloride solution or 3
. . TFESI (120) vs. mg of betamethasone No
g’éﬁgc(hllf;‘m" RCT ILEI (120) vs. | ILEL 6 mL of 0.5% lidocaine or 5mL | NRS, ODI Iio_nfﬁs significant .
CEI (120) of lidocaine with one mL of steroid difference
CEI: 10 mL of 0.5% lidocaine or 9 mL
of lidocaine with one mL of steroid
TFEL 40 mg of methylprednisolone + No
Rados, 2011 TFESI (32) vs. 3 mL of 0.5% lidocaine ..
(12) e ILEI (32) ILEIL 80 mg of methylprednisolone + kL (OID] & monidhs Séigfrfl;if?; :
8 mL of 0.5% lidocaine
TFEI: 80 mg of methylprednisolone +
Schaufele, Case-control | TFESI (20) vs. 2-3 mL of 2% lidocaine NRS one hour TFEI > )
2006 (13) study ILEI (21) ILEI: 80 mg of methylprednisolone + - 3 weeks ILEI
2-3 mL of 2% lidocaine
TFEI: 80 mg of methylprednisolone +
. 5 mL of lignocaine one, 3,6
Singh, 2016 RCT TEEL 20) vs. CEI: 80 mg of methylprednisolone VAS, ODI months, Caudal> -
(14) CEI (20) . K TFEI
+ 10 mL of lignocaine + 20 mL of one year
normal saline

RCT: randomized controlled trial, TFEI: transforaminal epidural injection, ILEI: interlaminar epidural injection, CEI: caudal epidural injection,
VAS: Visual Analog Scale, BDI: Back depression index, NPIS: numeric pain intensity score, OLBPS: Oswestry low back pain scale, PGIC: Patient
Global Impression of Change, ODI: Oswestry Disability Index, MODQ: Modified Oswestry Disability Questionnaire
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(A) short-term VAS changes
Standardised Mean

Study TE seTE Difference SMD 95%-Cl
ILEl vs. TFEI |
Candido 2008 -0.11 0.2651 —=- 011 [0.62; 0.41]
Ghai 2014 -0.42 0.2569 — 042 [-0.93; 0.08]
Gharibo 2011 0.73 0.3355 = 073 [007, 1.39)
Kamble 2016 1.22 0.2737 —— 122 [0.68; 1.75)
Schaufele 2006 0.55 0.3221 = 055 [-0.08, 1.18]
Makkar 2019 0.71 0.3222 == 071 [0.08; 1.34])
Bensler 2020 DAT 01424 = 017 [0.45 0.11]
Random effe: fai = 0.33 [0.12; 0.79]
ILEI vs. CE
Kamble 2016 0.10 0.2583 - 010 [-0.40; 0.61)
TFEI vs. CEl
Ackermann 2007 -2/69 0.3565 —==— -269 [2.39;-1.99]
Kamble 2016 112 02713 —— -1.12 [-1.65;-0.58)]
Singh 2016 0.26 0.3175 = 026 [-0.36, 0.88]
Random effects mod ——— 118 [-2 0.38]
| N B N B |
&4 2 <1 0 1 2 3

Favours left  Favours night

(B} long-term VAS changes
Standardised Mean

Study TE seTE Difference SMD 95%-Cl
ILEIl vs. TFEI |

Candido 2008 -0.02 0.2650 — -0.02 [0.54; 0.50]
Ghai 2014 005 0.2542 —— 005 [-045; 0.55]
Karmible 2016 0.89 0.2667 | —_— 089 [0.37. 142]
Manchikanti 2015 -0.08 0,121 - -0.08 [0.33; 0.18)
Rados 2011 -023 0.2508 — -023 [0.72; 0.26]
Makkar 2019 1.53 0.3553 ——— 153 [0.84; 2.23)
Random effects model R 3 [0.14; 0.77]
ILEI vs. CEI

Hamible 2016 0.10 0.2583 —_ 0.10 [041; 0.681]
Manchikanti 2015 -0.08 0.1291 - 008 [0.33; 0.18]
Random effects model - 0.04 [-0.27; 0.18]
TFEl vs. CE

Manchikanti 2015 -0.00 0.1291 . 2 -0.00 [-0.25; 0.25]
Kamble 2016 -0.79 0.2649 . -0.79 [-1.31;-0.28]
Singh 2016 051 0.3214 T—= 051 [0.12; 1.14]
Randor cts model jE 011 [0.73; 0.51]

-2 1 ] 1 2

Favours left  Favours right

(C) short-term ODI changes
Standardised Mean

Study TE seTE Difference SMD 95%-ClI
E . TFEI

Ghai 2014 .33 02559 033 [083; 017]

Gharibo 2011 -0.13 03252 —. 0

Kamble 2016 1.74 0.2880

ILEI vs. CEl

Kamble 2016 0.35 0.2595 0.35 [-0.16; 0.86]

TFEl vs. CEl

Kamble 2016 -1.39 0.2781 —_— -1.39 [1.93;-0.84]

Singh 2016 0.83 0.3296 = 083 [0.18; 1.48)

-2 1 0 1 2

Favours left  Favours right

(D) long-term ODI changes
Standardised Mean

Study TE seTE Difference SMD 95%-Cl

ILEl vs. TFEI |

Ghai 2014 2005 0.2542 —— 005 [0.55; 0.44]

Kamble 2016 1.83 02919 —==— 183 [1.25; 2.40]

Manchikanti 2015 017 0.1293 017 [-043; 0.08]
jom effects mod 51 [-0.60; 1.62]

ILEI vs. CEI

Kamble 2016 0.43 02602 043 [-0.08; 0.94]

Manchikanti 2015

-0.21 0.1283 -0.21 [D48; 0.04]

TFEl vs. CEl
Manchikanti 2015 -0.03 0.1281 -0.03 [029; 022]

Kamble 2016 -1.39 02783 — <139 [-1.94;-085]
Singh 20186 163 03848 ——s— 163 [091; 234]
Random effects mod. 4 [-1.27; 1.36]
[ B |
2 1 o 1 2

Favours left  Favours right

Fig. 2. Forest plots of pairwise comparison of the changes in the Visual Analog Scale and Oswestry Disability Index scores.
(A) Short-term VAS changes; (B) Long-term VAS changes; (C) Short-term ODI changes; (D) Long-term ODI changes.
(VAS, Visual Analog Scale; ODI, Oswestry Disability Index; TFEI, transforaminal epidural injection; ILEI, interlaminar epidural injection;
CEI, caudal epidural injection; SMD, standard mean difference; CI, confidence interval)

In the network meta-analysis, no El method was found
to be superior to the other methods (ILEI vs. CEl: SMD
=0.10, 95% Cl = -1.16 to 1.37; TFEI vs. CEl: SMD = 0.03,
95% Cl =-1.02 to 1.08; ILEI vs. TFEI: SMD = 0.51, 95% Cl
= -0.53 to 1.55) (Fig. 4D). The rank probability results
and SUCRA values are presented in Fig. 5D and Table
2, respectively. CEl had the highest probability of be-
ing the most effective treatment (65.2%), TFEI had the
highest probability of ranking second (56.6%), and ILEI
was most likely to be the least effective (28.2%).

Assessment of the Study Quality

The results of the methodological quality assess-
ment of RCTs and non-RCTs performed using IPM-QRB
and IPM-QRBNR are detailed in Supplemental Files 2
and 3, respectively. Items that could not be evaluated
because of ambiguous information were assigned zero

points. Based on the IPM-QRB criteria for randomized
trials, 6 studies (7,8,10-12,14) were considered high-
quality studies and 3 studies (4,6,9) were considered
to have moderate quality (Supplemental Table 1). As
a result of the evaluation according to the IPM-QRBNR
criteria for nonrandomized trials, one high-quality
study (13), and one moderate-quality study (5) were
classified (Supplemental Table 2).

Publication Bias

The funnel plots do not show significant asymmetry
in the intergroup comparisons of the SMDs of the short-
term and long-term VAS and ODI changes (Fig. 6). Fur-
thermore, the P values of Egger’s test were > 0.05 (short-
term VAS changes, P=0.192; long-term VAS changes, P =
0.365; short-term and long-term ODI changes data were
not available for calculating P values).
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Fig. 3. Network plots of transforaminal epidural
injection, interlaminar epidural injection, and
caudal epidural injection.

(A) Short-term VAS changes; (B) Long-term VAS
changes; (C) Short-term ODI changes; (D) Long-
term ODI changes.

(VAS, Visual Analog Scale; ODI, Oswestry Disability In-
dex; TFEI, transforaminal epidural injection; ILEL inter-
laminar epidural injection; CEI, caudal epidural injection)

(A) short-term VAS changes
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Fig. 4. Forest plots of network
comparisons.

(A) Short-term VAS changes; (B) Long-
term VAS changes; (C) Shori-term ODI1
changes; (D) Long-term ODI changes.
(VAS, visual analog scale; ODI, Oswestry Dis-
ability Index; TFEI transforaminal epidural
injection; ILEI, interlaminar epidural injec-
tion; CEI, caudal epidural injection; SMD,
standard mean difference; CI, confidence
interval; NA, not applicable)
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Fig. 5. Ranking probabilities for transforaminal epidural injection, interlaminar epidural injection, and caudal epidural
injection.
(A) Short-term VAS changes; (B) Long-term VAS changes; (C) Short-term ODI changes; (D) Long-term ODI changes.
(VAS, Visual Analog Scale; ODI, Oswestry Disability Index; TFEI, transforaminal epidural injection; ILEI interlaminar epidural injection;
CEL caudal epidural injection)

Discussion HLD using evidence from previous studies. In the net-

work meta-analysis, the improvement in the VAS score
This meta-analysis evaluated the comparative ef- was more significant with TFEI than with CEIl during the

fectiveness of TFEI, ILEl, and CEl in the treatment of short-term follow-up period (from one week through
lower back and radicular leg pain in patients with an one month post-TFEI). Furthermore, in the test deter-
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mining the ranking of treatment effects among TFEI,
ILEI, and CEl, TFEI showed the highest probability of
being the best procedure for long- and short-term pain
reduction and functional improvement.

TFEI has the advantage of targeting the nerve root
that is affected in an HLD, which causes radicular pain.
Moreover, TFEI delivers the injected medications into
the ventral epidural space (28). Because the herniated
disc is located within the ventral epidural space, TFEI
facilitates the injection of the medication closer to the
pathological site (28). Therefore, we believe that TFEl is
more effective than the other El methods in controlling
pain associated with an HLD. ILEl logically targets the
dorsal epidural space. Additionally, because it does not
target a specific nerve root, a relatively small volume
of the injected medication is delivered to the radicular
pain-causing nerve root.

To deliver medications at the herniated disc site us-
ing CEl, a large volume of the drug should be injected
(17). Because the injectate spreads diffusely in a non-
specific pattern after CEl, the amount of medication
delivered at the pathological site could be less than
that delivered by the other methods. Furthermore,
during CEl, intravascular injection may occur frequently
because the sacral canal contains a dense epidural ve-
nous plexus (17). Furthermore, degenerative changes in
the lumbosacral spine hinder the appropriate delivery
of the injectate at the target pathologic site.

The tests for treatment effectiveness showed that
TFEI has the highest probability of being the best pro-
cedure. However, the network meta-analysis revealed
a significant difference among the 3 procedures only
in the VAS score during the short-term follow-up com-
parison between TFEI and CEl. Usually, the effect of the
steroids contained in the injectate for El is sustained
for approximately 3 months (29). Therefore, we believe
that the long-term effect of El would not differ largely
from that of the short-term effect.

Patients experience discomfort due to needle
puncture more frequently during TFEI than during ILEI
or CEI (30). Additionally, spinal cord infarction after TFEI

Table 2. Surface Under the Cumulative Ranking (SUCRA)
of the reduction of Visual Analog Scale (VAS) and Oswestry
Disability Index (ODI) at short- and long-term follow-up.

VAS reduction (short- VAS reduction (long-
term) term)
Rank | Treatment | SUCRA | Treatment | SUCRA
1 TFEI 92.9 TFEI 77.3
2 ILEI 50.2 CEI 50.5
3 CEI 7.0 ILEI 222
ODI reduction (short-term) | ODI reduction (long-term)
Treatment SUCRA Treatment SUCRA
1 TFEI 58.9 CEI 65.7
2 CEIL 55.7 TFEIL 56.7
3 ILEI 32.5 ILEI 27.6

TFEL transforaminal epidural injection, ILEI: interlaminar epidural
injection, CEI: caudal epidural injection

has been reported in previous studies (31,32). However,
serious side effects can be avoided if particulate ste-
roids are not used (33). For better treatment outcomes,
TFEI is recommended for patients with lower back pain
and radicular leg pain caused by an HLD.

CoNCLUSION

Our study found that among the 3 El techniques,
TFEI has the potential to be the best procedure to
reduce pain and improve function in patients with
an HLD. However, the evidence level was considered
low because no significant difference was observed in
the network meta-analysis of the long-term VAS and
short- and long-term ODI changes. Our study is the
first network-meta analysis to compare the therapeutic
effects of TFEI, ILEIl, and CEl in patients with an HLD.
However, our study has some limitations. First, only a
small number of previous studies were included in our
analysis. Second, subgroup analysis according to the
injection volume, material type, or pain onset could
not be conducted. To strengthen this evidence, future
network meta-analysis comprising a larger number of
studies is warranted.
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Fig. 6. Graphical funnel plots of the included studies.

(A) Short-term VAS changes; (B) Long-term VAS changes; (C) Short-term ODI changes; (D) Long-term ODI changes.
(VAS, Visual Analog Scale; ODI, Oswestry Disability Index; TFEI, transforaminal epidural injection; ILEL interlaminar epidural injection;
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Supplementary File 1

Search strategy

A search strategy was developed to identify studies comparing the effects of transforaminal (TFEI), interlami-
nar (ILEI), and caudal epidural injections (CEl) for managing lower back or radicular leg pain from herniation of
lumbar disc (HLD).

The search keywords were combined as follows:

“Lumbosacral disc,” “Lumbar disc,” “Radiculopathies,” “Radiculopathy,” “radiculitis,” “nerve root,” "back
pain,” “sciatica,” “sciaticas,” "“sciatic”
AND

"won

“epidural injection,” “sympathetic block,” “epidural block”

The search keywords were devised using a combination of subject indexing terms in the titles and abstracts.
For the index related to HLD, TFEl, ILEl, and CEl, [Lee JH, Shin KH, Bahk SJ, Lee GJ, Kim DH, Lee CH, Kim DH, Yang
HS, Lee SH. Comparison of clinical efficacy of transforaminal and caudal epidural steroid injection in lumbar and
lumbosacral disc herniation: A systematic review and meta-analysis. Spine J. 2018 Dec;18(12):2343-2353. Appendix
E. Search terms.] was referenced.

Search strategy for: Lee JH, Shin KH, Bahk SJ, Lee GJ, Kim DH, Lee CH, Kim DH, Yang HS, Lee SH. Comparison of
clinical efficacy of transforaminal and caudal epidural steroid injection in lumbar and lumbosacral disc herniation:
A systematic review and meta-analysis. Spine J. 2018 Dec;18(12):2343-2353. Appendix E. Search terms.

MEDLINE (Pubmed)

((((("Intervertebral Disc Displacement”[Mesh]) OR (Disc[tiab] OR Discs[tiab] OR Disk[tiab] OR Disks[tiab]
OR Radiculopathies[tiab] OR Radiculopathy[tiab] OR “Nerve Root”[tiab] OR Radiculitis[tiab] OR Radiculitides
[tiab] OR Radiating[tiab] OR Radicular[tiab]))) AND (((Lumbosacral[tiab] OR Lumbar[tiab] OR intervertebral
[tiab])) OR (((“Back”[Mesh:noexp]) OR “Lumbosacral Region”[Mesh]) OR “Lumbar Vertebrae”[Mesh])))) OR
(((("Sciatica”[Mesh]) OR “Back Pain”[Mesh])) OR (Sciat- ica[tiab] OR Sciaticas[tiab] OR Sciatic[tiab] OR “Back
Pain”[tiab])) AND (((“Adrenal Cortex Hormones"[Mesh: NoExp] OR “Glucocorticoids”[Mesh] OR “Triamcinolo-
ne”[Mesh] OR “Dexamethasone”[Mesh] OR Triamcino- lone[TIAB] OR Glucocorticoids[TIAB] OR betametha-
sone [TIAB] OR dexamethasone[TIAB] OR Glucocorticoid [TIAB] OR “Steroids, Fluorinated”[Mesh:NoExp] OR
Ste- roids[TIAB] OR Steroid[TIAB] OR “Lidocaine”[Mesh] OR “Lidocaine”[TIAB] OR “Hyaluronoglucosamini-
dase” [Mesh] OR Hyaluronidase[TIAB] OR “Anesthetics, Local”[Mesh] OR “Local Anesthetics”[TIAB] OR “Local
Anesthetic”[TIAB] OR “Anti-Inflammatory Agents”[Mesh: NoExp] OR “Bupivacaine”[Mesh] OR “Bupivacaine”
[TIAB]) AND ((Block[tiab] OR injection[tiab] OR injec- tions[tiab]) AND (Autonomic[tiab] OR Sympathetic[tiab] OR
epidural[tiab] OR interlaminar[tiab] OR transforaminal [tiab] OR caudal[tiab] OR ((spinal[tiab] OR dorsal [tiab]) AND
(“root”[tiab] OR “nerve”[tiab] OR ganglia[tiab])) OR (“Ganglia, Spinal”[Mesh] OR “Ganglia, Spinal” [Mesh])))) OR
(“Injections, Epidural”[Mesh:NoExp] OR “Autonomic Nerve Block”[Mesh:NoExp] OR (Block [tiab] OR injection[tiab]
OR injections[tiab]) AND (Auto- nomic[tiab] OR Sympathetic[tiab] OR epidural[tiab] OR interlaminar[tiab] OR
transforaminal[tiab] OR caudal [tiab] OR ((spinal[tiab] OR dorsal [tiab]) AND (“root” [tiab] OR “nerve”[tiab] OR
ganglia[tiab])) OR (“Ganglia, Spinal”[Mesh] OR “Ganglia, Spinal”[Mesh])))))

EMBASE

(("intervertebral disk hernia’/exp OR disc:ab,ti OR discs: ab,ti OR disk:ab,ti OR disks:ab,ti OR radiculopathies:ab,ti
OR radiculopathy:ab,ti OR 'nerve root":ab,ti OR radiculi- tis:ab,ti OR radiculitides:ab,ti OR radiating:ab,ti OR radic-
ular:ab,ti AND (lumbosacral:ab,ti OR lumbar:ab,ti OR intervertebral:ab,ti OR ‘back’/de OR ‘'intervertebral disk’/ exp
OR ‘lumbar disk’/exp OR ‘lumbar spine’/exp OR ‘lum- bar vertebra’/exp OR ‘lumbosacral spine’/exp) OR ‘low back
pain’/exp OR 'sciatica’/exp OR sciatica:ab,ti OR scia- ticas:ab,ti OR sciatic:ab,ti OR 'back pain’:ab,ti) AND ((“Injections,
Epidural”/exp OR “Autonomic Nerve Block”[Mesh:NoExp] OR ((Block:ab,ti OR injection:ab,ti OR injections:ab,ti)
AND ((Autonomic:ab,ti OR Sympa- thetic:ab,ti)OR (epidural:ab,ti OR interlaminar:ab,ti OR transforaminal:ab,ti OR
caudal:ab,ti) OR ((spinal:ab,ti OR dorsal:ab,ti) AND (“root”:ab,ti OR “nerve”:ab,ti OR gan- glia:ab,ti)) OR (‘spinal



ganglion’/8928bdd/_Lib_Prox-y_Url/www.embase.com/exp)))) OR (((Block:ab,ti OR injection:ab,ti OR injections:ab, i)
AND ((Autonomic:ab,ti OR Sympathetic:ab,ti)OR (epidural:ab,ti OR interlaminar: ab,ti OR transforaminal:ab,ti OR
caudal:ab,ti) OR ((spinal: ab,ti OR dorsal:ab,ti) AND (“root”:ab,ti OR “nerve”:ab,ti OR ganglia:ab,ti)) OR ('spinal
ganglion’/8928bdd/_Lib_-  Proxy_Url/www.embase.com/exp)))AND((“AdrenalCortex = Hormones”[Mesh:NoExp]
OR “Glucocorticoids”[Mesh] OR “Triamcinolone”[Mesh] OR “Dexamethasone”[Mesh]) OR (Triamcinolone:ab,tiO
RGlucocorticoids:ab,tiORbetamethasone:ab,ti OR dexamethasone:ab,ti OR Glucocorticoid:ab,ti) OR (“Steroids,
Fluorinated”[Mesh:NoExp] OR Steroids:ab,ti ORSteroid:ab,ti)OR(“Lidocaine”[Mesh]OR”Lidocaine”:ab, ti) OR
(“Hyaluronoglucosaminidase”[Mesh] OR Hyaluroni- dase:ab,ti) OR (“Anesthetics, Local”[Mesh] OR “Local Anes-
thetics”:ab,ti OR “Local Anesthetic”:ab,ti) OR “Anti- Inflammatory Agents”[Mesh:NoExp] OR (“Bupivacaine”[-
Mesh]OR"”Bupivacaine”:ab,ti))))

COCHRANE

("Intervertebral Disc Displacement”[Mesh:NoExp] OR (Disc[tiab] OR Discs[tiab] OR Disk[tiab] OR Disks [tiab] OR
Radiculopathies[tiab] OR Radiculopathy[tiab] OR “Nerve Root” [tiab] OR Radiculitis[tiab] OR Radi- culitides[tiab] OR
Radiating[tiab] OR Radicular[tiab])) AND (Lumbosacral[tiab] OR Lumbar OR[tiab] OR Back[Mesh:NoExp] OR “Lum-
bosacral Region” [Mesh: NoExp] OR “Lumbar Vertebrae” “[Mesh:NoExp]) OR (Sciatica[Mesh:NoExp] OR “Back Pain”
[Mesh:NoExp] OR Sciatica[tiab] OR Sciaticas [tiab] OR Sciatic[tiab] OR “Back Pain” [tiab]) AND ((“Injections, Epidural”[-
Mesh:NoExp] OR “Autonomic Nerve Block”[Mesh: NoExp] OR ((Block[tiab] OR injection[tiab] OR injec- tions[tiab])
AND ((Autonomic[tiab] OR Sympathetic [tiab]) OR (epidural[tiab] OR interlaminar[tiab] OR transforaminal[tiab]
OR caudal[tiab]) OR ((spinal[tiab] OR dorsal [tiab]) AND (“root”[tiab] OR “nerve”[tiab] OR ganglia[tiab])) OR
(("Ganglia, Spinal”[Mesh] OR “Ganglia, Spinal”[Mesh]))))) OR (((Block[tiab] OR injection[tiab] OR injections[tiab])
AND ((Autonomic [tiab] OR Sympathetic[tiab]) OR (epidural[tiab] OR interlaminar[tiab] OR transforaminal[tiab]
OR caudal [tiab]) OR ((spinal[tiab] OR dorsal [tiab]) AND (“root” [tiab] OR “nerve”[tiab] OR ganglia[tiab])) OR
(("Gan- glia, Spinal”[Mesh] OR “Ganglia, Spinal”[Mesh])))) AND ((“Adrenal Cortex Hormones”[Mesh:NoExp] OR
"Glucocorticoids”[Mesh] OR “Triamcinolone”[Mesh] OR “Dexamethasone”[Mesh]) OR (Triamcinolone [TIAB] OR
Glucocorticoids[TIAB] OR betamethasone [TIAB] OR dexamethasone[TIAB] OR Glucocorticoid [TIAB]) OR (“Steroids,
Fluorinated”[Mesh:NoExp] OR Steroids[TIAB] OR Steroid[TIAB]) OR (“Lidocaine”[- Mesh] OR “Lidocaine”[TIAB])
OR (“Hyaluronoglucosa- minidase”[Mesh] OR Hyaluronidase[TIAB]) OR (“Anesthetics, Local”[Mesh] OR “Local
Anesthetics” [TIAB] OR “Local Anesthetic”[TIAB]) OR “Anti- Inflammatory Agents”[Mesh:NoExp] OR “Bupivacai-
ne”[Mesh] OR “Bupivacaine”[TIAB])))

KOREAMED

(Lumbosacral disc OR Lumbar disc OR Radiculopathies OR Radiculopathy OR radiculitis OR nerve root OR back
pain OR sciatica OR sciaticas OR sciatic AND epidural injection) OR (Lumbosacral disc OR Lumbar disc OR Rad-
iculopathies OR Radiculopathy OR radiculitis OR nerve root OR back pain OR sciatica OR sciaticas OR sciatic AND
sympathetic block) OR (Lumbosacral disc OR Lum- bar disc OR Radiculopathies OR Radiculopathy OR radicu- litis OR
nerve root OR back pain OR sciatica OR sciaticas OR sciatic AND epidural block)

Selection of eligible studies

We searched trial registers using the “Lumbosacral disc,” “Lumbar disc,” “Radiculopathies,” “Radiculopathy,”
“radiculitis,” “nerve root,” “back pain,” “sciatica,” “sciaticas,” “sciatic,” “epidural injection,” “sympathetic block,”
and “epidural block” index, and databases including PubMed, Embase, Scopus, and the Cochrane library for studies
published up to August 22, 2022. The results of the database searches were entered into an EndNote X9 library.
Duplicates were deleted using the deduplication function in EndNote X9. Two reviewers preferentially removed
irrelevant records for selection based on the titles and abstracts. Thereafter, the reviewers checked the full texts to
finally select the papers that meet the selection criteria.

Each database was searched under the following conditions:

1. PubMed (492)

- Language: English
2. Embase (596)

" ou "o " ou nou " ou



- Publication type: article
3. Scopus (3069)
- Document type: article
- Publication stage: final
- Keyword: human, humans
- Source type: journal
- Language: English
4. Cochrane library (405)

- trials
Eligibility criteria
Population Patients with low back pain and radicular leg pain due to HLD were included.
. A paper evaluating the effects of TFEI, ILEI, and CEI was included. We investigated the results of visual analog scale and
Intervention Tl
Oswestry disability index.
Comparison | The studies including at least two therapeutic arms comprising TFEI, ILEL, or CEI were selected.
Outcome Studies were considered eligible for inclusion in this review if they reported on visual analog scale scores or Oswestry disability
index scores.
The design of the studies to be included in this study was not specific and a full range of designs was considered. Consequently,
Study design | 7 randomized controlled trial and 3 retrospective studies were included. Studies published as case reports, reviews, letters, or
other undistinctive forms were excluded.
Limitation Publications in a language other than English were excluded.




s s % s A s s , s oJonf{ €
1D [4
punosenn 1
sarnpasoid purg 0
SuiBewy p
uepisyd juswaSeuew ured [euonuaaIaiUl
/ / ym Juawageuew ured feuonuaAIu] 4
'2)2 ‘oyy10/£So0o1pEI
/ / 7 / /K3oj0mmau /A d/ersayisaue Jo Ayferdads 1
uenrsAyd rerousd pue
’ ’ ’ uoneryye A[enads ou yym Juras [erousn 0
ueIISAyd/3unids ¢
(s21M)dNI)S 2ATIOE OJUT
suonnjos aA1}Oe ou) [013u0d 0qadse[d 1odoig 9
Juae aA1yoR Jo wond(ur
/ / / 2 / / / / / M ampasoid ureys o [o1juod-aanoe 1adorg 4
(Surdures yusTuaAUOD
‘uomyda[as 1senb) dnoid joryuod paudrsap L1004 0
[euiy, jo uSsaq pue ad4J, 'z
SYOLOVd NOISHd 'TI
S00¢ 910J2q PajoNpuod
10 erra)u1d pue Sunrodax [aas] ySiy yim
’ P319NPUOD [BL1) IO BLISILID JO UOTJRIJUSPT
WM LTYIdS 10 TIOSNOD jo asn 1rdxy €
G00Z 210J2q PAJONPUOD SEM [LI) Y] IO S[eLr)
PAZIWIOPUET 10J BLINLID Juedyrudis A[presopour
qIm uonduosap Ieapd oYM I IdS 10
IMOSNOD uo paseq sem i sayjduwt [er], [4
S00¢ 03
Jo11d PajoNpPUOd SeM [eL1) 10 BLISIID YIS
/ ’ 2 / / / ’ 10 TOSNOD UBY) I9Y10 BLIALID WNTUTUTII
Surziun payrodar pue pausisap [eriy, 1
ouepms
£ue noyim payrodar pue paudisap [eri], 0
Sunoday pue souepinn uSisa(y feriy, 1
LIFIdS ¥O LIOSNOD 1
oD @D @)
e |t || R | Ga | @ || Q| 00
‘qduig ‘sopey ’ ’ ’ ‘reqy ’
Apmg SUIAN UONENeAy]

.mmsw.ﬁ‘:&umw nﬂws.\w%\ciﬁs ﬁwB&wBﬁQwﬁtwbhww:w %.ans SIPLI] Pa]]oLIU0I PIZIUWOPUD.L UL SD1q .\.@ 3S1L 9] 2]1DNIDAI 0] STINSIL JUIUISSISSD PUD ]S1]HI9YI |7 *T [qe], ﬁﬁuﬁwamﬂﬁgzm




a A A A a A syuaned e UT pazI[IIn 1A 4

VA syuaned awos ur A[[eorperods pazI[iin a1\ 1

A PAZI[IIN JOU dI3M 0

039 hderar TeorsAyd Lderory) asmroxs Aderar Snap Surpnpour juswaSeurur SAIBAIISTOD)

SjuswWjeal], SNOIAdI] “6

VA VA VA VA syjuour 9 < T
, SYIUOW 9 03 € 1
A ) SYIUOW ¢ UeY} $$9T 0

ureq jo uomjeIn( ‘g

$Po[q

snsouSerp renp 10 0qaoe[d yIm uond3[2g 4
sy00[q dnsouerp a[3urs YHIM UOT)I[S 1
sypo[q onsouderp oN 0

:SUOTUIAIIUI JUIO[ JBI[IOIDES 1O 1208 10 'q/

(swoxpu4s £1281ms
3s0d 10 stsoua)s [eurds 10 UOIIRIUIAY OSIP
4 4 4 4 2 4 4 4 1J159d$ J9PIOSIP “UOTIBIUIAY ISIP PUE SISOUD)S
[eurds paurgap [[om “9°1) s[ersy oiyads s1opIosiq 4
uonendod paxrwr paynuapr A[1es)) I
uonerndod paxtwr pagriuaprt £[1004 0
:sarnpaooid [enpida 107 e/
uonendod jo ssaudAlsnu] £
SYOLOVd LNHLLVd TII
A a a a a A , arerrdoxddy 1
, arerrdoxddeur 1o auoN 0
£Soopoyla [eonsnes ‘9
dnoi3 yoes ur syuaned
4 4 0S YIim uonjenored azis sydures ajeridorddy ¢
dnoiS yoes ur syuaned ¢z 3sed]
4 4 4 4 Je yIm uone[nores azrs ojdures ajerrdorddy T
dnoiS yoes ur syusned
2 GZ UBY) SSI] YIIM UOIje[nO[ed az1s a[dureg 1
uonjeuTwIalap azis a[dures ayerrdordde
4 noyym Apnys oy ut syuedonred gg ueyy ssaT 0

az1g ardureg ‘g

*sanb1uysay yuawaSpuvw uiwd puonusaarul Suisn SppLI Pajoa1u0d paz1wopun. ul sn1q fo Ys11 oYyl AIDNNAI 0] SINSIL JUIWISSISSD PUD 151]329Yyd J7 ) U0D T d[qe], [eyuswd[ddng




SISA[eue Jea13-0)-Ju)ul
MOYIIM 10 YIIm papnpur sjuedonred [y (4

syuedonred
PAZIWOpUEI [[& JO UOISNOUI JNOYIIM
SIsA[eue J831)-0}-JUUT JNOYIIM PIULIOJId] 1

pawrroyrad JoN 0

sdnoin) ayy ur syuedonred pazrwopuey [[e jo sisd[euy ‘z1

$21005 AJI[IqeSTp UT

) , , ) uonoONpar 90 pue syurod ¢ 10 940G < uondUNy
pue ured yym jusurasoxrdwr Juesyrudig 4

2100 AJI[IQESIP UT UOTIONPAI %% IO

%05 & UM Juawasoxdur snje)s [euorouny JO
UoNONPAI 940G UBY) JIOW IO

sjurod a10Ur IO ¢ JO a5BAIAP B YIm Sunjer ureq 4

%0¢ < Jo yuawasoidur
snje)s [euonouny Jo Agueyd %07 < ANY
syutod g < Jo aseardap ym Suner ureg 7

%0¢ uey)

a10Ur JO JuduIdA0IdWT SNJE)S [EUOIOUNY YO
UOT)ONPAI 97 UBY[} dIOUI IO

syurod 210w J0 7 JO 95€IIDIP B )M Suner ured 1

snjels
reuonouny xo Super ured ur a8ueyd %07 > JO
Saur02)no jo suondrrssp oN 0

JuawdAordwr] JuedyTudig J0§ BLISILID) JUSUWISSISSY SAWOINQ) T

SHNODLNO ‘Al

sa[qejuerdwr pue sampadoid [easip
2 10§ 193U0] J0 s1eA G J0 <239 ‘sarnpadoid jurof
1908} pue speanpida 10y 128u0[ J0 syUOW g1 ¢

sajqejuerdur pue sampadoxd [essip
, 10§ 123U0[ 10 s1e34 7 pue <039 ‘sarnpasoid jurof
100€] J0 s[eanpida 10y SYIUOW /] 0} SYIUOW 9 T

sa[qejuedur 1o sarnpasoxd
» » » » » [BOSIPRIIUT 10J Teaf T 10 232 ‘sarnpasord
juro( 390ey 10 Tenpids 10J syjuowW 9 0 ¢ I

sa[qejue[durr pue sainpadoid [essrpesiur
, 10 SYIUOW 9 pue "33 ‘sarnpadoxd juro( Jooey
10 Teanpids 10J $9aM 7T 10 SYIUOW ¢ UeY) SSIT 0

suonjuaa1au] djeridorddy ym dn-morjog jo uonen( 01

.wmﬁ@wzﬁmoww w\:wswm»u:ss 2\29& Jouonuaa.raIul ms:m:: SIDLL] Pa]]OLIUO0I PIZIUWOPUD.L UL SD1Q .\0 3SLL Y] 2]DNIDAI 0] STINSIL JUIUISSISSD PUD ]S1]3IaYI |7 **] U0 T 3qe], ﬁﬁuﬁwawﬁmﬂ&ﬂ—m



(souanbas yuawruSisse aypy
2 2 2 2 2 2 2 Uo duIN[FUT NOYIM Judwugisse Juspuadapur)
S[OIJU0D JOLI3S YIM Judtupedduod Ajpenb ySipy z

JUSUITEIOUOD Jo dIn[rey jo Arjiqeqoid
ym ssa201d ay) Jo uondridsap pood 10

SUI[I5PIOQ YIIM UOTJBIO[[E JO JUSU[LIDUOD) 1
JUSUTLIOUOD
Jo uondrdsap ajenbapeut 10 (JuawyoIud
uado) uonedo[[e JO JUIUWI[BIDUOD J00] 0

UOTBDO[[ Juauneal], pajeaduo)) L1

ININTVHONOD NOILYOOTIV 'TA

(032 ‘syuswruisse
juawIear) Jo Is1| patapro-aid [res suoydaye)
» 2 » Vs A ya 2 A ‘sTe1A pa1apio A[rennuanbas ‘sadojpaus pafeas
paxapio-a1d “@ouanbas wopues pajersuald

191ndwoo) uonjezruopuer Ayenb Y3y z

(s301[eq JO SUIMBIP ‘SI0[0D JUIJIP JO S[[Eq
Jo Surmerp ‘ssoj ur0d) UoljEZIWIOpUEI d)enbapy I

PaquIdsap jou
10 paziwopuel £[100d 10 paziuopuel 1seng) 0

UOTJRZITOPUERY JO POYIAIN 91

NOILVZINOJNVY A

syuedronred oy
% , Vs Jo Ayutofewr ayy ur papraoxd a1om SUOTIUIAISIUT
-00 IE[IWIS IO SUOTJUIAIIUI-0D ON] 1

syuedoned jo Lyurofewr oy ur Te[ruIrs

Jou 21oM JNq PapIA0Id 2IOM SUOTIUIAINUI-0D) 0
SUOTIUIAIU]-07) JO [0y ST
UOTJEJO[[B PUE UOTJRZITUOPUET
/ 4 7 / serrdordde yym reqruns sdnoiny z
uopedo[[E pue
2 2 2 uonjezrwopuer aerrdordde aydsap ssuroono
UO 9OUIN[JUT JNOYILM Je[ruuIssIp sdnoio 1
UONEOO[[E PUE UOTJEZIWOPUET
2 serrdordde noyim 10 YIm saurodno uo
souanjur JuedyTudis YIm Jefrussip sdnoro 0
s103e21pU] dnsouSoid juelroduy 10y aurpaseq e sdnoio) jo AjLreqrug 1
dnoid
Aue ur s1ea4 7 JB [EMBIPYIIM 0(¢ UeY) SSIT 4
dnoixd
4 4 4 4 4 4 4 Aue ur Jeak sUO UT [EMBIPYIIM 907 UL} SSIT 1
» [EMBIPUIIM %07 < IO eyep djardwoout jo

Sunzodax aidsap ‘synodoap jo uondridsap oN 0

ayeyg I doi(q jo wondrmsag €1

.wmﬁ@wzﬁmoww w\:wswm»u:ss 2\29& Jouonuaa.raIul ms:m:: SIDLL] Pa]]OLIUO0I PIZIUWOPUD.L UL SD1Q .\0 3SLL Y] 2]DNIDAI 0] STINSIL JUIUISSISSD PUD ]S1]3IaYI |7 **] U0 T 3qe], ﬁﬁuﬁwawﬁmﬂ&ﬂ—m



S¢

43

[43

oy

0¢

€€

184

¥C

0¢

HI0DS TVIOL

8% = H400S WNINIXVIN TVLOL

S1OIJU0d 0] paje[ar Joedur JolejA

SIOT[JUOD UIIM JINSO[ISIP SUIPEI[SIIA

31nso[osIp 100d YIIM SIOI[JUOD USPPIH

S)OT[JUOD OU YJIM PISOISIP [[PM

S1OI[JUOD IOUTW YJIM PISOISIP [[OM

Jo1[u0d [enuajod YIIm pasopsIp ATeurdrey

I

1o173u02 parjduwt [enuajod YIIm paso[dsIp SUON

0

159197U] JO 519

1FuoDd 'TC

OYHYV ‘SHN ‘HIN se
[oNs 2IJU0D INOYIIM SUIPUN] [BJUSUIUIZAOD)

Ansnpur 03 pajefoaun Lnus untoddns
UM AJuo sao1nosa1 feurdjut 4q Surpunyg

JUSUIDAJOAUT JNOYILM
sasuadxa jo Surpuny uonjezrueSio 10 Ansnpuy

JUSUIAATOAUT
awos YIIM sasuadxa JO JUSWASINGUIAI
y1m 3urpuny feuonjeziuedio 1o Ansnpuy

SIOIJU0d YIIM papuny uorjeziueSio
ue 1o Ansnpur £4q suoreraunwar yyim Surpuny
JO S[Ad] Y31y ‘paajoAut saakojdwa Ansnpuy

c-

saakordura Axysnpur papnput [eriy,

c-

dryszosuodg pue Surpunyg ‘1

LSTYALNI 40 SLOITINOD 'IIA

('210 ‘sSAUYBAM PUE SSIUQUINT

‘asn Juawrdmba 10 voneredaxd ur souarayyIp
“aorda(UT JUB)SIP TRTNOSNTURIIUT “WOTI(UT
SNOJULINOQNS “3'T) UONIUIAIIUT TopIaoxd
paseq-juawrudisse oy AJnuapr o) AI[Iqeut yIm
JIossasse Juapuadapur papur[q e £4q pawrIofIdg

sdnoid oy Ayruapr
0] Qe SeM IO PIPUI[Q JOU IOSSISSE JWOIINO)

0

Surpurrg 10ssassy awoonQ ‘0

Aporenbape papurq 1opraoid are)

1

papurq jou 1apraoid are)

0

Surpuryg 19p1a01d 318D 61

Aporenbape papurq sjusneq

1

papur[q jou sjusned

0

Surpurg Jueneq ‘g1

ONIANITI TIA

.wmﬁ@wzﬁmoww w\:wswm»u:ss 2\29& Jouonuaa.roIul ms:m:: SIDLL] Pa]]OLIUO0I PIZIUWOPUD.L UL SD1Q .\0 3SLL Y] 2]DNIDAI 0] STINSIL JUIUISSISSD PUD ]S1]3IaYI |7 **] U0 T 3qe], ﬁﬁuﬁwawﬁmﬂ&ﬂ—m




dnoi3 yoes ur syusned (o1 YIIm worye[noed az1s odures sjerrdorddy

dnoid yoes ur syuanyed (g 3seI] Je YIM uonemoed azis a[dures ayerrdorddy

AN (e |

dnoi3 yoes ur syusnyed og uey) s3] Yirm uoneded aZIs Sjdwres

) uoneururialap az1s adures ajerrdordde ynoyym Apnys oy ur syuedonred oot Ise9] 1Y 1

s uoneurudap azis a[dures ayerrdordde noyym syuedionaed oot uey) ssog

az1§ odureg

Va A oronyg

N[0 [ | O

1D

—

punosen|n

sampadoid purg

Gurew -

aN T o

, uepIsAyd jusweSeuewr ured [euonjuaaIaIUT Y)m JuswaFeurws uted [euonUIAINUL

, *210 AojoInau /YN d/eIsayisaue Jo Liferdadg 1

uenisAyd rerous pue uoneryye Lerads ou yym Sumas [e1ousn

uenIsAyJ/3umoeg -

PAZIWIOPURBIUOU PI[[0IUO0 DA1dads01g

Apmnjs [o1u00 3sed aa1dadsorg

NN | FH |0 O

% Apm3s [013u02-358D 110400 2A130ads01q

VA %@Suw [euO0n}39s$-$S0ID 10 11040 ®>ﬁuw&mobom

—

(Teurpmyr3uo] - pa[[onUOdUN) $ILILs I0 J10daT ase)

0
adAT, pue udisog Apms 'z

SYO0.LOVI NOISHd 'TI

J011d PajONPUOD JO BLIAILID JO UOTIEIYNUIPT YIM (NI 10 FIOY.LS Sosn APIO1[dXa 10 BLILID [9A3] Y31y (im ﬁuw%mmwm ¥
1102 210J2q p23onpuod Apnjs YIIm PazI[In BLIILID JE[IWIs 10 [T 210Joq pa1onpuod sem Apnys oy 1o uondrosap
Teap oYM (INTILL 10 IOY.LS U0 paseq sem 11 sarjduur 1o er1ajr1d juesyrudis Ajajerspour yimm paudisap Apnig <
» » 2ouepm3 noyim 1o Yym Sunrodar pue BLISILI [EWTUTW Y3m pauSisap Apnig z
2ouepm$ Lue noyym paudisap Apmig 1
sar1ag ase)/310day ase) 0

Sunjzoday pue souepmn) uisaq Apms 1

duepmH ANTY.L YO d9O0ULS T

(€D (©

BLIDLID Surioos
9002 ‘[¥ 10 9PJNEYdS | (g0g T¢ 1° W[suog

Apmg SWIdI UONBN[RAT]

.mw\zwuﬁtﬁoww ﬁk@E@%S\:GE .Eﬁo& [puonuaa.IIUL %\:amz S]DLL] PajjoLIU0I PIZIUWOPUDL-UOU UL SD1q .\,@ 3SLL Y] 2]PNIDAI 0] STINSIL JUIUISSISSD PUD ]S1]HIdYI |7 * T Qe ], ﬁﬁucwamﬂm&zm




snye)s reuonjouny Jo Jumner ured ur aSueyd %07 > JO
$aUI0)N0 Jo suondrsap oN

0

Juswaaoxdwy JuedyTudIg J0§ LLIAILIY) JUIUWISSISSY SIWOINQ 1T

SHNOOD.LNO ‘Al

sa[qejuerduur
pue sammpaso1d [esstp 10§ 103U0] 10 s1eaf G J0 23 ‘sarnpaooid jurof 390e) pue sfeanpida 1oy 123U0[ 10 syITOUT gT

sajqeuerdur pue sampadoid [esstp 10y 15uof 10 s1eak 7 pue <239 ‘saanpadoid jurof 195ef J0 seanpids 10§ syuow Z1-9

sa[qejuerdur 1o sarnpadoid [edstpenur 10j 1eak 9U0 10 <333 ‘sanpadoid jurol 39oe] 1o [einpids 10§ syuowWw 9-¢

sa[qejuerdur
pue s21npad01d [edSTPLIIUT 10J SYIUOW 9 PUE <33 ‘sa1npadoid jutof 199e] 1o [eInprda 10 $S3] 10 SYIUOW ¢ URY]) SSIT

1

suonuaardu derrdorddy yym dn-moyog jo uonein( o1

sjuanjed [[e U pazInn aIaM

¥

syuaned awos ur A[[eorperods pazI[iin 1A\

€

PaZI[In J0U I\

C

239 hderay reorsAyd £deiaryy asmiraxs 4deray) Snap Surpnpour juswaSeueur dA1IAIISUOD)

!

Sjuswjeal], SNOIAdI] “6

syuowr 9 <

[4

SYIUOW 9 0} ¢

SYJUOW ¢ UBY[) ST

ured jo uoneIn(y

sypo[q onsouderp [enp 10 oqade[d YIIM TOT)IIPS

sy00[q dnsouderp a[3UIs YJIm UOT)I[S

£3ojorewrojduiLs [esrurp uo paseq sYOO[q d1souerp oN

N[N | H |0 | O

BLID)LID UOT)OI[3s o1j10ads ON

1

:SUOTJUIAIIUT JUTO[ JBI[IOIDES 1O J20B) 10 'q/

(swoxpuss £1231ms 350d 10 sisouays
[eurds 10 uoneruIay dsIp O1I2ads I9PIOSIP ‘UONBIUIY ISIP PUE SISOU)S [eulds pautyap [[am 21) s[eLn) d1y1oads s1op1osIq

uonerndod paxtur paynuapr A[1ea)

(002 <) ardures adxef yym uonendod paxtw pagruapt £[1004

¥
€
[4

uonendod paxrur paynuapt A[1004

1

:sarnpadoid [enpida 10 ‘ez

uonjendo  Jo sSaUAAISNOU] *£

SYO.LOVI LNAILLVd TII

aerrdorddy

C

SOTISTIEIS WS

1

SUON

0

ASo[opoaA [eonsnels ‘9

*sanbruysa) juawaSvuviu

\:aﬁm Jouoruaa.raIul %s:wﬁ SIDLI] Pa]]OLIUO0I PIZIUWOPUD.L-UOU UL SD1q .\.@ 3S1L 9] 2]IDNDAI 0] STINSIL JUIUISSISSD PUD ]S1]3I9YI |7 "] UOI T 3qe], ﬁﬁucwawﬁﬁgzm




€€

6¢

TIOOS TVIOL

8% = H400S WNINIXVIN TVIOL

OYHY ‘SHN ‘HIN S€ Uons }2I[Juod JNoy)Im Jurpuny [ejUsUILISAOD)

€

A[uo sao1mnosax [eurdur £q Jurpung

C

JUSUIDA[OATT JNOYIIM sasuadxo Jo Surpuny uoneziuedio 1o Ansnpuy

S[qE[IeAB UOIBULIOJUT OU IO JUIUWIDAJOAUT SWIOS [JIM $3sUuadXa Jo Juawasimquural ym Surpung euoneziueSio 1o Lnsnpup

S)OT[JU0D
)M papuny uorjeziueSio ue 1o Axsnpur £q suonjeraunwal yIm Jurpuny jo sjaad] Y31y ‘pasjoaut saakordurs A1snpuy

¢-

amnsopsip 1adoxd noyim 10 yym seakoduwre Ansnpur papnpur ety

-

diysiosuodg pue Surpung ‘91

LSTIHLNI 40 SLOITANOD TA

(239 ‘wonedyNRIS
Suryorews ‘uonezrwopuel 1senb) erv)Ld uorsnpul pue ASojopoyow jo JusuruSIsse pauryop-[om @andadsorg

eJep 2A1309ds011a1 JO UONII[9s wopuel 1o syuedion.red [[e Jo UOISN[OUT Y)IM POYIIW 2A1}03ds01)aY

BLIDILID D1y192ds INOYIIM UoISNOUT Yam Apmys aa1dadsorg

¥
€
[4

BLIS)LID [eJTUI[D U0 paseq uonenjeAs ®>_uuonmw0.5®.~ 10 $2WI02)NO UOo paseq uﬁoaﬁwﬂwwm 9AI}I3[3S IO SILISS owmu\uhoguk ase)

1

syuedmonred jo JuouwruSt

SSV JO POYIIIN "1

LNHNNDISSY ‘A

syuedionaed a1 Jo Lj1ofewr UT SUOTJUIAISIUI-0D JR[IWUIS JO SUOIIUIAIIIUI-0 ON|

(4

syuedonred oY) Jo SWIOS UT SUOT)UIAISIUI-0D J[TWUIS 1O SUOTIUIAIUI-0D Je[IUISSI]

1

SUOTIUSAIIUT-07) JO [0y ‘FT

dnoi3 Aue ur s1eak g Je [eMeIPYIIM 04(0€ URY) SSIT

C

dnoid Lue ur 1eak su0 UT [EMBIPYIIM 90T TR ST

1

[eMeIPYIIM 0407 < J0 Byep 23a1dwoour jo unzodar aydsap ‘synodoap jo uondiidsap oN

0

s103e21pU] onsoudoi jueiroduwry 10y surpseq e sdnoin jo Arrerurs ‘¢1

Teqruns sdnoiny

[4

SIUI0)NO WO IDUINTJUT JUBIYTUSIS JNOYIIM Terulssip sdnoin

1

SOWODINO WO dduN[JuT Juedyrudis yum refrussip sdnoid 1o sdnoid oN

0

ayey Q doi(q Jo uondrsaq z1

$2102s AJ[IqeSIp UT UonONpaI 9% pue syutod ¢ 10 906 < uonouny pue ured ym Jusuwrasoxdur Jueoyrudig

¥

2102s AJI[IQESIp UI UOTINPAI 9%0F 10 %0S © YIm Juataro1duwr snyeys [euonounj YO
UoNOINPAI 9%(§ UeY) 2I0W 0 sjutod 210U JO ¢ JO 258IIDIP B M Surjer ureq

%0¢ < Jo yuawaAoxdur snyes [euonouny 1o aJueyd %07 < ANY
syutod 7 2 Jo asea10ap yim Suner ured

9%0¢ UBY) 10T JO JuawaA0IdwWT SNje)s [euonounj YO
uonONPaI 9407 UBY) 2I0W IO sjurod 210w IO ¢ JO asea1ddp & yim Surner ured

1

.w.\w\:@w:ﬂmuww ﬁ:mEm%ﬁﬁBE \:adm Jpuoruaa.IaIul %ﬁ:wz SIDLI} Pa]]oOLIU0I PIZIUWOPUD.L-UOU UL SD1q .\.@ 3S1L 9] 2]1DNDAI 0] STINSIL JUIUISSISSD PUD ]S1]HI9YI |7 "} UOI T 3qe ], ﬁﬁuﬁwawﬁmﬂ&ﬂ—m




