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Intradiscal steroid injection for the treatment
of chronic non-specific low back pain in patients
with Modic type 1 change
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Abstract. — OBJECTIVE: The aim of this
study was to evaluate and aggregate the evi-
dence from the published studies to determine
the effectiveness of intradiscal steroid injection
(ISI) in patients with symptomatic Modic type |
change (MCI).

MATERIALS AND METHODS: A systematic
literature search was independently performed
by two authors. The electronic database, includ-
ing PubMed, Embase, the Cochrane Library, and
Web of Science, were searched with the given
search terms but without language restriction.
The studies that met the inclusion criteria were
included. The relevant data were extracted, and
two authors independently assessed the quality
of the included studies. We performed the pres-
ent study using the STATA software package.

RESULTS: The present work included seven
studies with 434 patients with chronic low back
pain (CLBP). The risk of bias in the included
randomized controlled trials (RCTs) was rated
from low to unclear, and all the included obser-
vational studies were rated as high quality. The
result of the meta-analysis revealed that there
were significant differences in pain intensity
[standardized mean difference (SMD): 3.09, 95%
confidence interval (Cl): 1.60-4.58; p<0.01] and
self-assessed improvement/satisfaction [odds
ratio (OR): 11.41, 95% CI: 3.39-38.41; p=0.05] af-
ter ISI compared to before treatment. However,
no significant differences in the proportion of
patients with full or part-time employment (OR:
1.03, 95% CI: 0.55-1.91; p>0.05), receiving addi-
tional care for CLBP (OR: 0.78, 95% CI: 0.36-1.71;
p>0.05), and serious adverse events (OR: 1.09,
95% CI: 0.58 to 2.05; p>0.05) were detected be-
tween the groups.

CONCLUSIONS: Among CLBP patients with
MCI, the use of ISI was significantly associat-
ed with a reduction in pain intensity in the short
term.
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Introduction

About 23% of the world’s population suffers
from chronic low back pain (CLBP), and 24-80%
of them may undergo the recurrence of pain with-
in 1-year'. The number of individuals with CLBP
has increased dramatically from approximately
377 million in 1990 to 577 million in 2017%. As
a leading cause of disability?, CLBP is a major
contributor to individual and societal burdens®*.
Therefore, understanding the pathomechanisms
of CLBP and finding cost-effective therapeutic
options are urgent needs.

CLBP is a complex, multidimensional symp-
tom affecting populations of all ages rather than
a disease’. However, it remains unclear or con-
troversial about its etiology, pathomechanisms,
and treatment strategy. Historically, the potential
mechanism is strongly associated with interver-
tebral discs®’. However, a recent study® has in-
dicated that pain signals can also be transmitted
from the vertebral endplates via the basivertebral
nerve, providing new insights into the origin of
CLBP.

Modic changes (MCs) are the specific signal
intensity changes of the vertebral endplates and
adjacent bone marrow visible via magnetic res-
onance imaging (MRI). Given the close correla-
tions with CLBP, they have attracted widespread
attention in academia. Modic et al*!’ in 1988 re-
ported their classifications and histological man-
ifestations first. Current evidence'' suggests that
Modic type I change (MCI) is mostly associated
with CLBP than other two types. Furthermore,
the preceding studies'>® have shown a signifi-
cantly higher level of proinflammatory cytokines
in subjects with MCI than those without MCI,
indicating a local inflammation. These findings
provide a plausible rationale for assessing the ef-
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fectiveness of intradiscal steroid injection (ISI)
targeting local inflammation.

Several studies'!® investigated the effective-
ness of ISI for CLBP in patients with MCI. How-
ever, most of them had small sample sizes, which
more likely lead to unreliable results. Therefore,
we evaluated and aggregated the evidence from
the published studies to determine the effective-
ness of ISI in patients with symptomatic MCs.

Materials and Methods

The implementation of the present work was
conducted in strict accordance with the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA)'S. The protocol
of this study was registered with PROSPERO
(registration number: CRD42021271207). Our
institutional Ethics Committee waived ethics
approval of this study. The PRISMA checklist of
the present study is summarized in Supplemen-
tary Table L.

Search Strategy

Two authors independently performed a sys-
tematic literature search in PubMed, Embase,
the Cochrane Library, and Web of Science, with-
out language restriction. The search span was
limited to the article published from 1% January
1988 to 31% July 2022 because MCs were first
elaborated by Modic et al*!? in 1988. We used the
following search terms to identify the articles re-
porting the effectiveness and safety of ISI for the
treatment of CLBP in patients with MCI: “Mod-
ic changes”, “vertebral endplate signal chang-
es”, “active discopathy”, “Modic type I change”,
“intradiscal injection”, “spinal injection”, “in-
tradiscal corticotherapy”, “injection”, “steroid”,
and “glucocorticoid”. We manually searched
references from related reviews and studies for
additional eligible articles. The search strategy
via PubMed database as an example is shown in

Supplementary Table I1.

Eligibility Criteria

We developed the inclusion criteria for the pres-
ent work according to the principle of Participants,
Interventions, Comparison, Outcome, and Study
design (PICOs). The present work included stud-
ies that met the following criteria: (1) Participants:
adult patients clinically diagnosed as non-specific
CLBP and with evidence of MCI on MRI; (2) In-
tervention: intradiscal injections of different kind

of steroids; (3) Comparison: placebo or no control
group; (4) Outcome: any clinical outcome such as
pain, disability, and adverse events; and (5) Study
design: single- or double-arm observational stud-
ies, randomized controlled trials (RCTs). We only
included the one with a larger sample or more ac-
curate data if multiple articles presented overlap-
ping outcomes from the same research team. The
exclusion criteria for the present study included
reviews, case reports, conference abstracts, and
experimental animal studies.

Data Extraction

A standard summary form was designed be-
fore the implementation of data extraction. Two
authors independently extracted the relevant
data from each included study according to the
established guideline and filled it into the cor-
responding sites of the summary form immedi-
ately. A third author was employed to resolve
disagreements if unsolved after discussion be-
tween the two authors. The following data were
extracted: study characteristics, selection of
study population, the baseline of participants,
drug and dosage, clinical outcomes, and fol-
low-up time.

Outcomes

The outcomes for this meta-analysis were pain
intensity, disability, and adverse events at the
treatment endpoint or the final follow-up. Several
methods used in the included studies to evaluate
pain intensity and disability, including the visual
analogue scale (VAS), Oswestry disability index
(ODI), etc., were accepted in the present work.

Risk of Bias and Study Quality
Assessment

Two authors independently evaluated the risk
of bias of RCTs using the bias risk tool proposed
by the Cochrane back review group'. They as-
sessed the methodological quality of selected ob-
servational studies using the Newcastle-Ottawa
Quality Assessment Scale (NOQAS). The dis-
agreement was resolved by consensus or consult-
ing a third author with more than 5-year experi-
ence in this field.

The included RCTs responded to each of
the following domains with “high risk”, “low
risk”, or “unclear” according to the Cochrane
risk of bias tool: random sequence generation,
allocation concealment, blinding of study par-
ticipants, blinded outcomes assessment, incom-
plete outcome data, selective reporting, and
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other biases'”. An RCT showing a high risk of
bias in two of all domains was considered as
having a high risk'®.

We assessed the included cohort or case-con-
trol study following items proposed by NOQAS
work group: selection of the study population,
comparability among groups, and outcome eval-
uation. A study was considered to be high quality
if the score was more than or equal to 7 points'®.

Statistical Analysis

The meta-analysis was conducted using the
STATA software package, version 12.0 (StataCorp
LP, College Station, TX, USA). Odds ratios (ORs)
and 95% confidence intervals (Cls) were esti-
mated for dichotomous outcomes (e.g., adverse
events). For continuous outcomes (e.g., VAS and
ODI), we used mean difference (MD) for the out-
comes with identical scales, standardized MD
for different scales, and 95% ClIs to estimate the
pooled effects. The random-effects model, which
was reported?® to provide better estimates with
wider CIs than the fixed-effects model, was used
to estimate the weighted mean. A p-value lower
than or equal to 0.05 was considered to indicate a
significant difference.

The quantity /# statistic was calculated to as-
sess the heterogeneity across studies, with scores
of more than 75%, 25-75%, and lower than 25%
representing high, moderate, and low heterogene-
ity, respectively?’. We would have used the sub-
group or meta-regression analysis to explore pos-
sible sources of high heterogeneity if the number
of the included studies was sufficient. Begg’s fun-
nel plots and Egger’s tests were created to identify
the potential publication bias. The sensitive analy-
sis was carried out to detect the robustness of the
pooled estimated effects by deleting the included
studies one by one.

Results

Systematic Search

The flowchart of the study retrieval and selec-
tion is shown in Figure 1. We initially identified
1,075 records under the established search strate-
gy, and 581 repetitive records were automatically
eliminated after the integration of the electron-
ic literature management software EndNote. 21
studies were eligible for inclusion after screening
the titles and abstracts. Finally, 7 articles®*** ulti-
mately complied with the inclusion criteria after
reading the full texts.
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Study Characteristics and Quality
Assessment

7 studies*?* involving 434 patients with CLBP
were included in this meta-analysis. Of which, there
were 4 RCTs**##"2 with sample sizes ranging be-
tween 15 and 68, and 3 observational studies??2%2°
with sample sizes ranging between 12 and 40. The
ages of the individual included in these studies
ranged between 32 and 64 years. The mean fol-
low-up was between 6 months and 24 months. Four
of these 7 studies**?*2® adopted intradiscal prednis-
olone acetate injection, while the others**** used
intradiscal betamethasone injection. Moreover, 2
studies?”*® have compared the intradiscal steroid
and non-steroid injection for MCI, 2 studies*~® have
assessed the effectiveness of ISI in patients with or
without MCI, and the remaining three studies?***
have investigated both. The characteristics of the in-
cluded studies are summarized in Table I.

The risk of bias of the 4 included RCTs is pre-
sented in Figure 2. According to the evaluation
criteria proposed by the Cochrane review group,
the risk of bias of these RCTs was rated from low
to unclear. The total quality score of each ob-
servational study was counted according to the
items given by the NOQAS work group. Table 11
summarizes the scoring results of the 3 included
observational studies?***%. All included observa-
tional studies were high quality with the quality
score of more than 7 points in this meta-analysis.

Primary Outcomes

Pain intensity before and after IS/
in patients with MCl

Five studies*2%?8 published from 2007 to 2020
reported comparative results of pain intensity in
patients with MCI before and after ISI. The re-
sult of the meta-analysis revealed that there was
a significant difference in pain intensity after
ISI compared to before treatment [standardized
mean difference (SMD): 3.09, 95% CI: 1.60-4.58;
p<0.01] (Figure 3), indicating that ISI was closely
correlated with the reduction in CLBP intensity.

Self-reported satistaction/ improvement

Several studies?>**%?7 included in the present
work have demonstrated that the subjects with MCI
receiving ISI had more remarkable self-assessed
improvement compared to those in the control
group. The pooled result also detected a significant
difference in patients’ self-reported improvement
between ISI and control groups (OR: 11.41, 95%
CI: 3.39- 38.41; p=0.05) (Figure 4).
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Identification

Screening

Eligibility

Included

1074 Records identified 1 Additional records identified
through database searching through other sources
—> 581 Records after duplicates

v

494 Records screened

— 473 Records excluded

v

21 Full-text articles assessed for eligibility

14 Articles excluded
2 Articles without complete data,
3 Conference abstracts,
— | 2 Studies without any interest
outcome measures,
7 Studies did not met the inclusion
criteria.

v

7 Studies included in this meta-analysis
4 Randomized controlled trials

3 Observational studies

Figure 1. Flow diagram of study selection.
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Table I. Characteristics of the included studies.

Author Study Study Sample Mean age Gender Follow-up Study Interventions Outcomes
(years) sites design (years) (female) population

ISI /7 CG IS1 /7 CG ISI /7 CG ISI /7 CG ISI /7 CG IS1 /7 CG
Buttermann et al* USA PS 40/38 44/44 17/30 12-24 m MCI/no MCI Betamethasone (8.3 mg) / discography Q®
Fayad et al®® France CS 37/12 47/53 22/7 6 m MCI/MCII Prednisolone acetate (25 mg) OB
Zhuang et al* China RCT 15/15 41.6 - 6m MCI/MCII Betamethasone (3 ml)/saline (3 ml) ©)
Cao et al® China RCT 20/20 41/42.6 7/8 6m MCI/MCII Betamethasone (3 ml)/saline (3 ml) ©)
Beaudreuil et al? France CS 30/30 48/46 18/12 12-14 m MCI/no MCI Methylprednisolone (2 ml) [0]0)
Nguyen et al”’ France RCT 67/68 46/47 38/44 12m MCI Prednisolone acetate (25 mg)/discography [©10]106O)
Tavares et al’® France RCT 20/22 50/50 9/14 6 m MCI Prednisolone acetate (50 mg)/lidocaine 40 mg) (DR @O

ISI: intradiscal steriod injection; CG: control group; RCT: randomized controlled trial; m: months; MCI: Modic type I change; CS: case-control study; MCII: Modic type II change; PS: perspective
study.\@ Pain intensity before and after intradiscal steriod injection; @Self-report satisfaction and improvement after treatments; @ Full- or part-time employment after treatments; @ Receiving
additional cares for chronic low back pain after treatments; ® Serious adverse events.
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Random sequence generation (selection bias) _:l

Allocation concealment (selection bias) _:-

Blinding of participants and personnel (performance bias) il
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) _:

Selective reporting (reporting bias) il

Other bias - |
'0% 25'% 5[5% 75‘% 100%I
| . Low risk of bias D Unclear risk of bias - High risk of bias |

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Other bias

Cao et al?’

-~
=)
=)

Nguyen et al?’

- . . . Allocation concealment (selection bias)

) . . . Selective reporting (reporting bias)

®
®
?

Tavares et al?8 . . i/ i
Zhuang et al?4 ‘ . . ?
Figure 2. Risk of bias graph and summary.
Table Il. Score distribution of quality assessment based on Newcastle-Ottawa Scale.
Items Selection of study Comparability Outcome Total scores
population evaluation
Buttermann et al* PASRAEIAS PAGRAS PASRAGAS 8
Fayad et al* PASRAEIAS PASRAS PAGRLS 7

Beaudreuil et al?® PAGRAGR e Yo ¥ Yo ¥ 7
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Study %

ID SMD (95% Cl) Weight

prednisolone acetate
Fayad et al?3 —— 1.33(0.81, 1.85) 2122
Beaudreuil et al?® —&—— 480(3.79,581) 19.80

Tavarse et al?® — 1.31(0.65, 1.96) 20.91

Subtotal (-squared = 94.9%, p = 0.000) <:> 2.43(0.64, 4.21) 61.93

betamethasone

Zhuang et al? ———— 4.07(279,5.36) 18.75
|

Cao et al? ———  424(3.11,538) 19.33

Subtotal (I-squared = 0.0%, p = 0.846)

Overall (--squared = 93.8%, p = 0.000) <> 3.09 (1.60, 4.58) 100.00

NOTE: Weights are from random effects analysis
T T
-5.81 0 581

4.17(3.32,5.02) 38.07

Figure 3. Forest plot of the meta-analytic estimate for pain intensity before and after intradiscal steroid injection.

Study %

D OR (95% Cl) Weight

Self-reported satisfaction / improvement after treatments

Buttermann et al?2 —_— 156.85 (8.94,2751.98) 1273
Fayad et al? — 540 (1.01, 28.93) 2381
Beaudreuil et al?¢ —_—— 21.00 (5.05, 87.37) 2727
Nguyen et al?’ —— 469 (2.03, 10.83) 36.20

Subtotal (--squared = 60.9%, p = 0.053) O 11.41 (3.39, 38.41) 100.00

NOTE: Weights are from random effects analysis

T T
.00036 1 2752

Figure 4. Forest plot of the meta-analytic estimate for self-reported satisfaction/improvement after treatments.
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Secondary Outcomes

Forest plots for secondary outcomes are pre-
sented in Figure 5. The proportion of patients
with full or part-time employment after treat-
ments were not significantly different between
the groups (OR: 1.03, 95% CI: 0.55-1.91; p>0.05).
There was no significant difference in patients re-
ceiving additional care for CLBP after treatments
(OR: 0.78, 95% CI: 0.36-1.71; p>0.05). Moreover,
no significant difference in serious adverse events
was detected in patients who received ISI or oth-
er interventions (OR: 1.09, 95% CI: 0.58-2.05;
p>0.05).

Publication Bias, Heterogeneity,
and Sensitive Analysis

The funnel plots and Egger’s tests have waived
the need because this meta-analysis, including
less than ten studies, was generally underpow-
ered to detect the potential publication bias®®. We

performed the sensitivity analysis of primary out-
comes (pain intensity and self-reported satisfac-
tion/improvement). No significant differences in
these two outcomes were detected across groups
using the sensitivity analysis, demonstrating that
the results of primary outcomes were reliable
(Figure 6).

Discussion

The treatment strategy for symptomatic MCI
was mainly based on the management principles
of CLBP or targeting the underlying etiopathol-
ogy of MCIL. It still lacks therapeutic recommen-
dations or international guidelines on managing
CLBP in a patient with MCI. To the best of our
knowledge, it is the first meta-analysis to summa-
rize the effectiveness and safety of ISI for symp-
tomatic MCI. The present work indicated that 1)

NOTE: Weights are from random effects analysis

Study %

D OR (95% Cl) Weight
Full-or part-time employment after treatments

Nguyen et al?’ —- 0.86(0.42,1.76) 7563
Tavarse et al?8 + 1.75(0.50,6.16) 24.37
Subtotal (I-squared = 0.0%, p = 0.336) <> 1.03(0.55,1.91)  100.00
Additional cares for chronic low back pain after treatments

Buttermann et al?? +- 0.38 (0.14,1.00) 33.79
Nguyen et al*’ - 124 (061,251) 4507
Tavarse et al?® + 0.94(0.23,390) 21.14
Subtotal (I-squared = 46.9%, p = 0.152) <:}-— 0.78 (0.36,1.71)  100.00
Serious adverse events after treatments

Nguyen et al?’ —o- 1.16 (0.58,2.30) 84.70
Tavarse et al?8 + 079(0.16,394) 1530
Subtotal (I-squared = 0.0%, p = 0.664) <:> 1.09 (0.58,2.05) 100.00

T
143

T
6.98

Figure 5. Forest plots of the meta-analytic estimate for full- or part-time employment, additional care for chronic low back

pain, and serious adverse events after treatments.
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A

Fayad ct al?

Zhuang et al?*

Cao et al®

Beaudruil et al*

Tavares et al®®

n named study

leta-analysis estimate:

I Limit ate

Buttermann et al?? I

Fayad et al>?

Beaudruil et al26

Nguyen et al

Figure 6. Sensitive analysis of pain intensity (A) and self-reported satisfaction/improvement (B).

MCI patients with CLBP had a significant short-
term improvement in pain intensity after receiv-
ing ISI, and ii) Serious adverse events were not
significantly higher than the other interventions
in the control group.

The regimen for treating symptomatic MCI
generally derived from the mechanical origins
of CLBP and the potential etiopathology of
MCI. A recent study®’ has defined the applica-
bility of the custom-made rigid lumbar brace
in patients with MCI. A rigid lumbar brace
blocking the lumbar or lumbosacral spine worn
for three months was associated with a reduc-
tion in pain for 79% of CLBP patients with
MCI®. Moreover, a recent systematic review?®
has demonstrated that intraosseous basiverte-
bral nerve (BVN) radiofrequency neurotomy is
also effective in improving pain and disability
in patients with MCI or MCII. The procedure’s
success is based primarily on the anatomical
theory that BVN provides sensory innervation
to the vertebral endplates.

However, the prevailing approach to target
the potential pathogenesis of local infection or
inflammation®® in symptomatic MCI is the fol-
lowing two kinds of treatment: anti-infective
drugs and intradiscal injection of steroids®.
Positive bacteria cultures in disc and endplate
tissues from patients with MCI provide a plau-
sible rationale for using antibiotics®**. Albert et
al**% in their two studies indicated the substan-
tial effects of 90-100 days of antibiotic treat-
ment in patients with CLBP and MCI. However,
a recent RCT?® has reported the conflict results
that three months of treatment with amoxicillin
did not provide a clinically meaningful benefit

compared with a placebo. Therefore, the avail-
able evidence does neither support nor oppose
the use of antibiotics in populations with MCI.
Further studies should pay much more atten-
tion on the associations of low-toxicity bacteria
with MCs.

Current studies'??** have confirmed the pos-
itive contributions of local inflammation in the
development of symptomatic MCI. Therefore,
using steroids against inflammatory media-
tors may play decisive role in killing pain. The
present work including seven studies?*?® further
confirmed the above hypothesis. However, the
NICE 2016 guidelines®” does not recommend
ISI for CLBP. Therefore, the place of intradis-
cal injection of steroids for CLBP remains to be
determined, especially regarding other types of
lumbar injections™.

This study also bears several deficiencies.
First, despite the meta-analysis being a powerful
tool for analyzing cumulative data from individ-
ual studies, the small sample sizes of the includ-
ed individual studies may have decreased the
statistical power. Second, the drugs used in both
groups differed, and the steroids’ doses varied
in studies from 8.3 mg betamethasone to 50 mg
prednisolone acetate. Moreover, various interven-
tions in the control group may have differently re-
sponded to pain intensity, leading to significantly
inconsistent results. Third, language limitation
and publication bias likely existed, although the
present work had ethnic diversity among the
study population. Fourth, the time frame for the
included study follow-up varied from 6 months to
24 months, which may significantly contribute to
high heterogeneity.
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Conclusions

Current study has demonstrated the short-term
clinical benefit of ISI in CLBP patients with MCL
However, we should cautiously interpret the findings
because of a limited number of individual studies.

Conflict of Interest
The authors declare that they have no conflict of interest.

Ethics Approval
Not applicable.

Availability of Data and Materials
The datasets analyzed during the present study are avail-
able from the corresponding author on reasonable request.

Acknowledgements
We thank Dr. Qingfeng Tang for advice on statistical analysis.

Funding

This work was supported by the Scientific Research
and Technology Development Program of Guangxi
(AD22035004), Guangxi Natural Science Foundation
(2016GXNSFAA380058, 2020GXNSFAA297217).

Authors’ Contributions

Minke Wei and Jianxun Wei conceived and designed the
study. Xiaoping Mu, Xiaohui Wei, and Shimei Chen per-
formed the experiments. Xiaoping Mu and Yufu Ou inter-
preted the data. Minke Wei, Yufu Ou, and Xiaohui Wei con-
tributed reagents, materials, analysis tools. Xiaoping Mu
wrote the first draft of the manuscript.

ORCID ID

Xiaoping Mu: 0000-0002-7605-3470
Xiaohui Wei: 0000-0002-6127-5759
Shimei Chen: 0000-0003-3501-9898
Yufu Ou: 0000-0002-7807-5278
Minke Wei: 0000-0002-1140-8461
Jianxun Wei: 0000-0003-4117-4106

References

1) Hoy D, Brooks P, Blyth F, Buchbinder R. The ep-
idemiology of low back pain. Best Pr Res Clin
Rheumatol 2010; 24: 769-781.

2) Wu A, March L, Zheng X, Huang J, Wang X, Zhao
J, Blyth FM, Smith E, Buchbinder R, Hoy D. Glob-
al low back pain prevalence and years lived with
disability from 1990 to 2017: estimates from the
Global Burden of Disease Study 2017. Ann Transl
Med 2020; 8: 299.

3) GBD 2015 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional, and
national incidence, prevalence, and years lived
with disability for 310 diseases and injuries,
1990-2015: a systematic analysis for the Global
Burden of Disease Study 2015. Lancet 2016; 388:
1545-1602.

4) GBD 2016 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional, and
national incidence, prevalence, and years lived
with disability for 328 diseases and injuries for
195 countries, 1990-2016: a systematic analy-
sis for the Global Burden of Disease Study 2016.
Lancet 2017; 390: 1211-1259.

5) Maher C, Underwood M, Buchbinder R. Non-spe-
cific low back pain. Lancet 2017; 389: 736-747.

6) Vergroesen PP, Kingma I, Emanuel KS, Hoogen-
doorn RJ, Welting TJ, van Royen BJ, van Dieén
JH, Smit TH. Mechanics and biology in interver-
tebral disc degeneration: A vicious circle. Osteo-
arthr Cartil 2015; 23: 1057-1070.

7) Cherif H, Bisson DG, Mannarino M, Rabau O,
Ouellet JA, Haglund L. Senotherapeutic drugs for
human intervertebral disc degeneration and low
back pain. Elife 2020; 9: e54693.

8) Conger A, Schuster NM, Cheng DS, Sperry BP,
Joshi AB, Haring RS, Duszynski B, McCormick
ZL. The effectiveness of intraosseous basiver-
tebral nerve radiofrequency neurotomy for the
treatment of chronic low back pain in patients with
Modic changes: A systematic review. Pain Med
2021; 22: 1039-1054.

9) Modic MT, Steinberg PM, Ross JS, Masaryk TJ,
Carter JR. Degenerative disk disease: assess-
ment of changes in vertebral body marrow with
MR imaging. Radiology 1988; 166: 193-199.

10) Modic MT, Masaryk TJ, Ross JS, Carter JR. Im-
aging of degenerative disk disease. Radiology
1988; 168: 177-186.

11) Mera Y, Teraguchi M, Hashizume H, Oka H,
Muraki S, Akune T, Kawaguchi H, Nakamura K,
Tamai H, Tanaka S, Yoshida M, Yoshimura N,
Yamada H. Association between types of Modic
changes in the lumbar region and low back pain
in a large cohort: the Wakayama spine study. Eu-
ro Spine J 2021; 30: 1011-1017.

12) Ohtori S, Inoue G, lto T, Koshi T, Ozawa T, Doya
H, Saito T, Moriya H, Takahashi K. Tumor necro-
sis factor-immunoreactive cells and PGP 9.5-im-
munoreactive nerve fibers in vertebral endplates
of patients with discogenic low back pain and
modic type 1 or type 2 changes on MRI. Spine
(Phila Pa 1976) 2006; 31: 1026-1031.

13) Viswanathan VK, Shetty AP, Rajasekaran S.
Modic changes - an evidence-based, narrative
review on its patho-physiology, clinical signifi-
cance and role in chronic low back pain. J Clin
Orthop Trauma 2020; 11: 761-769.

14) Mefford J, Sairyo K, Sakai T, Hopkins J, Inoue M,
Amari R, Bhatia NN, Dezawa A, Yasui N. Mod-
ic type | changes of the lumbar spine in golfers.
Skeletal Radiol 2011; 40(4): 467-473.

15) Dudli S, Fields AJ, Samartzis D, Karppinen J,
Lotz JC. Pathobiology of Modic changes. Eur
Spine J 2016;25(11): 3723-3734.



X.-P. Mu, X.-H. Wei, S.-M. Chen, Y.-F. Ou, M.-K. Wei, J.-X. Wei

16) Page MJ, McKenzie JE, Bossuyt PM, Boutron
|, Hoffmann TC, Mulrow CD, Shamseer L, Tet-
zlaff JM, Akl EA, Brennan SE, Chou R, Glan-
ville J, Grimshaw JM, Hrébjartsson A, Lalu MM,
Li T, Loder EW, Mayo-Wilson E, McDonald S,
McGuinness LA, Stewart LA, Thomas J, Tricco
AC, Welch VA, Whiting P, Moher D. The PRISMA
2020 statement: An updated guideline for report-
ing systematic reviews. J Clin Epidemiol 2021;
134: 178-189.

17) Higgins JP, Altman DG, Getzsche PC, Juni P, Mo-
her D, Oxman AD, Savovic J, Schulz KF, Weeks
L, Sterne JA; Cochrane Bias Methods Group; Co-
chrane Statistical Methods Group. The Cochrane
Collaboration’s tool for assessing risk of bias in
randomised trials. BMJ 2011; 343: d5928.

18) Hughes D, Judge C, Murphy R, Loughlin E,
Costello M, Whiteley W, Bosch J, O’'Donnell MJ,
Canavan M. Association of blood pressure low-
ering with incident dementia or cognitive impair-
ment: A systematic review and meta-analysis. JA-
MA 2020; 323: 1934-1944.

19) Gigbska D, Guzek D, Groele B, Gutkowska K.
Fruit and vegetable intake and mental health in
adults: A systematic review. Nutrients 2020; 12:
115.

20) Mu X, Wei J, Jiancuo A, Li Z, Ou Y. The short-
term efficacy and safety of artificial total disc re-
placement for selected patients with lumbar de-
generative disc disease compared with anterior
lumbar interbody fusion: A systematic review and
meta-analysis. PLoS One 2018; 13: €0209660.

21) Higgins JPT, Thompson SG, Deeks JJ, Altman
DG. Measuring inconsistency in meta-analyses
Testing for heterogeneity. BMJ 2003; 327: 557-
560.

22) Buttermann GR. The effect of spinal steroid injec-
tions for degenerative disc disease. Spine J 2004;
4: 495-505.

23) Fayad F, Lefevre-Colau MM, Rannou F, Quintero
N, Nys A, Macé Y, Poiraudeau S, Drapé JL, Revel
M. Relation of inflammatory modic changes to in-
tradiscal steroid injection outcome in chronic low
back pain. Euro Spine J 2007; 16: 925-931.

24) Zhuang C, Cao P, Zheng T, Yang Y, Zhang Z,
Chen W. Intradiscal interventional therapy for
degenerative chronic discogenic low back pain
with end-plate Modic changes. Natl Med J China
2009; 89: 2490-2494.

25) Cao P, Jiang L, Zhuang C, Yang Y, Zhang Z, Chen
W, Zheng T. Intradiscal injection therapy for de-
generative chronic discogenic low back pain with
end plate Modic changes. Spine J 2011; 11: 100-
106.

26) Beaudreuil J, Dieude P, Poiraudeau S, Revel M.
Disabling chronic low back pain with Modic type 1
MRI signal: Acute reduction in pain with intradis-
cal corticotherapy. Ann Phys Rehabil Med 2012;
55: 139-147.

27) Nguyen C, Boutron I, Baron G, Sanchez K, Pala-
zzo C, Benchimol R, Paris G, James-Belin E,
Lefévre-Colau MM, Beaudreuil J, Laredo JD,
Béra-Louville A, Cotten A, Drapé JL, Feydy A,

Ravaud P, Rannou F, Poiraudeau S. Intradiscal
glucocorticoid injection for patients with chron-
ic low back pain associated with active discopa-
thy: A randomized trial. Ann Intern Med 2017; 166:
547-556.

28) Tavares |, Thomas E, Cyteval C, Picot MC, Man-
na F, Macioce V, Laffont I, Thouvenin Y, Viala P,
Larbi A, Gélis A, Dupeyron A. Intradiscal gluco-
corticoids injection in chronic low back pain with
active discopathy: A randomized controlled study.
Ann Phys Rehabil Med 2021; 64: 101396.

29) Boutevillain L, Bonnin A, Chabaud A, Morel C,
Giustiniani M, Pereira B, Soubrier M, Coudeyre
E. Short-term pain evolution in chronic low back
pain with Modic type 1 changes treated by a lum-
bar rigid brace: A retrospective study. Ann Phys
Rehabil Med 2019; 62: 3-7.

30) Xie W, Wu CJ, Li Y, Lu QL, Gan XW, Li XG, Tang
J. Effect analysis of sacral canal therapy com-
bined with Fufang Wulingzhi Tangjiang in the
treatment of residual root pain after lumbar sur-
gery. Eur Rev Med Pharmacol Sci 2022; 26:
9212-9220.

31) Sairyo K, Maeda T, Yamashita K, Tezuka F,
Morimoto M, Yagi K, Kishima K, Sugiura K,
Takeuchi M, Yamada Y, Takata Y, Sakai T. A
new surgical strategy for the intractable chron-
ic low back pain due to type 1 modic change us-
ing transforaminal full-endoscopic disc cleaning
(Fedc) surgery under the local anesthesia: A case
report and literature review. J Med Invest 2021;
68: 1-5.

32) Manniche C, O’Neill S. New insights link low-vir-
ulent disc infections to the etiology of severe disc
degeneration and Modic changes. Futur Sci OA
2019; 5: FSO389.

33) Jha SC, Sairyo K. The role of Propionibacterium
acnes in and Modic type 1 changes: a literature
review. J Med Invest 2020; 6: 21-26.

34) Albert HB, Manniche C, Sorensen J, Deleuran B.
Antibiotic treatment in patients with low-back pain
associated with Modic changes Type 1 (bone oe-
dema): a pilot study. Br J Sport Med 2008; 42:
969-973.

35) Albert HB, Sorensen JS, Christensen BS, Man-
niche C. Antibiotic treatment in patients with
chronic low back pain and vertebral bone edema
(Modic type 1 changes): a double-blind random-
ized clinical controlled trial of efficacy. Eur Spine
J 2013; 22: 697-707.

36) Braten L, Rolfsen M, Espeland A, Wigemyr M,
ABmus J, Froholdt A. Efficacy of antibiotic treat-
ment in patients with chronic low back pain and
Modic changes (the AIM study): double blind,
randomised, placebo controlled, multicentre trial.
BMJ 2019; 367: 15654.

37) Bernstein 1A, Malik Q, Carville S, Ward S. Low
back pain and sciatica: summary of NICE guid-
ance. BMJ 2017; 356: i6748.

38) Khot A, Bowditch M, Powell J, Sharp D. The use
of intradiscal steroid therapy for lumbar spinal
discogenic pain: A randomized controlled trial.
Spine (Phila Pa 1976) 2004; 29: 833-836.



