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Background: Extensive research into potential sources of thoracic pain with or without referred
pain into the chest wall has demonstrated that thoracic facet joints can be a potential source of
pain confirmed by precise, diagnostic blocks.

The objective of this systematic review and meta-analysis is to evaluate the effectiveness of medial
branch blocks and radiofrequency neurotomy as a therapeutic thoracic facet joint intervention.

Methods: Systematic review and meta-analysis of randomized controlled trials (RCTs) and
observational studies of medial branch blocks and the radiofrequency neurotomy in managing
thoracic pain utilizing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist was performed. A comprehensive literature search of multiple databases of RCTs
and observational studies of medial branch blocks and radiofrequency neurotomy in managing
chronic thoracic pain were identified from 1996 to December 2022 with inclusion of manual
searches of the bibliography of known review articles and multiple databases. Methodologic quality
and risk of bias assessment was also conducted. Evidence was synthesized utilizing principles of
quality assessment and best evidence synthesis, with conventional and single meta-analysis.

The primary outcome measure of success was 3 months of pain reduction for medial branch blocks
and 6 months for radiofrequency thermoneurolysis for a single treatment. Short-term success was
defined as up to 6 months and long-term was more than 6 months.

Results: This literature search yielded 11 studies meeting the inclusion criteria, of which 3 were
RCTs and 8 were observational studies. Of the 3 RCTs, 2 of them assessed medial branch blocks
and one trial assessed radiofrequency for thoracic pain.

The evidence for managing thoracic pain with qualitative analysis and single-arm meta-analysis
and GRADE system of appraisal, with the inclusion of 2 RCTs and 3 observational studies for medial
branch blocks was Level II.

For radiofrequency neurotomy, with the inclusion of one RCT of 20 patients in the treatment group
and 5 observational studies, the evidence was Level lll in managing thoracic pain.

Limitations: There was a paucity of literature with RCTs and real-world pragmatic controlled
trials. Even observational studies had small sample sizes providing inadequate clinically applicable
results. In addition, there was heterogeneity of the available studies in terms of their inclusion and
exclusion criteria, defining their endpoints and the effectiveness of the procedures.

Conclusion: This systematic review and meta-analysis show Level Il evidence of medial branch
blocks and Level Il evidence for radiofrequency neurotomy on a long-term basis in managing
chronic thoracic pain.

Key words: Chronic spinal pain, thoracic facet or zygapophysial joint pain, facet joint nerve
blocks, medial branch blocks, controlled comparative local anesthetic blocks, diagnostic accuracy,
radiofrequency neurotomy
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scalating morbidity and chronic disability account

for almost 50% of the US healthcare burden, with

low back and neck pain ranking as number one
and three among the 30 leading causes and injuries
(1-4). The healthcare burden is exacerbated by ever
increasing costs as shown by Dieleman et al (5,6) with
an estimated 53.5% increase in spending from $87.6
billion in 2013 to $134.5 billion in 2016 to manage low
back and neck pain, which accounted for the highest
amount of various disease categories. Among chronic
pain disorders, the lifetime prevalence of chronic
persistent spinal pain is reported in 25% to 60% of
patients for at least one year, and even longer following
an initial episode (3). Chronic axial spinal pain with or
without extremity pain, chest wall pain or headache
is one of the major causes of disability and healthcare
costs. Historically, the focus has been on pain generators
related to low back and neck. In fact, Linton et al (7)
estimated the prevalence of thoracic pain in 15% of the
general population in contrast to 56% in the low back
and 44% in the neck. These findings were reinforced by
other studies, including the study by Leboeuf-Yde et al
(8) showing the prevalence of low back pain in the past
year was most frequent in low back at 43%, followed by
neck pain in 32%, and mid back pain in 13%. Historically,
the causes of thoracic pain have not been studied as well
as for the lumbar and cervical spine. Consequently, the
role of thoracic facet joints as a causal chronic upper
or mid back pain has received very little attention with
only a few early publications discussing these joints
as the source of pain (9-13). The initial descriptions of
involvement of thoracic facet joints as a cause of chronic
mid and upper back pain was provided in 1987 by
Wilson questioning whether the thoracic facet in joint
syndrome is a clinical entity (9). Subsequently, thoracic
facet joint pain patterns were described by Dreyfuss et al
(10) in 1994 and by Fukui et al (11) in 1997. Percutaneous
facet denervation in chronic thoracic spinal pain was
described by Stolker et al (13). Overall, the proportion
of patients suffering from chronic upper or mid back
pain secondary to thoracic disorders is relatively small,
specifically in interventional pain management settings,
ranging from 3% to 22% (12,13). An additional problem
is related to the fact that thoracic procedures as the
procedure codes are the same whether the procedures
are performed in the cervical or thoracic spine as the
cervical and thoracic spine is considered as one region
(14). Conventional clinical and radiologic techniques are
unreliable in diagnosing facet or zygapophysial joint
pain (3). Consequently, controlled local anesthetic blocks

of thoracic facet joints with medial branch blocks have
shown a prevalence of thoracic facet joint pain in chronic
pain as 34% to 48% of patients, with false positive rates
of 42% to 48% in chronic mid back and upper back pain
(3,15-17).

In recent years, multiple publications have shown
emerging concepts in diagnosis (18,19) and manage-
ment of lumbar and cervical facet joint pain (20,21).
Systematic reviews have emphasized multiple of these
aspects (22,23). The overall emerging evidence shows
an approach of chronic pain model in the diagnosis
of facet joint pain (18,19) with a double block para-
digm and noninferiority of facet joint nerve blocks to
radiofrequency neurotomy with lesser complications
and higher success rate, even though the number of
procedures performed are twice the number of ra-
diofrequency neurotomy procedures (3,20,21). In one
RCT (24) evaluating the comparative value of local an-
esthetic blocks with radiofrequency neurotomy in pa-
tients with clinically diagnosed cervical facet joint pain,
pain treatment success of 61.1% was reported in both
groups, either with local anesthetic alone or with local
anesthetic and radiofrequency neurotomy at 3 months,
whereas similar pain relief was reported in 55.6% in
the denervation group and 51.3% in the bupivacaine
alone group at 6 month follow-up with no significant
difference among the groups, reinforcing long-term
relief of local anesthetic medial branch blocks.

In addition, related to escalating utilization pat-
terns of facet joint and other interventions (25-33),
multiple local coverage determinations (LCDs) have
been enacted (34). The study of utilization patterns of
interventional techniques (26) has shown an increase
of cervical and thoracic facet joint interventions to
be 0.7% annually from 2010 to 2019, compared to a
0.3% decrease of lumbar facet joint interventions (26).
A significant decrease was also noted related to the
COVID-19 pandemic from 2019 to 2020 with 18.2% for
cervicothoracic interventions and 18.5% for lumbar
facet joint interventions. These changes in utilization
patterns indicate lesser declines for cervicothoracic
interventions compared to lumbosacral facet joint in-
terventions and epidural injections (25-32).

Apart from various conservative modalities of treat-
ments, medial branch blocks and radiofrequency neu-
rotomy have been described as effective modalities of
treatments after failure of conservative management in
managing chronic mid back and upper back pain origi-
nating from thoracic facet joints (3). Even though avail-
able evidence has been assessed systematically (3,35-49),
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the paucity of literature is obvious. Guidelines published
in 2020, which performed systematic review without
meta-analysis, showed Level Il evidence with moderate
strength of recommendation for thoracic facet joint
nerve blocks with inclusion of 2 randomized controlled
trials (RCTs) (38-40) and 3 observational studies (37,41,48)
with long-term improvement. In contrast, the level of
evidence was Level Ill with weak to moderate strength
of recommendation with emerging evidence for thorac-
ic radiofrequency ablation (RFA) with inclusion of one
relevant RCT (42) and 3 observational studies (43,44,48).
However, the level of evidence for thoracic intraarticular
facet joint injections was even weaker with Level Ill with
weak to moderate strength of recommendation with
inclusion of one RCT with 6-month follow-up (40).
Consequently, the present systematic review and
meta-analysis of RCTs and observational studies was
undertaken to assess the updated review of thoracic me-
dial branch nerve blocks and radiofrequency neurotomy
in managing chronic thoracic spinal pain. Intraarticular
injections were not included as there was only one RCT
available for review with no observational studies.

METHODS

A systematic review and meta-analysis were per-
formed based on methodological and reporting quality
of systematic reviews as described by Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) (50). Methodology from other reviews was
also utilized (22,23,51-55).

Eligibility Criteria

RCTs and observational studies of therapeutic me-
dial branch blocks and radiofrequency neurotomy with
at least 3 months of follow-up for medial branch blocks
and 6 months of follow-up for radiofrequency thermo-
neurolysis were included in this study. The studies with
appropriate diagnosis established by diagnostic blocks
or clinical diagnosis were included.

Studies without an appropriate diagnosis and case
reports were excluded.

Information Sources
A comprehensive literature search was conducted
to include randomized control trials published from
all countries and in all languages. Searches were per-
formed from the following sources without language
restrictions.
1. PubMed from 1966 https:/pubmed.ncbi.nim.nih.
gov/

2. Cochrane Library https://www.cochranelibrary.com/

Google Scholar https://scholar.google.com/

4. US National Guideline Clearinghouse (NGC) https:/
www.ahrq.gov/gam/index.html

5. Clinical Trials https://www.clinicaltrials.gov/

Previous systematic reviews and cross-references

7. All other sources including non-indexed journals
and abstracts

w

o

The search period was from 1966 through Decem-
ber 2022

Search Strategy

The search strategy emphasized chronic thoracic
pain treated with thoracic facet joint interventions.
The search terms included: ((((((spinal pain, chronic mid
back and upper back pain) OR chronic thoracic pain OR
chronic back pain) OR facet joint pain) OR post thoracic
surgery syndrome) OR zygapophysial)) AND ((((facet
joint) OR zygapophyseal) OR zygapophysial) OR medial
branch block OR intraarticular injection OR radiofre-
quency neurotomy) OR radiofrequency ablation.

Data Selection

In the identification of the relevant literature,
the article selection and extraction of the data from
the included studies was conducted independently,
by 3 review authors (NNK MRS, RNJ). Any disagree-
ments among the reviewer authors were resolved by
the fourth author (ADK). All conflicts of interest of the
reviewers with authorship of the article were resolved
by assigning them to other reviewers.

Methodological Quality and Risk of Bias
Assessment

RCTs were assessed for their quality or risk of bias
methodologically with Cochrane review criteria (Ap-
pendix Table 1) (56), Interventional Pain Management
Techniques—Quality Appraisal of reliability and Risk of
Bias Assessment (IPM-QRB) (Appendix Table 2) (57), and
Interventional Pain Management Techniques — Quality
Appraisal of Reliability and Risk of Bias Assessment for
Nonrandomized Studies (IPM-QRBNR) was utilized for
observational studies, as shown in Appendix Table 3 (58).

Risk of Bias and Methodologic Quality of
Individual Studies

Trials that met the inclusion criteria and scored at
least 9 of 13 using Cochrane review criteria (56) were
considered high quality, while trials scoring 5-8 were
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considered of moderate quality. Trials that scored less
than 5 were considered of low quality and were ex-
cluded from the analysis.

Trials meeting the inclusion criteria were also as-
sessed with IPM-QRB criteria (57). Studies scoring 32-48
were considered of high quality, those scored 16-31
were of moderate quality and those that scored below
16 were considered of low quality and were excluded
from the analysis.

Based on IPM-QRBNR criteria (58), studies meeting
the inclusion criteria but scoring less than 16 were con-
sidered low-quality and were excluded, studies scoring
from 16 to 31 were considered moderate quality; and
studies scoring from 32 to 48 were considered high-
quality and were included.

The methodological quality of the trials was assessed
by two authors, independently in an unblinded manner.
If a discrepancy occurred, a third author was involved to
resolve the conflict. When an issue of conflict of inter-
est was raised in reviewing the manuscript (regarding
authorship), the involved authors were not allowed to
review those manuscripts for quality assessment.

Analysis of Evidence

At least two of the review authors (NNK, EK) in-
dependently, in a standardized manner, analyzed the
evidence. Any disagreements between reviewers were
resolved by two authors (MRS and ADK) and consensus
was attained.

If there were any conflicts of interest (e.g., author-
ship), the reviewer of interest (LM) was recused from
assessment and analysis.

Outcome Measures

An outcome is considered clinically significant if
there is a reduction of 2 points on the Visual Analog Scale
(VAS) or Numeric Rating Scale (NRS), or at least 50% re-
duction in pain and improvement in the functional sta-

tus. A positive study is said to be clinically significant and
effective indicating that the primary outcome should be
statistically significant at a P-value < 0.05.

Qualitative Analysis of Evidence

The qualitative analysis of the evidence was per-
formed based on best-evidence synthesis, modified,
and collated using multiple criteria, including the
Cochrane Review criteria and United States Preven-
tive Services Task Force (USPSTF) criteria as illustrated
in Table 1 (59). The analysis was conducted using five
levels of evidence ranging from strong to opinion- or
consensus-based.

Quantitative Analysis of Evidence

Quantitative evidence synthesis was performed
utilizing conventional meta-analysis and a single-arm
meta-analysis.

Software Review Manager (Rev Man 5.4) was used
(The Nordic Cochrane Centre, The Cochrane Collabora-
tion, Copenhagen, Denmark, 2008) for conventional or
dual-arm meta-analysis.

Software Comprehensive Meta-Analysis Version
3.0 was used (Biostat Inc., Englewood, NJ) for single-
arm meta-analysis.

The standardized mean differences (SMD) with
95% confidence intervals (Cl) were reported for pain
and improvement of function data.

Data were plotted by using forest plots to evalu-
ate treatment effects. Heterogeneity was interpreted
through [I? statistics.

REsuLts

Literature Search

The flow diagram based on 2020 PRISMA guidance
(50) illustrates the search results and the final number
of studies that were considered for inclusion (Fig. 1).

Table 1. Qualitative modified approach to grading of evidence of therapeutic effectiveness studies.

Level I Strong

Evidence obtained from multiple relevant high-quality randomized controlled trials

Level I Moderate

Evidence obtained from at least one relevant high-quality randomized controlled trial or multiple relevant
moderate or low-quality randomized controlled trials

Level Il | Fair or

Evidence obtained from at least one relevant moderate or low-quality randomized trial

Evidence obtained from at least one relevant high-quality non-randomized trial or observational study with
multiple moderate or low-quality observational studies

Level IV Limited

Evidence obtained from multiple moderate or low-quality relevant observational studies

Level V Consensus based

Opinion or consensus of large group of clinicians and/or scientists

Modified from: Manchikanti L, et al. A modified approach to grading of evidence. Pain Physician 2014; 17:E319-E325 (59).
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Identification

[

Records identified from:
Databases (n = 325)
Other sources (n = 26)
Total (n = 351)

v

Y

Records removed before
screening:

Duplicate records removed
(n =62)

Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 238)

Records screened
(n=51)

Records excluded
(n=12)

Y

Fig. 1. Flow diagram illustrating
the literature based on 2020

Reports sought for retrieval

(n=239) (n=0)

» Reports not retrieved

PRISMA guidance used for
evaluating therapeutic thoracic
facet joint interventions of medial

Screening

Y

branch blocks and radiofrequency
thermoneurolysis.

Reports assessed for eligibility
(n=13)

\J

1)

Reports excluded:
Lack of study outcomes (n =

v

Studies included in review
(n=11)

Reports of included studies
(n=12)

[ metudea | [

The search criteria started with a total of 351 publica-
tions with 13 studies (37-49) considered for inclusion.
Among the 13 studies considered for inclusion, one
study was excluded due to lack of study outcomes (49).
Overall, 11 studies (37-48) met inclusion criteria with
one study with 2 reports (38,39). Of these included
studies, there were 3 RCTs (39,40,42). The remaining 8
studies were of observational nature, either prospec-
tive or retrospective (37,41,43-48), as shown in Fig. 1.

Of the 3 RCTs, none were assessed with a placebo
control, and two were active-controlled trials for me-
dial branch blocks (39,40). The third study was for ra-
diofrequency neurotomy (42). There was only one trial
evaluating intraarticular injection (40). Consequently,
assessment of intraarticular injections of thoracic facet
joints was not included.

Among the 8 observational studies (37,41,43-47), 3
studies were of medial branch blocks (37,41,48) and 5
studies of radiofrequency neurotomy (43-47).

Study Characteristics

Study characteristics of RCTs and observational
studies of medial branch blocks were shown in Table 2.
The table shows study characteristics with intervention,
results of pain relief and function, and overall results of
positivity. There was one randomized active-controlled
trial (42) evaluating radiofrequency neurotomy with
a total of 40 patients with 20 patients undergoing ra-
diofrequency neurotomy and 20 patients with alcohol
injection with results showing significant improve-
ment in both groups. The remaining studies were of
observational nature (43-47). A total of 215 patients in
4 studies (43-45,47) underwent dual diagnostic blocks,
whereas in one study, 184 patients were evaluated,
and they underwent radiofrequency neurotomy after a
single diagnostic medial branch block (46). In one study
(43), cooled radiofrequency was utilized in 23 patients
with 40 treatments with a 6-month follow-up, results
showing 57% success rate. In this study, 974 patients
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£ T
1] : —
g 8 - %'g £ =,
on 5 Y 2 . . .
5 523 Lk Ssé SEiZ were diagnosed with thoracic facet
— = [N 2o =22 L8 .. . ..
3 52285 ?E &3 %fo & joint related pain based on clinical
T EgE g4~ S 3B . . .
: z 2888873 §;§ evaluation. Sixty-three patients were
= T‘,'gﬁ&g&wgg,_mégg i . . .
£ 2238 cg S F3% positive with dual diagnostic blocks. Of
_5 s @ g- g g =g R S -‘; S o0 a .
£ £2iazgse8:2" g 2 these, 38 patients completed cooled ra-
5] R O = O 2 < = .
S 2322582552858 diofrequency neurotomy. However, 15
O O35 &E B & = <
AARE 35 aths BHD 23 .
patients were lost to follow-up. Conse-
g - & quently, only 23 patients undergoing
ol Al @
g > 40 treatments were reported. The
& o p Yy
% %‘J © % reported pain reduction of 21% during
Z|= A g N the early period of 4 to 8 weeks. In the
) ~ : second follow-up from 2 to 6 months,
vy '3 .
s = é ﬁ g they reported 53% improvement
= @ . . .
3 7 = g ~ of pain scores, whereas in the third
g follow-up from 6-12 months duration,
~ . .
§ @ - improvement of the pain scores was
=] S . .
2 g 2 38%. Their primary outcome measure
~ . .
Sl = = \% determined as the adequate reduction
= =] S . .
2% ] of pain scores (> 50%) was achieved
3 E only during the intermediate term
S . . .
2|z . relief period (2-6 months) with 53%
® X . . . .
S S § = reduction in NRS pain scores. Patients
~ . .
N %’ ) 2 required repeat radiofrequency proce-
X .
S = ) dure at 24-36 months with the shortest
El= . .
£ E pain relief of 30 weeks and the longest
S ° . .
> @ S pain relief of 112 weeks.
® =] © .
& g P In two RCTs (39,40) evaluating the
£ «” EN role of facet joint nerve blocks with
o~ . .
2 a total of 140 patients, of which 120
3 o o g - patients underwent medial branch
n = =] . .
s % | E § o8 e £ blocks, the RCT by Manchikanti et al
< o [STKS) o= Q . .
g g £ 5 22 55 ¢ (39) with 100 patients showed > 50%
= ) = = O O W . .
) z 22 2ZEZE improvement in over 83% of the
) It © 3= . . .
S £ S8g B9 3 s E patients at 12 months with multiple
= - A T S B B~ L .
g 285 &% § 'é - injections. However, Lee et al (40) in-
i i g 4 H o= = . . .
2 i cluded only 20 patients with a single
I Q . . . .
3 = v 2T 5 oz 8 diagnostic block for inclusion show-
s < = S = (=) o} . .
= AP ER 2 g §o g 3 & =& E = i ing improvement of 40% at 6-month
= = 87 0 i . .
= 2 9 S22 88582 g £2g:C = %2 follow-up with medial branch blocks
IS H e S ¥ ST O ©» v 2 L = =) . .
g & HER: &8 §0_°~_§ =% g g E3 § T2 compared to 65% of the patients with
.2 < 2= < =z o L g S = s . . Ly . .
S < £15 s % <258 E £8 5 Z2og g 2 intraarticular steroid injections in 20
E=E7) 2 b= = =
S H| 528882 :,85E88332823% 4 patients. However, in this study, the
N Z| 5SS S0 EBS 25 ENREE ' '
o E s <] = 39 2 o - i
i EISE25555225828389258¢% 3 rr?ont.h results were n_otf av.allable,
S 1S which is the average relief with me-
) —_
3 —~ | = ~ dial branch blocks. Consequently, this
= E 8 E = —_ % o X . . e q y
% 2 RE| 2T % =3 is considered as a positive study too
> > = =) |32 8 = . e s . ey
=T T2 = Ao 28 o £ 3 since it did provide relief in 40% of the
| 5 = .
sl #E 228|128 I <2z patients at 6-month follow-up. Further,
IS\ e S < i T . .
o = S & é E g A Tg = ; there was no significant difference in
E ElSg 2 588 reduction of NRS at any time. The data
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Conclusion/Comments
Positive study for medial
branch blocks and pulsed

Positive study

radiofrequency neurotomy.
All patients underwent

thoracic medial branch

blocks on multiple occasions
with lidocaine mixed with
bupivacaine with 1 to 2

blocks. Only 20 patients

out of 72 patients required

additional treatment,

indicating significant

improvement with medial

branch blocks alone.

>
year

Long-Term
>6
mos.

Results

Short-
Term
<6
mos.

12 mos.
improvement in

Significant

52 of 72 patients

6 mos.
improvement in

Significant

52 of 72 patients

Pain Relief and Function

improvement
in 52 of 72

3 mos.
Significant
patients

Interventions
Pulsed radiofrequency
treatment in patients

with recurrence of pain
after medial branch

blocks.

Patients
72 patients underwent
thoracic medial branch

blocks. 20 patients

refractory to medial

branch blocks underwent
PRF thoracic medial
branch blocks

Study
Study
Characteristic
Quality Scoring

Methodological
Chang, 2018 (48)

Table 2 cont. Studies of the effectiveness of thoracic radiofrequency neurotomy, facet joint nerve blocks and intraarticular injections.

Retrospective,

observational data
collected from 72

patients

Quality Score:

31/48

IPM-QRBNR

= negative; NA = not applicable

positive; N

randomized; AC = active control; DB: double blind; P

RA

showed in medial branch block, the pain scores
decreased from 5.4 + 1.4 before treatment to 3.2
+ 1.9 at 3 months, and 3.4 + 1.9 at 3 months. In
the intraarticular group, the changes were from
baseline of 5.3 + 1.3 t0 2.8 + 1.5 at 3 months, and
2.9 + 1.5 at 6 months. There was no significant
difference between the groups. Inclusion criteria
was also based on clinical findings and confirma-
tion with 80% pain relief with a single diagnostic
block with 0.5 mL of lidocaine. Overall, the selec-
tion criteria were stringent by Manchikanti et al
(39) with 80% relief as criterion standard with
comparative local anesthetic blocks. However,
Lee et al’s (40) inclusion criteria were based on
clinical criteria.

Among the observational studies, there was
a total of 3 studies (37,41,48), which included
160 patients with all of them showing positive
results. Manchikanti et al (37) evaluated 55
consecutive patients with selection criteria of
dual diagnostic blocks of 80% concordant pain
relief and with appropriate outcome parameters
with at least 50% pain relief and improvement
in Oswestry Disability Index (ODI) as the criterion
standard. They showed a success rate of 71% at
3 and 6 months and 76% at 12 months with posi-
tive results. Park et al (41) evaluated 53 patients
with a single block with facet joint pain after
osteoporotic compression fractures showing
with therapeutic facet joint nerve blocks of 80%
pain relief at 3, 6, and 12 months with positive
short- and long-term relief. Finally, Chang (48)
evaluated patients with pulsed radiofrequency
after they have not responded to therapeutic
medial branch blocks. Overall, it appears to be
very successful even though data is not available.
Of the 72 patients, only 20 patients required
pulsed radiofrequency. Thus, all observational
studies were positive.

Methodological Quality and Risk of Bias
Assessment

The results of methodological quality assess-
ment of the RCTs meeting the inclusion criteria
were carried out using Cochrane review criteria
and IPM-QRB and observational studies utilizing
IMP-QRBNR criteria are illustrated in Tables 3-5.

Utilizing the Cochrane quality assessment
and the previously established score ranges
in the methods section of this study, all 3 trials

www.painphysicianjournal.com
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Table 3. Methodological quality assessment of randomized trials of thoracic facet joint nerve blocks and radiofrequency

thermoneurolysis utilizing Cochrane review criteria.

Ma;c(h;;;ag‘;t)i | Leeetal (10) | Joo etal (42)
Randomization adequate Y Y Y
Concealed treatment allocation Y Y Y
Patient blinded Y Y Y
Care provider blinded Y N N
Outcome assessor blinded N Y Y
Drop-out rate described Y Y Y
All randomized participants analyzed in the group Y Y Y
Reports of the study free of suggestion of selective outcome reporting Y Y Y
Groups similar at baseline regarding most important prognostic indicators N Y Y
Co-intervention avoided or similar in all groups Y Y Y
Compliance acceptable in all groups Y Y Y
Time of outcome assessment in all groups similar Y Y Y
Are other sources of potential bias not likely Y Y Y
SCORE 11/13 12/13 12/13

Y =yes; N = no; U = nuclear

Source: Furlan AD, et al; Editorial Board of the Cochrane Back, Neck Group. 2015 Updated Method Guideline for Systematic Reviews in the Co-
chrane Back and Neck Group. Spine (Phila Pa 1976) 2015; 40:1660-1673 (56).

(39,40,42) scored between 9 and 13, thus meeting our
criteria of high-quality studies.

Based on the IPM-QRB criteria for randomized
trials, all 3 trials (39,40,42) scored between 32 and 48,
hence they are of high quality. Thus, all 3 trials were
judged as high quality based on Cochrane review crite-
ria and IPM-QRB criteria for randomized trials.

Based on the IPM-QRBNR criteria for observational
studies, one study (37) scored between 32 and 48,
hence was of high quality, while 7 studies (41,43-48)
scored between 16 and 31, thus are considered as mod-
erate quality.

Analysis of Evidence
The evidence was analyzed based on qualitative
and quantitative analysis.

Qualitative Analysis

Overall, 3 RCTs (39,40,42) and 8 observational
studies (37,41,43-48) were included in this analysis.
Of these, 2 RCTs (39,40) and 3 observational studies
(37,41,48) evaluated facet joint nerve blocks. Both RCTs
were active-controlled trials.

Based on the qualitative analysis, both RCTs (39,40)
and 3 observational studies (37,41,48) evaluating tho-
racic facet joint nerve blocks showed positive results.

Radiofrequency neurotomy was evaluated in one

RCT (42) and 5 observational studies (43-47). The RCT
showed significant relief.

Overall, the number of patients included in the
radiofrequency neurotomy studies were 376 patients
with only one study of 23 patients showing negative
results (43) and all others showing positive results
(42,44-47). Thus, qualitative analysis of radiofrequency
neurotomy shows positive results with one RCT (42) of
a small sample size and 5 observational studies (43-47)
with one negative study (43).

Overall, the evidence is Level Il for facet joint
blocks with one large RCT (38,39) with appropriate
outcome parameters and one smaller RCT (40) showing
positive results with addition of 3 observational studies
(37,41,48).

For radiofrequency neurotomy, the evidence is
Level Il based on one small RCT (42) and 5 observa-
tional studies (43-47) with all of them showing positive
results except one small observational study (43).

Quantitative Analysis

Pain and Functionality at 3 Months

Figure 2A shows the results of a single meta-anal-
ysis utilizing local anesthetic with steroids. There were
2 RCTs (38,40) and 2 observational studies (37,41) used
to assess pain scores at 3 months using NRS or VAS in
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Table 4. Methodologic quality assessment of randomized trials of thoracic facet joint nerve blocks and radiofrequency thermoneurolysis

utilizing IPM — QRB criteria.

ga;}c(hgi&l;’aggt)i Lee et al (40) | Joo et al (42)
L TRIAL DESIGN AND GUIDANCE REPORTING

1. CONSORT or SPIRIT | 3 | 2 | 2
IL DESIGN FACTORS

2. Type and Design of Trial 2 2 2

3. Setting/Physician 2 2 2

4. Imaging 3 3 3

5. Sample Size 3 1 1

6. Statistical Methodology 1 1 1
III. PATIENT FACTORS

7. Inclusiveness of Population

. For facet or sacroiliac joint interventions: 2 2 2

8. Duration of Pain 2 2 2

9. Previous Treatments 2 2 2

10. Duration of Follow-up with Appropriate Interventions 3 2 2
V. OUTCOMES

11. Outcomes Assessment Criteria for Significant Improvement 4 2 2

12. Analysis of all Randomized Participants in the Groups 2 2 2

13. Description of Drop Out Rate 2 2 2

14. Similarity of Groups at Baseline for Important Prognostic Indicators 2 2 2

15. Role of Co-Interventions 1 1 1
V. RANDOMIZATION

16. Method of Randomization | 2 | 2 | 2
VL ALLOCATION CONCEALMENT

17. Concealed Treatment Allocation | 2 | 2 | 2
VIL BLINDING

18. Patient Blinding 1 1 1

19. Care Provider Blinding 1 1 0

20. Outcome Assessor Blinding 0 1 0
VIIIL CONFLICTS OF INTEREST

21. Funding and Sponsorship 2 2 2

22. Conflicts of Interest 3 2 3
TOTAL 45 39 38

Source: Manchikanti L, et al. Assessment of methodologic quality of randomized trials of interventional techniques: Development of an interven-
tional pain management specific instrument. Pain Physician 2014; 17:E263-E290 (57).

patients who underwent MBB. As shown in Fig. 2A, the
pooled mean difference of pain scores from the base-
line to 3-month follow-up was 3.997 points decreased
(95% Cl: -4.089 to -3.904, P < 0.0001).

Figure 2B shows the results of a single meta-anal-
ysis utilizing steroids with local anesthetic and MBB
technique. There was one RCT (38) and 2 observational
studies (37,41) used to assess functionality scores at 3

months using ODI. As shown in Fig. 2, the pooled mean
difference of functionality scores from the baseline to
3-month follow-up was 18.413 points decreased (95%
Cl: -19.287 to -17.539, P < 0.0001).

Figure 3 shows the results of a single meta-analysis
of RFA. There was one RCT (42) and 2 observational stud-
ies (44,46) used to assess pain scores at 3 months using
NRS or VAS in patients who underwent RFA. As shown
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Table 5. IPM checklist for assessment of nonrandomized or observational studies of thoracic facet joint nerve blocks and
radiofrequency thermoneurolysis utilizing IPM — QRBNR criteria.

Gungor
Park Rohof Akgul &
Manchikanti ar & o0 Speldewinde st Hambraeus | Chang
etal 37) | | Candan | & Chen (45) Akgun | @7y | (48)
(41) (44) (46)
(43)
L STUDY DESIGN AND GUIDANCE REPORTING
STROBE or TREND
1. GUIDANCE 3 2 2 2 1 3 1 2
I DESIGN FACTORS
2. Study Design and Type 2 2 2 1 1 1 1 2
3. Setting/Physician 2 2 2 2 2 2 2 2
4. Imaging 3 3 3 3 3 3 3 3
5. Sample Size 0 0 0 0 0 1 1 1
6. Statistical Methodology 1 1 1 1 1 1 1 1
III. PATIENT FACTORS
7. Inclusiveness of Population
. qu f':fcet or sa?roﬂlac 4 4 4 5 4 3 4 4
joint interventions:
8. Duration of Pain 2 2 2 2 1 2 2 2
9. Previous Treatments 2 2 2 2 1 2 2 2
10. Duratlog of Follow—ug with 3 ’ ) 3 ’ ) 5 5
Appropriate Interventions
V. OUTCOMES
Outcomes Assessment
11. Criteria for Significant 4 1 1 3 4 1 3 3
Improvement
12. Description of Drop Out 1 1 1 1 1 1 ] ]
Rate
Similarity of Groups at
13. Baseline for Important 0 0 0 0 0 0 2 0
Prognostic Indicators
14. Role of Co-Interventions 2 2 2 2 2 2 2 2
V. ASSIGNMENT
15, Metbgd of Assignment of ’ 5 5 5 5 ’ 5 )
Participants
VL CONFLICTS OF INTEREST
16. Funding and Sponsorship 2 2 2 2 2 2 2 2
TOTAL 33 28 28 28 27 28 31 31

Source: Manchikanti L, et al. Development of an interventional pain management specific instrument for methodologic quality assessment of
nonrandomized studies of interventional techniques. Pain Physician 2014; 17:E291-E317 (58).

in Fig. 3, the pooled mean difference of pain scores from
the baseline to 3-month follow-up was 4.894 points de-
creased (95% Cl: -5.058 to -4.731, P < 0.0001).

Pain and Functionality at 6 Months
Figure 4 shows the results of a single meta-analysis
of medial branch blocks utilizing local anesthetic and

steroids. There were 2 RCTs (39,40) and one observa-
tional study (37) used to assess pain scores at 6 months
using NRS or VAS in patients who underwent MBB with
local anesthetic and steroids. As shown in Fig. 4, the
pooled mean difference of pain scores from the base-
line to 6-month follow-up was 4.367 points decreased
(95% Cl: -4.522 to -4.212, P < 0.0001).
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
inmeans  error Variance limit limit Z.Value p-Value
Manchikanti et al 2006  -4.400 0.107 0011 -4610 -4190 -41.045 0.000 ]
Manchikanti et al 2010  -4.700 0.120 0014 -4936 -4464 -39.101 0.000 =
Lee etal 2017 -2.200 0.369 0136 -2.923 -1477 -5964 0.000
Park et al 2013 -3.750 0.059 0.003 -3866 -3634 -63.452 0.000 .
-3.997 0.047 0.002 -4089 -3904 -84769 0.000 ‘
6.00 -3.00 0.00 3.00 6.00
Heterogenoty Tou squared
Tau Standasd
Qvalve i (@) Povalue |squared Squared  Enmor Vasiance  Tau
8353 3 000 %6 0% oW 00 0600
$udy name tfabciios foreaoh shudy D¥fersnos inmeans and 6% CI
D¥ference #tandard Lower Upper
In meanc srror Varances BmHE Bmit ZValue p-Value
Mancrikartiotal 2006 21.000 0239 0703 -22644 -19356 25039  0.000 =
Manchikartiotal 2012 -15.900 0672 0451 17217 -14583 23665  0.000 B
Fak atal 2013 49770 0243 0718 -21.431 18109 23327 0.000 E ]
48413 0446  0.199 -19287 -17539 41294 0000 [
— — -26.00 A2.60 0.00 1260 26.00
e AR Foems ) om— 5‘;0 L Tom
A L LSS T - s - e "
Fig. 2. Pain and functional assessment of medial branch blocks with local anesthetic and steroids at 3 months. A. Pain at
3 months in medial branch block group with local anesthetic and steroid, single-arm meta-analysis. B. Functionality at 3
months in M BB with local anesthetic and steroid group, single-arm meta-analysts.
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
inmeans  error Variance limit limit ZValue p-Value
Rohof et al 2018 -4.890 0.165 0.027 -5213 -4567 -29.654 0.000 =
Akgul etal 2022 -5.100 0.101 0.010 -5299 -4901 -50.296 0.000 .
Speldewinde etal 2021 -2.913 0.316 0.100 -3532 -2294 -9.218 0.000
-4.894 0.083 0.007 -5058 -4731 -58.742 0.000 .
et S -6.00 -3.00 0.00 3.00 6.00
Tou  Standard
Ovalue df (0] Povalue |-squaed Squaed Emor  Vanance Tou
Qs 2 00w [T T T T
Fig. 3. Pain at 3 months in conventional RFA groups with single-arm meta-analysis.

Pain and Functionality at 12 Months

Figure 5A shows the results of a single meta-
analysis for medial branch blocks with local anes-
thetic and steroids. There was one RCT (39) and 2

observational studies (37,41) used to assess pain
scores at 12 months using NRS or VAS in patients who
underwent MBB with local anesthetic and steroids.
As shown in Fig. 5A, the pooled mean difference of
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study name statis tca for each stuay Difference In maans and 35% Cl1
Diffsrence Standard Lowsr Upper
in maans arror Variance imit Emit Z-Value p-Value
Manchikarti of 2l 2008  4.400 0.105 0011 -4808 -4194 41825 0000 .
Manchikardi et al 2012 4 600 0.127 0.016 -4850 -4350 -36.135 0000 B
Lee atal 2017 2 000 0.369 0.136 2723 -1277 5422 0000 ——
£ 387 0.079 0006 -4522 -4212 -55135 0000 ’
" e <00 300 0.00 3.00 c.00
T haamlanal
Govabe 0 Podes | opused Tpased P Vlases L
“Ee : o E 1ql] 198 asa (- 4 b

Fig. 4. Single meta-analysis of medial branch blocks utilizing local anesthetics with steroids at 6 months.

A

study name Statiatic s for sach study Diffsrence In means and 35% CI
Ditference Standard Lowsr Upper
In means error Varance BEmit lmit Z-value p-vaiue
Manchkan® et al 2006  -4.500 0.106 0011 -4708 -4.292 -42.493 0000 [ |
Marchkan$ et 21 2012 -4.700 0141 0020 -4977 -4.423 -33.239 0000 =
Parket = 2013 3870 0475 0006 -4017 -3.723 -51.8669 0000 .
-4.178 0056 0003 -4288 -4.068 -74.434 0000 [ ]
gty 1 -
<00 -3.00 000 3.00 600
Vo  Sowbed
Gosien AWM Fode | spueed AR L ¥ —— e
nw i LoH -V ¥ ] - L
$tudy nams Statistica for each study Difference In meane and 5% Cl
Difference Standard Lower Uppsr
in means error  Variance Bmit limit Z-Value pValue
Manchikang et 21 2006 -22600 0.868 0.754 24302 -20.893 -26.025 0.000 L o
ManchikanSetal2012 -15700  0.686  0.470 17.044 -14.356 -22.890  0.000 B
Park atal 2013 20820 0.893 0.807 22580 -19.060 -23.180 0.000 L 3
19003 0.482 0.213 -19.908 -18.098 -41.158 0.000 ‘

Hetesorpernesty o vipesed -25.00 -1250 000 1250 25.00

Tou  Slandwd
Dwilee @RI Podhs | eguaed Squeed Ewe  Vadesos Tasi

wen 2 B0 #Ean s figs 00 1785

Fig. 5. Pain and functional assessment of medial branch blocks at 12 months. A. Pain at 12 months in medial branch blocks
utilizing local anesthetics with steroids, single-arm meta-analysis. B. Functionality at 12 months in medial branch block
steroid group, single-arm meta-analysis.

pain scores from the baseline to 12-month follow-up als (37,39,41) used to assess functionality scores at 6
was 4.178 points decreased (95% Cl: -4.288 to -4.068, months using ODI. As shown in Fig. 5B, the pooled mean
P < 0.0001). difference of functionality scores from the baseline to

Figure 5B shows the results of a single-arm meta- 12-month follow-up was 19.003 points decreased (95%
analysis utilizing the steroid group. There were 3 tri- Cl: -19.908 to -18.098, P < 0.0001).
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$tudy name statistics for sach stuay Difference in means and 5% Cl
Difference Standara Lowsr Upper
in means arror  Variance Smit  Imit Z-Value pVaiue
Manchikang et 2l 2006 4300 6.137 0.019 4588 -4.032 -31.410 0.000 ]
Manchikang et al 2012 4700 0.141 0.020 4977 -4.423 -33.239 0.000 .-
Akgul et 4 2022 4200 0.081 0008 4379 -4.021 -45.952 0.000 | |
4336 0.087 0.004 4.467 -4.205 -64.762 0.000 ‘
Hedmrorgormiedy T vipmsrind £.00 -300 [ X1} 3.00 coo
Taw  Standed
Qe B (Q)  Povsker | ogumed e Imw  Vrlesos Tow
(3°.1] 3 on3 e o083 ooy a0E s
Fig. 6. Pain at 24 months in medial branch block utilizing local anesthetic and steroids, single-arm meta-analysts.

Pain and Functionality at 24 Months

Figure 6 shows the results of a single meta-analysis
of MBB utilizing local anesthetic and steroids. There
were 3 trials (37,39,46) used to assess pain scores at 24
months using NRS or VAS in patients who underwent
the steroid group in MBB. As shown in Fig. 5A, the
pooled mean difference of pain scores from the base-
line to 24-month follow-up was 4.336 points decreased
(95% ClI: -4.467 to -4.205, P < 0.0001).

Discussion

This systematic review and meta-analysis of RCTs
and observational studies of the effectiveness of tho-
racic facet joint nerve blocks and radiofrequency neu-
rotomy in managing chronic thoracic pain showed Level
Il evidence for long-term effectiveness of 6 months or
longer for thoracic facet joint nerve or medial branch
blocks and Level Il evidence for conventional radio-
frequency neurotomy. The evidence synthesis included
both a qualitative and quantitative analysis of both
procedures. Related to lack of studies, analysis was
not performed for thoracic intraarticular facet joint
injections.

The qualitative analysis in managing thoracic facet
joint pain with facet joint nerve blocks presented with
2 RCTs with one RCT with 2-year follow-up (38,39) with
inclusion of 100 patients with local anesthetic or local
anesthetic and steroids shown as high quality with sig-
nificantly positive response at 6 and 12 months, with
a second RCT (40) with inclusion of only 40 patients
and providing data for 6 months with no significant
difference in NRS scores at one, 3, and 6 months. How-
ever, the significant improvement judged by > 50%
improvement showed 40% improvement with medial
branch blocks and 65% improvement with diagnostic
blocks. The study was well performed. A sample size

determination was carried out. They used a single block
diagnostic algorithm with 80% pain relief in chronic
thoracic pain. Medial branch blocks were performed
with injection of local anesthetic mixed with dexa-
methasone. Three observational studies (37,41,48) with
a total of 160 patients yielded positive results with one
high quality (37) and 2 moderate quality studies (41,48)
showing positive results. The studies were clinically
applicable.

For radiofrequency neurotomy procedures, the
evidence included one small RCT (42) comparing radio-
frequency neurotomy with alcohol injection in 20 pa-
tients each with appropriate diagnostic criteria showed
significant improvement at 3 and 6 months, followed
by 5 observational studies (43-47) with inclusion of 376
patients involving either conventional radiofrequency
neurotomy or bipolar radiofrequency neurotomy with
selection criteria involving diagnostic blocks showed
positive results at 3 and 6 months in all studies. How-
ever, in one study involving 23 patients with 40 treat-
ments utilizing cooled radiofrequency neurotomy, the
results were negative. All the studies were clinically ap-
plicable. Due to a single high quality RCT with a small
sample size with low clinical applicability and the study
was downgraded by application of GRADE criteria, the
evidence was shown to be of Level llI.

With changes in policies in the USA and emerging
guidelines, it is conceivable that radiofrequency neu-
rotomy will increase much faster while intraarticular
injections and medial branch blocks will continue to
decline (34,60). As no systematic reviews with meta-
analysis are available for thoracic facet joint interven-
tions, the value and validity of this publication is only as
reliable as the validity of the primary studies included.
As described earlier, most of the studies of radiofre-
quency neurotomy in this systematic review and meta-
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analysis are observational studies with a single RCT (42)
with a small number of patients (20 in each group),
the remaining were observational studies, similar to
cervical spine (23). Consequently, numerous issues have
been highlighted in reference to systematic reviews
in interventional pain management. These have been
discussed in guidelines and multiple other systematic
reviews extensively (3,4,22,23,51-55,61-69). Significant
discussions continue with descriptions of placebo and
inappropriately converted placebo analysis of active
control trials. Manchikanti et al (64) have shown so-
dium chloride solution injected into the epidural space
is not a placebo. Similarly, it has been widely publicized
that epidural injection of local anesthetic is an active
agent with only short-term differences in improve-
ment with local anesthetic alone compared to local
anesthetic with steroids (61,62). Ironically, in contrast
to numerous descriptions, the articles included in this
analysis showed similar improvement with therapeutic
medial branch blocks with local anesthetic injection
with or without steroids compared to radiofrequency
neurotomy, however, requiring early repeat injections
similar to a short-acting compared to a long-acting
drug or any other technique. It is also crucial that real-
world evidence be applied in analysis of the evidence
with higher clinical relevancy. The majority of the trials
and studies included in this analysis showed only mod-
erate clinical relevance due to extensive lesioning and
time-consuming techniques. Dal-Re’ et al (66) discussed
the issues related to real-world evidence focusing on
pragmatic RCTs in contrast to explanatory RCTs, which
are used to test hypotheses on whether the interven-
tion causes an outcome of interest in ideal circum-
stances; pragmatic RCTs aim to provide information
on the relative merits of real-world clinical alternatives
in routine care. A critical aim of an explanatory RCT
is to ensure internal validity (prevention of bias), in
contrast to a pragmatic RCT which focuses on maximiz-
ing external validity (generalizability of the results to
many real-world settings), preserving internal validity
as much as possible. Dal-Re" et al (66) also noted that
a genuinely pragmatic RCT should fulfill at least two
fundamental features, including conduct of the study
resembling usual clinical practice and the results be-
ing applicable clinically to multiple other settings. It is
crucial in interventional pain management to identify
real-world trials with high clinical applicability. This is
the first systematic review comparing thoracic medial
branch blocks and radiofrequency neurotomy utilizing
a single-arm meta-analysis. Single-arm meta-analysis

essentially showed significant improvement with con-
ventional radiofrequency neurotomy and therapeutic
medial branch blocks. Even though not well appreci-
ated, single-arm analysis should be made a crucial part
of meta-analysis in elucidating the effectiveness of
both groups and real-world RCTs.

The results of the present analysis echoed the
systematic reviews performed in cervical and thoracic
regions; however, the results are similar to previous
systematic reviews (2,33,23,67,68).

Facet joint guidelines from American Society of
Interventional Pain Physicians (ASIPP), while showing
Level Il evidence with moderate strength of recommen-
dation for diagnostic accuracy, showed Level lll evidence
with weak to moderate strength of recommendation
with emerging evidence for thoracic RFA with inclusion
of one relevant RCT and 3 observational studies. The
present systematic review and meta-analysis included
the same studies with the addition of 3 observational
studies (45-47). Even then, the evidence yielded the
same level of Level Ill with weak to moderate strength
of recommendation with qualitative and quantitative
analysis, including a single arm meta-analysis. In con-
trast, the guidelines showed the level of evidence as Il
with moderate strength of recommendation for tho-
racic facet joint nerve blocks with inclusion of 2 RCTs
and 2 observational studies with long-term improve-
ment. The present systematic review and meta-analysis,
which included a single arm meta-analysis, included 2
RCTs (39,40) and 3 observational studies (37,41,48)
yielding the same level of evidence with Level Il and
moderate strength of recommendation.

As shown earlier in multiples studies, systematic
reviews and guidelines, selection criteria are crucial.
The majority of the studies for radiofrequency neu-
rotomy, as well as facet joint nerve blocks incorporated
diagnostic blocks with controlled comparative local an-
esthetic blocks. It provides appropriateness and clinical
applicability, whereas some studies were based on only
either clinical assessment or a single block.

Facet joint interventions showed an overall 2.9%
annual increase from 2010 to 2019 compared to an
annual increases of 14.2% from 2000 to 2010, with
19.3% COVID-19 pandemic-related decline from 2019
to 2020. In addition, the analysis of expenditures for
facet joint interventions in the Medicare population
(28) also showed an increase in expenditures of 79%
from 2009 to 2018 in the form of total cost for facet
joint interventions. Inflation-adjusted costs with 2018
US dollars, however, showed an overall increase of 53%
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instead of 79% with an annual increase of 4.9%. Fur-
ther, cervical facet joint injection procedures increased
by 2% annually from 2010 to 2019, whereas cervical
radiofrequency neurotomy procedures increased by
8.9%. In comparison, lumbosacral facet joint blocks
increased at an annual rate of 0.8% from 2010 to 2019,
whereas radiofrequency neurotomy procedures during
the same period increased 7.4%. During the COVID-19
pandemic overall facet joint interventions decreased
19.3%, with cervical/thoracic facet joint blocks decreas-
ing 20.2%, lumbar/sacral facet joint blocks decreasing
20.7%, with cervical/thoracic facet neurolysis decreas-
ing 14.1%, and lumbosacral facet neurolysis procedures
decreasing 7.3% (25). In contrast, epidural procedures
showed an overall decrease of inflation-adjusted costs
of 2%, whereas prior to inflation adjustment, total
expenditures increased by 14.6%, an annual increase
of 1.5% (27). Spinal cord stimulation procedures also
increased in utilization and costs; however, utilization
of percutaneous adhesiolysis procedures and vertebral
augmentation procedures have declined significantly
(29,30). In addition, recent evaluations assessing the
impact of the COVID-19 pandemic showed an 18.7%
reduction in overall interventional techniques from
2019 to 2020 (25).

However, separate data for thoracic facet joint
interventions is not available as these are included as
part of cervicothoracic CPT coding system.

In summary, from a clinical perspective, one chal-
lenge in many patients with thoracic pain is the overlap
in characteristics and descriptions of presenting symp-
toms, whether the true source of their pain is thoracic
discogenic, facetogenic and/or muscular in origin. At
present, there is no literature that precisely correlates
facet joint imaging with clinical signs and symptoms.
Furthermore, unlike cervical and lumbar discogenic
pain which have very well-defined dermatomal distri-
butions, thoracic discogenic pain, in many cases, pres-

ents less clear on physical examination. In this regard,
many patients initially present with thoracic imaging
reflecting minor or moderate thoracic disc herniation
and are treated with a thoracic epidural without eas-
ing pain symptoms. In these patients, the true source
of pain is thoracic facet joint arthritis, and the patient
would benefit from thoracic medial branch blocks and
radiofrequency ablation.

CoONCLUSION

The present systematic review and meta-analysis of
RCTs and observational studies of thoracic therapeutic
facet joint nerve blocks and radiofrequency neurotomy
provided Level Il evidence with moderate recommen-
dation for the short and long-term effectiveness of
facet joint nerve blocks and Level Ill evidence for radio-
frequency neurotomy in managing thoracic facet joint
pain after the diagnosis of facet joint pain with dual
controlled diagnostic blocks with at least 80% criterion
standard for the diagnosis.
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Appendix Table 1. Sources of risk of bias and Cochrane Review rating system.

Bias . Possible
. Source of Bias
Domain Answers
A random (unpredictable) assignment sequence. Examples of adequate methods
are coin toss (for studies with 2 groups), rolling a dice (for studies with 2 or more
groups), drawing of balls of different colors, drawing of ballots with the study
group labels from a dark bag, computer-generated random sequence, preordered
Saleaien (1) Was the method of sealed envelopes, sequentially-ordered vials, telephone call to a central office, and Yes/No/Unsure
randomization adequate? preordered list of treatment assignments.
Examples of inadequate methods are: alternation, birth date, social insurance/
security number, date in which they are invited to participate in the study, and
hospital registration number.
Assignment generated by an independent person not responsible for determining
. (2) Was the treatment the eligibility of the patients. This person has no information about the persons
Selection allocation concealed? included in the trial and has no influence on the assignment sequence or on the Yes/No/Unsure
decision about eligibility of the patient.
(3) Was the patient blinded | Index and control groups are indistinguishable for the patients or if the success of
Rl to the intervention? blinding was tested among the patients and it was successful. VG
@ Was the. care Index and control groups are indistinguishable for the care providers or if the
Performance | provider blinded to the L . . Yes/No/Unsure
: . success of blinding was tested among the care providers and it was successful.
intervention?
Adequacy of blinding should be assessed for each primary outcome separately. This
item should be scored “yes” if the success of blinding was tested among the outcome
assessors and it was successful or:
»  for patient-reported outcomes in which the patient is the outcome assessor
(e.g., pain, disability): the blinding procedure is adequate for outcome
assessors if participant blinding is scored “yes”
. for outcome criteria assessed during scheduled visit and that supposes
a contact between participants and outcome assessors (e.g., clinical
examination): the blinding procedure is adequate if patients are blinded, and
the treatment or adverse effects of the treatment cannot be noticed during
(5) Was the outcome clinical examination
Detection ol l?linded to the o for outcome criteria that do not suppose a contact with participants (e.g., Yes/No/Unsure
intervention? radiography, magnetic resonance imaging): the blinding procedure is
adequate if the treatment or adverse effects of the treatment cannot be noticed
when assessing the main outcome
. for outcome criteria that are clinical or therapeutic events that will be
determined by the interaction between patients and care providers (e.g.,
cointerventions, hospitalization length, treatment failure), in which the care
provider is the outcome assessor: the blinding procedure is adequate for
outcome assessors if item “4” (caregivers) is scored “yes”
. for outcome criteria that are assessed from data of the medical forms: the
blinding procedure is adequate if the treatment or adverse effects of the
treatment cannot be noticed on the extracted data
The number of participants who were included in the study but did not complete
the observation period or were not included in the analysis must be described and
Attrition (6) Was the drop-out rate | reasons given. If the percentage of withdrawals and drop-outs does not exceed 20% Yes/No/Unsure
described and acceptable? | for short-term follow-up and 30% for long-term follow-up and does not lead to
substantial bias a “yes” is scored (N.B. these percentages are arbitrary, not supported
by literature).
) Were g randomlz'e . All randomized patients are reported/analyzed in the group they were allocated to
" participants analyzed in " . .
Attrition . by randomization for the most important moments of effect measurement (minus Yes/No/Unsure
the group to which they . . . . . .
missing values) irrespective of noncompliance and cointerventions.
were allocated?
(8) Are reports of the All the results from all prespecified outcomes have been adequately reported in
. study free of suggestion the published report of the trial. This information is either obtained by comparing
Reporting of selective outcome the protocol and the report, or in the absence of the protocol, assessing that the Yes/No/Unsure
reporting? published report includes enough information to make this judgment.




Appendix Table 1 cont. Sources of risk of bias and Cochrane Review rating system.

Bias . Possible
. Source of Bias
Domain Answers
©) Wer.e the groups stmiiar Groups have to be similar at baseline regarding demographic factors, duration and
. at baseline regarding the : . A . "
Selection . . | severity of complaints, percentage of patients with neurological symptoms, and Yes/No/Unsure
most important prognostic .
L value of main outcome measure(s).
indicators?
(10) Were cointerventions | If there were no cointerventions or they were similar between the index and control
Performance ] - Yes/No/Unsure
avoided or similar? groups.
The reviewer determines if the compliance with the interventions is acceptable,
based on the reported intensity, duration, number and frequency of sessions for
Performance (11) Was the compliance both the 1qdex intervention and control 1nterven?10n(s). For example, physiotherapy Yes/No/Unsure
acceptable in all groups? treatment is usually administered for several sessions; therefore it is necessary to
assess how many sessions each patient attended. For single-session interventions
(e.g., surgery), this item is irrelevant.
. (12) Was the timing of Timing of outcome assessment should be identical for all intervention groups and
Detection the outcome assessment A Yes/No/Unsure
T for all primary outcome measures.
similar in all groups?
Other types of biases. For example:
o When the outcome measures were not valid. There should be evidence
from a previous or present scientific study that the primary outcome can be
(13) Are other sources of considered valid in the context of the present.
Other potential bias unlikely? . Industry-sponsored trials. The conflict of interest (COI) statement should Yes/No/Unsure
explicitly state that the researchers have had full possession of the trial process
from planning to reporting without funders with potential COI having any
possibility to interfere in the process. If, for example, the statistical analyses
have been done by a funder with a potential COI, usually “unsure” is scored.

Adapted and modified from: Furlan AD, et al; Editorial Board of the Cochrane Back, Neck Group. 2015 Updated method guideline for systematic
reviews in the Cochrane Back and Neck Group. Spine (Phila Pa 1976) 2015; 40:1660-1673 (56).

Appendix Table 2. Item checklist for assessment of randomized conirolled trials of I1PM techniques utilizing IPM — QRB.

| Scoring
L TRIAL DESIGN AND GUIDANCE REPORTING
1. CONSORT or SPIRIT
Trial designed and reported without any guidance 0
Trial designed and reported utilizing minimum criteria other than CONSORT or SPIRIT criteria or trial was conducted 1
prior to 2005
Trial implies it was based on CONSORT or SPIRIT without clear description with moderately significant criteria for )
randomized trials or the trial was conducted before 2005
Explicit use of CONSORT or SPIRIT with identification of criteria or trial conducted with high level reporting and criteria 3
or conducted before 2005
IL DESIGN FACTORS
2. Type and Design of Trial
Poorly designed control group (quasi selection, convenient sampling) 0
Proper active-control or sham procedure with injection of active agent 2
Proper placebo control (no active solutions into active structures) 3
3. Setting/Physician
General setting with no specialty affiliation and general physician 0
Specialty of anesthesia/PMR/neurology/radiology/ortho, etc. 1
Interventional pain management with interventional pain management physician 2
4. Imaging
Blind procedures 0
Ultrasound 1




Appendix Table 2 cont. Item checklist for assessment of randomized controlled trials of IPM techniques utilizing IPM — QRB.

Scoring
CT 2
Fluoro 3
5. Sample Size
Less than 50 participants in the study without appropriate sample size determination 0
Sample size calculation with less than 25 patients in each group 1
Appropriate sample size calculation with at least 25 patients in each group 2
Appropriate sample size calculation with 50 patients in each group 3
6. Statistical Methodology
None or inappropriate 0
Appropriate 1
III. PATIENT FACTORS
7. Inclusiveness of Population
7a. | For epidural procedures:
Poorly identified mixed population 0
Clearly identified mixed population 1
Disorders specific trials (i.e. well defined spinal stenosis and disc herniation, disorder specific, disc herniation or spinal 5
stenosis or post surgery syndrome)
7b. | For facet or sacroiliac joint interventions:
No diagnostic blocks 0
Selection with single diagnostic blocks 1
Selection with placebo or dual diagnostic blocks 2
8. Duration of Pain
Less than 3 months 0
3 to 6 months 1
> 6 months 2
9. Previous Treatments
Conservative management including drug therapy, exercise therapy, physical therapy, etc.
Were not utilized 0
Were utilized sporadically in some patients 1
Were utilized in all patients 2
10. Duration of Follow-up with Appropriate Interventions
Less than 3 months or 12 weeks for epidural or facet joint procedures, etc. and 6 months for intradiscal procedures and 0
implantables
3 to 6 months for epidural or facet joint procedures, etc., or 1 year for intradiscal procedures or implantables 1
6 months to 17 months for epidurals or facet joint procedures, etc., and 2 years or longer for discal procedures and )
implantables
18 months or longer for epidurals and facet joint procedures, etc., or 5 years or longer for discal procedures and 3
implantables
Iv. OUTCOMES
11. Outcomes Assessment Criteria for Significant Improvement
No descriptions of outcomes
OR 0
< 20% change in pain rating or functional status
Pain rating with a decrease of 2 or more points or more than 20% reduction
OR 1
functional status improvement of more than 20%




Appendix Table 2 cont. Item checklist for assessment of randomized controlled trials of IPM techniques utilizing IPM — QRB.

Scoring
Pain rating with decrease of > 2 points
AND 2
> 20% change or functional status improvement of > 20%
Pain rating with a decrease of 3 or more points or more than 50% reduction
OR 2
functional status improvement with a 50% or 40% reduction in disability score
Significant improvement with pain and function = 50% or 3 points and 40% reduction in disability scores 4
12. Analysis of all Randomized Participants in the Groups
Not performed 0
Performed without intent-to-treat analysis without inclusion of all randomized participants 1
All participants included with or without intent-to-treat analysis 2
13. Description of Drop Out Rate
No description of dropouts, despite reporting of incomplete data or > 20% withdrawal 0
Less than 20% withdrawal in one year in any group 1
Less than 30% withdrawal at 2 years in any group 2
14. Similarity of Groups at Baseline for Important Prognostic Indicators
Groups dissimilar with significant influence on outcomes with or without appropriate randomization and allocation 0
Groups dissimilar without influence on outcomes despite appropriate randomization and allocation 1
Groups similar with appropriate randomization and allocation 2
15. Role of Co-Interventions
Co-interventions were provided but were not similar in the majority of participants 0
No co-interventions or similar co-interventions were provided in the majority of the participants 1
V. RANDOMIZATION
16. Method of Randomization
Quasi randomized or poorly randomized or not described 0
Adequate randomization (coin toss, drawing of balls of different colors, drawing of ballots) 1
High quality randomization (Computer generated random sequence, pre-ordered sealed envelopes, sequentially ordered )
vials, telephone call, pre-ordered list of treatment assignments, etc.)
VL ALLOCATION CONCEALMENT
17. Concealed Treatment Allocation
Poor concealment of allocation (open enrollment) or inadequate description of concealment 0
Concealment of allocation with borderline or good description of the process with probability of failure of concealment 1
High quality concealment with strict controls (independent assignment without influence on the assignment sequence) 2
VIIL BLINDING
18. Patient Blinding
Patients not blinded 0
Patients blinded adequately 1
19. Care Provider Blinding
Care provider not blinded 0
Care provider blinded adequately 1
20. Outcome Assessor Blinding
Outcome assessor not blinded or was able to identify the groups 0
Performed by a blinded independent assessor with inability to identify the assignment-based provider intervention (i.e.,
subcutaneous injection, intramuscular distant injection, difference in preparation or equipment use, numbness and 1
weakness, etc.)




Appendix Table 2 cont. Item checklist for assessment of randomized controlled trials of IPM techniques utilizing IPM — QRB.

| Scoring
VIIL CONFLICTS OF INTEREST
21. Funding and Sponsorship
Trial included industry employees -3
Industry employees involved; high levels of funding with remunerations by industry or an organization funded with 3
conflicts
Industry or organizational funding with reimbursement of expenses with some involvement 0
Industry or organization funding of expenses without involvement 1
Funding by internal resources only with supporting entity unrelated to industry 2
Governmental funding without conflict such as NIH, NHS, AHRQ 3
22. Conflicts of Interest
None disclosed with potential implied conflict 0
Marginally disclosed with potential conflict 1
Well disclosed with minor conflicts 2
Well disclosed with no conflicts 3
Hidden conflicts with poor disclosure -1
Misleading disclosure with conflicts -2
Major impact related to conflicts -3
TOTAL 48

Source: Manchikanti L, et al. Assessment of methodologic quality of randomized trials of interventional techniques: Development of an interven-
tional pain management specific instrument. Pain Physician 2014; 17:E263-E290 (57).

Appendix Table 3. IPM checklist for assessment of nonrandomized or observational studies of IPM techniques utilizing I P M-

QRBNR.
Scoring
L STUDY DESIGN AND GUIDANCE REPORTING

1. STROBE or TREND Guidance
Case Report/Case Series 0
Study designed without any guidance 1
Study designed with minimal criteria and reporting with or without guidance 2
Study designed with moderately significant criteria or implies it was based on STROBE or TREND without clear 3
description or the study was conducted before 2011 or similar criteria utilized with study conducted before 2011
Designed with high level criteria or explicitly uses STROBE or TREND with identification of criteria or conducted prior to 4
2011

1L DESIGN FACTORS

2. Study Design and Type
Case report or series (uncontrolled - longitudinal) 0
Retrospective cohort or cross-sectional study 1
Prospective cohort case-control study 2
Prospective case control study 3
Prospective, controlled, nonrandomized 4

3. Setting/Physician
General setting with no specialty affiliation and general physician 0
Specialty of anesthesia/PMR/neurology, etc. 1
Interventional pain management with interventional pain management physician 2




Appendix Table 3 cont. IPM checklist for assessment of nonrandomized or observational studies of I1PM techniques utilizing 1P M-

QRBNR.
Scoring
4. Imaging
Blind procedures 0
Ultrasound 1
CT 2
Fluoro 3
5. Sample Size
Less than 100 participants without appropriate sample size determination 0
At least 100 participants in the study without appropriate sample size determination 1
Sample size calculation with less than 50 patients in each group 2
Appropriate sample size calculation with at least 50 patients in each group 3
Appropriate sample size calculation with 100 patients in each group 4
6. Statistical Methodology
None 0
Some statistics 1
Appropriate 2
III. PATIENT FACTORS
7. Inclusiveness of Population
7a. | For epidural procedures:
Poorly identified mixed population 1
Poorly identified mixed population with large sample (= 200) 2
Clearly identified mixed population 3
Disorders specific trials (i.e. well defined spinal stenosis and disc herniation, disorder specific, disc herniation or spinal 4
stenosis or post-surgery syndrome)
7b. | For facet or sacroiliac joint interventions:
No specific selection criteria 1
No diagnostic blocks based on clinical symptomatology 2
Selection with single diagnostic blocks 3
Selection with placebo or dual diagnostic blocks 4
8. Duration of Pain
Less than 3 months 0
3 to 6 months 1
> 6 months 2
9. Previous Treatments
Conservative management including drug therapy, exercise therapy, physical therapy, etc.
Were not utilized 0
Were utilized sporadically in some patients 1
Were utilized in all patients 2
10. | Duration of Follow-up with Appropriate Interventions
Less than 3 months or less for epidural or facet joint procedures, etc., and 6 months for intradiscal procedures and 1
implantables
3-6 months for epidural or facet joint procedures, etc., or one year for intradiscal procedures or implantables 2
6-12 months for epidurals or facet joint procedures, etc., and 2 years or longer for discal procedures and implantables 3
18 months or longer for epidurals and facet joint procedures, etc., or 5 years or longer for discal procedures and 4

implantables




Appendix Table 3 cont. IPM checklist for assessment of nonrandomized or observational studies of I1PM techniques utilizing 1P M-
QORBNR.

Scoring

Iv. OUTCOMES

11. | Outcomes Assessment Criteria for Significant Improvement

No descriptions of outcomes
OR 0
< 20% change in pain rating or functional status

Pain rating with a decrease of 2 or more points or more than 20% reduction
OR 1
functional status improvement of more than 20%

Pain rating with decrease of > 2 points
AND 2
> 20% change or functional status improvement of 20%

Pain rating with a decrease of 3 or more points or more than 50% reduction
OR 2
functional status improvement with a 50% or 40% reduction in disability score

Significant improvement with pain and function = 50% or 3 points and 40% reduction in disability scores 4

12. Description of Drop Out Rate

No description despite reporting of incomplete data or more than 30% withdrawal 0
Less than 30% withdrawal in one year in any group 1
Less than 40% withdrawal at 2 years in any group 2
13. | Similarity of Groups at Baseline for Important Prognostic Indicators
No groups or groups dissimilar with significant influence on outcomes 0
Groups dissimilar without significant influence on outcomes 1
Groups similar 2
14. | Role of Co-Interventions
Dissimilar co-interventions or similar co-interventions in some of the participants 1
No co-interventions or similar co-interventions in majority of the participants 2
V. ASSIGNMENT
15. | Method of Assignment of Participants
Case report/case series or selective assignment based on outcomes or retrospective evaluation based on clinical criteria 1
Prospective study with inclusion without specific criteria 2
Retrospective method with inclusion of all participants or random selection of retrospective data 3
Prospective, well-defined assignment of methodology and inclusion criteria (quasi randomization, matching, stratification, 4
etc.)
VL CONFLICTS OF INTEREST
16. | Funding and Sponsorship
Trial included industry employees with or without proper disclosure -3
Industry employees involved; high levels of funding with remunerations by industry or an organization funded with 3
conflicts
Industry or organizational funding with reimbursement of expenses with some involvement or no information available 0
Industry or organization funding of expenses without involvement 1
Funding by internal resources only 2
Governmental funding without conflict such as NIH, NHS, AHRQ 3
TOTAL MAXIMUM 48

Source: Manchikanti L, et al. Development of an interventional pain management specific instrument for methodologic quality assessment of non-
randomized studies of interventional techniques. Pain Physician 2014; 17:E291-E317 (58).



