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Background: The benefit of intradiscal glucocorticoid injection (IGl) for discogenic low back
pain (LBP) remains controversial.

Objectives: The objective of this study was to systematically assess and meta-analyze the
efficacy of IGI compared with these control groups.

Study Design: Systematic review and meta-analysis.

Methods: A comprehensive literature search was performed screening PubMed and Embase
through May 2022. Only randomized controlled trials (RCTs) comparing IGI to control groups
in adult patients with discogenic lumbar back pain were included. A random effects model was
used to pool mean differences of pain intensity (visual analaog scale [VAS] 0-100), and physical
function assessed with the Oswestry Disability Index (ODI). Subgroup analyses were stratified by
Modic magnetic resonance imaging findings.

Results: Seven studies met inclusion criteria with a total of 626 patients. The short-term (< 3
months) follow-up showed a significant pooled mean difference in both pain intensity (-20.1;
95% Cl, -25.5 to -14.7) and physical function (-9.9; 95% Cl, -16.1 to -3.6). In the intermediate
-term follow-up (3 to < 6 months), only physical function remained significantly better in the
glucocorticoid group (-13.1; 95% Cl, -22.3 to -3.9). There was no clinically meaningful or
significant difference in pain scores and physical function at the long-term (= 6 months) follow-
up. A subgroup analysis did not demonstrate an effect of Modic (type I) changes on the efficacy
of IGI.

Limitations: A limited number of studies was available and consequently publication bias could
not be evaluated using a funnel plot. Statistical heterogeneity was detected among the included
studies.

Conclusion: We conclude that IGI reduces discogenic LBP intensity and improves physical
function effectively at short-term follow-up, and continues to improve physical function at
intermediate-term. However, 6 months posttreatment, outcomes are similar in comparison to the
control groups. The type of Modic change does not appear to be related with the response to IGl.

Key words: Low back pain, lumbar back pain, intradiscal glucocorticoid injection, modic
changes, meta-analysis
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he intervertebral disc is estimated to be the

source of chronic low back pain (LBP) in up

to 40% of patients (1-4). Discogenic LBP
is characterized by persistent axial LBP, associated
with degenerative disc disease (DDD) (5-8). Signs of
disc degeneration on magnetic resonance imaging
(MRI) include the loss of water content, a decreased
disc height and endplate subchondral bone changes
adjacent to the affected disc, called Modic changes
(9,10).

Modic | changes are characterized by subchondral
bone edema and inflammation (hypointense signal on
MRI T1-weighted imaging [T1WI] and hyperintense sig-
nal on T2-weighted imaging [T2WI]). Modic Il changes
are characterized by fatty degeneration (hyperintense
signal on T1WI and isointense or slightly hyperintense
signal on T2WI) though the appearance of fat can vary
based on the underlying T2-weighted sequence (9,10).
Modic lll changes are characterized by subchondral scle-
rotic bone formation (hypointense signal on T1WI and
T2WI) (9,10). Modic I-associated LBP has specific clini-
cal and biological features, including an inflammatory
pain pattern (11), elevated high-sensitivity C-reactive
protein serum values (12), and local inflammation (13).
Studies have suggested that Modic | changes are associ-
ated with LBP (14-17).

Conservative management of discogenic pain
includes anti-inflammatory drugs, physiotherapy, and
multidisciplinary biopsychosocial rehabilitation (18). If
conservative treatment fails, minimally invasive treat-
ments may be considered. The evidence of efficacy for
most minimally invasive treatments for discogenic LBP,
like intradiscal mesenchymal stem cells and platelet-
rich plasma injection and intradiscal radiofrequency
treatment, is low (19-21). Alternatives such as antibiotic
treatment for patients with discogenic pain are still
in the experimental phase. Percutaneous discectomy,
while well studied, is beyond the scope of this review,
as it is generally more effective in neuropathic radicular
pain than in LBP without radicular pain (22).

The inflammatory aspect of Modic | changes pro-
vides a rationale for evaluating treatments targeting
local inflammation, such as epidural or intradiscal glu-
cocorticoid injection (IGI). Randomized controlled trials
(RCTs) on the efficacy of IGI versus control have been
limited by their low statistical power due to small sam-
ple sizes (23,24). Therefore, the aim of this review is to
systematically assess and meta-analyze the efficacy of
IGI compared with these controls. Parameters studied
include pain intensity, physical function improvements,

quality of life, and analgesics treatments in patients
with discogenic LBP. These patients’ discogenic LBP
diagnosis was determined by a combination of medical
history, clinical examination, and MRI scan. In addition,
we assessed the possible correlation of Modic changes
with the efficacy of IGI in comparison to control groups.

METHODS

This systematic review was performed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) (25,26). The study was reg-
istered a priori on the International Prospective Register
of Systematic Reviews (PROSPERO CRD42022341785).
We do not have any deviations from the protocol to
report.

Search Strategy

We searched on PubMed and Embase for random-
ized, controlled trials of 1GI versus control (insertion of
a needle into the intervertebral disc with or without in-
jection of contrast dye [discography], saline, anesthet-
ics, or supposedly inactive agents). Three authors (MR,
EK, and HL) independently performed a comprehensive
literature search of PubMed and Embase to find rel-
evant peer-reviewed articles published from their in-
ception through May 2, 2022. No language restrictions
were applied. The search string included keywords
related to LBP, intradiscal injection, and RCTs. Detailed
search strings are shown in Appendix A. To expand the
literature search, the references of the eligible articles
and reviews with related topics were also screened for
possible additional records.

Study Selection

Three reviewers (MR, EK and HL) independently
selected studies based on predefined criteria:

1) Studies — only RCTs were considered eligible

2) Patients — all studies in adults with LBP related
to DDD as diagnosed by a combination of clinical exam-
ination and MRI scan were eligible, regardless of pain
duration and intensity; studies assessing effectiveness
on radicular pain as the primary outcome and studies
in adults with LBP related to facet joint disease were
excluded; no age restrictions were applied

3) Interventions — studies that compared IGI at
any dose with any control treatment (e.g., insertion of
a needle into the intervertebral disc with or without
injection of contrast dye [discography], saline, anes-
thetics, or supposedly inactive agents) were eligible

4) Outcome measures — The primary outcome was
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pain intensity quantified either as continuous value,
measured by the Numeric Rating Scale (NRS-11) or Visu-
al Analog Scale (VAS), or as the number of patients re-
porting pain improvement after receiving treatments;
the secondary outcome measures were improvement in
physical function, quality of life, analgesic usage, and
adverse events (AEs) and serious adverse events (SAEs).
Physical function was measured by the Oswestry Dis-
ability Questionnaire (ODI) or the Quebec Back Pain
Disability Scale (QBPDS). Quality of life was assessed by
the short form (SF)-36 or SF-12 questionnaires. Analge-
sic usage was recorded as the number of patients using
analgesic treatments during follow-up; the definition
of analgesic drugs depended on each individual study.
AEs and SAEs were recorded as the number of patients
experiencing one or more among the total sample or
just as the number of reported cases, whichever the
eligible study reported.

The studies were first manually screened based on
the title and abstract by the 3 independent reviewers.
Studies passing this process were assessed in full text.
Any disagreement among the 3 reviewers was ad-
dressed by discussion.

Data Extraction

Three reviewers (MR, EK, and HL) independently
extracted the data according to a standardized form.
For each selected article, the following information
was collected: title, first author, published year, coun-
try, patient characteristics, study design, sample size,
inclusion and exclusion criteria, type of glucocorticoid
and doses, type of control and doses, measurement
scale, follow-up time, and, at each available time point,
the pain intensity, functional status and quality of life
scores, or change scores, (expressed as mean or median,
with either SD, SE, Cl, or Inter Quartile Range (IQR). The
number of patients reporting improved symptoms was
based upon the definition used by the authors, as well
as the number of patients using analgesic drugs (time
point and sample size), the number of patients experi-
encing AEs and SAEs (time point and sample size). Any
discrepancy was solved through discussion.

For studies with insufficient information, we
searched for more information on the ClinicalTrials.gov
platform or attempted contact with the corresponding
author up to 3 times. For studies representing results
in graphs only, and without a response from the cor-
responding author, WebPlotDigitizer (Version 4.5)
was used to extract the mean and Cl (tool available at
https://automeris.io/\WebPlotDigitizer/) (27).

Quality Assessment

The quality of the included studies was critically ap-
praised using the second version of the Cochrane risk-
of-bias tool for randomized trials by one reviewer and
then discussed in a conference call of 4 reviewers (GG,
MR, EK, and HL) (28). In short, the Cochrane risk-of-bias
tool for randomized trials focuses on 5 domains. They
are the randomization process, intervention, missing
outcome data, measuring outcomes, and reporting
outcomes. Conflict was resolved through consensus.
The overall risk of bias was concluded based on each
of the 5 domains.

Statistical Analysis

The mean difference (95% Cl) for the continuous
outcomes and the risk ratio (RR) and 95% Cl for dichot-
omous outcomes was calculated to compare between
the glucocorticoid and control groups. The inverse-
variance random-effects model was used to pool the
data across studies, and the results were presented in
Forest plots. Pain scores measured on an 11-point NRS
were converted to the 0 (no pain) - 100 (maximum
pain) VAS scale before pooling; a decrease of 20 units
in pain score was considered to be of minimal clinical
importance (29). Results from studies measuring physi-
cal function as an ODI score (0-100, a lower score means
less disability) were pooled. A decrease of at least 10
points in ODI was considered to be clinically impor-
tant (29). Differences in postintervention scores were
pooled. In case no postintervention scores were avail-
able, we used the difference in change-from-baseline
score.

Unreported SDs were calculated from 95% Cl/90%
Cl as recommended by the Cochrane collaboration (30)
and from IQR based on Wan et al for data with skewed
distribution (31).

Quality of life was measured in only 2 studies uti-
lizing 2 different questionnaires, making it unsuitable
for meta-analysis and thus quality of life findings were
described in narrative form. For dichotomous out-
comes, numbers of patients experiencing the event and
sample sizes of the groups were used to calculate the
RR between both groups. AEs and SAEs were reported
in only 2 studies. However, the available data were
heterogeneous in their way of reporting; therefore,
we chose to describe it in narrative form without meta-
analysis. We separated outcomes for 3 time points:
short-term (< 3 months), intermediate-term (3 - < 6
months) and long-term (> 6 months).

For studies reporting multiple outcomes within
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each time category, data of the longest time point
were chosen for pooling and data of the other time
points were described in a descriptive table. First, re-
sults for the overall sample regardless of their type of
Modic changes were pooled, then a subgroup analysis
including only results from patients with Modic | was
performed. For studies reporting results separately for
different kinds of Modic changes, we combined those
into an overall estimate according to the Cochrane
handbook for systematic reviews of intervention stud-
ies (30).

Between-study heterogeneity was evaluated based
on the Cochrane y? test and I?, where P > 0.1 and I> >
50% were considered a sign of significant heterogene-
ity. A funnel plot was planned to determine the risk
of publication bias, but the small number of studies
inhibited that. The meta-analysis was conducted using
the packages “meta” and “metafor” in R version 4.1.2
(The R Foundation).

REsuLts

Literature Search

Literature search results are summarized in Fig. 1
and briefly described below.

Overall, 84 potential records were identified from
the comprehensive literature search. After a thorough
screening process, 7 articles were included in the quali-
tative analysis (systematic review) and in the quantita-
tive analysis (meta-analysis) (Fig. 1) (23,24,32-36). The
characteristics and technical aspects of the 7 included
studies in the systematic review are presented in Table
1. The main findings are listed in Table 2.

Qualitative Analysis (Systematic Review)

Study Characteristics

Table 1 shows the characteristics of eligible stud-
ies. All selected articles were RCTs published from
1992 through 2021 by research groups from differ-

Records identified through
database searching — PUBMED
(n=56) & EMBASE (n=24)

Relevant records identified

from reference lists
(n=18)

1

|

(n=84)

Records after duplicates removed

Y

Records title and abstract
screened (n=84)

Records excluded
(n=50)

hJ

Full-text articles excluded, with

Full-text articles as

reasons (n=27):

eligibility (n=34)

d for Inappropriate population: n=2
Inappropriate study design: n=4
Inappropriate administration of

intervention: n=2
Inappropriate comparator: n=9
No MRI for diagnosis: n=7

(n=7)

Studies include in the
systematic review

Commentary paper: n=1
No full text: n=1
Double Publication: n=1

Fig. 1. Study selection flowchart.
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ent continents (North America, Asia and Europe).
The patients in both the glucocorticoid group (314)
and the control group (312) had chronic LBP due to
a degenerative disc disease without any other spinal
pathologies. The mean group size was 35 (14 - 67)
patients in the glucocorticoid group and 35 (11 - 68)
in the control group.

In 4 of the 7 included studies, the Modic classifica-
tion was used. In all 4 studies using the Modic classifi-
cation, subgroup analyses were performed comparing
the overall result with the results in the Modic type
I group. However, only one study distinguished be-
tween Modic type | and type Il in its subgroup analy-
ses. Four different kinds of glucocorticoids were used
in the individual studies. Methylprednisolone, beta-
methasone, and prednisolone acetate were all used in
2 studies; dexamethasone was used in one. The studies
used different agents in their control groups. Three
studies used a saline solution, 2 used a local anesthetic
(lidocaine, bupivacaine), and 2 used contrast dye.

Follow-up was reported in 3 periods: short-term
(one week to less than 3 months) in 5 studies, interme-
diate-term (3 to less than 6 months) in 4 studies, and
long-term (6 to 24 months) in 6 studies. The measure-
ments consisted of pain scores (6 studies used VAS,
one study used NRS-11), pain improvement (3 studies),
physical function (6 studies used ODI, one study used
QBPDS), quality of life (2 studies),analgesic treatment
(3 studies) and adverse events (2 studies).

Main Findings

Short-term pain intensity scores were reported in
4 studies. The glucocorticoid group showed statistically
significant better results compared to the control group
in pain intensity and ODI. The glucocorticoid group
showed better results compared to the control group
at the intermediate-term follow-up for ODI. ODI was
reported in 4 studies, while pain scores were reported
in 5 studies. Mean pain intensity was lower in the
glucocorticoid group compared to the control group.
However, Nguyen et al reported higher pain intensity
in the intermediate-term follow-up in the glucocorti-
coid group (50.5 glucocorticoid vs 43.9 control) which
was not statistically significant (23). The mean ODI
scores in the glucocorticoid group were generally lower
than in the control group, except for the “not-Modic
1" subgroup of Buttermann et al (32). In this group,
the mean ODI was slightly higher in the glucocorticoid
group (54.4 glucocorticoid vs 49.2 control) but with no
statistical significance (32).

Long-term pain intensity was reported by 6 stud-
ies and 4 studies reported ODI scores. Mean pain
intensity was lower in the glucocorticoid group in all
6 reporting studies, but the difference was less pro-
nounced compared to the short- and intermediate-
term follow-up. Similar findings were observed in
the ODI analysis.

Quality of life was measured in 2 studies at months
one, 3, 6 and 12 using SF-12 and SF-36 (23,24). Overall, at
months one, 3 and 6, patients in the glucocorticoid group
had a higher score for quality of life than the control
group in both physical and mental aspects (23,24). How-
ever, at month 12, physical and mental health-related
quality of life was lower in the glucocorticoid group (23).

There were 3 studies assessing analgesic treatments
between the 2 groups. One study compared medication
usage pre- and postinjection and 2 studies recorded
postinjection medication usage (23,24,32). Compared
to preinjection analgesic usage, at postinjection a low
number of patients in the glucocorticoid group used
more pain medications and a higher number of them
used less or much less pain medications than the con-
trol groups (32). Nguyen et al (23) found that at months
one and 12, the proportion of patients who used anal-
gesics and nonsteroidal anti-inflammatory drugs in the
glucocorticoid group was lower than the control group.
Meanwhile, Tavares et al (24) demonstrated that at one
month, compared to the control group, a higher per-
centage of patients in the glucocorticoid group used
analgesic medication, but a lower percentage of them
used nonsteroidal anti-inflammatory drugs, although
the differences were slight.

Two studies reported the occurrence of AEs and
SAEs (23,24). Nguyen et al (23) reported that at their
12-month follow-up, a slightly higher percentage of
patients in the glucocorticoid group experienced at
least one AE or SAE compared to the control group.
Of note, within reported SAEs, no patients in the glu-
cocorticoid group and only one patient in the control
group were possibly related to the intervention (i.e.,
an increase in radicular leg pain in the 24 hours postin-
jection) (23). Over a 6 month period, Tavares et al (24)
recorded 3 SAEs in the glucocorticoid group and 4 SAEs
in the control group; however, we lacked information
about the denominator to calculate the percentage.
No spondylodiscitis or intervertebral disc calcifications
were reported in the included studies.

Quality Assessment
The quality assessment results are shown in Fig.
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2. Most of the studies showed overall concerns after
assessing the above-mentioned domains (23,24,32-
36). These overall concerns were mainly caused
by incomplete reporting of the study method and
results. The measurement of the outcomes was ap-
propriate for most studies, although “incompletion
in reporting the possible measurement” or “ascer-
tainment differences” between intervention groups
caused the main concerns (23,24,32-36). In study by
Butterman et al (32) there was a high risk of differ-
ence in measurement between groups. The domain
less susceptible to bias was the description of the
randomization process. In most of the studies the
randomization and allocation concealment were
ensured (23,24,33-36). Blinding was another source
of concern; most of the studies assured that patients
were not aware of their intervention (23,24,33-36),
although the blinding of providers was only applied
in some of the studies (33,35,36).

Quantitative Analysis (Meta-analysis)

All 7 studies from the qualitative analysis, includ-
ing 626 patients (314 glucocorticoid group, 312 control
group), were selected for the meta-analysis. Results
of the meta-analyses are shown in Figs. 3-9. Meta-
analyses were performed for short-term, intermediate-
term and long-term follow-up regarding pain intensity
scores (0-100), ODI (0-100), Modic type | if possible, with
subgroup-analyses. For short-term follow-up it was pos-
sible to perform a meta-analysis for pain improvement.

Meta-analyses of the Short-Term Follow-up:

The short-term follow-up for the pain intensity scores
(Fig. 3) showed a pooled mean difference of -20.1 (95%
Cl; -25.5 to -14.8), in favor of the glucocorticoid group.
Heterogeneity was low with 12 = 35%. Regarding pain
intensity scores for Modic type |, the subgroup analysis
was similar: the pooled mean difference was -22.8 (95%
Cl, -33.7 to -12.0). Moderate heterogeneity was detected
(12 = 64%). On the ODI (Fig. 4), the

pooled mean difference was -9.9
(95% Cl, -16.1 to -3.6). Heterogeneity
was moderate at |12 = 67%.

The pooled mean difference
in the subgroup analysis for Modic
type | was reported in 2 studies. The
pooled mean difference was -9.08
(95% Cl, -19.2 to 1.0) A low hetero-
geneity was detected (12 = 52%). In
the short-term follow-up, they were
lower on average in the glucocorti-
coid group versus the control group
(23,24,32,36). The subgroup analysis
of Modic type | was similar to the
overall analysis. Pain improvement
was only available for short-term
follow-up and was measured by 3
studies (23,32,35). A meta-analysis
for pain improvement was only
available for short-term follow-up.
Since a subgroup analysis for Modic
type | was investigated in only 2
studies, it was considered as insuf-
ficient data for meta-analysis. The
results of the meta-analysis for pain
improvement are shown in Fig. 5.

of bias, yellow: “some” risk of bias and red: “high” risk of bias.

Fig. 2. The quality assessment of the included studies according to the Cochrane risk-
of-bias tool for randomized trials tool. The risk of bias is colored. Green: “low” risk

The pooled value in the 2 groups (n
= 165/n = 169) was 4.68 (95% Cl, 0.6
to 36.5). Heterogeneity was moder-
ate (12=71%).
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glucocorticoid control

Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl
Modic classification: modic |
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Buttermann et al. 2004 40 4210 2890 38 71.90 14.30 = -29.80 [-39.84,-19.76] mean differencofor short-term
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sl =4 —T— — Analog Scale.
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glucocorticoid control
Study Total Mean  SD Total Mean SD Mean Difference MD 95%.-CI
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Caoetal. 2011 40 17.00 930 40 69.00 11.80 ™= -52.00 [-56.66; -47.34] study. NRS: Numeric Rating
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40 -20 0 20 40
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Physical function in ODI (0-100)

Meta-analyses of the Intermediate-Term Follow-
Up:

The intermediate-term pain intensity and ODI are
shown in Figures 6 and 7, respectively. The pain inten-
sity scores showed a pooled mean difference of -18.3
(95% CI: -37.9; 1.3) with heterogeneity of 12 = 98%.
In the subgroup analysis for Modic type |, the pooled
mean difference was -20.4 (95%Cl: -46.3; 5.4). Hetero-
geneity was 12 = 97%. The quantitative analysis of the
ODlI in the overall studies resulted with a pooled mean
difference of -13.1 (95%Cl: -22.3; -3.9). For the Modic
type | subgroup analysis, the pooled mean difference
was -17.8 (95%Cl: -33; -2.7), with heterogeneity of I2
= 88%.

Meta-analyses of the Long-Term Follow-up:

The quantitative analyses for pain intensity
scores and ODI at long-term follow-up are shown in
Figures 8 and 9. The pooled mean difference of pain
intensity score was -11.2 (95%Cl: -27.9; 5.6)(12 = 98%).
In the subgroup analysis for Modic type |, the pooled
mean difference for pain intensity score (glucocor-
ticoid vs control) was -17.0 (95%Cl: -43.8; 9.9) (12 =
98%). Overall results for the ODI showed a pooled
mean difference of -7.8 (95%¢Cl: -19.9; 4.2) (12 = 96%).
In the subgroup Modic type 1, the pooled mean dif-
ference was -17.9 (95%ClI: -42.1; 6.3). Heterogeneity
was 12=92%.
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changed scores.

Discussion

This systematic review and meta-analysis identi-
fied 7 RCTs on the efficacy of intradiscal glucocorticoid
injection for discogenic LBP and demonstrated a strong
short-term effect of IGI. The pooled data of both pain
intensity scores and physical function demonstrated
clinically meaningful and statistically significant effects
at the short-term follow-up (< 3 months) for the I1GI
group in comparison to the control group (23,24,32-36).
The improvement at intermediate-term follow-up (3 - <
6 months) was significant in comparison to the control
group for the physical function scores, but not for pain
intensity scores. However, at long-term follow-up (> 6

months), outcomes were not statistically significantly
different in pain intensity scores and physical function,
although still slightly in favor of the IGI group. Short-
term pain improvement was only reported in 3 studies;
the IGI groups showed a higher mean pain decrease
than the control groups, however, the results were not
statistically significant (23,32,35).

Recently, a systematic review and meta-analysis
was published by Daste et al (37) of RCTs of interver-
tebral disc therapies versus placebo, active intradiscal
comparator, nonintradiscal spinal injection therapies
(e.g., epidural injection), or other usual care in pa-
tients with nonspecific chronic LBP (37). They defined
intervertebral disc therapies as an injection of a drug,
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biological product, gas, or device into the interverte-
bral disc. Despite a similar timeframe and study selec-
tion of RCTs, the study by Daste et al (37) not only
focused on a broader range of treatments, but also on
a broader range of comparators. In comparison to our
study, Daste et al (37) retrieved fewer articles for the
qualitative and quantitative analyses (n = 5 vs n = 7)
of 1GI versus control treatment, which might affect the
robustness of data. They concluded that IGls were as-
sociated with a reduction in LBP intensity at short-term
follow-up in patients with nonspecific chronic LBP, but
these positive effects were not sustained at the inter-
mediate- and long-term.

In comparison to our study, Daste et al (37) did
not find an improvement in physical function (called
“LBP-specific activity limitations”) at intermediate-term
follow up. This can be explained by the fact that they
did not include the study by Buttermann et al (32) in
their meta-analysis. Furthermore, Daste et al (37) took
the group injected with betamethasone and the group
injected with betamethasone and cervus and cucumis
polypeptide of the study by Cao et al (33) as the experi-
mental group, while we used only the group injected
with betamethasone (33). The decision of choosing an
experimental group was based on our research ques-
tion and the fact that cervus and cucumis polypeptide
has an analgesic effect. Furthermore, different from
our study, Daste et al (37) did not perform a subgroup
analysis according to Modic changes.

It is important to underscore the relevance of Gl
being superior to controls with regard to physical func-
tion in the short- and intermediate-term follow-up.
Although pain intensity is a primary outcome generally
used to quantify the severity of chronic LBP and the
effect of its treatment, additional factors like physical
function should be considered in LBP management (38).
LBP is the leading cause of years lived with disability
worldwide during the past 3 decades (39). Additionally,
physical function is one of the predominant measures
used by health insurance payers to justify approval of
procedural, rehabilitation, and pharmacological thera-
pies (40). Pain intensity and physical function are mod-
estly associated, but over time, relate with each other
in only a relatively indistinct, weak pathway (40,41).
Therefore, including the outcome of physical function
in chronic pain systematic reviews and meta-analyses is
essential.

The place of 1GI for LBP remains to be defined,
given the lack of long-term benefit. The majority of
treatment alternatives for discogenic LBP, like conser-

vative care and fusion surgery, is supported by limited
evidence. Previous studies have shown moderate evi-
dence for long-term improvement with fluoroscopically
guided lumbar interlaminar epidural injections (with
or without steroids) in the treatment of discogenic
LBP. This treatment is moderately to strongly recom-
mended in the American Society of Interventional Pain
Physicians Comprehensive Evidence-based Guidelines
(42). Epidurally injected solutions probably affect the
posterior longitudinal ligament and posterior annulus
fibrosus (32).

Although our study suggests that |Gl is a safe treat-
ment, intradiscal injections are considered more inva-
sive in comparison to other regularly performed spinal
injections like interlaminar epidural and facet joint
injections (42), and should therefore only be offered
to a patient after careful consideration of the benefits
and risks. While interlami-nar epidural injections and
intradiscal injections share some complications, includ-
ing subdural and epidural abscess and vascular and
neurological injury, the risk to develop an infectious
discitis is higher for intradiscal injections in comparison
to epidural injections, and is intrinsic to the introduc-
tion of the needle into the intervertebral disc (42).
Nevertheless, despite the fact that none of the included
studies reported the use of antibiotic prophylaxis be-
fore IGI, no cases of spondylodiscitis were reported in
the studies.

Additionally, the procedure of diagnostic pro-
vocative discography, a fluoroscopically guided proce-
dure in which contrast dye is injected into the inter-
vertebral disc to confirm the diagnosis of discogenic
pain, has been associated with the acceleration of disc
degeneration (43-45). As the procedure of an IGI is
similar to the procedure of provocative discography
(insertion of the needle in the intervertebral disc, and
injection of a solution into the intervertebral disc),
the risk of acceleration of disc degeneration might be
likewise applicable for IGIl. However, a 7-year matched
cohort study demonstrated that low-pressure pro-
vocative discography, if performed according to the
Spine Intervention Society/International Association
for the Study of Pain standards (i.e., < 3 mL intradiscal
volume injection, intradiscal pressure of <50 psi above
opening pressure), does not cause acceleration of disc
degeneration (46). To prevent high-pressure injection,
an IGI should ideally be performed with intradiscal
pressure monitoring. Unfortunately, manometers
for pressure monitoring are often unavailable (47).
Consequently, in case manometry is not available, a
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slow and gentle injection is at least advisable under
conventional pres-sure (33).

The subgroup analysis of our study did not dem-
onstrate a correlation of Modic changes and the effect
of an IGI as assessed by pain intensity and physical
function improvements in comparison to control treat-
ment. Modic type | changes have been attributed to
low-grade systemic and local inflammation, and even
to bacterial infection, supporting a concept called
“active discopathy” (11-13,48,49). The origin of this
inflammation is unknown. Moreover, multiple studies
have found an association between Modic changes
and LBP (14-17). While the presence of a low-virulence
infection might discourage using corticosteroids, no
particular concerns have been raised in the literature
so far, and therefore the inflammation findings provide
a solid rationale for treatments targeting local inflam-
mation, such as IGl. However, the results of a recently
published systematic review by Herlin et al (50) ques-
tions associations between Modic changes on the one
hand and LBP and physical function related outcomes
on the other hand.

Additionally, it is well known that MRI in general
provides inadequate sensitivity and specificity to ac-
curately diagnose discogenic pain (51,52), while mod-
erate evidence supports the diagnostic accuracy of
provocative discography (53-55). A subgroup analysis
did not result in a correlation of Modic changes and
the efficacy of IGI. Therefore, Modic type | changes
should not be a rigid requirement to determine the
indication for IGI. Since the overall results didn’t show
any meaningful difference to those restricted to pa-
tients with Modic type |, patients without Modic type
I changes may benefit from an IGI as well. The results
of our systematic review and meta-analysis therefore
suggest also offering an IGI to patients with LBP and
DDD without Modic type | changes, but more data are
needed to allow for analyses stratified on Modic types
other than Modic type I.

In patients with LBP unresponsive to conservative
treatment; with a medical history, clinical examination
and MRI suggestive of discogenic LBP, the algorithmic
approach should include diagnostic and therapeutic
interventions with facet joint blocks, sacroiliac joint
injections, and lumbar interlaminar epidural injections
(42). If these interventions are negative or ineffective,

provocative discography could be offered as the next
step in the diagnostic algorithm to confirm the diag-
nosis of discogenic LBP. A positive discography can be
immediately followed by an 1GI, without adding sub-
stantial risks, time, or significant expense (35). Given
the short- to intermediate-term improvement after IGI
demonstrated by our study, repetition of a responsive
IGI can be considered in cases of recurring of LBP, lead-
ing possibly to a reduction in major low-back surgery
procedures.

The emerging area of vertebrogenic pain likely to
some extent overlaps with discogenic pain. Radiofre-
quency ablation of the basivertebral pain led to sig-
nificant improvement in pain and function in patients
with chronic vertebrogenic-related LBP in 2 controlled
studies and a trial against best medical therapy (56-58).

Limitations

Some limitations and biases of our systematic re-
view and meta-analysis should be considered. A limited
number of studies were available for the systematic
review and the meta-analysis for evaluating IGI versus
control for LBP; consequently, we could not evaluate
the publication bias using a funnel plot. Moreover, in
some of the meta-analyses, substantial statistical het-
erogeneity was detected among the included studies (I2
> 50%). The heterogeneity can be explained in part by
the variety of glucocorticoids and controls used among
the studies, including types and doses and population
diversity. However, the number of studies that we
included was insufficient to explore between-study
heterogeneity in greater detail.

CoNCLUSION

Despite limited data, we conclude that IGl is supe-
rior to control treatment for discogenic LBP intensity
scores at short-term follow-up. Furthermore, the treat-
ment continues to be superior with regard to physical
function at intermediate-term follow-up. However, after
6 months of follow-up, the patients treated with IGI
showed similar results to the control groups. Modic type
classification seems to have a limited clinical relevance
with regard to the effect of an IGI since all patient
groups with LBP and DDD included in these studies seem
to benefit from an 1Gl. We suggest further studies with
standardized settings to shed more light on this topic.
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Appendix A. PubMed and Embase search strategy.

No. Query
PubMed
#1 (‘low back pain” OR ‘back pain’ OR ‘intervertebral disc degeneration’ OR ‘discogenic pain’)
#2 (‘injections’ OR ‘infiltration’)
#3 (‘intradiscal’ OR ‘intra-discal’)
#4 (‘randomized controlled trial’ OR ‘controlled clinical trial’)
#5 #1 and #2 and #3 and #4
Embase
#1 ('low back pain' OR 'backache’ OR 'intervertebral disk degeneration' OR 'discogenic pain')
#2 (‘'injection’ OR 'infiltration’)
#3 (‘intradiscal drug administration’)
#4 ('randomized controlled trial' or 'controlled clinical trial')
#5 #1 and #2 and #3 and #4




