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Interventional Treatments for Acute and Chronic Pain:
Systematic Review
Structured Abstract

Objective. To evaluate the benefits and harms of selected interventional procedures for acute
and chronic pain that are not currently covered by the Centers for Medicare & Medicaid Services
(CMS) but are relevant for and have potential utility for use in the Medicare population, or that
are covered by CMS but for which there is important uncertainty or controversy regarding use.
Data sources. Electronic databases (Ovid® MEDLINE®, PsycINFO®, the Cochrane Central
Register of Controlled Trials, and the Cochrane Database of Systematic Reviews) to April 12,
2021, reference lists, and submissions in response to a Federal Register notice.
Review methods. Using predefined criteria and dual review, we selected randomized controlled
trials (RCTs) for 10 interventional procedures and conditions that evaluated pain, function,
health status, quality of life, medication use, and harms. Random effects meta-analysis was
conducted for vertebral compression fracture; otherwise, outcomes were synthesized
qualitatively. Effects were classified as small, moderate, or large using previously defined
criteria.
Results. Thirty-seven randomized trials (in 48 publications) were included. Vertebroplasty (13
trials) is probably more effective at reducing pain and improving function in older (>65 years of
age) patients, but benefits are small (less than 1 point on a 10-point pain scale). Benefits appear
smaller (but still present) in sham-controlled (5 trials) compared with usual care controlled trials
(8 trials) and larger in trials of patients with more acute symptoms; however, testing for subgroup
effects was limited by imprecision. Vertebroplasty is probably not associated with increased risk
of incident vertebral fracture (10 trials). Kyphoplasty (2 trials) is probably more effective than
usual care for pain and function in older patients with vertebral compression fracture at up to 1
month (moderate to large benefits) and may be more effective at >1 month to ≥1 year (small to
moderate benefits) but has not been compared against sham therapy. Evidence on kyphoplasty
and risk of incident fracture was conflicting. In younger (below age for Medicare eligibility)
populations, cooled radiofrequency denervation for sacroiliac pain (2 trials) is probably more
effective for pain and function versus sham at 1 and 3 months (moderate to large benefits).
Cooled radiofrequency for presumed facet joint pain may be similarly effective versus
conventional radiofrequency, and piriformis injection with corticosteroid for piriformis
syndrome may be more effective than sham injection for pain. For the other interventional
procedures and conditions addressed, evidence was too limited to determine benefits and harms.
Conclusions. Vertebroplasty is probably effective at reducing pain and improving function in
older patients with vertebral compression fractures; benefits are small but similar to other
therapies recommended for pain. Evidence was too limited to separate effects of control type and
symptom acuity on effectiveness of vertebroplasty. Kyphoplasty has not been compared against
sham but is probably more effective than usual care for vertebral compression fractures in older
patients. In younger populations, cooled radiofrequency denervation is probably more effective
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than sham for sacroiliac pain. Research is needed to determine the benefits and harms of the
other interventional procedures and conditions addressed in this review.
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Evidence Summary
Main Points
•

•
•

•

Vertebroplasty is probably more effective than sham or usual care for vertebral
compression fractures for reducing pain and improving function in older (Medicareeligible) populations, but benefits are small. Benefits are smaller in sham compared with
usual care controlled trials and larger in trials of patients with more acute symptoms.
Kyphoplasty is probably more effective than usual care for vertebral compression
fractures for reducing pain and improving function in older (Medicare-eligible)
populations, but has not been compared against sham.
Cooled radiofrequency denervation is probably moderately more effective for reducing
pain and improving function than sham for sacroiliac pain in younger populations and
similarly effective versus conventional radiofrequency for presumed facet joint pain and
piriformis corticosteroid injection for piriformis syndrome may be similarly effective
versus sham for pain at 1 week, but more effective for reducing pain at 1 month. These
interventions were evaluated in younger (non-Medicare-eligible) populations, but
findings can probably be applied to older populations.
Research is needed to determine the benefits and harms of other interventional
procedures addressed in this report. Ideally, future trials of interventional procedures
should enroll older, Medicare-eligible populations, utilize sham controls, evaluate
function as well as pain, include rigorous evaluation of harms, evaluate longer-term
outcomes, and evaluate how benefits and harms according to demographic, clinical, and
technical factors.

Background and Purpose

The purpose of this systematic review is to evaluate the effectiveness and harms of selected
interventional procedures for acute and chronic pain in the Medicare population. The review
focuses on procedures which are not currently covered for by the Centers for Medicare &
Medicaid Services (CMS) but are relevant for and have potential utility for use in the Medicare
population, or procedures that are covered by CMS but for which there is important uncertainty
or controversy regarding use.

Methods

Electronic databases (Ovid® MEDLINE®, PsycINFO®, the Cochrane Central Register of
Controlled Trials, and the Cochrane Database of Systematic Reviews) were searched through
April 12, 2021 for relevant publications. Searches were supplemented by reviewing reference
lists and a Federal Register Notice.
Randomized controlled trials (RCTs) of populations undergoing the designated interventional
procedures for the specified conditions versus usual care, no treatment, placebo, or sham were
selected using predefined criteria and dual review. Observational studies were eligible for
assessment of rare, serious adverse events. This review focused on 10 interventional procedures
for specific conditions:
1. Vertebral augmentation procedures (vertebroplasty and kyphoplasty) for pain due to
vertebral compression fracture
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2. Cooled radiofrequency denervation for degenerative back or hip pain and pulsed
radiofrequency denervation for degenerative back pain
3. Intradiscal and facet joint platelet-rich plasma for presumed discogenic back pain
4. Intradiscal stem cells for presumed discogenic back pain
5. Intradiscal methylene blue for presumed discogenic back pain
6. Intradiscal ozone for radicular low back pain or nonradicular, presumed discogenic
back pain (protocol modification to include intradiscal ozone plus corticosteroid)
7. Sphenopalatine block for trigeminal neuralgia or headache
8. Occipital stimulation for headache
9. Piriformis injection (local anesthetic, corticosteroid, and/or botulinum toxin) for
piriformis syndrome
10. Peripheral nerve stimulation for ulnar, median, or radial neuropathy
The main outcomes were pain and function, and additional outcomes were quality of life,
emotional function, global improvement, and harms. Outcomes were analyzed at 1 to 2 weeks, 2
to 4 weeks, 1 to 6 months, 6 to 12 months, and 12 months and longer. Meta-analyses were
conducted for vertebroplasty versus no vertebroplasty (sham or usual care) and effects on pain,
function, quality of life, and harms; analyses were conducted to assess how the control type,
duration of symptoms, and other factors impacted findings. Otherwise, meta-analyses were not
conducted due to small number of studies, methodological limitations, and study heterogeneity.
The magnitude of effects was classified as small, moderate or large using previously defined
criteria, and strength of evidence was assessed.

Results

The review included 37 RCTs on the comparative effectiveness of interventional therapies
for acute and chronic pain. Evidence was most robust for vertebroplasty, followed by
kyphoplasty and radiofrequency denervation, and limited for other interventions. Evidence on
vertebroplasty and kyphoplasty was highly relevant to populations eligible for Medicare, based
on mean age of over 65 years in the trials. For other interventions, patients were younger and
populations eligible for Medicare for reasons other than older age were not addressed. Main
findings (focusing on effects on pain and function) are summarized by interventional procedure.

Vertebral Augmentation Procedures
Vertebroplasty
•

Vertebroplasty for vertebral compression fracture (13 trials, N=1685) was associated with
a small reduction in pain intensity versus sham vertebroplasty or usual care at 1 to 2
weeks (10 trials, N=1093), 1 to 6 months (10 trials, N=1094), 6 to 12 months (8 trials,
N=993), and 12 months and longer (9 trials, N=965), and a moderate reduction at 2 to 4
weeks (8 trials, N=918) (strength of evidence [SOE]: low at 1 to 2 weeks, moderate at
other time points). Restricting to sham vertebroplasty controls (5 trials, N=536) tended to
decrease benefits (no difference at 1 to 2 weeks and small at other time points), but the
difference between sham and usual care trials was only statistically significant at 2 to 4
weeks (p for interaction=0.01). Benefits also tended to be larger in trials of patients with
more acute compared with less acute pain, but differences were not statistically
significant.
ES-2

•

•

•
•

There was insufficient evidence to determine effects of vertebroplasty on function at 1 to
2 weeks (7 trials, N=743), due to marked inconsistency between sham trials (no benefit)
and usual care trials (small benefit). Vertebroplasty was associated with a small
improvement versus sham or usual care in function at 2 to 4 weeks (6 trials, N=708), 1 to
6 months (7 trials, N=637), 6 to 12 months (6 trials, N=690), and ≥12 months (6 trials,
N=612). (SOE: insufficient for 1 to 2 weeks, moderate for 1 to 6 months and 12 months
and longer, and high for 2 to 4 weeks and 6 to 12 months).
Vertebroplasty was not associated with increased risk of incident vertebral fracture at 12
months and longer (7 trials, N=826); evidence on serious adverse events was sparse and
imprecise but did not indicate increased risk (SOE: moderate for vertebral fracture, low
for serious adverse events).
Three trials that conducted within-study subgroup analyses found no interaction between
duration of symptoms and effects of vertebroplasty and one trial found no interaction
between sex or prior vertebral fracture and effects of vertebroplasty.
A stratified analysis of vertebroplasty trials found no interaction between polymethyl
methacrylate (PMMA) volume and effects of vertebroplasty.

Kyphoplasty
•

•

Kyphoplasty for vertebral compression fracture (2 trials, N=434) was associated with
large reductions in pain and moderate to large improvement in function versus usual care
at 1 week and 1 month in patients with or without cancer. No trial compared kyphoplasty
against sham (SOE: low for function at 1 week; moderate for pain and for function at 1
month).
o In 1 trial (N=300) of patients without cancer, effects on pain and function were
small to moderate at 3 months to 2 years (SOE: low).
Evidence on incident or worsening vertebral fracture was inconsistent and imprecise,
based on two trials (N=434) (SOE: insufficient).

Cooled Radiofrequency
•

•

Cooled radiofrequency denervation for sacroiliac pain was associated with a moderate to
large reduction in pain and small to large improvement in function versus sham
radiofrequency at 1 month (2 trials, N=79); improvements in pain and function at 3
months were moderate (1 trial, N=28) (SOE: moderate for pain and function at 3 months;
low for function at 1 month).
Cooled radiofrequency denervation for presumed facet joint pain was associated with a
small, nonstatistically significant reduction in pain versus conventional radiofrequency at
6 months and no difference in function (1 trial, N=43); there were no differences at
earlier (1- or 3-month) followup (SOE: low).

Pulsed Radiofrequency
•

Evidence was insufficient to assess pulsed radiofrequency denervation for presumed facet
joint pain versus sham denervation (1 trial, N=40) or continuous radiofrequency
denervation (1 trial, N=40) (SOE: insufficient).
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Intradiscal Platelet-Rich Plasma
•
•

Evidence was insufficient to assess intradiscal platelet-rich plasma injection for presumed
discogenic back pain (1 trial, N=58) (SOE: insufficient).
There were no differences between intradiscal platelet-rich plasma injection and saline
injection in harms, including no serious adverse events, at up to 3 years following
treatment (SOE: low).

Intradiscal Stem Cell Injection
•

Evidence was insufficient to assess intradiscal stem cell injection for presumed
discogenic back pain (1 trial, N=100) (SOE: insufficient).

Intradiscal Methylene Blue
•

Intradiscal methylene blue for presumed discogenic back pain (1 trial, N=81) was
associated with no difference versus sham at 6 weeks and 3 months. Evidence was
insufficient to determine effects of intradiscal methylene blue at 6 months (2 trials,
N=153, with conflicting results) and 12 months or longer (1 trial, N=72) (SOE: low for
no difference at 6 weeks and 3 months; insufficient for 6, 12, and 24 months).

Intradiscal Oxygen-Ozone
•
•

Evidence was insufficient to assess intradiscal oxygen-ozone for radicular low back pain
(1 trial, N=159) (SOE: insufficient).
No trial evaluated intradiscal oxygen-ozone injection without corticosteroid or oxygenozone injection for presumed (nonradicular) discogenic low back pain.

Sphenopalatine Block
•

Evidence was insufficient to assess sphenopalatine block versus sham for headache (1
trial, N=41) (SOE: insufficient).

Occipital Nerve Stimulation
•
•

•

•

Evidence was insufficient to assess occipital nerve stimulation versus sham stimulation
for headache (1 trial, N=157) (SOE: insufficient).
For headache, occipital nerve stimulation with adjustable parameters versus usual care at
3 months was associated with a small, nonstatistically significant reduction in pain
intensity, moderate decrease in headache related disability, and decrease in headache
days (1 trial, N=67) (SOE: low for headache related disability and headache days;
insufficient for pain).
Lead migration occurred in 14 to 24 percent of patients (2 trials, N=224), serious devicerelated complications requiring hospitalization occurred in 5.9 percent of patients (1 trial,
N=67), and persistent pain/numbness at implantation site in 13 percent of patients (1 trial,
N=157) (SOE: low).
One trial (N=67) found occipital nerve stimulation with adjustable parameters associated
with superior outcomes compared with stimulation using preset parameters.
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Piriformis Injection
•

•

One trial (N=50) found piriformis injection with corticosteroid and local anesthetic for
piriformis syndrome associated with no difference versus local anesthetic alone in pain at
rest at 1 week; piriformis injection was associated with a moderate reduction in pain at
rest versus local anesthetic at 1 month (SOE: low for no difference at 1 week and for
benefit at 1 month).
Evidence was insufficient to assess piriformis injection with botulinum toxin.

Peripheral Nerve Stimulation
•

Evidence was insufficient to assess peripheral nerve stimulation for upper extremity
peripheral neuropathic pain (SOE: insufficient).

Limitations

We excluded non-English–language articles and did not search for studies published only as
abstracts. We did not conduct statistical and graphical methods for assessing for small sample
effects (a potential marker for publication bias) due to small numbers of trials and heterogeneity
in study design methods, patient populations, and outcomes.
The evidence base had important limitations. For vertebroplasty, trials varied with regard to
patient selection criteria (e.g., duration of pain), technical factors (e.g., volume of PMMA), and
sham interventions (e.g., sites of local anesthetic infiltration). In addition, the usual care
interventions were not well standardized or defined. Pain and function were the most commonly
reported outcomes, with limited evidence on quality of life, health status (e.g., Short-Form 36
Health Survey [SF-36]), mood, analgesic (including opioid) use, and other outcomes. Data on
harms were relatively sparse and inconsistently reported. The trials were not designed to evaluate
how benefits and harms varied in subgroups defined by demographic, clinical, or technical
factors. Data on long-term (≥1 year) outcomes was relatively limited.
For the other interventional procedures evaluated in this report, the major limitation was the
small numbers of trials, with important methodological shortcomings (e.g., high attrition, lack of
intent-to-treat analysis, baseline group differences, small sample sizes, inadequate or unclear
randomization or allocation concealment methods, open-label design, and use of unvalidated
outcome measures) in almost all eligible studies.

Implications and Conclusions

Vertebroplasty is probably effective at reducing pain and improving function in older patients
with vertebral compression fractures, but benefits were small (Table A). Effects of
vertebroplasty were reduced in sham versus usual care controlled trials and larger in trials of
patients with more acute symptoms. However, it is not possible to attribute differences entirely to
the control type used, given substantial other differences across trials with regard to duration of
pain, PMMA volume, requirement for bone edema on magnetic resonance imaging (MRI), and
other factors. Furthermore, there were not statistically significant interactions between control
type and effects on pain intensity at other time points, there was heterogeneity among the shamcontrolled trials, and there is controversy regarding potential therapeutic effects associated with
different sham procedures. To address outstanding questions regarding vertebroplasty, future
trials should ideally include sham as well as usual care control groups and include patients with
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hyperacute (e.g., <3 weeks) and acute (e.g., 3 to 6 weeks) symptoms. Trials that include sham
interventions with and without periosteal local anesthetic could also help clarify whether the
sham treatment itself is associated with therapeutic benefits. Kyphoplasty is probably more
effective than usual care for vertebral compression fractures in older patients (Table A).
However, an important limitation of the evidence is the absence of sham-controlled trials of
kyphoplasty. Until such evidence becomes available, kyphoplasty may be considered as an
alternative to vertebroplasty, particularly in patients with more vertebral body collapse, as the
purpose of kyphoplasty is to help restore vertebral body morphology.
Cooled radiofrequency denervation is probably more effective than sham denervation for
sacroiliac pain, cooled radiofrequency may be as effective as conventional radiofrequency for
presumed facet joint pain, occipital nerve stimulation may be more effective than usual care for
headache, and piriformis corticosteroid injection may be more effective than sham for piriformis
syndrome (Table A). Evidence on harms was limited, but lead migration was common following
occipital nerve stimulation placement. Although evidence on these interventions was limited to
younger (below the age for Medicare eligibility) populations, there is no obvious reason that
findings would not apply to older patients. Evidence on the other interventions and conditions
addressed in this review is sparse and insufficient, and additional research is needed to determine
benefits of harms (Table A). To ideally inform Medicare coverage decisions, future trials of
interventional procedures should enroll older, Medicare-eligible populations, utilize sham
controls, evaluate function as well as pain, include rigorous evaluation of harms, evaluate longerterm outcomes, and evaluate how benefits and harms according to demographic (age, sex,
race/ethnicity), clinical (pain severity, pain duration, use of opioids, psychiatric or medical
comorbidities), or technical (dose, intensity, duration, frequency, techniques) factors.
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Table A. Interventional pain therapies for acute and chronic pain*

Intervention
Vertebroplasty vs.
sham or usual care
Kyphoplasty vs.
usual care
Cooled
radiofrequency
ablation vs. sham
Cooled vs.
conventional
radiofrequency
denervation
Pulsed
radiofrequency
denervation vs.
shamǁ
Pulsed vs.
conventional
radiofrequency
denervationǁ
Cooled or pulsed
radiofrequency
denervation vs.
sham, usual care, or
conventional
radiofrequency
denervation
Facet joint plateletrich plasma vs. sham
or usual care

Condition
Vertebral
compression
fractures
Vertebral
compression
fractures
Sacroiliac
pain
Presumed
facet joint
pain

Pain
Pain
Pain
Pain
Function Function Function Function
1 to 2
2 to 4
1 to 6
6 to 12
Pain
1 to 2
2 to 4
1 to 6
6 to 12
Function
Weeks
Weeks
Months
Months
≥12 months Weeks
Weeks
Months
Months
≥12 Months
Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
Small†
Moderate‡
Small
Small
Small
Insufficient§
Small
Small
Small
Small
+
++
++
++
++
+++
++
+++
++
Large
++

Large
++

Moderate
+

Moderate
+

Small
+

No
Moderate to Moderate
evidence
large
++
++
No
None
None
evidence
+
+

No
evidence

No
evidence

Small
+

No
evidence

Moderate Moderate to Moderate
+
large
+
++
No
Small to
Moderate
evidence
large
++
+
No
None
None
evidence
+
+

Moderate
+

Small
+

No
evidence

No evidence

None
+

No evidence

Presumed
facet joint
pain

No
evidence

No
evidence

No
evidence

Insufficient Insufficient

No
evidence

No
evidence

No
evidence

Insufficient

Insufficient

Presumed
facet joint
pain

No
evidence

No
evidence

No
evidence

Insufficient Insufficient

No
evidence

No
evidence

No
evidence

Insufficient

Insufficient

Degenerative
hip pain

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No evidence

Presumed
facet joint
pain

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No evidence
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Intervention
Intradiscal plateletrich plasma vs. sham
Intradiscal stem cells
vs. control*
Intradiscal
methylene blue vs.
sham
Intradiscal ozone +
corticosteroid vs.
corticosteroid
Sphenopalatine
block vs. control
Sphenopalatine
block vs. controlǁ
Occipital nerve
stimulation vs. shamǁ
Occipital nerve
stimulation vs. usual
care
Piriformis injection
with corticosteroid
plus local anesthetic
vs. corticosteroid
plus local anesthetic,
or shamǁ
Peripheral nerve
stimulation vs. sham

Condition
Discogenic
back pain
Discogenic
back pain
Discogenic
back pain

Pain
Pain
Pain
Pain
1 to 2
2 to 4
1 to 6
6 to 12
Weeks
Weeks
Months
Months
Effect Size Effect Size Effect Size Effect Size
SOE
SOE
SOE
SOE
Insufficient Insufficient Insufficient
No
evidence
No
Insufficient Insufficient Insufficient
evidence
No
No
None
None
evidence evidence
+
+

Function
Pain
1 to 2
≥12 months Weeks
Effect Size Effect Size
SOE
SOE
No
Insufficient
evidence
Insufficient
No
evidence
Insufficient
No
evidence

Function Function Function
2 to 4
1 to 6
6 to 12
Function
Weeks
Months
Months
≥12 Months
Effect Size Effect Size Effect Size Effect Size
SOE
SOE
SOE
SOE
Insufficient Insufficient
No
No evidence
evidence
Insufficient Insufficient Insufficient Insufficient
No
evidence

Discogenic
back pain

Insufficient

No
evidence

Insufficient Insufficient

No
evidence

Trigeminal
neuralgia
Chronic
migraine
Chronic
migraine
Chronic
migraine

No
evidence
No
evidence
No
evidence
No
evidence

No
evidence
Insufficient

No
No
evidence
evidence
No
Insufficient
evidence
Insufficient
No
evidence
Insufficient
No
evidence

No
evidence
No
evidence
No
evidence
No
evidence

No
evidence
No
evidence
No
evidence
No
evidence

No
evidence
Insufficient

Piriformis
syndrome

None
+

Moderate
+

Insufficient

No
evidence

No
evidence

No
evidence

No
evidence
No
evidence

No
evidence

Insufficient Insufficient

No
evidence
No
evidence

Small
+

None
+

Insufficient

No
evidence

Insufficient

Insufficient

No
No
No evidence
evidence evidence
No
Insufficient No evidence
evidence
Insufficient
No
No evidence
evidence
Insufficient
No
No evidence
evidence
No
evidence

No
evidence

No evidence

Ulnar, median,
No
No
Insufficient
No
No
No
No
Insufficient
No
No evidence
or radial
evidence evidence
evidence
evidence
evidence evidence
evidence
neuropathy
pain
Abbreviations: SOE = strength of evidence
Effect size: none (i.e., no effect/no statistically significant effect), small, moderate, or large increased risk; SOE: + = low, ++ = moderate, +++ = high.
* Grey shading indicates insufficient or no evidence
†There was no difference in trials with sham control and moderate difference in trials with usual care control, but no statistically significant interaction between control type and
effects on pain (p for interaction=0.14)
‡There was a small difference in trials with sham control and large difference in trials with usual care control, with a statistically significant interaction between control type and
effect on pain (p for interaction <0.01)
§There was no difference in trials with sham control and small difference in trials with usual care control, but no statistically significant interaction between control type and effects
on pain (p for interaction=0.19)
ǁPoor-quality trials excluded
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Introduction
Background

Pain is nearly universal, contributing substantially to morbidity, mortality, disability, and
healthcare system burdens.1 Acute pain usually lasts for less than 7 days but often extends up to
30 days, and may recur periodically. Although acute pain usually resolves rapidly, in some cases
it can persist to become chronic. Chronic pain, defined as pain lasting longer than 3 months1,2 is
a serious public health issue in the United States, affecting approximately 50 million people and
resulting in $635 billion in costs.3,4 Chronic pain substantially impacts physical and mental
functioning, reducing productivity and quality of life.
Patients eligible for Medicare due to age or disability are highly impacted by pain.
Musculoskeletal conditions such as back pain are the most common Social Security Disability
Insurance qualifying diagnosis, accounting for 34 percent of program participants in 2011.5 In
2016, approximately 13.6 million Americans 65 years of age or older were estimated to have
chronic pain and 5.4 million had high-impact chronic pain.4 The prevalence of chronic pain was
27.6 percent among those 65 to 84 years of age and 33.6 percent among those 85 years of age or
older (exceeding any other age group). In older adults, management of pain is often complicated
by medical comorbidities, polypharmacy, increased susceptibility to treatment harms, and
assessment challenges due to impaired cognition, often resulting in untreated or under treatment
of pain.6,7
Opioids, traditionally considered the most potent analgesic, are frequently prescribed for
acute or chronic pain, including in older adults and those with disabilities.5,8,9 Therefore, pain
management must be considered within the context of the current opioid crisis (related to both
illicit and prescription opioids).10 Opioid prescribing is highest among patients over 65 years of
age, and studies indicate recent increases in hospitals admissions and emergency department
visits related to opioid use disorder in this age group.11-14 Therefore, there is a need to identify
effective and safe interventions that could augment or replace opioids for pain treatment in this
population.
The key decisional dilemma for pain management in Medicare beneficiaries is providing
adequate pain relief, in order to improve quality of life and improve function, while minimizing
harms. Given concerns regarding opioids, there is great interest in nonopioid pharmacologic and
nonpharmacologic therapies and they have become increasingly accepted as first-line therapies.
The 2016 Centers for Disease Control and Prevention Guideline for Prescribing Opioids for
Chronic Pain recommends nonopioid therapy as preferred for treatment of chronic pain,15-17
though opioids remain an option for appropriately selected and monitored patients. In the aging
population, the Pain Management Best Practices Inter-Agency Task Force report recommended
consideration of a multidisciplinary approach with nonpharmacologic emphasis.18 Interventional
approaches were also specifically highlighted by the Task Force as an important
nonpharmacologic option and data indicate that interventional procedures are frequently used in
this population (~5 million procedures annually in Medicare fee-for-service).19
The term “interventional procedure” has been applied to a myriad of procedures, ranging
from soft tissue injections to minimally invasive surgeries, but in this report it refers to
nonsurgical interventional procedures (i.e., excluding minimally invasive surgical procedures).
The Inter-Agency Task Force report suggested that a number of interventional procedures be
considered for acute or chronic pain,18 but did not specifically make recommendations for use of
these procedures in Medicare populations, in whom optimal management of pain must consider
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factors such as medical comorbidities, polypharmacy, presence of disability, falls risk, and
cognitive issues.20

Purpose of the Review

The purpose of this systematic review is to evaluate the effectiveness and harms of selected
interventional procedures in the Medicare population. The review focuses on procedures that are
not currently covered by the Centers for Medicare & Medicaid Services (CMS) but are relevant
for and have potential utility for use in the Medicare population, or procedures that are covered
by CMS but for which there is important uncertainty or controversy regarding use. The intended
audiences for this review are CMS and other stakeholders including clinicians, policymakers,
patients, and researchers. This review is part of the Dr. Todd Graham Pain Management Study
and is sponsored by CMS. The Dr. Todd Graham Pain Management Study also includes three
complementary topic briefs on pain topics in Medicare populations as well as a separate
systematic review21 on integrated pain management and multidisciplinary multi-modal treatment
models.

Scope and Key Question
The draft Key Question and scope were developed by the Evidence-based Practice Center
with input from the Agency for Healthcare Research and Quality and CMS, and were revised
based on input from a Technical Expert Panel prior to finalization. The interventional therapies
were selected based on the following factors: (1) available in the United States but not
currently covered by CMS; (2) relevance and potential utility in the Medicare population (i.e.,
use in Medicare-eligible patients or for pain conditions commonly encountered in this
population); and (3) uncertainty or controversy regarding use.

Key Question 1: What are the effectiveness and harms of selected
interventional procedures (vertebral augmentation procedures, cooled or
pulsed radiofrequency ablation, intradiscal and facet joint platelet-rich
plasma, intradiscal methylene blue, intradiscal ozone, sphenopalatine
block, occipital nerve stimulation, piriformis injection, and peripheral nerve
stimulation) versus placebo, a sham procedure, or no interventional
procedure for Medicare beneficiaries with pain?
a. How do the effectiveness and harms vary according to
demographic (age, sex, race/ethnicity), clinical (type of pain,
severity of pain, prior treatments, medical and psychiatric comorbidities), and technical factors (variations in techniques,
intensity, frequency, dose, and number of treatments)?
The interventional procedures and conditions for this review are:
1. Vertebral augmentation procedures (vertebroplasty and kyphoplasty) for vertebral
compression fracture. These procedures are performed for vertebral compression fractures,
which are common in the Medicare population and often are due to osteoporosis or
metastatic disease. Vertebroplasty involves the injection of polymethyl methacrylate
(PMMA), commonly known as bone cement, into the collapsed (fractured) vertebral body.
In kyphoplasty, injection of PMMA is preceded by insertion and inflation of a balloon into
the collapsed vertebral body to restore it. Although vertebral augmentation procedures are
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covered by CMS, they were selected for inclusion in this review because there is ongoing
controversy about their role, due to conflicting trial results.22,23 The conflicting trial results
could be due to use of a sham intervention (mimicking the vertebral augmentation
procedure, without injecting PMMA, in order to blind participants to the treatment
received) versus a usual care (open-label) control. Other factors that could impact trial
results include the fracture age, presence of imaging findings indicating bone marrow
edema in the fracture, the volume of PMMA used, and others.
2. Variations on radiofrequency ablation (cooled radiofrequency ablation for degenerative
low back or hip pain and pulsed radiofrequency ablation for degenerative low back pain).
Conventional radiofrequency ablation involves the application of continuous high
frequency electrical current to ablate nerve tissue thought to be the cause of pain. Evidence
indicates that conventional radiofrequency for low back and hip pain may be associated
with improved short-term pain and function,24,25 and it is currently covered by CMS for
these conditions as an option for patients with persistent symptoms who do not respond to
standard treatments. Cooled and pulsed radiofrequency have been proposed as potential
alternatives to conventional radiofrequency. Like conventional radiofrequency ablation, the
cooled radiofrequency procedure involves the application of high frequency electrical
current. It differs from conventional radiofrequency ablation by using a larger, “cooled”
(relative to conventional radiofrequency; heat is still generated) radiofrequency probe,
potentially allowing for more targeted, larger and more effective lesions.26,27 The Coolief™
cooled radiofrequency ablation probe was approved by the U.S. Food and Drug
Administration (FDA) for treatment of knee pain. However, it has also been proposed as an
alternative to conventional radiofrequency ablation for other indications, including
degenerative back and hip pain. Pulsed radiofrequency differs from conventional
radiofrequency by delivering a smaller current in brief bursts. Unlike conventional
radiofrequency, it is not intended to destroy nerve tissue; rather, it is thought to reduce pain
through neuromodulatory effects.28
3. Intradiscal and facet joint platelet-rich plasma for presumed discogenic back pain or
presumed facet joint pain. This procedure involves the injection of autologous platelet-rich
plasma, which is rich in growth factors, into the intervertebral disc for low back pain of
presumed discogenic origin29 or into the lumbar facet joint for low back pain of presumed
facet joint origin.30 Platelet-rich plasma is thought to promote endogenous healing
processes, though the exact mechanism of action is not well understood.
4. Intradiscal stem cells for presumed discogenic back pain. This procedure involves the
injection of stem cells, which have potential regenerative potential, into degenerative
intervertebral discs for low back pain of presumed discogenic origin.31 Like platelet-rich
plasma, stem cells are thought to promote healing.
5. Intradiscal methylene blue for presumed discogenic back pain. This procedure involves
the injection of methylene blue, a dye that may prevent fibrosis or ablate sensory endings,
into the intervertebral disc for low back pain of presumed discogenic origin.32 However, the
mechanism of action is not well understood.
6. Intradiscal ozone injection for radicular or nonradicular back pain. This procedure
involves the injection of ozone, a gas with potential anti-inflammatory or other effects, into
the intervertebral disc for radicular low back pain due to herniated disk or nonradicular low
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back pain of presumed discogenic origin.32 Ozone may have nucleolytic effects on the
intervertebral disc, reducing the size of the herniated disc and relieving pressure on
compressed nerve roots, or reduce pain related to discogenic pain through antiinflammatory effects.33
7. Sphenopalatine block for trigeminal neuralgia or headache. This procedure is performed
for trigeminal neuralgia, migraine headaches, cluster headaches, and other headache
syndrome.34 It involves injection of the sphenopalatine ganglion with a local anesthetic; the
FDA has approved three devices for this procedure (SphenoCath® [Dolor Technologies,
Scottsdale, AZ], Allevio SPG Nerve Block catheter [Medical Components, Inc.,
Schwenksville, PA], and Tx360® Nasal Injector [Tian Medical, LLC, Libertyville, IL]).
The most common method for approaching the sphenopalatine ganglion is via the
transnasal approach.
8. Occipital nerve stimulator for headache. This procedure is performed for various
headache disorders. Similar to spinal cord stimulation, it involves electrical stimulation of
the occipital nerve through use of subcutaneously placed electrodes, which is thought to
result in neuromodulation of pain via the gate control pathway.35 Typically, a successful
trial of stimulation is performed before permanent electrodes and a generator are implanted.
9. Piriformis injection for piriformis syndrome. Piriformis syndrome results from
compression of the sciatic nerve by the piriformis muscle.36,37 The injection may be
performed using corticosteroids (for anti-inflammatory effects), local anesthetics (to
decrease muscle spasm), and/or botulinum toxin (also to decrease muscle spasm).
10. Peripheral nerve stimulation for ulnar, median, and radial neuropathy. This procedure
involves stimulation of peripheral nerves using a mild electrical current, in patients with
chronic neuropathic pain such as upper extremity neuropathies.38 Like occipital nerve
stimulation, peripheral nerve stimulation involves the subcutaneous placement of electrodes
at the target nerves and is thought to have neuromodulatory effects. Successful trial
stimulation is typically required prior to permanent placement.
This review did not address minimally invasive surgical procedures, or orthopedic
procedures such as intra-articular or soft tissue corticosteroid, hyaluronic acid, or soft tissue or
nonspinal intra-articular platelet-rich plasma injections. The review also did not address soft
tissue injections with local anesthetic, corticosteroid, and/or other medications (e.g., botulinum
toxin) that are commonly performed in primary care settings and do not require specialized
training or expertise. With the exception of vertebral augmentation procedures, it also does not
address interventional procedures conducted in the Medicare population that are covered by
CMS, are recommended in clinical practice guidelines, and/or have been addressed in other
recent and comprehensive systematic reviews (e.g., epidural steroid injection, perioperative
peripheral and central regional anesthetic techniques, and spinal cord stimulation).32,39-44
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Methods

This systematic review follows methods suggested in the Agency for Healthcare Research
and Quality Methods Guide for Effectiveness and Comparative Effectiveness Reviews (hereafter
the “AHRQ Methods Guide”) developed for the Evidence-based Practice Centers (EPCs).45
Methods were determined a priori and a protocol was developed through a process that included
public input and was published on the Agency for Healthcare Research and Quality (AHRQ)
website (https://effectivehealthcare.ahrq.gov/products/interventional-treatments-pain/protocol)
and on the PROSPERO systematic reviews registry (CRD42021226947).

Literature Search Strategy

We conducted electronic searches in Ovid® MEDLINE®, PsycINFO®, Cochrane CENTRAL,
and Cochrane Database of Systematic Reviews in April 2021 (see Appendix A for full
strategies). The search reached back to 1990 for each database. This date corresponds to
publication of the earliest clinical studies on the interventional procedures addressed in this
review. Reference lists of relevant systematic reviews were screened for additional studies.

Inclusion and Exclusion Criteria and Study Selection

The criteria for inclusion and exclusion of studies for this review were based on the Key
Question. The population was adults (≥18 years of age) undergoing one of the specified
interventional procedures for pain. Details regarding the populations, interventions, comparators,
outcomes, timing, and setting (PICOTS) are summarized in Table 1. Briefly, we included studies
of populations undergoing the designated interventional procedures for the specified conditions.
Pain could be of any duration, though for all of the conditions other than vertebral compression
fracture, symptoms are typically subacute or chronic before interventional procedures are
performed. Although the population of interest was patients eligible for Medicare, we did not
restrict inclusion to studies of patients meeting Medicare eligibility criteria (e.g., based on age,
presence of disability, or end-stage renal disease), in order to provide a more comprehensive
synthesis of the available literature, and because findings in younger populations may be
applicable to older populations. However, studies of patients eligible for Medicare were
highlighted, when available.
We restricted inclusion to studies of the selected interventions administered as single therapy,
in order to isolate the effects of the intervention. The exception was ozone therapy, for which we
included trials of intradiscal ozone administered with an epidural corticosteroid, because there
were no trials of ozone without corticosteroid. Comparisons were against a sham control, usual
care, or no treatment. Sham controlled trials utilize a procedure that mimic the intervention of
interest, without purported therapeutic benefit. Use of sham controls enables blinding of patients
to the treatment received, avoiding placebo effects that could inflate estimates due to
expectations of benefits. In usual care or no treatment trials, there is no attempt to blind patients
to the treatment received. Although usual care or no treatment trials can overestimate benefits
due to placebo effects, they are also more pragmatic, reflecting how treatments are administered
in clinical practice.46 In addition to placebo effects, other reasons that sham and usual care trials
may conflict include any therapeutic effects of the sham interventions or differences between
sham and usual care trials with regard to the populations evaluated, intervention methods, or
other factors. For cooled and pulsed radiofrequency denervation, we also included comparisons
against conventional radiofrequency denervation, since these interventions are considered
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modifications of conventional radiofrequency denervation. For ozone plus corticosteroid therapy,
we modified the protocol to also include trials with a corticosteroid control arm (with or without
local anesthetic), in order to assess the incremental effects of ozone therapy in addition to a
corticosteroid.
Outcomes were pain, function, quality of life, health status, mood, medication use (including
opioids), and harms. The review focused on randomized controlled trials (RCTs), given the
susceptibility of observational and other non-randomized studies to bias and confounding,
particularly for more subjective outcomes such as pain and function.47,48 In the specific case of
interventional pain treatments, there are a number of examples of non-randomized studies49-56
that overestimated benefits compared with RCTs.43,57 However, cohort studies were eligible for
evaluation of benefits if no RCTs were available; large (n>500) observational studies were
eligible for evaluation of rare, serious harms.58
We excluded studies published only as conference abstracts, restricted inclusion to Englishlanguage articles, and excluded studies of nonhuman subjects. Studies had to report original data
to be included.
All citations were reviewed by one investigator for potential inclusion and full text review.
Excluded abstracts were reviewed by a second investigator to confirm the exclusion decision.
Each full-text article was independently reviewed for eligibility by two team members.
Disagreements were resolved by consensus.
Searches were updated for new publications while the draft report was posted for public
comment. Literature identified during the update search was assessed using the process described
above for the original search. Any new eligible literature identified in the update search was
incorporated into the report prior to finalization.
Table 1. PICOTS (population, intervention, comparator, outcome, timing, setting)
PICOTS
Population

Inclusion
Adults with pain of any duration (pain conditions
for each interventional procedure specified
below); will highlight studies of populations
applicable to Medicare, defined as patients
enrolled in Medicare, age ≥65 years, or patients
with disability (including end-stage renal
disease), if available

Population subgroups of interest include those
based on demographics (age, sex,
race/ethnicity) and clinical factors (type of pain,
severity of pain, prior treatments, medical and
psychiatric comorbidities, including presence of
disability [including end-stage renal disease],
prior substance use disorder, and psychological
comorbidities)
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Exclusion
• Patients undergoing end-of-life care,
terminally ill (e.g., hospice) patients;
those under supervised palliative care;
those with pain due to metastatic or
advanced cancer
• Children

PICOTS
Intervention

Comparator

Outcome

Timing
Setting
Study design,
publication
type

Inclusion
1) Vertebral augmentation procedures
(vertebroplasty and kyphoplasty) for pain due to
vertebral compression fracture
2) Cooled radiofrequency denervation for
degenerative back or hip pain and pulsed
radiofrequency denervation for degenerative
back pain
3) Intradiscal and facet joint platelet-rich plasma
for presumed discogenic back pain
4) Intradiscal stem cells for presumed
discogenic back pain
5) Intradiscal methylene blue for presumed
discogenic back pain
6) Intradiscal ozone for radicular low back pain
or nonradicular, presumed discogenic back
pain
•
Protocol modification to include
intradiscal ozone plus corticosteroid
7) Sphenopalatine block for trigeminal neuralgia
or headache
8) Occipital stimulation for headache
9) Piriformis injection (local anesthetic,
corticosteroid, and/or botulinum toxin) for
piriformis syndrome
10) Peripheral nerve stimulation for ulnar,
median, or radial neuropathy
Technical factors of interest as potential
modifiers of treatment effect include variations
in techniques, intensity, frequency, dose, or
number of treatments.
Placebo, sham interventional procedure, or no
interventional procedure
For cooled and pulsed radiofrequency
denervation: conventional (thermal, continuous)
radiofrequency denervation
•
For intradiscal ozone, protocol
modification to include corticosteroid
without ozone
• Primary: Pain, function
• Secondary: Health-related quality of life,
emotional function (e.g., depression,
anxiety), opioid use, surgery rates
• Global improvement
• Harms (e.g., bleeding, infection, other
complications), adverse events, unintended
consequences
Duration of followup: ≥1 week; categorized as 1
to 2 weeks, 2 to 4 weeks, 1 to 6 months, 6 to 12
months, and 12 months and longer
Any
Randomized clinical trials and cohort studies if
randomized clinical trials are not available
Large (n>500) case series for serious, rare
harms
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Exclusion
• Minimally invasive surgical procedures
• Orthopedic intra-articular and soft tissue
injections
• Local soft tissue injections
• Other interventional procedures and
conditions not listed as included

Active treatments, other than conventional
radiofrequency denervation as a comparison
for cooled radiofrequency denervation

Patient-oriented outcomes
• Non-validated instruments for outcomes
(e.g., pain, function, health-related quality
of life, depression, etc.)
• Intermediate outcomes (e.g., range of
motion, physical strength, etc.)
<1 week
None
• Case reports
• Case series (other than large case series
for serious, rare harms)
• Case-control studies, cross-sectional
studies
• Conference proceedings, editorials,
letters, white papers, citations that have
not been peer-reviewed

Data Abstraction and Data Management

For studies meeting inclusion criteria, evidence tables were created to show data on study
characteristics, outcomes, and applicability. If necessary, data were estimated from graphs
provided in the studies. We also calculated standard deviations for baseline and followup data
from standard errors or 95 percent confidence intervals (CIs) if necessary using standard
formulas,59 and calculated mean differences or relative risks with 95 percent CIs using online
calculators.60,61 Abstracted and calculated data were verified for accuracy and completeness by a
second team member.
Effects on pain were abstracted as mean difference in pain intensity (continuous) and
likelihood of experiencing improvement in pain (dichotomous) based on meeting a certain
threshold (“pain response”). For pain and other outcomes evaluated as continuous outcomes, we
abstracted adjusted mean differences at followup if available, as well as unadjusted differences in
followup scores or change from baseline, and unadjusted differences in change from baseline.
Pain intensity using a 0 to 100 scale was transformed to a 0 to 10 scale for ease of interpretation.
For pain evaluated as a dichotomous outcomes (pain response), we abstracted (in descending
order of prioritization) the proportion of patients experiencing improvement in pain intensity of
at least 30 percent, at least 50 percent, or improvement in pain at an alternative threshold (e.g.,
≥25%, or >2 point improvement on a 0 to 10 scale), or pain relief rated as moderate, good, or
similar using a categorical scale.
Effects on function were based on the mean improvement in a functional scale (dichotomous)
or the proportion of patients meeting a defined threshold of functional improvement
(dichotomous, e.g. improvement in function of at least 30 percent or at least “moderate”
improvement on a categorical scale). The most common functional outcomes were the RolandMorris Disability Questionnaire (RDQ, 0 to 24 scale) or Oswestry Disability Index (ODI, 0 to
100 scale) for low back pain and the Migraine Disability Test (MIDAS) for migraine (based on
number of disability days in the last 3 months for various activities; score >20 indicates severe
disability); on each of these scales higher values indicate greater functional disability. Effects on
health status (most commonly, the Short-form-36 Physical or Mental Component Summary
Scales [0 to 100 scale, higher score indicate better health status]), generic quality of life (e.g., the
EuroQOL 5-Dimension Questionnaire [EQ-5D, 0 to 1 scale, higher score indicates better quality
of life]), condition-specific quality of life (e.g., the Quality of Life Questionnaire of the European
Foundation for Osteoporosis [QUALEFFO, 0 to 100 scale, higher score indicates worse quality
of life]), and mood (e.g., Beck Depression Inventory [BDI, 0 to 63 scale, higher value indicates
more severe depression symptoms], Profile of Mood States [POMS, 0 to 200 scale, higher values
indicates worse mood state], or others) were based on mean improvements in scales designed to
assess these domains.
For pain, function, mood, and disease-specific quality of life (QUALEFFO), negative values
for mean improvement indicate a better outcome; for health status and generic quality of life
(EQ-5D), positive values indicate a better outcome. Effects on harms were based on the
proportion of patients experiencing harms (mortality, serious adverse events, any adverse event,
and incident vertebral fracture). The duration of pain symptoms at the time of study enrollment
was classified as acute (<4 weeks), subacute (4 to 12 weeks), or chronic (>12 weeks). Outcomes
were evaluated at predefined followup periods: ≥1 to ≤2 weeks (hereafter written as “1 to 2
weeks”), >2 weeks to ≥1 month (“2 to 4 weeks”), >1 to <6 months (“1 to 6 months”), ≥6 to <12
months (“6 to 12 months”), and ≥12 months (“12 months and longer”).
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Study data was abstracted by one team member and all data were verified for accuracy and
completeness by a second team member. A record of studies excluded at the full-text level with
reasons for exclusion was maintained (Appendix B).

Quality (Risk of Bias) Assessment of Individual Studies

Methods from the AHRQ Methods Guide were used in concordance with the approach
recommended in the chapter, Assessing the Risk of Bias of Individual Studies When Comparing
Medical Interventions.45,62 RCTs were assessed based on criteria established in the Cochrane
Handbook for Systematic Reviews of Interventions (Chapter 8.5 Risk of Bias Tool),63 and
instruments tailored to observational studies were used for nonrandomized studies64 (Appendix
C). Each study was independently reviewed for risk of bias by two team members. Any
disagreements were resolved by consensus. Based on the risk of bias assessment, individual
included studies were rated as “good,” “fair,” or “poor” quality as described below:
Poor quality studies were not excluded a priori. When meta-analysis was conducted subgroup
analysis was performed based on study quality. When meta-analysis was not conducted, results
from poor quality studies were described but conclusions were based on higher (fair and good)
quality studies when available.

Data Analysis and Synthesis

We constructed evidence tables showing study characteristics, results, and quality ratings for
all included studies, and summary tables to highlight the main findings, organized by Key
Question (intervention and condition).
Meta-analysis were limited to vertebroplasty, due to the small number of studies for other
interventions, methodological limitations in the studies, and variability in the studies, including
outcome measures assessed, timing of assessment, and patient characteristics.65 For interventions
other than vertebroplasty, evidence was synthesized qualitatively.
Subgroup analyses were conducted to evaluate how pain duration, volume, presence of bone
marrow edema, and study quality impacted estimates. Details regarding meta-analysis methods
are provided in Appendix D.
A sub-Key Question addressed how benefits and harms varied according to demographic
(age, sex, race/ethnicity), clinical (type of pain, severity of pain, prior treatments, medical and
psychiatric comorbidities), and technical factors (variations in techniques, intensity, frequency,
dose, and number of treatments). Although planned techniques to assess these factors included
sensitivity and stratified analyses, other than polymethyl methacrylate (PMMA) volume,
evidence was too limited to apply these techniques. However, we evaluated findings from
within-study subgroup analyses on these factors when available.
The magnitude of effects for pain and function were classified using used in other recent
AHRQ reviews on pain conducted at our EPC.66-70 A small effect was defined for pain as a mean
between-group difference following treatment of 0.5 to 1.0 points on a 0- to 10-point numeric
rating scale (NRS) or visual analogue scale (VAS) and for function as a standard mean deviation
(SMD) of 0.2 to 0.5 or a mean difference of 5 to 10 points on the 0 to 100-point ODI, 1 to 2
points on the 0 to 24-point RDQ, or equivalent. A moderate effect was defined for pain as a
mean difference of 1 to 2 points on a 0- to 10-point NRS or VAS and for function as an SMD of
0.5 to 0.8, or a mean difference of 10 to 20 points on the ODI, 2 to 5 points on the RDQ, or
equivalent. Large/substantial effects were defined as greater than moderate. We applied similar
thresholds to other outcomes measures.71 Small effects using this system may not meet proposed
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thresholds for clinically meaningful effects.72 However, there is variability in estimated
minimum clinically important differences across studies, therapies for pain (included those
recommended in guidelines) are often associated with effects below minimum clinically
important difference thresholds,44,73-76 and the clinical relevance of effects classified as small
might vary for individual patients depending on preferences, baseline symptom severity, harms,
cost, and other factors.77,78 For some individuals, a small improvement in pain, function, or other
outcomes using a treatment with low cost or no serious harms may be important.

Grading the Strength of Evidence

Regardless of whether evidence was synthesized quantitatively or qualitatively, the strength
of evidence (SOE) was assessed as high, moderate, low, or insufficient, using the approach
described in the AHRQ Methods Guide, based on study limitations, consistency, directness,
precision, and reporting bias (Appendix E).45 Based on input from the Technical Expert Panel,
pain and function were classified as primary outcomes and the other outcomes were classified as
secondary. When higher (fair- or good-quality) studies were available, poor-quality studies were
not used to determine SOE. To ensure consistency and validity of the SOE evaluation, the initial
assessment was made by one investigator and independently reviewed by at least one other
investigator using the following criteria, with disagreements resolved by consensus.
Plain-language statements were used in the Abstract and Main Points to indicate the SOE.
High SOE was described as “is associated with” or simply “reduces/increases;” moderate SOE
was described as “probably;” and low SOE was described as “may”.

Assessing Applicability

Applicability to U.S. practice settings and the Medicare population (i.e., patients eligible for
Medicare due to age 65 or greater or disability [including end-stage renal failure (ESRD)]) were
assessed based on the AHRQ Methods Guide, using the PICOTS framework.45 Applicability
refers to the degree to which outcomes associated with the intervention are likely to be similar
across patients and settings relevant to the care of the Medicare population based on the
populations, interventions, comparisons, and outcomes synthesized across included studies.
Factors that may affect applicability, which we identified a priori, include: (1) patient factors
(e.g., age and disability status, medical and psychiatric comorbidities, symptom severity,
duration and underlying pain condition); (2) technical factors (e.g., medications used [for
procedures that involve medications], intensity or dose, number of treatments, frequency of
treatments, duration of treatment, use of imaging guidance, technique utilized, and clinical
background of person performing the procedure [e.g., anesthesia pain medicine, interventional
radiology, or other]); (3) comparators (e.g., sham procedure, no treatment, or usual care); (4)
outcomes (e.g., use of nonstandardized or unvalidated outcomes); and (5) settings (e.g., country).
We used information regarding these factors to assess the extent to which interventions and
results are likely most relevant to real-world clinical practice in typical U.S. settings that include
the Medicare population and provided a qualitative summary of our assessment.

Peer Review and Public Commentary

Experts were invited to provide external peer review of this systematic review; AHRQ and an
associate editor also provided comments. In addition, the draft report was posted on the AHRQ
website for 4 weeks for public comment. Comments were reviewed, considered, and addressed
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as appropriate. Edits were made for clarity and accuracy; however, no changes were made to the
evidence or to our conclusions.
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Results
Results of Literature Search

A total of 3,032 references from electronic database searches and reference lists were
reviewed. From these, 336 full-text papers were evaluated for inclusion. After review of full-text
papers, 288 articles were excluded. Across all interventions, 37 randomized controlled trials
(RCTs) (in 48 publications) were included (Figure 1 and Appendix F). Thirteen trials addressed
vertebroplasty, two kyphoplasty, four piriformis injections, three occipital nerve stimulation,
three cooled radiofrequency, three pulsed radiofrequency, two methylene blue, three ozone, and
one each sphenopalatine block, platelet-rich plasma, stem cells, and peripheral nerve stimulation.
See Appendix G for data abstraction tables, Appendix H for quality tables, and Appendix I for
additional meta-analysis results.
Figure 1. Literature flow diagram

Abbreviations: Int = interventional procedures and conditions†
*Additional sources include suggested references, reference lists, etc.
† Int 1=vertebral augmentation procedures (vertebroplasty and kyphoplasty) for pain due to vertebral compression fracture, Int
2=cooled radiofrequency denervation for degenerative back or hip pain and pulsed radiofrequency denervation for degenerative
back pain, Int 3=intradiscal and facet joint platelet-rich plasma for presumed discogenic back pain, Int 4=intradiscal stem cells for
presumed discogenic back pain, Int 5=intradiscal methylene blue for presumed discogenic back pain, Int 6=intradiscal ozone for
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radicular low back pain or nonradicular, presumed discogenic back pain (protocol modification to include intradiscal ozone plus
corticosteroid), Int 7=sphenopalatine block for trigeminal neuralgia or headache, Int 8=occipital stimulation for headache, Int
9=piriformis injection (local anesthetic, corticosteroid, and/or botulinum toxin) for piriformis syndrome, Int 10=peripheral nerve
stimulation for ulnar, median, or radial neuropathy

Vertebral Augmentation Procedures for Vertebral Compression
Fractures
Vertebroplasty
Key Points
•

•

•

•
•

Vertebroplasty for vertebral compression fracture (13 trials, N=1685, mean age 66 to 80
years) was associated with a small reduction in pain intensity versus sham vertebroplasty
or usual care at 1 to 2 weeks (10 trials, N=1093), 1 to 6 months (10 trials, N=1094), 6 to
12 months (8 trials, N=993), and 12 months and longer (9 trials, N=965); and a moderate
reduction at 2 to 4 weeks (8 trials, N=918) (strength of evidence [SOE]: low at 1 to 2
weeks, moderate at other time points). Restricting to sham vertebroplasty controls (5
trials, N=536) tended to decrease benefits (no difference at 1 to 2 weeks and small at
other time points), but the difference between sham and usual care trials was only
statistically significant at 2 to 4 weeks (p for interaction=0.01). Benefits also tended to be
larger in trials of patients with more acute compared with less acute pain, but differences
were not statistically significant.
There was insufficient evidence to determine effects of vertebroplasty on function at 1 to
2 weeks (7 trials, N=743), due to marked inconsistency between sham trials (no benefit)
and usual care trials (small benefit) Vertebroplasty was associated with a small
improvement versus sham or usual care in function at 2 to 4 weeks (6 trials, N=708), 1 to
6 months (7 trials, N=637), 6 to 12 months (6 trials, N=690), and ≥12 months (6 trials,
N=612). (SOE: insufficient for 1 to 2 weeks, moderate for 1 to 6 months and 12 months
and longer, and high for 2 to 4 weeks and 6 to 12 months).
Vertebroplasty was not associated with increased risk of incident vertebral fracture at 12
months and longer (7 trials, N=826); evidence on serious adverse events was sparse and
imprecise but did not indicate increased risk (SOE: moderate for vertebral fracture, low
for serious adverse events).
Three trials that conducted within-study subgroup analyses found no interaction between
duration of symptoms and effects of vertebroplasty and one trial found no interaction
between sex or prior vertebral fracture and effects of vertebroplasty.
A stratified analysis of vertebroplasty trials found no interaction between polymethyl
methacrylate (PMMA) volume and effects of vertebroplasty.

Description of Included Studies

Thirteen trials (reported in 20 publications) compared vertebroplasty versus a sham
procedure (5 trials)79-83 or usual care (8 trials)84-91 (Appendix Table G-1 to G-3 and Table 2).
Sample sizes ranged from 34 to 400 (N=1685). Seven trials were conducted in Europe,81,82,84,87-90
two trials in Australia,79,80 two trials in China,85,91 and one trial in Iran;86 one trial83 was
conducted in the United Kingdom, Australia, and the United States. The mean age of enrollees
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ranged from 66 to 80 years; in one trial88 that did not report the mean age the range was 56 to 82
years. One trial88 was restricted to females and in the others, the proportion female ranged from
64 to 87 percent. The trials focused on patients with osteoporotic compression fractures and
excluded patients with fracture due to cancer. Two trials restricted inclusion to patients with
acute pain (up to 4 to 6 weeks),88,91 five trials restricted inclusion to patients with acute or
subacute pain (up to 6 to 10 weeks),80-82,87,89 three trials enrolled patients with acute, subacute, or
chronic pain (up to 12 months),79,83,84 and three trials restricted inclusion to patients with
subacute or chronic pain (≥3 months,85 4 weeks to 1 year,86 or 6 weeks to 5 months90). Mean or
median pain duration was <4 weeks in four trials,80,88,89,91 4 to 8 weeks in three trials (including
one trial that did not report average pain duration but was restricted to patients with pain for ≤8
weeks),81,82,87 and ≥8 weeks in six trials.79,83-86,90 Ten trials80-82,84-88,90,91 required participants to
have magnetic resonance imaging (MRI) findings consistent with bone marrow edema at the
vertebral fracture site, a marker of greater acuity. The average volume of PMMA used in
vertebroplasty ranged from 2.6 to 7.5 ml; two trials80,81 reported use of greater than 5 ml and the
others reported less than 5 ml or did not report the PMMA volume. The duration of followup
ranged from 6 to 24 months.
Four trials were rated good quality,79-81,83 five trials were rated fair quality,82,84,85,87,90 and
four trials poor quality86,88,89,91 (Appendix Table H-1). The good-quality trials utilized sham
vertebroplasty for blinding; sham procedures consisted of needle insertion or pressure on the
back to simulate needle insertion, tapping to simulate entry of the needle into bone, and
preparation of PMMA to mimic the sounds and smells of vertebroplasty. In three of the five
sham-controlled trials, patients randomized to sham received the same periosteal infiltration of
local anesthetic as patients randomized to vertebroplasty.79,81,83 In one sham-controlled trial,82
local anesthetic was injected into the vertebral body and in the fifth trial,80 patients randomized
to sham received subcutaneous but not periosteal local anesthetic. In the open-label trials, usual
care consisted of various nonsurgical therapies (analgesics, physical therapy, graded activity, and
braces or walking aids), but only one trial86 described specific medications and doses. In addition
to open-label design, other limitations in the fair-quality trials (including one sham-controlled
trial)82 included failure to report randomization or allocation concealment methods, baseline
group differences, high attrition, or lack of intent-to-treat analysis. One poor-quality trial88 did
not report efficacy outcomes in the usual care arm and another poor-quality trial86 had serious
data discrepancies—implausible values for standard deviations or results (mean differences, 95%
confidence intervals [CIs], and p values) inconsistent with reported data. Therefore, neither of
these trials was utilized in efficacy meta-analyses, but contributed data on harms.
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Table 2. Study characteristics of vertebroplasty trials
Study, Year
Country
Quality
Buchbinder,
200979,92,93
Australia
Good
Clark, 201680,94
Australia
Good
Firanescu,
201881,95
the Netherlands
Good
Hansen, 201982
Denmark
Fair
Kallmes,
200983,96
U.K., Australia,
U.S.
Good
Blasco, 201284
Spain
Fair
Chen, 201485
China
Fair
Farrokhi, 201186
Iran
Poor
Klazen, 201087,97
the Netherlands
and Belgium
Fair
Leali, 201688
Italy, France,
Switzerland
Poor

Pain Duration
Inclusion Criteria
Up to 12 months

Mean/Median
Pain
Duration
(Weeks)
9.0 to 9.5

PMMA
Volume
(ml)
2.8

Bone Marrow
Edema on
MRI
Required
No

120

<6 weeks

2.6

7.5

Yes

75

180

≤9 weeks

5 to 8

5.1

Yes

69.9

87

52

≤8 weeks

NR

2 to 4

Yes

73.8

76

131

Up to 12 months

17.8

2.6

No

73.2

78

125

Up to 12 months

20.4

NR

65.5

70

96

≥3 months

30.4

72 to
74

73

82

4 weeks to 1 year,
mean 27 to 30 weeks

75.3

69

202

NR
(range
56 to
82)

100

400

Mean
Age
(Years)
77

Percent
Female
79

Number
Randomized
78

80

73

75.8

Control Type
Sham (including
periosteal local
anesthetic)

Duration
of
Followup
(Months)
24

Sham (subcutaneous
but not periosteal
local anesthetic)
Sham (including
periosteal local
anesthetic)

6

Sham (including local
anesthetic into
vertebral body)
Sham (including
periosteal local
anesthetic)

12

Yes

Usual care

12

3.6

Yes

Usual care

12

27 to 30

3.5

Yes

Usual care

36

≤6 weeks

4

4.1

Yes

Usual care

12

Acute (not defined)

NR

4

Yes

Usual care

6

15

12

12

Mean/Median
Study, Year
Mean
Pain
Percent Number
Pain Duration
Country
Age
Duration
Quality
(Years) Female Randomized Inclusion Criteria
(Weeks)
Rousing,
80
82
50
≤8 weeks
1.1
200989,98
Denmark
Poor
Voormolen,
73
82
34
6 weeks to 5 months
11.7
200790
the Netherlands
Fair
76.7
64
135
Acute (not defined)
0.8
Yang, 201691
China
Poor
Abbreviations: MRI = magnetic resonance imaging; NR = not reported; PMMA = polymethyl methacrylate
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PMMA
Volume
(ml)
NR

Bone Marrow
Edema on
MRI
Required
No

Control Type
Usual care

Duration
of
Followup
(Months)
12

3.2

Yes

Usual care

12

4.5

Yes

Usual care

12

Detailed Synthesis
Pain
At 1 to 2 weeks, the difference between vertebroplasty versus sham or usual care was small
and not statistically significant (10 trials, mean difference -0.53 on a 0 to 10 scale, 95% CI, -1.36
to 0.24, I2=75%, Figure 2).79-85,87,90,91 Vertebroplasty was associated with a moderate reduction
in pain intensity versus sham vertebroplasty or usual care at 2 to 4 weeks to 1 month (8 trials,
mean difference -1.05 on a 0 to 10 scale, 95% CI, -1.80 to -0.32, I2=64%, Figure 3),79-83,85,87,91
with a small reduction in pain intensity at 1 to 6 months (10 trials, mean difference -0.76, 95%
CI, -1.17 to -0.38, I2=5.5%, Figure 4),79-85,87,89,91 6 to 12 months (8 trials, mean difference -0.73,
95% CI, -1.33 to -0.15, I2=43%, Figure 5),79-81,83-85,87,91 and 12 months and longer (9 trials, mean
difference -0.87, 95% CI, -1.43 to -0.31, I2=42%, Figure 6).79,81-85,87,89,91 At 2 to 4 weeks, the
pain reduction between trials using sham control versus usual care was significantly different (p
for interaction=0.01). Pain reduction in sham controlled trials was significantly lower (5 trials,
mean difference -0.57, 95% CI, -1.09 to -0.05, I2=0%) than in trials of usual care (3 trials, mean
difference -2.27, 95% CI, -3.20 to -0.94, I2=0%). Among the sham controlled trials, the largest
effect (mean difference -1.40, 95% CI -2.44 to -0.36) was observed in the trial that enrolled
patients with the most acute symptoms (<6 weeks, mean 2.6 weeks).80 At other time points, there
were no statistically significant differences in pain reduction between trials using sham or usual
care controls, though across time points estimates were smaller with sham than usual care and
stratified estimates were imprecise (Appendix Tables I-1 and I-2). Benefits also tended to be
larger in trials that enrolled patients with more acute pain. However, differences were not
statistically significant, only one trial91 restricted enrollment to patients with acute pain, and only
one sham-controlled trial80 reported mean pain duration of <4 weeks. Reductions in pain
intensity also did not differ according to presence of bone marrow edema on MRI (required to be
enrolled in trial versus not required), PMMA volume (>5 or ≤5 ml), or study quality (good, fair,
or poor). However, subgroup estimates were based on small numbers of trials and were
imprecise. For analyses with at least 10 trials, graphical and statistical tests did not indicate small
study effects (p for Egger’s test=0.59 at 1 to 2 weeks [Appendix Figure I-1] and p=0.62 at 1 to
6 months [Appendix Figure I-2]).
Figure 2. Vertebroplasty versus sham or usual care, pain (continuous) at 1 to 2 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
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Figure 3. Vertebroplasty versus sham or usual care, pain (continuous) at 2 to 4 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation

Figure 4. Vertebroplasty versus sham or usual care, pain (continuous) at 1 to 6 months

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used

Figure 5. Vertebroplasty versus sham or usual care, pain (continuous) at 6 to 12 months

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
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*Adjusted mean difference from a regression model was used

Figure 6. Vertebroplasty versus sham or usual care, pain (continuous) at 12 months and longer

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used

Few trials evaluated the association between vertebroplasty versus sham or usual care and
likelihood of experiencing a pain response (defined as pain at least moderately better,79 pain <4
on a 0 to 10 numeric rating scale (NRS),80,83,84 or pain improvement ≥30%83). Results favored
vertebroplasty at 2 to 4 weeks (3 trials),79,80,83 1 to 6 months (2 trials),79,80 6 to 12 months (2
trials),79,80 and 12 months and longer (2 trials),83,84 with relative risk (RR) estimates that ranged
from 1.27 to 1.46 (Figure 7 and Appendix Table I-3). However, estimates were imprecise and
nonstatistically significant. At 1 to 2 weeks, the estimate was very imprecise (2 trials, RR 1.05,
95% CI, 0.16 to 6.02, I2=75%).79,80
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Figure 7. Vertebroplasty versus sham or usual care and likelihood of a pain response
and Author Year

(weeks)

≥1 week to ≤2 weeks
79
80

months
weeks

1.05 (0.16, 6.02)

(I2 = 75.1%, p = 0.004)
>2 weeks to ≤1 month
79

83
80

months
months
weeks

1.35 (0.51, 3.82)

(I2 = 79.3%, p = 0.000)
>1 month to <6 months
79
80

months
weeks

1.46 (0.84, 2.34)

(I2 = 0.0%, p = 0.321)
≥6 months to <12months
79
80

months
weeks

1.32 (0.82, 1.91)

(I2 = 0.0%, p = 0.291)
≥12 months

83
84

months
months

Usual Care

1.27 (0.64, 2.27)

(I2 = 35.3%, p = 0.071)
0.25

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
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Function
Vertebroplasty was also associated with a small improvement in back-related function versus
sham or usual care at 1 to 2 weeks (standard mean deviation [SMD] -0.21, 95% CI, -0.48 to 0.04,
I2=49%, Figure 8).79,80,83,85,87,90,91 However, the estimate was imprecise and statistical
heterogeneity was present. Vertebroplasty was associated with a small improvement in backrelated function versus sham or usual care at 2 to 4 weeks (6 trials, SMD -0.27, 95% CI, -0.42 to
-0.12, I2=0%, Figure 9),79,80,83,85,87,91 1 to 6 months (7 trials, SMD -0.28, 95% CI, -0.43 to -0.11,
I2=0%, Figure 10),79,80,83,85,87,89,91 6 to 12 months (6 trials, SMD -0.29, 95% CI, -0.45 to -0.14,
I2=0%, Figure 11),79,80,83,85,87,91 and at 12 months and longer (6 trials, SMD -0.23, 95% CI, -0.39
to -0.06, I2=0%, Figure 12).79,83,85,87,89,91 All trials except for two assessed function using the
Roland-Morris Disability Questionnaire (RDQ) (scale 0 to 24) or modified RDQ (scale 0 to 23);
differences on the RDQ or modified RDQ at these times points ranged from -1.64 to -1.90
points. At 1 to 2 weeks, there was marked inconsistency between the estimate from trials of sham
(3 trials, SMD 0.03, 95% CI, -0.36 to 0.44, I2=34%) and usual care (3 trials, SMD -0.38, 95% CI,
-0.61 to -0.18, I2=0%), though the difference was not statistically significant (p for
interaction=0.10). At other time points, estimates from sham and usual care trials were similar.
Effects of vertebroplasty on function did not differ based on average pain duration at enrollment
or study quality (Appendix Tables I-4 and I-5). However, subgroup analyses were limited by
small numbers of trials, with imprecise estimates.
Figure 8. Vertebroplasty versus sham or usual care, function (continuous) at 1 to 2 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used

21

Figure 9. Vertebroplasty versus sham or usual care, function (continuous) at 2 to 4 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used

Figure 10. Vertebroplasty versus sham or usual care, function (continuous) at 1 to 6 months

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used

Figure 11. Vertebroplasty versus sham or usual care, function (continuous) at 6 to 12 months
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Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used

Figure 12. Vertebroplasty versus sham or usual care, function (continuous) at 12 months and
longer

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used

Only one trial (mean pain duration at enrollment 17.8 weeks) evaluated the association
between vertebroplasty versus sham or usual care and likelihood of experiencing functional
improvement (defined as RDQ improved ≥30%).83 Vertebroplasty was associated with reduced
likelihood of functional improvement versus sham at 2 to 4 weeks (relative risk [RR] 0.66, 95%
CI, 0.45 to 0.97), but increased likelihood at 12 months and longer (RR 1.56, 95% CI, 1.12 to
2.18).
Other Outcomes
Vertebroplasty was associated with a small improvement versus sham or usual care in
general quality of life as measured by the EuroQOL 5-Dimension Questionnaire (EQ-5D) at 2 to
4 weeks (4 trials, mean difference 0.05, 95% CI, 0.02 to 0.09, I2=0%, Appendix Figure I3)79,80,83,87 and at 6 to 12 months (3 trials, mean difference 0.06, 95% CI, 0.02 to 0.11, I2=0%,
Appendix Figure I-4).79,80,87 At other time points there were no differences or the difference was
not statistically significant (Appendix Figures I-5 to I-7). Effects of vertebroplasty on the EQ5D did not significantly differ according to study quality, but subgroup analyses were limited by
small numbers of trials and estimates were imprecise (Appendix Tables I-6 and I-7).
Vertebroplasty was associated with no difference in Quality of Life Questionnaire of the
European Foundation for Osteoporosis (QUALEFFO) scores (a vertebral fracture-specific
measure of quality of life) at all time points (Appendix Figures I-8 to I-12).79,80,84,87,90,91
Differences on the QUALEFFO were very small (below the threshold for small), ranging from 1.45 to -2.98 points on a 0 to 100 scale. There was no statistically significant difference in effects
of vertebroplasty on the QUALEFFO score based on control type or study quality, but subgroup
analyses were limited by small numbers of trials and estimates were imprecise (Appendix
Tables I-6 and I-7).
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Vertebroplasty was associated with no difference versus sham or usual care in Short-Form 36
Health Survey Physical Component Score (SF-36 PCS) or Short-Form 36 Health Survey Mental
Component Score (SF-36 MCS) at any time point (mean differences 1.16 points on a 0 to 100
scale favoring vertebroplasty to -3.08 points favoring controls), but findings were based on one
or two trials and most estimates were imprecise (Appendix Figures I-13 and I-14, and
Appendix Table I-8).82,83,89
Estimates for effects of vertebroplasty versus sham or usual care on likelihood of opioid use
(defined as continued opioid use79,81,83,84 or major opioid use) were imprecise, based on one to
three trials at each time point (Appendix Figure I-15 and Appendix Table I-3). One other trial
found similar rates of opioid use with vertebroplasty versus sham at 12 weeks and 12 months,
but data were not provided.82 Three trials found vertebroplasty associated with decreased
likelihood of pain medication use (not restricted to opioids). In one trial, RR estimates ranged
from 0.23 to 0.37 at 1 week to 12 months. In the other two trials, results were reported as
statistically significant but risk estimates were not provided.87,88
Harms
Vertebroplasty was not associated with increased risk of incident vertebral fracture versus
sham or usual care, though some imprecision was present (10 trials, RR 1.02, 95% CI, 0.66 to
1.62, I2=9.6%, Figure 13).80,81,84-91 Results were similar when the analysis was restricted to trials
with ≥12 months followup (7 trials, RR 0.94, 95% CI, 0.55 to 1.49, I2=15%).81,84-87,89,91 There
was no interaction between control type, pain duration, requirement for bone marrow edema on
MRI for inclusion, PMMA volume, or study quality and risk of incident fracture, but stratified
analyses were limited by small numbers of trials and imprecision. Estimates at 1 to 2 weeks and
at 6 to 12 months were very imprecise (Appendix Table I-9).
Vertebroplasty was not associated with increased risk of mortality versus sham or usual care
(7 trials, RR 0.88, 95% CI, 0.50 to 1.53, I2=0%, Appendix Figure I-16).80,81,84,86-89 Findings
were similar at 6 to 12 months (3 trials, RR 0.76, 95% CI, 0.23 to 2.65, I2=0%)80,84,88 or 12
months and longer (5 trials, RR 0.98, 95% CI, 0.51 to 1.87, I2=0%),81,84,86,87,89 but estimates were
more imprecise (Appendix Table I-9). Estimates for risk of serious adverse events were also
imprecise at 6 to 12 months (subgroup analysis of patients with pain ≤3 weeks in the VAPOUR,
vertebroplasty for acute painful osteoporotic fractures, trial,80 RR 0.67, 95% CI, 0.12 to 3.79)94
and 12 months and longer (1 trial, RR 0.95, 95% CI, 0.06 to 14.90),83 based on few events (5 and
2, respectively). One poor-quality trial found vertebroplasty associated with decreased risk of
any adverse event versus usual care (16.1% vs. 35.3%, RR 0.46, 95% CI, 0.23 to 0.92).91
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Figure 13. Vertebroplasty versus sham or usual care and risk of incident vertebral fracture

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl
methacrylate; SD = standard deviation

Effects of Demographic, Clinical, and Technical Factors
Results of study-level stratified analyses based on pain duration are described above. Three
trials of vertebroplasty also reported within-study subgroup analyses based on clinical or
demographic factors. One trial found no interactions between duration of symptoms (<6 vs. ≥6
weeks, or as a continuous measure), sex, or prior vertebral fractures and effects of vertebroplasty
on outcomes (p for interaction >0.10 for all of these factors).79 Another study found that
vertebroplasty was associated with decreased pain intensity in patients with <13 weeks (mean
difference -0.8 on a 0 to 10 scale, 95% CI, -2.5 to 0.8) or 14 to 26 weeks of pain (mean
difference -1.3, 95% CI, -3.4 to 0.8) but not in patients with 27 to 52 weeks of pain (mean
difference 0.0, 95% CI, -1.6 to 1.7).83 However, stratified estimates were imprecise, with
overlapping CIs. The third trial also found no statistically significant difference between fracture
duration (1 to 3 weeks vs. 4 to 6 weeks) and benefits of vertebroplasty, though benefits were
larger in the more acute group (p for interaction 0.12).94
Evidence on how benefits and harms of vertebroplasty varied according to technical factors
was very limited. As described above, a stratified analysis found no interaction between PMMA
volume and effects on pain related to vertebral fracture.

Kyphoplasty
Key Points
•

•

Kyphoplasty for vertebral compression fracture (2 trials, N=434, mean age 64 and 73
years) was associated with large reductions in pain and moderate to large improvement in
function versus usual care at 1 week and 1 month in patients with or without cancer. No
trial compared kyphoplasty against sham (SOE: low for function at 1 week; moderate for
pain and for function at 1 month).
In one trial (N=300) of patients without cancer, effects on pain and function were small to
moderate at 3 months to 2 years (SOE: low).
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•

Evidence on incident or worsening vertebral fracture was inconsistent and imprecise,
based on two trials (N=434) (SOE: insufficient).

Description of Included Studies

Two trials (n=134 and 300) compared kyphoplasty versus usual care for vertebral
compression fracture (Appendix Table G-1 to G-3 and Table 3).99-102 The population differed
in the trials: one trial102 (FREE, Fracture Reduction Evaluation trial) excluded patients with
vertebral fractures related to cancer (mean age 73 years, 77% female); the other trial (CAFE
[Cancer Patient Fracture Evaluation]) restricted inclusion to patients with cancer (mean age 64
years, 58% female).99 Both trials were multinational; neither trial reported what type of provider
performed kyphoplasty. In FREE, enrollment was restricted to patients with fracture duration of
3 months or more (mean 6 weeks) with bone marrow edema on MRI; CAFE did not specify
fracture duration (median 3.5 months) or require presence of bone marrow edema on imaging
(67% had edema). Baseline pain intensity was similar in both trials (~7 on a 0 to 10 scale).
Neither trial reported the PMMA volume utilized and both trials described usual care as
involving various nonsurgical treatments, but did not otherwise specify usual care. FREE
reported followup through 2 years.100,102 Although CAFE evaluated outcomes through 6 months,
crossover from usual care to kyphoplasty was high (59%) after 1 month (compared with 8% in
FREE at 1 year); therefore, we focused on 1-month outcomes from CAFE. Both trials were rated
fair quality, mainly due to open-label design and differential loss to followup (Appendix Table
H-1).
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Table 3. Study characteristics of kyphoplasty trials
Study, Year
Mean
Pain Duration Mean/Median
Percent Number
Country
Age
Inclusion
Pain Duration
Quality
(Years)
Female Randomized Criteria
(Weeks)
Berenson,
63.9
58
134
Not specified
15.2
201199
Australia,
Canada,
Europe, U.S.
Fair
Wardlaw,
73.2
77
300
≤3 months
6
2009100-102
Europe and U.S.
Fair
Abbreviations: MRI = magnetic resonance imaging; NR = not reported; PMMA = polymethyl methacrylate
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PMMA
Volume
(ml)
NR

Bone
Marrow
Edema on
MRI
Required
No

Control
Type
Usual care

Duration
of
Followup
(Months)
1

NR

Yes

Usual care
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Detailed Synthesis
Pain
Both trials found kyphoplasty associated with reduced pain versus usual care. In FREE,
effects were large at 1 week (analysis of variance [ANOVA] mean difference -2.2 on a 0 to 10
scale, 95% CI, -2.8 to -1.6), decreasing to small at 1 to 2 years (ANOVA mean difference -0.8 to
-0.9).100,102 In CAFE, the effects on pain were large at 1 week and 1 month (mean difference in
change from baseline -3.5 to -3.3 on a 0 to 10 scale).99 Neither trial evaluated pain as a
dichotomous outcome.
Function
Both trials also found kyphoplasty associated with improved function versus usual care.
Similar to effects on pain, FREE found that differences between kyphoplasty versus usual care
on function were moderate at 1 month (ANOVA mean difference -4.0 on the 0 to 24 RDQ, 95%
CI, -5.5 to -2.6) but the benefit was attenuated at 1 year (ANOVA mean difference -2.6, 95% CI,
-4.1 to -2.0 at 1 year); at 2 years the effect was small (ANOVA mean difference -1.4, 95% CI, 1.4, p=0.05 [CI not reported]).100,102 In CAFE, kyphoplasty was associated with a large
improvement in RDQ versus usual care at 1 month (mean difference -8.4, 95% CI, -7.6 to -9.2).99
Other Outcomes
FREE found kyphoplasty associated with a small improvement in SF-36 PCS score versus
placebo at 1 month (ANOVA mean difference 5.2 on a 0 to 100 scale, 95% CI, 2.9 to 7.4);
differences were attenuated and below the threshold for small at longer followup and no longer
statistically significant at 1 or 2 years.100,102 Effects on the EQ-5D also favored kyphoplasty at 1
month (ANOVA mean difference 0.18 on a 0 to 1 scale, 95% CI, 0.08 to 0.28) but were
attenuated at 1 or 2 years (ANOVA mean difference 0.12). Kyphoplasty was associated with
decreased likelihood of any opioid use at 6 months (29.8% vs. 42.9%, p=0.4), with no difference
by 1 year (28.0% vs. 33.7%, p=1.0); there was no difference in the likelihood of strong opioid
use at 1 month or 1 year.
CAFE found kyphoplasty associated with moderate improvement versus usual care in SF-36
PCS score (mean difference in change from baseline 11.1, 95% CI, 10.7 to 11.5) and small
improvement versus usual care in SF-36 MCS score (mean difference in change from baseline
8.4, 95% CI, 7.7 to 9.1) at 1 month.99 Kyphoplasty was also associated with reduced likelihood
of analgesic use at 1 month (52.3% vs. 82.0%, RR 0.64, 95% CI, 0.49 to 0.83).
Harms
FREE found no difference between kyphoplasty versus usual care in mortality, serious
adverse events, or any adverse event, though estimates were imprecise.101,102 The estimate for
new of worsening fracture also was imprecise, but the proportion with this outcome was higher
in the kyphoplasty arm (33.0% vs. 25.3%, absolute risk difference 7.7%, 95% CI, -4.5 to 20.0).
In CAFE, kyphoplasty was associated with increased likelihood of mortality (32.9%, vs.
18.8%, 95% CI, 0.95 to 3.23) and any adverse event (37.1% vs. 29.7%, RR 1.27, 95% CI, 0.78 to
2.06) that were not statistically significant.99 However, there were few adverse events resulting in
death (2.9% [2/70] vs. 1.6% [1/64]). There were also few incident symptomatic fractures (2.9%
[2/70] vs. 7.8% [5/64]). Injury or procedural complications occurred in 5.7% (4/70) of patients in
the kyphoplasty arm.
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Alternatives to Conventional Radiofrequency Ablation
Cooled Radiofrequency Denervation
Key Points
Versus Sham Radiofrequency Denervation for Sacroiliac Pain
• Cooled radiofrequency denervation for sacroiliac pain was associated with a moderate to
large reduction in pain and small to large improvement in function versus sham
radiofrequency at 1 month (2 trials, N=79); improvements in pain and function at 3
months were moderate (1 trial, N=28) (SOE: moderate for pain and function at 3 months;
low for function at 1 month).
Versus Conventional Radiofrequency Denervation for Presumed Facet Joint Pain
• Cooled radiofrequency denervation for presumed facet joint pain was associated with a
small, nonstatistically significant reduction in pain versus conventional radiofrequency at
6 months and no difference in function (1 trial, N=43); there were no differences at
earlier (1 or 3 month) followup (SOE: low).
Across Trials of Cooled and Pulsed Radiofrequency Denervation
• Harms were not well-reported, but when recorded were usually related to temporary
increase in pain. No serious complications were reported (SOE: low).
• The mean age of participants ranged from 52 to 59 years.

Cooled Radiofrequency Denervation Versus Sham Radiofrequency
Denervation for Sacroiliac Pain
Description of Included Studies

Two trials (n=28 and 51) evaluated cooled radiofrequency denervation versus sham
radiofrequency for sacroiliac pain. (Appendix Table G-4 to G-6 and Table 4).103,104 Both trials
were conducted in the United States. Mean age was 52 and 59 years and the proportion female
61 to 72 percent. Both trials required patients to have pain in the sacroiliac area for at least 6
months and persistent pain despite standard nonoperative therapies. Patients had to have at least
75 percent pain relief with a single103 or repeat104diagnostic sacroiliac block. Baseline pain
intensity was ~6 on a 0 to 10 scale in both trials. In both trials, cooled radiofrequency
denervation was performed with imaging guidance; details regarding the radiofrequency
techniques are shown in Table 4. Sham radiofrequency involved needle placement as for active
treatment, without radiofrequency lesioning; in one trial,103 lidocaine was administered. Both
trials were rated fair quality; methodological shortcomings included unclear randomization
methods and high crossover without intent-to-treat analysis (Appendix Table H-1). Crossover
was high: in one trial,104 94 percent (16/17) of patients randomized to sham treatment crossed
over to cooled radiofrequency denervation after 3 months and in the other,103 64 percent (9/14)
crossed over after 1 month. Therefore, results focus on outcomes prior to high crossover (3 and 1
months, respectively).
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Table 4. Study characteristics and results for cooled radiofrequency ablation trials
Study,
Year
Country
Quality
Cohen,
2008103
U.S.
Fair

Patel,
2012104
U.S.
Fair

Mean
Age
(Years)
51.8

Percent
Female
61

Number
Randomized
28

Duration
of
Symptoms
(Months)
≥6

58.7

72

51

>6

Diagnostic
Testing
Sacroiliac
joint block
(single,
≥75%
relief)

S1-S3
lateral
branch and
L5 dorsal
ramus
block (dual,
≥75%
relief)

Cooled or
Pulsed
Radiofrequency
Parameters
2 minutes at 60°
C, target tissue
heated to 75° C
(L4 and L5
dorsal rami
treated with
conventional RF
for 90 seconds
at 80° C)

150 seconds at
60° C
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Control
Type
Sham RF

Duration
of
Followup
(Months)
3

Sham RF

3

Pain
Dichotomous
Successful
outcome*
1 month: 79% vs.
14.3%, RR 5.50
(95% CI, 1.48 to
20.42)
3 months: 64% vs.
0%, RR 0.36 (95%
CI, 0.18 to 0.72)
Continuous
NRS 0 to 10, mean
(SD)
1 month: 2.4 (2.0)
vs. 6.3 (2.4), p<0.05
3 months: 2.4 (2.3)
vs. 6 (0), p>0.05
Dichotomous
≥50% pain intensity
improvement
3 months: 53% vs.
29%, RR 1.80 (95%
CI, 0.80 to 4.01)
Continuous
NRS 0 to 10, mean
change (SD)
1 month: -2.7 (2.6)
vs. -1.7 (2.0),
p=0.16
3 months: -2.4 (2.7)
vs. -0.8 (2.4),
p=0.04

Function
ODI 0 to 100,
mean (SD)
1 month:
20.9 (10.9)
vs. 43.6 (14),
p<0.05
3 months:
18.5 (11.6)
vs. 24 (8.5),
p>0.05

Dichotomous
≥10% ODI
improved
3 months:
41.2% vs.
5.9%, RR
7.00 (95%
CI, 1.00 to
48.88)
Continuous
ODI 0 to 100,
mean
change (SD)
1 month: -12
(14) vs. -4
(11),
p=0.046
3 months: 11 (17) vs. 2
(6), p=0.01

Study,
Year
Country
Quality
McCormick,
2019105
U.S.
Good

Mean
Age
(Years)
55.8

Percent
Female
59

Number
Randomized
43

Duration
of
Symptoms
(Months)
≥6

Diagnostic
Testing
Medial
branch
block
(single,
>75%
relief)

Cooled or
Pulsed
Radiofrequency
Parameters
165 seconds at
60° C, target
tissue heated to
>80° C

Control
Type
Conventional
RF (90
seconds at
80° C)

Duration
of
Followup
(Months)
6

Pain
Dichotomous
≥50% NRS
improved
6 months: 52.3% vs.
44.4%, RR 1.18
(95% CI, 0.61 to
2.28)
Continuous
NRS 0 to 10, mean
change (SD)
6 months: -3.8 (2.5)
vs. -3.0 (3.2),
p=0.41

Function
Dichotomous
≥30% ODI
improved
6 months:
61.9% vs.
44.4%, RR
1.39 (95%
CI, 0.75 to
2.58)
Continuous
ODI 0 to 100,
mean
change (SD)
6 months: 11.3 (11.2)
vs. -8.1
(12.3),
p=0.40

Abbreviations: CI = confidence interval; NR = not reported; NRS = numeric rating scale; ODI = Oswestry Disability Index; PRF = pulsed radiofrequency ablation; RF =
radiofrequency ablation; RR = relative risk; SD = standard deviation; VAS = visual analogue scale
*Successful outcome was defined as ≥50% improvement in pain, positive Global Perceived Effect, and ≥10-point improvement in ODI or ≥4 point improvement in ODI and >20%
reduction in opioid use or complete cessation of nonopioid analgesic
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Detailed Synthesis
Pain
Both trials found cooled radiofrequency associated with reduced pain versus sham at 1
month; effects were moderate to large (mean difference 1.0 to 2.9 points on a 0 to 10 scale).103,104
At 3 months, one trial found cooled radiofrequency associated with a persistent moderate
reduction in pain (mean change from baseline -2.4 vs. -0.8, p=0.04).103 In this trial, cooled
radiofrequency was also associated with increased likelihood of pain intensity improvement of at
least 50 percent at 3 months, though the difference was not statistically significant (53% vs. 29%,
RR 0.81, 95% CI, 0.81 to 4.01).103
Function
Both trials found cooled radiofrequency associated with improved function versus sham at 1
month; effects were small in one trial (mean change from baseline -12 vs. -4 on the 0 to 100
Oswestry Disability Index [ODI], p=0.046)103 and large in the other trial (mean 20.9 vs. 43.6 on
the ODI, p<0.05).104 One trial found cooled radiofrequency associated with a moderate
improvement versus sham in ODI at 3 months (mean change from baseline -11 vs. 2, p=001).103
In this trial, patients randomized to cooled radiofrequency were also more likely to experience an
ODI improvement of at least 10 points (41% vs. 5.9%, RR 7.00, 95% CI, 1.00 to 48.88).
Other Outcomes
One trial found cooled radiofrequency associated with improved SF-36 PCS versus sham at 3
months (mean change from baseline 14 vs. 3 on 0 to 100 scale, p=0.04); the difference at 1
month was small and not statistically significant.103 Cooled radiofrequency was also associated
with improvement in Assessment of Quality of Life score at 3 months (mean 0.69 vs. 0.56 on 0
to 1 scale, p=0.048). The other trial found cooled radiofrequency associated with increased
likelihood of a more than 20 percent reduction in opioid use or complete cessation of nonopioid
analgesics at 1 month (77% vs. 8%, p<0.05).104 Both trials found cooled radiofrequency
associated with increased likelihood of experiencing a composite outcome of treatment success.
In one trial,104 treatment success was defined as at least a 50 percent improvement in pain,
positive Global Perceived Effect, and at least a 10 point improvement in ODI or at least a 4 point
improvement in ODI and reduction in medication use and assessed at 1 month (79% vs. 14.3%,
RR 5.50, 95% CI, 1.48 to 20.42); in the other,103 it was defined as pain intensity improved at
least 50 percent and either 10 point increase in SF-36 bodily pain or 10 point decrease in ODI
and assessed at 3 months (47% vs. 12%, RR 4.00, 95% CI, 1.04 to 15.43).
Harms
One trial reported no serious complications, though some patients reported temporary
worsening pain typically lasting 5 to 10 days after the procedure; one patient in the cooled
radiofrequency arm reported transient nonpainful buttock paresthesias.103 Harms were not
reported in the other trial.104

32

Cooled Versus Conventional Radiofrequency Denervation for
Presumed Lumbar Facet Joint Pain
Description of Included Studies

One good-quality trial (n=43) conducted in the United States compared cooled
radiofrequency versus conventional radiofrequency for presumed lumbar facet joint pain
(Appendix Table G-4 to G-6, Appendix Table H-1, and Table 4).105 Patients had to have a
positive response (≥75% pain relief) to one set of diagnostic medial branch nerve blocks. Mean
age was 56 years and 59 percent of participants were female; the mean duration of pain was 86
months. Baseline pain intensity was approximately 7 on a 0 to 10 NRS. Cooled radiofrequency
to medial branch nerve targets was performed for 165 seconds at 60 degrees C (intraregional
temperature >80 degrees C). Conventional radiofrequency was performed for 90 seconds at 80
degrees C.

Detailed Synthesis
Pain
Cooled radiofrequency denervation was associated with a small, nonstatistically significant
greater reduction in pain versus conventional radiofrequency at 6 months (mean change from
baseline -3.8 vs. -3.0 on a 0 to 10 scale, p=0.41); there were also no statistically significant
differences at 1 or 3 months.105 There was no difference in likelihood of experiencing at least a
50 percent improvement in pain at 6 months (52.3% vs. 44.4%, RR 1.18, 95% CI, 0.61 to 2.28).
Function
There was no difference between cooled versus conventional radiofrequency in improvement
in ODI at 1, 3, or 6 months.105 Cooled radiofrequency was associated with increased likelihood
of experiencing at least a 30 percent improvement in ODI that was not statistically significant
(61.9% vs. 44.4%, RR 1.39, 95% CI, 0.75 to 2.58).
Other Outcomes
There was no difference between cooled versus conventional radiofrequency in Global
Impression of Change at 6 months (mean 2 vs. 2 on a 1 to 7 scale, p=0.51).105
Harms
No serious adverse events were reported with either cooled or conventional
radiofrequency.105 Self-limited post-procedural pain was reported in two patients.

Pulsed Radiofrequency Denervation
Key Points
•

Evidence was insufficient to assess pulsed radiofrequency denervation for presumed facet
joint pain versus sham denervation (1 trial, N=40) or continuous radiofrequency
denervation (1 trial, N=40) (SOE: insufficient).

Across Trials of Cooled and Pulsed Radiofrequency Denervation
• Harms were not well-reported, but when recorded were usually related to temporary
increase in pain. No serious complications were reported (SOE: low).
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•

The mean age of participants ranged from 52 to 59 years.

Pulsed Versus Sham Radiofrequency Denervation for Presumed
Lumbar Facet Joint Pain
Description of Included Studies

One fair-quality trial106 and one poor-quality trial107 compared pulsed versus conventional
radiofrequency denervation for presumed lumbar facet joint pain (Appendix Table G-4 to G-6
and Table 5). In both trials, patients had to have a positive response (>50% or complete/near
complete pain relief) to one or two diagnostic medial branch blocks. The fair-quality trial (n=40)
evaluated pulsed (2 Hz waves for 4 minutes [45 V] to 42 degrees C) versus electrode placement
without radiofrequency current and administration of a local anesthetic.106 Mean age was 49
years, 57 percent of participants were female, and the mean duration of pain was 35 months. In
the poor-quality trial (n=50),107 mean age was 57 years and the proportion female 65 percent. It
compared pulsed radiofrequency (2 Hz waves for 2 minutes at 42 degrees C) of the dorsal root
ganglia versus electrode placement without radiofrequency current (no local anesthetic).107
Methodological limitations in both trials included failure to report allocation concealment
methods, unclear masking of care providers, and high or unclear attrition (Appendix Table H1). In addition, the poor quality trial did not report randomization methods or baseline
characteristics, did not conduct intent-to-treat analysis, and had discrepancies in reported results.
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Table 5. Study characteristics and results of pulsed radiofrequency ablation trials
Study,
Year
Country
Quality
Kroll,
2008108
U.S.
Poor
Moussa,
2020107
Egypt
Poor

Mean
Age
(Years)
58.2

Percent
Female
54

Number
Randomized
50

Duration
of
Symptoms
(Months)
>1

57

65

150

≥12

Diagnostic
Testing
Medial
branch
block (dual,
>50%
relief)
Medial
dorsal
branch
block
(single,
complete
or near
complete
relief)

Cooled or
Pulsed
Radiofrequency
Parameters
120 seconds at
42° C, pulse
duration 20 ms,
pulse rate 2 Hz
Four 2-minute
cycles at ≤42° C,
pulse rate 2 Hz,
45 V unilaterally
or bilaterally
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Control
Type
Conventional
RF (75
seconds at
80° C)
A:
Conventional
RF (90
seconds at
85° C)
B: Sham RF

Duration
of
Followup
(Months)
3

36

Pain
VAS 0 to 10, mean (SD)
3 months: 5.1 (2.1) vs. 5.2 (2.7)

Dichotomous
>50% back pain reduction
3 months: 84% vs. 64% vs. 56%,
RR 0.44 (95% CI, 0.21 to 0.93)
PRF vs. RF, RR 0.36 (95% CI,
0.18 to 0.74) PRF vs. sham
6 months: 78% vs. 48% vs. 16%,
RR 0.42 995% CI, 0.23 to 0.76)
PRF vs. RF, RR 0.26 (95% CI,
0.15 to 0.45) PRF vs. sham
1 year: 74% vs. 36% vs. 6%, RR
0.41 (95% CI, 0.24 to 0.68) PRF
vs. RF, RR 0.28 (95% CI, 0.17 to
0.44) PRF vs. sham
2 years: 70% vs. 12% vs. 2%, RR
0.34 (95% CI, 0.22 to 0.52) PRF
vs. RF, RR 0.31 (95% CI, 0.20 to
0.47) PRF vs. sham
3 years: 68% vs. 6% vs. 2%, RR
0.34 (95% CI, 0.23 to 0.51) PRF
vs. RF, RR 0.33 (95% CI, 0.22 to
0.49) PRF vs. sham
Continuous
VAS 0 to 10, mean change (SD)
3 months: -8.5 vs. -5.4 vs. -5.2,
p=0.01
6 months: -8.3 vs. -5.2 vs. -2.3,
p=0.01
1 year: -8.1 vs. -5 vs. -0.7, p=0.01
2 years: -7.9 vs. -2.3 vs. -0.5,
p=0.01
3 years: -7.7 vs. -2.2 vs.- 0.4,
p=0.003

Function
ODI 0 to 100,
mean (SD)
3 months: 42.2
(19.0) vs. 41.7
(16.9)
ODI 0 to 100,
mean change
(SD)
3 months: -50.5
vs. -34. 9 vs. 33.6, p=0.05
6 months: -48.1
vs. -30.3 vs. 10.8, p=0.03
1 year: -43.9 vs.26.4 vs. -5.5,
p=0.01
2 years: -39.3 vs.
-15.3 vs. -3.7,
p=0.01
3 years: -39.2 vs.
-6.3 vs. -2,
p=0.004

Study,
Year
Country
Quality
Tekin,
2007106
Turkey
Fair

Mean
Age
(Years)
59.3

Percent
Female
57

Number
Randomized
60

Duration
of
Symptoms
(Months)
>6

Diagnostic
Testing
Medial
branch
block
(single,
>50%
relief)

Cooled or
Pulsed
Radiofrequency
Parameters
4 minutes at 42°
C, pulse rate 2
Hz, 45 V

Control
Type
A:
Conventional
RF (90
seconds at
80° C)
B: Sham RF

Duration
of
Followup
(Months)
12

Function
ODI 0 to 100,
mean (SD)
6 months: 25.3
(6.9) vs. 25.1
(6.4) vs. 28.9
(5.7), p=0.92
PRF vs. RF,
p=0.07 PRF vs.
sham
-1 year: 28.5
(6.1) vs. 28.0
(7.1) vs. 33.6
(5.7), p=0.81
PRF vs. RF and
p=0.006 PRF vs.
sham
Abbreviations: CI = confidence interval; ODI = Oswestry Disability Index; PRF = pulsed radiofrequency ablation; RF = radiofrequency ablation; RR = relative risk; SD = standard deviation; VAS =
visual analogue scale
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Pain
VAS 0 to 10, mean (SD)
6 months: 2.9 (1.6) vs. 2.3 (1.3) vs.
3.1 (0.8), p=0.19 PRF vs. RF and
p=0.62 PRF vs. sham
1 year: 3.5 (1.3) vs. 2.4 (1.1) vs.
3.9 (1.2), p=0.004 for PRF vs. RF
and p=0.31 PRF vs. sham

Detailed Synthesis
Pain
The fair-quality trial found no difference between pulsed versus radiofrequency denervation
versus sham (with local anesthetic) at 6 months (2.9 vs. 3.1 on a 0 to 10 visual analogue scale
[VAS], p=0.62) or 1 year (3.5 vs. 3.9, p=0.31).106
The poor-quality trial found pulsed radiofrequency of the dorsal root ganglia associated with
a large reduction in pain versus sham (without local anesthetic) at 3 months to 3 years
(differences ranged from 3.3 to 7.3 points on a 0 to 10 VAS).107 Pulsed radiofrequency was also
associated with an increased likelihood of experiencing greater than a 50 percent reduction in
back pain (absolute differences ranged from 28% to 68%).
Function
The fair-quality trial found pulsed radiofrequency of the medial branches and sham (with
local anesthetic) associated with similar function at 6 months (mean 25.4 vs. 28.9 on the 0 to 100
ODI, p=0.07), though the difference was slightly larger and favored sham at 1 year (mean 28.5
vs. 33.6, p=0.006).106
The poor-quality trial found pulsed radiofrequency of the dorsal root ganglia associated with
moderate to large improvement in function versus sham (without local anesthetic) at 3 months to
3 years (differences ranged from 16.9 to 38.4 points on the 0 to 100 ODI).107
Other Outcomes
The fair-quality trial found both pulsed radiofrequency of the medial branches and sham
(with local anesthetic) associated with high likelihood of analgesic use at 1 year (75% vs. 95%)
and patient satisfaction reported as good or excellent (85% vs. 70%); differences were not
statistically significant.106
The poor-quality trial found pulsed radiofrequency of the dorsal root ganglia associated with
an increased likelihood of a composite outcome of success versus conventional radiofrequency
denervation (absolute difference 30% to 72%), and greater decrease in World Health
Organization (WHO) analgesic intake score (mean difference in change from baseline on a 0 to 3
scale ranged from 0.4 to 1.9 points) at 3 months to 3 years.107
Harms
Neither trial reported harms.106,107

Pulsed Versus Conventional Radiofrequency Denervation for
Presumed Lumbar Facet Joint Pain
Description of Included Studies

One fair-quality trial106 and two poor-quality trials107,108 compared pulsed versus
conventional radiofrequency denervation for presumed lumbar facet joint pain (Appendix Table
G-4 to G-6 and Table 5). In all of the trials, patients had to have a positive response to one or
two diagnostic medial branch blocks. The fair-quality trial (n=40) was conducted in Turkey and
evaluated pulsed (2 Hz waves for 4 minutes [45 V] to 42 degrees C) versus conventional (90
seconds to 80 degrees C) radiofrequency denervation of the medial branches.106 Mean age was
49 years, 57 percent of participants were female, and the mean duration of pain was 35 months.
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The two poor-quality trials (n=50 and 100) were conducted in Egypt and the United States.107,108
Mean ages were 57 and 59 years and the proportion female 54 percent and 65 percent. Patients
had to have chronic pain in both trials, but mean pain duration was not reported. One poorquality trial compared pulsed radiofrequency (2 Hz waves for 2 minutes at 42 degrees C) of the
dorsal root ganglia versus conventional radiofrequency (85 degrees C for 90 seconds) of the
medial branches, potentially complicating interpretation because of different denervation
targets.107 The other trial compared pulsed radiofrequency (2 Hz waves for 2 minutes at 42
degrees C) versus conventional radiofrequency (80 degrees C for 75 seconds) of the medial
branches.108 Across trials, methodological limitations included failure to report allocation
concealment methods, unclear masking of care providers, and high or unclear attrition
(Appendix Table H-1). In addition, the poor-quality trials did not report randomization
methods, baseline characteristics, did not conduct intent-to-treat analysis, and had discrepancies
in reported results.

Detailed Synthesis
Pain
The fair-quality trial found a small, nonstatistically significant difference between pulsed
versus radiofrequency denervation at 6 months (mean 2.9 vs. 2.3 on a 0 to 10 VAS, p=0.19), but
pulsed radiofrequency denervation was associated with moderate increased pain at 1 year (mean
3.5 vs. 2.4, p=0.004).106
The two poor-quality trials reported inconsistent effects on pain intensity.107,108 The trial of
pulsed versus conventional radiofrequency denervation of the medial branches found no
difference in pain intensity at 3 months,108 but the trial of pulsed radiofrequency of the dorsal
root ganglia versus conventional radiofrequency denervation of the medial branches found a
large reduction in pain with pulsed radiofrequency at 3 months through 3 year (mean differences
3.1 to 5.6 points on a 0 to 10 scale).107 In this trial, pulsed radiofrequency was also associated
with an increased likelihood of experiencing a greater than 50 percent reduction in back pain
(absolute difference ranged from 20% to 60%).
Function
The fair-quality trial found no difference between pulsed versus radiofrequency denervation
of the medial branches at 6 months (25.4 vs. 25.1 on the 0 to 100 ODI, p=0.92) or 1 year (28.5
vs. 28.0 on the ODI, p=0.81).106
The two poor-quality trials reported inconsistent effects on pain intensity.107,108 The trial of
pulsed versus conventional radiofrequency denervation of the medial branches found no
difference in function (ODI) at 3 months,108 but the trial of pulsed radiofrequency of the dorsal
root ganglia versus conventional radiofrequency denervation of the medial branches found a
moderate to large reduction in pain with pulsed radiofrequency at 3 months through 3 years
(differences on the 0 to 100 ODI ranged from 15.6 to 32.9 point).107
Other Outcomes
The fair-quality trial found pulsed radiofrequency of the medial branches associated with
increased likelihood of analgesic use versus conventional radiofrequency of the medial branches
at 1 year (75% vs. 40%, RR 1.88, 95% CI, 1.04 to 3.39).106 There was no difference in likelihood
of patient satisfaction rating of good or excellent (85% vs. 95%).
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One poor-quality trial found pulsed radiofrequency of the dorsal root ganglia associated with
increased likelihood of a composite outcome of success versus conventional radiofrequency
denervation (absolute difference 22% to 58%), and greater decrease in WHO analgesic intake
score (mean difference in change from baseline on a 0 to 3 scale ranged from 0.3 to 1.4 points) at
3 months to 3 years.107
Harms
One poor-quality trial reported no adverse events.108 Harms were not reported in the other
two trials.106,107

Intradiscal and Facet Joint Platelet-Rich Plasma for Low Back Pain
of Presumed Discogenic Origin or Into the Lumbar Facet Joint for
Low Back Pain of Presumed Facet Joint Origin
Key Points
•

•
•

Evidence was insufficient to assess intradiscal platelet-rich plasma injection for presumed
discogenic back pain (1 trial, N=58) (SOE: insufficient).
There were no differences between stem cell and saline injection in harms, including no
serious adverse events, at up to 3 years following treatment (SOE: low).
The mean age of participants was 42 years.

Description of Included Studies

One small (n=47) trial conducted in the United States compared intradiscal platelet-rich
plasma (PRP) versus sham (contrast agent) injection for presumed discogenic low back pain
(Appendix Table G-7 to G-9 and Table 6).109 Pain had to be chronic (>6 months; mean
duration not reported) and patients had to have a concordant response on single provocative
discography prior to undergoing the injection. The mean age of participants was 42 years; 66
percent were female. At baseline, current pain averaged 4.7 on a 0 to 10 NRS; baseline mean
best pain was 2.5 and mean worst pain 7.9. Under fluoroscopic guidance, patients received 1 to 2
ml platelet-rich plasma (3 to 4 ml divided for multiple discs) or 1 to 2 ml contrast agent in the
affected disc(s) and outcomes compared through 8 weeks, at which point the trial was unblinded
and crossover permitted (88% [15/17] of those randomized to sham crossed over to PRP). The
trial was rated fair quality, due to baseline imbalance in sex, unclear randomization method, and
lack of intent-to-treat analysis (Appendix Table H-1)
No trial evaluated facet joint PRP injection versus sham or usual care.
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Table 6. Study characteristics and results of platelet-rich plasma trial
Study,
Year
Country
Quality
TuakliWosornu,
2016109
U.S.
Fair

Mean
Duration of
Percent Number
Age
Symptoms Diagnostic
(Years) Female Randomized (Months)
Testing
42.32
66
57
Disc protrusion
≥6
<5 mm on MRI
or CT

Platelet-Rich
Plasma
Intervention
1-2 ml injected
into target discs

Control
Type
Sham
(contrast
agent)
injection

Duration of
Followup
(Months)
Pain
2
NRS 0 to 10 worst pain,
mean difference (95% CI)
1 week: -0.53 (-1.67 to
0.61)
1 month: -0.70 (-1.82 to
0.42)
2 months: -1.01 (-2.38 to
0.36)

Function
FRI 0 to 100, mean
difference (95% CI)
1 week: 3.84 (-5.41 to
13.09)
1 month: -0.92 (-10.90
to 9.06)
2 months: -6.46 (-17.99
to 5.07)

Abbreviations: CI = confidence interval; CT = computed tomography; FRI = Functional Rating Index; MRI = magnetic resonance imaging; NRS = numeric rating scale
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Detailed Synthesis
Pain

Intradiscal PRP was associated with small to moderate decreases in current pain versus sham
at 1, 4, and 8 weeks, but differences were not statistically significant (mean differences -0.57 to 1.30 points on a 0 to 10 NRS). Results were similar for best and worst pain. There was also no
difference on the SF-36 bodily pain subscale.

Function

There were no differences between intradiscal PRP versus sham in function (based on the
Functional Rating Index) at 1, 4, or 8 weeks; mean differences ranged from -0.93 to 3.84 points
on a 0 to 100 scale.109 There were also no difference on the SF-36 physical function subscale.

Other Outcomes

Intradiscal PRP was associated with increased likelihood versus sham of patient reporting of
“satisfied” or “would undergo procedure again” versus sham (55.6% vs. 17.6%, RR 3.15, 95%
CI, 1.07 to 9.28).109 However, it was unclear if assessment occurred prior to or after unblinding.

Harms

No cases of disc space infection, neurologic injury, or progressive herniation were
reported.109

Intradiscal Stem Cells for Low Back Pain of Presumed Discogenic
Origin
Key Points
•
•

Evidence was insufficient to assess intradiscal stem cell injection for presumed
discogenic back pain (1 trial, N=100) (SOE: insufficient).
Mean age was 42 years.

Description of Included Studies

One trial (n=100) compared intradiscal injection of allogenic mesenchymal stem cells in
hyaluronic acid delivery versus intradiscal hyaluronic acid alone or saline for chronic low back
pain of presumed discogenic origin (Appendix Table G-10 and G-11, and Table 7).110 The
study was conducted at 13 sites in the United States and Australia. Study participants had chronic
low back pain for at least 6 months that was refractory to at least 3 months of conservative
treatment. Patients were not required to undergo provocative discography, but among those who
did, only those with a concordant pain response at one level were enrolled. Mean age of
participants was 42 years and 47 percent were female. The mean duration of discogenic disease
was 5.8 years and mean pain score was 7 on a 0 to 10 VAS. Patients were randomized to 6
million (1.0 ml at 30 million/5 ml) or 18 million (1.0 ml at 90 million/5 ml) allogenic
mesenchymal stem cells (each mixed with 1% hyaluronic acid) versus 2 ml of 1 percent
hyaluronic acid alone, or 2 ml saline. Although saline and hyaluronic acid injections were both
considered inactive controls, hyaluronic acid could have potential therapeutic effects; therefore,
results described here primarily focus on findings against saline injection. Outcomes were
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assessed from 1 month to 3 years after treatment. The study was rated fair quality due to
presence of baseline differences (Appendix Table H-1). Specifically, the 18 million stem cell
group included a higher proportion of male participants (70% versus 50%), was younger (38
years versus 44 years) and had a shorter duration of disease (3.7 years versus 5.9 years) than the
saline control group.
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Table 7. Study characteristics and results of intradiscal stem cell trial
Study, Year
Country
Quality
Amirdelfan
2020110
Australia and
U.S.
Fair

Mean
Age
(Years)
41.9

Percent Number
Female Randomized
47
100

Duration of
Control
Symptoms Diagnostic
(Months)
Testing
Type
Mean 69.7 Degenerative Saline
disc disease
at one level
from L1 to S1

Duration
of
Followup
(Months)
36

Pain
Dichotomous
≥50% reduction in VAS from
baseline
6 months: 67% vs. 50%
12 months: 60% vs. 20%,
p<0.05
24 months: 50% vs. 15%,
p<0.05
36 months: 50% vs. 20%,
p<0.05
Continuous
VAS LSM (95% CI)
1 month: -28.05 (-37.52 to 18.57) vs. -23.21 (-34.63 to 11.80)
3 months: -38.70 (-48.18 to 29.23) vs. -28.86 (-40.28 to 17.45)
6 months: -42.70 (-52.35 to 33.06) vs. -32.22 (-44.26 to 20.19)
12 months: -36.65 (-46.47 to 26.82) vs. -17.29 (-30.05 to 4.53)
24 months: -19.44 (-25.46 to 13.43) vs. -9.06 (-16.74 to 1.38), p<0.05
36 months: -18.44 (-24.46 to 12.43) vs. -7.69 (-15.36 to 0.01), p<0.05

Abbreviations: CI = confidence interval; LSM = least square mean; ODI = Oswestry Disability Index; VAS = visual analogue scale
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Function
Dichotomous
≥15 point reduction on ODI from
baseline
6 months: 63% vs. 25%
12 months: 50% vs. 20%, p<0.05
24 months: 47% vs. 15%, p<0.05
36 months: 47% vs. 15%, p<0.05
Continuous
ODI LSM (95% CI)
1 month: -13.07 (-18.77 to -7.37) vs.
-10.80 (-17.67 to -3.93)
3 months: -17.31 (-23.01 to -11.61)
vs. -14.00 (-20.87 to -7.13)
6 months: -18.02 (-23.63 to -12.42)
vs. -12.64 (-19.88 to -5.39)
12 months: -17.54 (-23.44 to -11.64)
vs. -9.31 (-16.99 to -1.63)
24 months: -19.44 (-25.46 to -13.43)
vs. -9.06 (-16.74 to -1.38), p<0.05
36 months: -18.44 (-24.46 to -12.43)
vs. -7.69 (-15.36 to -0.01), p<0.05

Detailed Synthesis
Pain

Intradiscal injection of 6 or 18 million stem cells was associated with a small improvement in
pain versus saline injection that was not statistically significant at 1, 3, and 6 months (least
squares mean differences adjusted for posttreatment interventions ranged from 0.38 to 1.05
points on a 0 to 10 VAS).110 At 1 to 3 years, stem cell injections were associated with moderate
to large, statistically significant reduction in pain (differences ranged from 1.61 to 2.62 points).
Both stem cell doses were associated with increased likelihood of at least a 50 percent reduction
in pain at 1 year (60.0% vs. 20.0% for 6 million stem cell dose, RR 3.00, 95% CI, 1.19 to 7.56
and 53.3% vs. 20.0%, for 18 million stem cell dose, RR 2.67, 95% CI, 1.04 to 6.81) and the 6
million stem cell dose was associated with increased likelihood of at least 50 percent pain
reduction at 2 years (50.0% vs. 20.0%, RR 3.33, 95% CI, 1.11 to 10.04). Although results also
favored stem cell injections at 6 months and 3 years, the differences were smaller and not
statistically significant. Results for stem cell injections versus hyaluronic acid alone injection
also favored stem cells, but at most time points differences were smaller relative to comparisons
against usual care, and few differences were statistically significant. There was no pattern to
indicate that the higher stem cell dose was associated with greater effects on pain than the lower
dose.

Function

Intradiscal injection of 6 or 18 million stem cells was associated with no differences in ODI
versus saline injection at 1, 3, and 6 months.110 At 1, 2, and 3 years, stem cell injections were
associated with small to moderate reductions in function that were statistically significant
(differences ranged from 8.23 to 18.15 points on the 0 to 100 ODI). Stem cell injections were
also associated with increased likelihood of at least a 15-point improvement in the ODI at 2 or 3
years (at 3 years, 46.7% vs. 25.0% for 6 million stem cell dose, RR 3.11, 95% CI, 1.02 to 9.45
and 50.0% vs. 15.0% for 18 million stem cell injection, RR 3.33, 95% CI, 1.11 to 10.04). The 6
million stem cell dose was also associated at increased likelihood of ODI response at 6 months
(63.3% vs. 25.0%, RR 2.53, 95% CI, 1.13 to 5.67); although the point estimate was similar at 1
year the difference was not statistically significant. Results for stem cell injections versus
hyaluronic acid alone were similar to results versus saline at 1 to 6 months and indicated slightly
reduced differences at 1 to 3 years. There was no pattern to indicate that the higher stem cell
dose was associated with greater effects on function than the lower dose.

Other Outcomes

Stem cell injections were associated with increased likelihood of experiencing a composite
measure of treatment response (≥30% pain reduction and ≥10-point ODI improvement) versus
saline injection at 6 months to 3 years, but the differences were only statistically significant for
the 18 million stem cell dose at 1 year (56.7% vs. 20.0%) and the 6 million stem cell injection at
2 years (46.7% vs. 15.0%).110
The 18 million stem cell injection was associated with greater improvement in SF-36 PCS
versus saline (p=0.025) or hyaluronic acid (p=0.04) at 3 years (mean differences not reported).
There were no statistically significant differences between injections versus controls in SF-36
MCS and PCS at earlier time points.
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Harms

There were no deaths reported in the study, and no statistically significant differences
between groups in the risk of serious adverse events, any adverse event, or withdrawals due to
adverse events.110

Effects of Dose

As described above, there was no pattern to indicate that a higher dose (18 million) of
intradiscal stem cells was associated with superior outcomes compared with a lower dose (6
million).109

Intradiscal Methylene Blue for Low Back Pain of Presumed
Discogenic Origin
Key Points
•

•

Intradiscal methylene blue for presumed discogenic back pain (1 trial, N=81) was
associated with no difference versus sham at 6 weeks and 3 months. Evidence was
insufficient to determine effects of intradiscal methylene blue at 6 months (2 trials,
N=153, with conflicting results) and 12 months or longer (1 trial, N=72) (SOE: low for
no difference at 6 weeks and 3 months; insufficient for 6, 12 and 24 months).
Both trials of intradiscal methylene blue excluded patients older than 66 years of age
(mean 41 years).

Description of Included Studies

Two trials (n=84 and 72) compared intradiscal methylene blue versus sham intradiscal
therapy in patients with presumed discogenic back pain (Appendix Table G-12 to G-14 and
Table 8).111,112 The trials were conducted in the Netherlands (the IMBI Study111) and China.112
Methods of the Dutch trial were intentionally similar to the earlier Chinese trial, in an effort to
determine whether its results could be duplicated. The mean age was 41 years in both trials, and
both trials excluded patients older than 66 years. The proportion of female patients was 72
percent in one trial111 and 43 percent in the other.112 Baseline pain intensity was similar (mean
6.6 and 7.0, on a 0 to 10 scale). Although both trials enrolled patients with chronic pain, the
duration of pain symptoms was longer in the Dutch trial (9 years)111 than the Chinese trial.112 In
both trials, the diagnosis of discogenic back pain was based on a positive response to provocative
discography, with negative control discs. In addition, the Dutch trial excluded patients with
multilevel discogenic pain or facet pain based on confirmatory facet block.111 Both trials
compared an intradiscal injection of methylene blue (1 ml; 10 mg/ml) or saline (1 ml); both
groups received 2 percent lidocaine (0.5 ml) injection. Duration of followup was 6 months in the
Dutch trial111 and 2 years in the Chinese trial.112 The Dutch trial was rated good quality111 and
the Chinese trial fair quality,112 mainly for unclear allocation concealment (Appendix Table H1).
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Table 8. Study characteristics and results of intradiscal methylene blue trials
Study, Year
Country
Quality
Kallewaard,
2019111
the
Netherlands
Good

Mean
Age
(Years)
41.1

Percent Number
Female Randomized
72
81

Peng,
2010112
China
Fair

41.7

43

72

Duration of
Methylene
Symptoms Diagnostic Blue
(Months)
Testing
Intervention
Positive
Intradiscal 1 ml
≥6
provocative (10 mg/ml)
discography methylene blue
at pressure + 0.5 ml
<50 PSI
lidocaine
above
hydrochloride
opening
2% + 0.5 ml
pressure
contrast dye

Mean of
40.8

Duration of
Control
Followup
Type
(Months)
Sham
6
injection(lid
ocaine,
saline, and
contrast)

Pain
Dichotomous
≥30% improvement
6 weeks: 15% vs. 17%,
RR 1.02 (95% CI, 0.85 to
1.24)
3 months: 25% vs. 24%,
RR 0.99 (95% CI, 0.77 to
1.27)
6 months: 35% vs. 27%,
RR 0.89 (95% CI, 0.66 to
1.19)
Continuous
NRS 0 to 10, mean
difference in mean
change (95% CI)
6 weeks: -0.4 (-1.2 to 0.3)
3 months: -0.5 (-1.3 to
0.4)
6 months: -0.2 (-1.2 to
0.80)

Function
ODI 0 to 100, mean
change (SD)
6 weeks: -8.0 (17.1) vs.
-1.7 (9.8), p=0.046
-3 months: -8.8 (18.4)
vs. -3.6 (9.9), p=0.12
-6 months: -7.8 (16.9)
vs. -5.5 (10.5), p=0.46

Positive
Intradiscal 1
Sham
24
NRS 0 to 10, mean
ODI 0 to 100, mean
discography (10 mg/ml)
injection
difference (95% CI)
difference (95% CI)
, pressure
methylene blue (lidocaine
6 months: 3.86 (3.15 to
6 months: 32.40 (27.62
and volume + 1 ml
and saline)
4.56)
to 37.18)
parameters lidocaine
12 months: 4.08 (3.36 to 12 months: 34.70
NR, with at hydrochloride
4.81)
(29.19 to 40.20)
least one
2%
24 months: 4.05 (3.34 to 24 months: 34.80
negative
4.77)
(29.37 to 40.22)
adjacent
control disc
Abbreviations: CI = confidence interval; NR = not reported; NRS = numeric rating scale; ODI = Oswestry Disability Index; PSI = pound-force per square inch; RR = relative risk; SD = standard
deviation
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Detailed Synthesis
Pain

The two trials reported discordant effects of intradiscal methylene blue on pain. In the
Chinese trial, intradiscal methylene blue was associated with large reduction in pain versus sham
at 6, 12, and 24 months (mean differences 3.86 to 4.08 points on a 0 to 11 NRS).112 However, the
Dutch trial found no differences between intradiscal methylene blue versus sham in pain at 6
weeks, 3 months, or 6 months (mean differences 0.4 to 0.5 points on a 0 to 11 NRS).111 The
Dutch trial also found methylene blue and sham associated with similar likelihood of at least a 30
percent reduction in NRS (at 6 months, 35.0% [14/40] vs. 26.8% [11/41], p=0.43). The Chinese
trial did not evaluate the likelihood of experiencing a pain response.

Function

Results of the two trials were also discordant regarding function. In the Chinese trial,
intradiscal methylene blue was associated with large improvement in function versus sham
(mean differences 32.4 to 34.8 points on the 0 to 100 ODI at 6, 12, and 24 months).112 In the
Dutch trial, methylene blue was associated with a small improvement in function at 6 weeks
(mean difference -6.3, 95% CI, -12.4 to -0.17 on the ODI), but differences were reduced and no
longer statistically significant at 3 or 6 months (mean differences -5.2 to -2.3 points).111

Other Outcomes

As with pain and function, effects of methylene blue on medication use was also discordant.
At 6 months, the Chinese trial112 found methylene blue associated with marked reduction in
likelihood of regular nonsteroidal anti-inflammatory drug (NSAID) or opioid use (8.3% vs.
42.9%, p=0.002) but the Dutch trial111 found no difference in likelihood of strong opioid use
(7.5% vs. 9.8%, p=1.0). The Dutch trial also found no differences between methylene blue
versus sham in EQ-5D, SF-36 PCS, SF-36 MCS, or patient global impression of change “much
improved” or “improved” at 6 weeks, 3 months, or 6 months; these outcomes were not evaluated
in the Chinese trial.

Harms

Reporting of harms was limited. The Chinese trial reported no cases of nerve injury or disc
space infection with methylene blue or sham, and no cases of back pain aggravation with
methylene blue.112 The Dutch trial found no difference in risk of any adverse event (data not
reported); two serious adverse events that did not appear due to the methylene blue procedure
were reported (unrelated elective surgery and hospitalization for laryngitis).111

Intradiscal Ozone Injection for Radicular Low Back Pain or
Nonradicular Low Back Pain of Presumed Discogenic Origin
Key Points
•

•

Evidence was insufficient to assess intradiscal oxygen-ozone for radicular low back pain
(1 trial, N=159) (SOE: insufficient).
No trial evaluated intradiscal oxygen-ozone injection without corticosteroid or oxygenozone injection for presumed (nonradicular) discogenic low back pain.
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•

Mean age ranged from 40 to 51 years.

Description of Included Studies

No trial evaluated intradiscal ozone injection alone for radicular or nonradicular low back
pain. Three trials (n=80 to 159, total N=339) evaluated intradiscal ozone (mixed with oxygen)
plus corticosteroid injection for radicular back pain (Appendix Table G-15 to G-17 and Table
9).113-115 The studies were conducted in Italy,113 Egypt,114 and India.115 Mean age of study
participants ranged from 40 to 51 years and 45 to 62 percent were female. The mean duration of
pain was 8 and 15 weeks in two trials113,114 and 9 months in one trial.115 Baseline ODI ranged
from 31 to 72; only one trial115 reported baseline pain (mean 7.1 on a 0 to 10 VAS). In all trials,
patients had radicular pain with concordant herniated disc on MRI and injections were performed
with CT or fluoroscopic guidance. The amount of intradiscal oxygen-ozone (concentration 28 or
40 µg/ml) administered ranged from 5 to 10 ml; in one trial, patients also received transforaminal
epidural oxygen-ozone (volume 5 to 7 ml). Oxygen-ozone was administered with a
corticosteroid (triamcinolone or methylprednisolone) in all trials, two113,114 of which also
administered ropivacaine. The corticosteroid was intradiscal and epidural in two trials113,114 and
epidural only in one trial.115 All three trials compared oxygen-ozone plus corticosteroid versus
corticosteroid without oxygen-ozone; one trial114 also evaluated a local anesthetic only (without
corticosteroid) control injection (site not specified). The duration of followup was 6 months.
One trial113 was rated fair quality and two trials114,115 poor quality, including the trial that
compared an oxygen-ozone versus local anesthetic alone injection (Appendix Table H-1).
Methodological limitations in all trials included unclear randomization and allocation methods
and failure to report attrition. The poor-quality trials also did not clearly blind patients, had poor
reporting of outcomes, data discrepancies, and potential selective outcomes reporting.
No trial evaluated intradiscal ozone injection for presumed (nonradicular) discogenic back
pain.
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Table 9. Study characteristics and results of intradiscal ozone trials
Study,
Year
Country
Quality
Gallucci,
2007113
Italy
Fair

Duration of
Symptoms Diagnostic
(Months)
Testing
Mean 3.75 MRI- or CTconfirmed disc
herniation

Mean Age Percent
(Years)
Female
40.48
45

Number
Randomized
159

Haseeb,
2019114
Egypt
Poor

42.44

58

80

Mean 2

MRI-confirmed
disc herniation

Haseeb,
2019114
Egypt
Poor

42.44

58

60

Mean 2

MRI-confirmed
disc herniation

Ozone
Intervention
Oxygen-ozone
intradiscal 5-7 ml
(concentration 28
µg/ml)
Triamcinolone
acetonide 2 ml (1
ml intradiscal and 1
ml epidural)
Ropivacaine 2% 2-4
ml (1 ml intradiscal
and ~2 ml epidural)
Oxygen-ozone
intradiscal 5-7 ml
and intraforaminal
mean 6.5 ml
(concentration 28
µg/ml)
Triamcinolone
acetonide 2 ml 40
mg/ml (1 ml
intradiscal and 1 ml
intraforaminal)
Ropivacaine 2% 2-4
ml intradiscal and
intraforaminal
Oxygen-ozone
intradiscal 5-7 ml
and intraforaminal
mean 6.5 ml
(concentration 28
µg/ml)
Triamcinolone
acetonide 2 ml 40
mg/ml (1 ml
intradiscal and 1 ml
intraforaminal)
Ropivacaine 2% 2-4
ml intradiscal and
intraforaminal
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Control
Type
Steroid

Duration
of
Followup
(Months)
6

Pain
NR

Function
ODI <20%
2 weeks: 88% vs. 90%,
p=0.72
3 months: 78% vs.
67%, p=0.14
6 months: 745 vs. 47%,
p<0.001

Steroid

6

NR

Sham

6

NR

ODI 0 to 100, mean
change (SD)
2 weeks: -20.40 (9.66)
vs. -16.60 (7.33), mean
difference -3.80 (-7.56
to -0.04)
3 months: -18.95 (8.55)
vs. -13.30 (5.66), mean
difference -5.65 (-8.83
to -2.47)
6 months: -14.73 (9.60)
vs. -9.88 (5.79), mean
difference -4.85 (-8.32
to -1.38)
ODI 0 to 100, mean
change (SD)
2 weeks: --20.40 (9.66)
vs. -3.10 (3.72), mean
difference -17.30 (95%
CI, -20.71 to -13.89)
3 months: -18.95 (8.55)
vs. -2.10 (3.81), mean
difference -16.85 (95%
CI, -19.98 to -13.72)

Study,
Year
Mean Age Percent
Country
Quality
(Years)
Female
Nilachandr 51.3
62
a, 2016115
India
Poor

Number
Randomized
80

Duration of
Symptoms Diagnostic
(Months)
Testing
Mean: 9.45 MRI-confirmed
disc herniation

Ozone
Intervention
Oxygen-ozone 10
ml intradiscal
(concentration 40
µg/ml)

Control
Type
Steroid

Duration
of
Followup
(Months)
6

Pain
VAS 0 to 10,
mean (SD)
1 week: 3.50
(1.16) vs. 3.25
(1.03), mean
difference 0.25
(95% CI, -0.23 to
0.73)
2 weeks: 2.54
(0.89) vs. 2.75
(0.74), mean
difference -0.21
(95% CI, -0.57 to
0.15)
3 months: 1.54
(1.15) vs. 2.84
(0.64), mean
difference -1.30
(95% CI, -1.72 to
-0.88)
6 months: 0.86
(0.69 vs. 2.24
(0.93), mean
difference -1.38
(95% CI, -1.75 to
-1.01)
Abbreviations: CI = confidence interval; CT = computed tomography; MRI = magnetic resonance imaging; ODI = Oswestry Disability Index; SD = standard deviation
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Function
ODI 0 to 100, mean
(SD)
1 week: 38.98 (7.61)
vs. 42.45 (9.97), mean
difference -3.47 (95%
CI, -7.36 to 0.42)
2 weeks: 34.13 (7.94)
vs. 36.20 (4.27), mean
difference -2.07 (95%
CI, -4.89 to 0.75)
3 months: 25.14 (7.92)
vs. 36.21 (4.67), mean
difference -12.06 (95%
CI, -15.01 to -9.11)
6 months: 18.28 (8.77)
vs. 29.00 (6.78), mean
difference -10.72 95%
CI, (-14.32 to -7.12)

Detailed Synthesis
Pain

Only one poor-quality trial reported effects on pain.115 It found no difference between
intradiscal oxygen-ozone plus epidural methylprednisolone injection versus methylprednisolone
alone at 1 (mean difference 0.25 on a 0 to 10 scale, 95% CI, -0.23 to 0.73) or 2 weeks (mean
differences -0.21, 95% CI, -0.57 to 0.15). However, oxygen-ozone was associated with a
moderate decrease in pain versus corticosteroid alone at 3 (mean difference -1.30, 95% CI, -1.72
to -0.88) and 6 months (mean difference -1.38, 95% CI, -1.75 to -1.01).

Function

The fair-quality trial found no differences between oxygen-ozone, corticosteroid, and local
anesthetic versus corticosteroid plus local anesthetic without oxygen-ozone in likelihood of ODI
score less than 20 (0 to 100 scale) at 2 or 3 weeks.113 Oxygen-ozone was associated with an
increased likelihood of achieving an ODI score less than 20 at 6 months (74% vs. 47%, RR 1.59,
95% CI, 1.21 to 2.08)
The two poor-quality trials found little difference between oxygen-ozone and corticosteroid
(with or without local anesthetic) versus corticosteroid without oxygen-ozone in the ODI at 1 or
2 weeks.114,115 Differences on the ODI were larger and statistically significant at 3 and 6 months
(mean differences -10.7 to -4.8 points). One poor-quality trial found oxygen-ozone,
corticosteroid and local anesthetic injection associated with moderate improvement in the ODI
versus local anesthetic alone (without steroid) at 2 weeks and 3 months (mean differences 17
points).114

Other Outcomes

The trials did not evaluate outcomes other than pain or function.

Harms

No serious adverse events were reported in any trial. The risk of any adverse event was
higher in the oxygen-ozone group when compared with lidocaine alone (RR 3.17, 95% CI, 1.06
to 9.45) in one poor-quality trial.114

Sphenopalatine Block for Trigeminal Neuralgia and Headache
Key Points
•

•

Evidence was insufficient to assess sphenopalatine block versus sham for headache (1
trial, N=41) (SOE: insufficient).
The mean age of patients in the trial of sphenopalatine block was 41 years.

Description of Included Studies

One trial (n=41) reported in two publications compared 0.5 percent intranasal bupivacaine
versus saline sphenopalatine block via the intranasal approach using a flexible device (Tx360,
Tian Medical Inc., Lombard, IL) in patients with chronic migraine headache (Appendix Table
G-18 and G-19, and Table 10).116,117 Blocks were administered 12 times over a 6-week period
(12 total treatments). Study participants had a mean age of 41 years and were predominately
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female (76%). Study inclusion criteria required at least a 3-month history of migraine; mean
duration since migraine diagnosis was 8.6 years duration. Patients using schedule II opioids for
migraine were excluded. On average, patients reported 15 days of migraine days per month, 22
headache days per month, and had a baseline mean pain score (0 to 10 NRS) of 3.37. The study
was rated poor quality; limitations included high overall (27%) and differential attrition (43% in
sham arm) at 1 month post-treatment followup, as well as lack of intent-to-treat analysis
(Appendix Table H-1). In addition, the trial did not report the scales used to assess a number of
outcomes (quality of life [general activity, work, and mood], analgesic use, and global
impression of change).
No trial or controlled observational study evaluated sphenopalatine block for trigeminal
neuralgia.
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Table 10. Study characteristics and results of sphenopalatine block trial
Study,
Year
Country
Quality
Cady,
2015116,117
U.S.
Poor

Mean
Age
(Years)
41.3

Duration of
Percent Number
Symptoms
Female Randomized (Months)
76
41
Mean 103.2

Headache
Type
Chronic
migraine (IHS
criteria)

Approach
Transnasal,
using Tx360
device

Duration of
Control Followup
Type
(Months)
Placebo 1

Pain
NRS 0 to 10, mean
difference (95% CI)
1 day: -1.35 (-3.17 to 0.47)
1 month: -0.55 (-2.54 to
1.44)
6 months: -1.14 (-3.06 to
0.78)

Abbreviations: CI = confidence interval; HIT-6 = Headache Impact TestIHS = International Headache Society; NRS = numerical rating scale
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Function
HIT-6 36 to 78 (higher
score=greater impact),
mean difference (95%
CI)
1 month: -2.69 (-7.32 to
1.94)
6 months: -2.84 (-7.71 to
2.03)

Detailed Synthesis
Pain

At 24 hours following treatments (data pooled for all 12 treatment sessions), sphenopalatine
block was associated with moderate decrease in pain intensity versus sham (mean 2.85 vs. 4.20
on a 0 to 10 NRS, ANOVA p<0.001).116,117 However, differences were small and not statistically
significant 1 and 6 months after completing the course of treatments (3.36 vs. 3.91 at 1 month
and 2.86 vs. 4.00 at 6 months), though sphenopalatine block was associated with fewer number
of headaches days per month at 1 month (17.44 vs. 22.82, ANOVA p>0.05).

Function

Effects of sphenopalatine block versus sham on the Headache Impact Test (HIT-6) were
small and not statistically significant at 24 hours following treatments or at 1 to 6 months after
completing the course of treatment (differences ~3 points on a 36 to 78 scale). There were also
no differences in general activity or normal work at 1 or 6 months, but the scales used to measure
these outcomes were not reported.

Other Outcomes

There were no differences between sphenopalatine block versus sham in acute medication
use at 6 weeks, mood at 1 or 6 months, or patient global impression of change at 24 hours
following treatments.116,117 However, the scales used to report these outcomes were not reported.

Harms

There was no difference in any adverse events (mean 7.52 vs. 5.00, p=0.30); only one serious
adverse event following sphenopalatine block that was probably not related to the intervention
was reported (pulmonary embolus resulting in death 81 days after treatment).116,117

Occipital Nerve Stimulation for Headache
Key Points
•
•

•

•
•

Evidence was insufficient to assess occipital nerve stimulation versus sham stimulation
for headache (1 trial, N=157) (SOE: insufficient).
For headache, occipital nerve stimulation with adjustable parameters versus usual care at
3 months was associated with a small, nonstatistically significant reduction in pain
intensity, moderate decrease in headache related disability, and decrease in headache
days (1 trial, N=67) (SOE: low for headache related disability and headache days;
insufficient for pain).
Lead migration occurred in 14 to 24 percent of patients (2 trials, N=224), serious devicerelated complications requiring hospitalization occurred in 5.9 percent of patients (1 trial,
N=67), and persistent pain/numbness at implantation site in 13 percent of patients (1 trial,
N=157) (SOE: low).
One trial (N=67) found occipital nerve stimulation with adjustable parameters associated
with superior outcomes compared with stimulation using preset parameters.
The mean age of patients ranged from 43 to 46 years.
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Description of Included Studies

Three trials (number randomized 30, 67, and 157, total=254) evaluated occipital nerve
stimulation for chronic headache (Appendix Table G-20 to G-22 and Table 11).118-120 Two
trials118,120 were multicenter studies; one additional publication121 reported results from a single
participating center (n=20) in one120 of the trials. The trials were conducted in the United States,
Italy, and Europe. The mean age ranged from 43 to 46 years and the proportion female ranged
from 76 to 80 percent. Two trials118,120 restricted inclusion to patients who met criteria for
chronic migraine headaches and one trial119 included patients with chronic migraine or
medication overuse headache; all trials required patients to have unsuccessfully tried at least two
prior treatments. Two trials119,120 required patients to experience at least 50 percent pain relief
with trial stimulation and one trial118 required at least 50 percent response to a diagnostic
occipital nerve block. Electrodes were placed subcutaneously and occipital nerve stimulation was
compared against sham stimulation (electrodes placed but no current applied) (two trials)119,120 or
usual care (one trial).118 One trial permitted some adjustment of stimulation parameters,119 one
trial randomized patients to adjustable or preset stimulation parameters,118 and one trial120 did not
report stimulation parameters (Table 11). One crossover trial was rated poor quality due to
failure to report randomization or allocation concealment methods, unclear blinding, and
potential selective outcomes reporting; in addition, the analysis did not account for use of
crossover design (Appendix Table H-1).119 The other two trials were rated fair quality.
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Table 11. Study characteristics and results of occipital nerve stimulation trials
Study,
Year
Country
Quality
Serra,
2012119
Italy
Poor

Mean
Duration of
Percent Number
Age
Symptoms
(Years) Female Randomized (Months)
Diagnosis Eligibility
46
76
30
Mean NR
Unsuccessfully tried
≥2 prior treatments
and ≥50% response
to temporary ONS

Stimulation
Control
Intervention
Type
Pulse frequency Sham
50 Hz, pulse
width 330 to 450
µs, maximum
stimulation
amplitude 10.5 V

Silberstein, 44.9
2012120
U.S.
Fair

79

157

Mean 23.3

Unsuccessfully tried
≥2 prior treatments
and ≥50% response
to temporary ONS

Stimulation
parameters not
reported
("programmed
for appropriate
stimulation")

Sham

Mekhail,
44.6
2017121
(single
center from
Silberstein
2012)
U.S.
Fair

75

20

Mean NR

Unsuccessfully tried
≥2 prior treatments
and ≥50% response
to temporary ONS

Stimulation
parameters not
reported
("programmed
for appropriate
stimulation")

Sham
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Duration
of
Followup
(Months) Pain
1
Scale 0 to 10, median
(IQR), first crossover period:
5 (5 to 6) vs. 7.5 (7.8),
p<0.001
Headache days/week,
median (IQR), first
crossover period: 2.1 (1.2 to
3.3) vs. 6.3 (3.6 to 7),
p<0.001
3
Dichotomous
≥50% reduction in
headache pain intensity:
17.1% vs. 13.5%, RR 1.27
(95% CI, 0.57 to 2.86)
"Good" or "excellent"
headache relief: 50% vs.
18%, RR 2.86 (95% CI,
1.53 to 5.34)
Continuous
Headache days, mean
change (SD NR): -27.2%
vs. -14.9%, p<0.05
3
Dichotomous
≥50% reduction in
headache pain intensity:
17.1% vs. 0%, RR 0.71
(95% CI, 0.51 to 0.99)
Continuous
VAS 0 to 10, average daily
pain intensity, mean change
(SD)
-4 weeks: -2.16 (1.02) vs.
0.34 (0.99), p<0.001
-12 weeks: -2.30 (1.15) vs.
0.79 (1.06), p<0.001

Function
NR

MIDAS score
(>20=severe
disability), mean
(SD NR) at 12
weeks: -64.6 vs.
-20.4 mean
difference (95%
CI): -44.2 (-65.3
to -22.8)

MIDAS score
(>20=severe
disability), mean
change (SD) at
12 weeks: -85.21
(40.63) vs. 12.17 (60.43),
p=0.008

Study,
Year
Country
Quality
Saper,
2011118
Canada,
U.S., and
U.K.
Fair

Duration
of
Followup
Stimulation
Control
Intervention
Type
(Months) Pain
Function
A: Adjustable:
Usual care 3
Dichotomous
Functional
Pulse frequency
Response*: 39.3% vs. 0%, disability (scale
3 to 130 Hz,
RR 14.3 (95% CI, 0.9 to
NR), mean
pulse width 60 to
227.8)
change (SD): 0.3
Continuous
(0.5) vs. 0.0 (0.3)
450 µs, pulse
amplitude 0 to
Scale 0 to 10, mean change
(SD): -1.5 (1.6) vs. -0.6
10.5 V;
(1.0); p>0.05 for all
adjustable by
comparison
patient for pain
B: Preset: 1
minute per day;
other parameters
not described
Abbreviations: CI = confidence interval; IQR = interquartile range; NR = not reported; ONS = occipital nerve stimulation; RR = relative risk; SD = standard deviation; VAS =
visual analogue scale
* ≥50% reduction in headache days per month or ≥3-point reduction in overall pain intensity from baseline
Mean
Duration of
Age
Symptoms
Percent Number
(Years) Female Randomized (Months)
Diagnosis Eligibility
43
80
67
Mean 22
Unsuccessfully tried
≥2 prior treatments
and ≥50% response
to diagnostic ONS
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Detailed Synthesis
Pain

One fair-quality trial found occipital nerve stimulation associated with similar likelihood of
the primary study outcome of at least a 50 percent reduction in headache pain intensity versus
sham stimulation at 12 weeks (17.1% vs. 13.5%, RR 1.27, 95% CI, 0.57 to 2.86).120 However,
occipital nerve stimulation was associated with increased likelihood of at least a 30 percent
reduction in headache pain intensity that just met the threshold for statistical significance (33.3%
vs. 17.3%, RR 1.93, 95% CI, 1.00 to 3.70). Average effects on pain intensity were not reported
in the main publication reporting full multicenter results, but a report from a single center (n=20)
participating in the trial found occipital nerve stimulation associated with a large decrease in pain
intensity at 4 weeks (mean change from baseline -2.16 vs. 0.34 on a 0 to 10 scale, p<0.001) and
12 weeks (mean change from baseline -2.30 vs. 0.79, p<0.001). The poor-quality crossover trial
also found occipital nerve stimulation associated with a large decrease in pain intensity versus
sham stimulation at the end of the initial 1-month (prior to crossover) period (median 5 vs. 7.5,
p<0.001).119
The other fair-quality trial found occipital nerve stimulation with adjustable parameters
associated with greater reduction in pain versus usual care at 3 months, but the difference was
small and not statistically significant (mean change from baseline -1.5 vs. -0.6 on a 0 to 10
scale).118 There was no difference between stimulation using preset parameters versus usual care
in pain.

Function

One fair-quality trial found occipital nerve stimulation associated with greater improvement
in headache related disability versus sham stimulation at 12 weeks (mean change from baseline 64.6 vs. -20.4 on the Migraine Disability Test (MIDAS) score [>20=severe disability], mean
difference -44.2, 95% CI, -65.3 to -22.8).120 The poor-quality crossover trial of occipital nerve
stimulation versus sham did not report effects on headache related disability by treatment
group.119
The other fair-quality trial found occipital nerve stimulation with adjustable parameters
associated with larger decrease in headache disability category versus usual care at 3 months
(mean change in MIDAS severity category -1.3, 95% CI, -2.25 to -0.35); one category level
refers to the MIDAS score decreasing from the “severe” to “moderate” or “moderate” to “mild”
category.118 There was no difference between stimulation using preset parameters versus usual
care in headache related disability.

Other Outcomes

One fair-quality trial found occipital nerve stimulation associated with greater percent
decrease in headache days (mean change from baseline -27.2% vs. -14.9%, p<0.05) and
increased likelihood of reporting “good” or “excellent” headache relief versus sham stimulation
(50% vs. 18%, RR 2.86, 95% CI, 1.53 to 5.34) at 12 weeks.120 The other fair-quality trial found
occipital nerve stimulation with adjustable parameters associated with greater decrease in
headaches days/month versus usual care at 3 months (mean difference -5.7 days, 95% CI, -10.9
to -0.54). Stimulation was also associated with greater improvement from baseline in Profile of
Mood States score (mean difference -8.3 on a 0 to 168 scale, 95% CI, -15.2 to -1.4) and SF-36
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MCS (mean difference 7.0 on a 0 to 100 scale, 95% CI, 1.7 to 12.3).118 There were no
differences between occipital nerve stimulation with present parameters versus usual care in
headache days or measures of psychological well-being.

Harms

The most common device-related adverse event was lead migration, which occurred in 14 to
24 percent of patients in two trials. One trial reported three cases of serious device-related
adverse events requiring hospitalization (5.9% [3/51]).118 The events were implant site infection,
lead migration, and postoperative nausea. In the other trial, persistent pain or numbness at the
implant or lead site was reported in 13.1 percent of patients, skin erosion in 3.7 percent, and
wound site complications in 2.8 percent.120

Effects of Technical Factors

As described above, one trial found occipital nerve stimulation with patient-adjustable
parameters associated with superior outcomes compared with stimulation using preset
(nonadjusted) parameters.118

Piriformis Injection for Piriformis Syndrome
Key Points
•

•
•

One trial (N=50) found piriformis injection with corticosteroid and local anesthetic for
piriformis syndrome associated with no difference versus local anesthetic alone in pain at
rest at 1 week; piriformis injection was associated with a moderate reduction in pain at
rest versus local anesthetic at 1 month (SOE: low for no difference at 1 week and for
benefit at 1 month).
Evidence was insufficient to assess piriformis injection with botulinum toxin.
The mean age of participants ranged from 42 to 57 years.

Description of Included Studies

Four RCTs assessed the effectiveness of piriformis injection for piriformis syndrome
(Appendix Table G-23 to G-25 and Table 12).122-125 Ten participants were randomized in one
small pilot trial122 and the sample sizes in the other trials ranged from 50 to 87. In three trials,
diagnosis of piriformis syndrome required a positive flexion, adduction and internal rotation
(FAIR) test. The fourth trial122 based diagnosis of piriformis syndrome on history and physical
examination. In three trials, mean age ranged from 42 to 57 and symptom duration ranged from 2
to 3 years.122,123,125 One trial did not report demographic or clinical characteristics.124 The
comparisons varied: three trials compared botulinum toxin A (dose 100 to 300 units) versus
placebo (saline) injection,122-124 one of which also evaluated a corticosteroid (triamcinolone
acetonide 20 mg) plus local anesthetic (lidocaine) control injection.123 The fourth trial compared
a corticosteroid (betamethasone) plus lidocaine injection versus lidocaine alone.125 Imaging or
electromyographic guidance was used in all trials (Table 12).
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Table 12. Study characteristics and results of piriformis injection trials
Study,
Year
Country
Quality
Childers,
2002122
U.S
Poor

Mean
Age
(Years)
42.1

Percent
Female
100

Number
Randomized
10

Duration
of
Symptoms
(Months)
≥3

Diagnostic
Criteria
H-reflex
testing not
used for
inclusion

Piriformis
Injection
Botulinum toxin
type A 100 units
(fluoroscopic
guidance)

Control
Type
Placebo

Duration
of
Followup
(Months)
2.5

Fishman,
2002123
U.S
Poor

57.4

67

87

Mean 38.4

Positive
FAIR test
(posterior
tibial nerve
H-reflex
>1.86 ms)

Placebo

3

RR (95% CI) of
≥50% improvement:
9.29 (1.36 to 63.53)

NR

Positive
FAIR test
(posterior
tibial or
fibular
nerve Hreflex
>1.86 ms)

A. Botulinum toxin
type A 200 units
(electromyographic
guidance)
B. Triamcinolone
acetonide 20 mg +
1.5 ml 2%
lidocaine
(electromyographic
guidance)
Botulinum toxin
type A 300 units
(electromyographic
guidance)

Fishman,
2017124
U.S
Poor

NR

NR

56

Placebo

3

Mean (SD) change
from baseline, scale
unclear
4 weeks: -0.39 (0.31)
vs. -0.05 (0.12),
p<0.0001
12 weeks: -0.65
(0.24) vs. -0.008
(0.02), p<0.0001
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Pain
Mean difference
(95% CI), VAS 0 to
10
1 week: -2.2 (-4.4 to
0.02)
4 weeks: -1.5 (-4.6 to
1.6)
9 weeks: -1.0 (-3.4 to
1.4)

Function
Mean difference
(95% CI) in
interference with
activities, VAS 0
to 10
1 week: -2.1 (4.9 to 0.7)
4 weeks: -2.4 (5.2 to 0.4)
9 weeks: -3.2 (6.0 to -0.4)
NR

NR

Study,
Year
Country
Quality
Misirlioglu,
2015125
Turkey
Fair

Mean
Age
(Years)
46.3

Percent
Female
84

Number
Randomized
50

Duration
of
Symptoms
(Months)
Mean 20.3

Diagnostic
Criteria
Positive
FAIR test
(threshold
not
reported)

Piriformis
Injection
Betamethasone 1
ml + 4 ml 2%
lidocaine
(ultrasound
guidance)

Control
Type
Sham

Duration
of
Followup
(Months)
3

Pain
Function
Mean difference
NR
(95% CI) at rest, VAS
0 to 10
1 week: 0.40 (-0.97
to 1.77)
1 month: 1.20 (-0.03
to 2.43)
3 months: 1.20 (0.26
to 2.14)
Mean difference
(95% CI) with
activity, VAS 0 to 10
1 week: 1.10 (-0.50
to 2.70)
1 month: 2.00 (0.70
to 3.30)
3 months: 1.30 (-0.13
to 2.73)
Mean difference
(95% CI) during
sleep, VAS 0 to 10
1 week: 0.80 (-0.68
to 2.28)
1 month: 0.40 (-0.57
to 1.37)
3 months: 0.60 (-0.29
to 1.49)
Abbreviations: CI = confidence interval; FAIR = flexion, adduction, and internal rotation; NR = not reported; RR = relative risk; SD = standard deviation; VAS = visual analogue
scale

61

The trial of a corticosteroid plus lidocaine versus lidocaine was rated fair quality and the
other three trials were rated poor quality (Appendix Table H-1). Methodological limitations in
the poor-quality trials included unclear randomization and allocation concealment, unreported
baseline characteristics, unclear blinding of outcome assessors and care providers, high attrition,
lack of intent-to-treat analysis, and use of unreported (potentially unvalidated) scales to measure
outcomes, including pain. In addition to a very small sample size, the pilot trial did not account
for crossover design in the analysis.122

Detailed Synthesis
Pain

The fair-quality trial (n=50) found no difference between piriformis injection with
corticosteroid plus lidocaine versus lidocaine alone in pain at rest at 1 week (mean difference
0.40 on 0 to 10 VAS, 95% CI, -0.97 to 1.77).125 Differences were larger (mean difference 1.20)
at 1 and 3 months, but only statistically significant at 1 month. A corticosteroid plus lidocaine
was associated with a large reduction in pain with activity at 1 month (mean difference -2.00,
95% CI, -3.30 to -0.70); differences were smaller at 1 week and 3 months (mean differences 1.10 and -1.30 points) and not statistically significant. For pain at sleep, mean differences were
less than 1 point and not statistically significant.
Three poor-quality trials (n=10, 50, and 56)122-124 found piriformis injection with botulinum
toxin A associated with reduced pain versus placebo (saline) injection at 2 to 12 week followup
and one poor-quality trial (n=61)123 found piriformis injection with corticosteroid plus lidocaine
associated with reduced pain versus placebo, but results are difficult to interpret due to serious
methodological limitations.

Function

One poor-quality trial found piriformis injection with botulinum toxin A associated with
improvement in interference with daily activities versus placebo (saline) at 1 and 4 weeks, but
enrolled a small sample (n=10) and did not report the instrument used to measure this
outcome.122 The other trials did not report function.

Other Outcomes

One small (n=10) poor-quality trial found piriformis injection with botulinum toxin A
associated with decreased distress versus placebo (saline) injection at 1 week, using an
unreported instrument.122

Harms

The fair-quality trial reported similar rates of transient sciatic nerve block with piriformis
injections with corticosteroid plus lidocaine and lidocaine alone (24.0% vs. 27.3%).125 Reporting
of harms in the poor-quality trials was limited. The small crossover trial reported no serious
adverse events122 and one trial reported similar rates of any adverse event between piriformis
injection with botulinum toxin versus saline (RR 0.96, 95% CI, 0.32 to 2.94).124
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Peripheral Nerve Stimulation for Ulnar, Median, and Radial
Neuropathy
Key Points
•

Evidence was insufficient to assess peripheral nerve stimulation for upper extremity
peripheral neuropathic pain (SOE: insufficient).

Description of Included Studies

No RCT or controlled observational study compared peripheral nerve stimulation versus
usual care, no stimulation, or sham for upper extremity (ulnar, median, or radial nerve)
neuropathy. One RCT (n=94) compared peripheral nerve stimulation versus sham (current not
applied) for patients with chronic (>3 months) upper extremity, lower extremity, or trunk
peripheral neuropathic pain; some results were reported in the subgroup of patients with upper
extremity pain (n=26) (Appendix Table G-26 and G-27, and Table 13).126 Specific causes of
upper extremity pain were not reported, though pain had to be posttraumatic or postsurgical. The
mean age of patients was 53 years and 42 percent were female. The mean duration of pain was
not reported. Lead placement was performed with imaging (ultrasound or fluoroscopic guidance)
and test stimulation for verification. Parameters varied with phase duration 70 to 500 µ/sec, pulse
rate 1 to 200 Hz, time on ranging from 10 minutes to 12 hours (mean 6 hours per day). Typical
settings were 200 µ/sec and 100 Hz, with amplitude set for paresthesia. Outcomes were assessed
at 3 months. The trial was rated fair quality due to failure to report allocation concealment
methods, unclear blinding of outcome assessors and care providers, and failure to report attrition
(Appendix Table H-1).
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Table 13. Study characteristics and results of peripheral nerve stimulation trial
Study,
Year
Country
Quality
Deer,
2016126
U.S.
Fair

Mean
Age
(Years)
53

Percent
Female
41.5

Number
Randomized
94

Duration
of
Symptoms
(Months)
≥3

Diagnosis Criteria
Severe intractable chronic
pain of peripheral nerve
origin associated with
posttraumatic/postsurgical
neuralgia for ≥3 months,
worst pain level in the last
24 hours ≥5 (NRS 0 to
10), pain is attributable to
a lesion or disease of the
somatosensory nervous
system

Control
Type
Sham

Duration
of
Followup
(Months)
12

Pain
Dichotomous
Responders at 3 months
-Overall (n=94): 38% vs.
10%, RR 3.70 (95% CI, 1.49
to 9.21)
-Upper extremity pain
(n=26): 33% vs. 0%, RR
10.4 (95% CI, 0.6 to 175.2)
Continuous
% reduction, mean (SD)
-Overall (n=94): -27.2% vs. 2.3%, mean difference 24.9%, p<0.0001
-Upper extremity pain
(n=26): -29.2% (33.3) vs. 6.5% (20.0), mean
difference -19.8% (95% CI, 44.6 to 5.0)
Abbreviations: CI = confidence interval; NRS = numeric rating scale; RR = relative risk; SD = standard deviation; SF-12 = Short Form 12-item
*Responders were defined as those with ≥30% reduction in pain and no increase in pain medication
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Function
SF-12 0 to
100, mean
change (SD)
at 3 months
-Overall: 1.4
(5.9) vs. -0.2
(3.4), p=0.04

Detailed Synthesis
Pain

Among the subgroup of patients with upper extremity pain, peripheral nerve stimulation was
associated with greater percent change from baseline in pain intensity at 3 months, but the
estimate was imprecise and not statistically significant (mean difference -19.8%, 95% CI, -44.6
to 5.0).126 The estimate for treatment response (defined as ≥30% reduction in pain with no
increase in pain medication use) also favored peripheral nerve stimulation, but was very
imprecise (33% vs. 0%, RR 10.4, 95% CI, 0.6 to 175.2).

Function and Other Outcomes

The trial did not report function and other outcomes separately for the subgroup of patients
with upper extremity pain.126 For all participants, peripheral nerve stimulation was associated
with greater improvement in Brief Pain Inventory general activity score (mean change from
baseline -2.3 vs. -0.4 on a 0 to 10 scale, p=0.001). Peripheral nerve stimulation was also
associated with greater improvement in Short-Form 12 (SF-12), but the difference was very
small (mean change from baseline 1.4 vs. -0.2 on a 0 to 100 scale, p=0.04).

Harms

Harms were not reported separately for the subgroup of patients with upper extremity pain.
Among all participants, there was no difference between peripheral nerve stimulation versus
sham in likelihood of any adverse events, device related adverse events, or nondevice related
adverse events.126 There were no serious device-related serious adverse events.
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Discussion
Key Findings and Strength of Evidence

The key findings of this review are summarized in Table 14 and the summary of evidence
table (Appendix J). Table 14 shows effects of the interventional procedures and comparisons
evaluated in this report on pain and function at five predefined followup intervals, including the
magnitude of benefit and strength of evidence assessment. The summary of evidence table
provides additional details about the domains used to determine strength of evidence for pain,
function, and additional outcomes.
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Table 14. Interventional pain therapies for acute and chronic pain*

Intervention
Vertebroplasty vs.
sham or usual care
Kyphoplasty vs.
usual care
Cooled
radiofrequency
ablation vs. sham
Cooled vs.
conventional
radiofrequency
denervation
Pulsed
radiofrequency
denervation vs.
shamǁ
Pulsed vs.
conventional
radiofrequency
denervationǁ
Cooled or pulsed
radiofrequency
denervation vs.
sham, usual care, or
conventional
radiofrequency
denervation
Facet joint plateletrich plasma vs. sham
or usual care

Condition
Vertebral
compression
fractures
Vertebral
compression
fractures
Sacroiliac
pain
Presumed
facet joint
pain

Pain
Pain
Pain
Pain
Function Function Function Function
1 to 2
2 to 4
1 to 6
6 to 12
Pain
1 to 2
2 to 4
1 to 6
6 to 12
Function
weeks
weeks
months
months
≥12 months
weeks
weeks
months
months
≥12 months
Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size Effect Size
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
Small†
Moderate‡
Small
Small
Small
Insufficient§
Small
Small
Small
Small
+
++
++
++
++
+++
++
+++
++
Large
++

Large
++

Moderate
+

Moderate
+

Small
+

No
Moderate to Moderate
evidence
large
++
++
No
None
None
evidence
+
+

No
evidence

No
evidence

Small
+

No
evidence

Moderate Moderate to Moderate
+
large
+
++
No
Small to
Moderate
evidence
large
++
+
No
None
None
evidence
+
+

Moderate
+

Small
+

No
evidence

No evidence

None
+

No evidence

Presumed
facet joint
pain

No
evidence

No
evidence

No
evidence

Insufficient Insufficient

No
evidence

No
evidence

No
evidence

Insufficient

Insufficient

Presumed
facet joint
pain

No
evidence

No
evidence

No
evidence

Insufficient Insufficient

No
evidence

No
evidence

No
evidence

Insufficient

Insufficient

Degenerative
hip pain

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No evidence

Presumed
facet joint
pain

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No
evidence

No evidence
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Intervention
Intradiscal plateletrich plasma vs. sham
Intradiscal stem cells
vs. control*
Intradiscal
methylene blue vs.
sham
Intradiscal ozone +
corticosteroid vs.
corticosteroid
Sphenopalatine
block vs. control
Sphenopalatine
block vs. controlǁ
Occipital nerve
stimulation vs. shamǁ
Occipital nerve
stimulation vs. usual
care
Piriformis injection
with corticosteroid
plus local anesthetic
vs. corticosteroid
plus local anesthetic,
or shamǁ
Peripheral nerve
stimulation vs. sham

Condition
Discogenic
back pain
Discogenic
back pain
Discogenic
back pain

Pain
Pain
Pain
Pain
1 to 2
2 to 4
1 to 6
6 to 12
weeks
weeks
months
months
Effect Size Effect Size Effect Size Effect Size
SOE
SOE
SOE
SOE
Insufficient Insufficient Insufficient
No
evidence
No
Insufficient Insufficient Insufficient
evidence
No
No
None
None
evidence evidence
+
+

Function
Pain
1 to 2
≥12 months
weeks
Effect Size Effect Size
SOE
SOE
No
Insufficient
evidence
Insufficient
No
evidence
Insufficient
No
evidence

Function Function Function
2 to 4
1 to 6
6 to 12
Function
weeks
months
months
≥12 months
Effect Size Effect Size Effect Size Effect Size
SOE
SOE
SOE
SOE
Insufficient Insufficient
No
No evidence
evidence
Insufficient Insufficient Insufficient Insufficient
No
evidence

Discogenic
back pain

Insufficient

No
evidence

Insufficient Insufficient

No
evidence

Trigeminal
neuralgia
Chronic
migraine
Chronic
migraine
Chronic
migraine

No
evidence
No
evidence
No
evidence
No
evidence

No
evidence
Insufficient

No
No
evidence
evidence
No
Insufficient
evidence
Insufficient
No
evidence
Insufficient
No
evidence

No
evidence
No
evidence
No
evidence
No
evidence

No
evidence
No
evidence
No
evidence
No
evidence

No
evidence
Insufficient

Piriformis
syndrome

None
+

Moderate
+

Insufficient

No
evidence

No
evidence

No
evidence

No
evidence
No
evidence

No
evidence

Insufficient Insufficient

No
evidence
No
evidence

Small
+

None
+

Insufficient

No
evidence

Insufficient

Insufficient

No
No
No evidence
evidence evidence
No
Insufficient No evidence
evidence
Insufficient
No
No evidence
evidence
Insufficient
No
No evidence
evidence
No
evidence

No
evidence

No evidence

Ulnar, median,
No
No
Insufficient
No
No
No
No
Insufficient
No
No evidence
or radial
evidence evidence
evidence
evidence
evidence evidence
evidence
neuropathy
pain
Abbreviations: SOE = strength of evidence
Effect size: none (i.e., no effect/no statistically significant effect), small, moderate, or large increased risk; SOE: + = low, ++ = moderate, +++ = high.
*Grey shading indicates insufficient or no evidence
†There was no difference in trials with sham control and moderate difference in trials with usual care control, but no statistically significant interaction between control type and
effects on pain (p for interaction=0.14)
‡There was a small difference in trials with sham control and large difference in trials with usual care control, with a statistically significant interaction between control type and
effect on pain (p for interaction <0.01)
§There was no difference in trials with sham control and small difference in trials with usual care control, but no statistically significant interaction between control type and effects
on pain (p for interaction=0.19)
ǁPoor-quality trials excluded
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Vertebroplasty was the only intervention evaluated in a sufficient number of trials to permit
meta-analysis. The evidence on vertebroplasty was of high applicability to Medicare populations
due to enrollment of older (>65 years of age) patients in all of the trials, consistent with the
epidemiology of osteoporotic compression fractures, which predominantly impacts older
patients. Based on pooled estimates, vertebroplasty was associated with small improvements in
pain and function versus controls (sham or usual care) at most time points evaluated (ranging
from 1 to 2 weeks to 12 months and longer). Mean differences for pain ranged from 0.53 to 1.05
points on a 0 to 10 scale and were less than 2 points on the 0 to 24 Roland–Morris Disability
Questionnaire (RDQ). Although these differences were below proposed minimally important
differences (1.5 points for pain72,127,128 and 2 to 3 points or higher for the RDQ),72,129,130 they are
comparable to the benefits observed for other treatments used for pain, including nonsteroidal
anti-inflammatory drugs75 or antidepressants74 for low back pain, epidural corticosteroid
injection for lumbar radiculopathy,44 and opioids for chronic pain,76 which are also below
proposed minimum clinically important differences. Because average differences may obscure
larger benefits that occur in some patients, evaluating effects on pain or function based on the
likelihood of achieving a clinical response (e.g., ≥30% or at least moderate improvement) can
provide complementary information. However, few trials reported the likelihood of achieving a
pain or function response. Results were imprecise with nonstatistically significant differences,
though the likelihood of achieving a pain response favored vertebroplasty at 2 to 4 weeks, 1 to 6
months, and 6 to 12 months.
Although statistical heterogeneity was present in some pooled estimates on effects of
vertebroplasty, the overall findings were consistent with a small benefit. Sources of
heterogeneity could include the type of control (sham versus usual care), the type of sham (with
or without periosteal local anesthetic), or the duration of pain. Benefits of vertebroplasty were
generally larger in trials with usual care rather than sham controls. This is consistent with
increased susceptibility of usual care trials to placebo effects, due to their open-label design,
leading to overestimation of effectiveness due to expectations regarding benefits. However,
differences between control type and effects on pain or function were only statistically
significant for pain at 2 to 4 weeks (at this time point, the effect was small in sham-controlled
trials and large in trials with usual care control). However, our ability to identify statistically
significant interactions was limited by the relatively small number of trials in subgroup analyses,
resulting in imprecise estimates.
Other potential sources of heterogeneity include fracture duration (more acute fractures
potentially more responsive to treatment),94 whether the trials restricted enrollment to patients
with imaging findings indicating bone marrow edema at fracture sites (a marker of fracture
acuity),131 or the volume of cement used in the vertebroplasty procedure (polymethyl
methacrylate [PMMA] volume).132 Although trials of acute fractures (based on either inclusion
criterion of <4 weeks or average pain duration at enrollment of <4 weeks) generally reported
larger estimates of benefit that trials of patients with longer duration of fracture, few trials
evaluated patients with acute fractures (only 1 trial91 was restricted to patients with acute
fractures and the average duration <4 weeks in only 3 trials),80,89,91 subgroup estimates were
imprecise, and analyses indicated no statistically significant subgroup effects. In addition, only
one sham-controlled trial80 focused on patients with acute pain (mean duration <3 weeks),
potentially confounding analyses on control type and pain duration. Further, among the shamcontrolled trials, this trial reported the largest (moderate) benefits of vertebroplasty on pain
intensity at 2 to 4 weeks.80 Although three trials that performed within-study subgroup analyses
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found no statistically significant interaction between fracture duration and effects of
vertebroplasty, acute fractures were defined differently in each trial (<3, <6, or <13 weeks)79,80,83
and two of the trials80,83 reported larger benefit were in patients with more acute fractures.
Requiring bone marrow imaging on magnetic resonance imaging (MRI) (a marker of fracture
acuity) for trial enrollment was not associated with differential effects on pain and results did not
indicate a difference in effects of vertebroplasty based on larger average PMMA volume used.
Another factor that could partially explain decreased effects of vertebroplasty in shamcontrolled trials is related to use of local anesthetic infiltration in patients randomized to sham.81
In four sham-controlled trials that found no benefit of vertebroplasty, patients underwent
periosteal or vertebral body local anesthetic infiltration.79,81-83 In the fifth trial, which found
vertebroplasty associated with moderate benefits, patients randomized to sham underwent
subcutaneous but not periosteal local anesthetic infiltration.80 If infiltration of local anesthetic
into periosteum or bone is associated with therapeutic benefits for fracture beyond subcutaneous
infiltration, it is possible that its use in sham could attenuate benefits of vertebroplasty. However,
this would require that infiltration of cement not have a therapeutic effect beyond local
anesthetic—even though stabilization of the fracture with cement is the proposed mechanism of
action of vertebroplasty. Furthermore, effects of local anesthetic would need to persist long
beyond their expected duration (generally 1 to 8 hours), as differences between sham and usual
care controlled trials are observed at long term (months to beyond a year) followup (Table 4). It
was not possible to isolate the effects of local anesthetic bone infiltration from the shamcontrolled trials, because the trial80 that only utilized subcutaneous local anesthetic infiltration
differed from the others in several other ways that might impact effectiveness, including use of
the largest PMMA volume (7.5 ml vs. 2 to 5.1 ml) and enrolment of the most acute patients (<6
weeks, with mean duration of 2.6 weeks vs. mean of up to 17.8 weeks in the other sham trials).
Evidence on other outcomes of vertebroplasty was more limited, but indicated small effects
on general quality of life (EuroQOL 5-Dimension Questionnaire [EQ-5D]) at some time points,
no differences in condition-specific quality of life (Quality of Life Questionnaire of the European
Foundation for Osteoporosis [QUALEFFO]), and no difference in Short-Form 36 Health Survey
Physical Component Score (SF-36 PCS) or Short-Form 36 Health Survey Mental Component
Score (SF-36 MCS) status. There was no increased risk of incident vertebral fractures or
mortality, though some imprecision in estimates was present; evidence on serious harms was
very imprecise but also did not indicate increased risk.
Like vertebroplasty, kyphoplasty is a vertebral augmentation procedure, but involves
restoration of vertebral body height before injecting cement. Evidence was limited to two openlabel trials, one of which focused on patients with fracture and cancer.99,102 Kyphoplasty was
associated with large improvement in pain and moderate improvement in function at 1 week and
1 month, moderate benefits through 1 year, and small improvements at 2 years. These findings
may be an overestimate, due to potential placebo effects in open-label, usual care trials. There
was no increased risk of serious adverse events, but evidence on incident vertebral fracture and
mortality was inconsistent and imprecise.
Cooled and pulsed radiofrequency denervation are alternatives to conventional
radiofrequency involving use of a cooler probe or decreased current in shorter bursts. Based on
two trials, cooled radiofrequency was associated with moderate to large improvement in pain at 1
month and moderate improvement at 3 month compared with sham in patients with sacroiliac
pain.103,104 For function, benefits were small to large at 1 month and moderate at 3 months.
However, there were no statistically significant differences between cooled versus conventional
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radiofrequency denervation for presumed facet joint pain in pain or function.105 Evidence on
pulsed radiofrequency versus sham or conventional radiofrequency denervation for presumed
facet joint pain was insufficient, based on a single fair-quality trial with imprecise estimates.106
Based on limited evidence, occipital nerve stimulation for headache may be more effective than
usual care for improving headache-related disability and reducing headache days (lead migration
was common and other device-related complications have been reported) and piriformis
corticosteroid injection for piriformis syndrome may be similarly effective versus sham for pain
at 1 week, but more effective for reducing pain at 1 month.
Interpretation of the results of two trials of intradiscal methylene blue trials for presumed
discogenic back pain is challenging. Intradiscal methylene blue was associated with large
benefits versus sham at 6 months in pain and function in an initial trial.112 However, a subsequent
trial111 found no differences between methylene blue versus sham in pain or function at 6
months, despite mimicking the study design of the earlier trial. The earlier trial also found large
benefits at 12 and 24 months; the subsequent trial did not evaluate outcomes beyond 6 months,
but found no differences in pain and small improvements in function at 6 weeks and 3 months. It
is unclear why 6 month results of the trials were discordant, though the earlier trial112 was
assessed as lower (fair) quality, reported a higher participation rate (58% of screened participants
enrolled compared with 6% in the subsequent trial), did not exclude patients with multilevel
disease, and did not exclude patients with positive response to a facet joint block, it is not clear
why these differences would result in greater benefits of intradiscal methylene blue.
For the other interventions addressed in this report, evidence was generally insufficient to
determine benefits and harms, based on single fair-quality trials with methodological limitations,
often with imprecise estimates. No study evaluated cooled radiofrequency denervation versus
sham or usual care for degenerative hip conditions, intradiscal ozone for nonradicular, presumed
discogenic back pain, piriformis injection with botulinum toxin for piriformis syndrome, or
sphenopalatine block for trigeminal neuralgia.

Findings in Relation to What Is Already Known

Our findings regarding vertebroplasty are generally consistent with a recent systematic
review of randomized controlled trials (RCTs) that also found vertebroplasty associated with
small effects on pain and function versus sham treatments that were below prespecified
minimum clinically important thresholds, with larger effects in trials of vertebroplasty versus
usual care.22 Our review differs from this prior review by performing analyses on additional
potential modifiers of treatment effect (PMMA volume, presence of bone marrow edema on
MRI), including overall as well as stratified estimates from sham- and usual care-controlled
trials, evaluating pain duration based on inclusion criteria as well as mean duration of symptoms,
and incorporating additional recently studies and publications81,82,94,95 from a more recent
literature search. We showed that PMMA volume and requiring presence of bone marrow edema
on MRI had little impact on estimates. We also showed that sham and usual care trials reported
similar effects on pain and function at some time points and that pain duration appeared to affect
treatment estimates, suggesting that differences are multifactorial and not solely related to the
type of control used. Unlike another recent review of vertebroplasty in older adults that included
RCTs and non-RCTs, we restricted inclusion to RCTs, strengthening the certainty in findings,
though overall conclusions were similar.133 We also identified additional data on mortality,
serious adverse events, and incident fractures to provide more robust estimates and confidence
that vertebroplasty does not increase risk of these outcomes (though some imprecision persists).
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Two recent meta-analyses134,135 that included observational studies, which may be a useful
supplement to RCTs for evaluating harms, were consistent with our review in finding no
association between vertebroplasty versus nonsurgical management and increased risk of
subsequent incident fractures or mortality. In one of the reviews, vertebroplasty was associated
with a protective effect on mortality (hazard ratio 0.78, 95% confidence interval, 0.69 to 0.71).134
We found no indication of a protective effect of vertebroplasty on mortality, suggesting that the
findings based on observational studies should be interpreted with caution and could be related to
confounding by indication, if patients are selected for vertebroplasty based in part on being
healthier and at lower risk of mortality.
Our findings regarding kyphoplasty are consistent with a recent systematic review that also
found no sham-controlled trials and greater reduction in pain and improvement in function
versus usual care.136 Our findings are also consistent with a recent systematic review137 of cooled
radiofrequency denervation and association with benefit for sacroiliac pain that included RCTs
as well as observational studies. Although a recent systematic review evaluated radiofrequency
denervation for chronic back pain, it did not focus on effects of pulsed or cooled radiofrequency
specifically.24 Regarding the other interventional procedures addressed in this report, we found
systematic reviews to be lacking, likely reflecting the paucity of evidence. Therefore, our review
adds to what is known by providing a systematic synthesis of the available evidence. Our review
of reference lists from nonsystematic reviews verified the absence of additional RCTs.

Applicability

As previously noted, evidence on vertebroplasty and kyphoplasty is highly relevant for
Medicare-eligible patients. These procedures are performed for vertebral compression fractures,
most commonly due to osteoporosis, a condition which increases in prevalence with age. All
trials of vertebroplasty and kyphoplasty enrolled patients with a mean age of 65 years of older,
with the exception of one trial99 of kyphoplasty for vertebral compression fractures related to
cancer in which the mean age was 64 years. Trials of vertebroplasty and kyphoplasty generally
appeared to use techniques consistent with current practice and most were conducted in very
high human development index countries, likely increasing applicability to clinical practice in
the United States. The majority of participants in the trials were women, consistent with the sex
distribution of this condition, but one trial found no association between sex and effects of
vertebroplasty.79
The evidence on the other interventional procedures evaluated in this report may be less
directly applicable to Medicare-eligible patients. The mean age of trial participants for these
procedures ranged from 40 to 59 years and some trials (e.g., the trials of intradiscal methylene
blue for presumed discogenic back pain)111,112 specifically excluded older (>66 years) patients.
No trial reported results stratified by older age or other factors relevant for determining Medicare
eligibility, such as disability status or presence of end-stage renal disease. The lack of direct
evidence in Medicare-eligible patients is unsurprising, given the overall lack of evidence on
these procedures.

Implications for Clinical and Policy Decision Making

Our review has implications for clinical and policy decision making. Findings of this review
may inform use of vertebroplasty in Medicare-eligible patients. Although benefits of
vertebroplasty were classified as small, they are comparable with the benefits observed with
other therapies for pain, including nonsteroidal anti-inflammatory drugs75 and antidepressants74
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for chronic low back pain, opioids for chronic pain,76 epidural corticosteroid injections for
lumbar radiculopathy,44 and psychological therapies for chronic pain.138 For all of these
therapies, pain reduction averaged 0.5 to less than 1.0 point on a 0 to 10 scale. For
vertebroplasty, interpretation of small benefits is complicated by inability to completely
disentangle effects of study design (sham vs. usual care) from other factors (pain duration,
potential therapeutic effects of sham, and others) that may impact estimates of benefit.
Use of vertebroplasty for treatment of vertebral compression fractures remains controversial.
Decisions regarding use of vertebroplasty should take into consideration the severity of pain and
response to analgesics and other medical management. In patients with more severe pain who are
not responding to medical management, factors that may inform decisions to use vertebroplasty
include the relatively small benefit, uncertainty regarding potential benefits (including magnitude
of placebo effects) and harms (including risk of incident vertebral fracture), costs, and variability
in patient preferences or how they value small average benefits. This approach is consistent with
a proposed (not finalized) Medicare Local Coverage Determination document.139 In the proposed
Local Coverage Determination, presence of bone marrow edema on imaging is required. Based
on the evidence reviewed in this report, there is insufficient evidence to identify subgroups more
likely to benefit from vertebroplasty based on pain duration or presence of bone marrow edema,
or technical factors associated with greater benefit, such as optimal PMMA volume.
Although our report found that kyphoplasty was associated with larger benefits than
vertebroplasty, these estimates are likely an overestimate, given that results are derived from
open-label, usual care-controlled trials. Systematic reviews that included trials that directly
compared kyphoplasty versus vertebroplasty (not eligible for our report) found no differences
between the procedures, supporting similarity in benefits.22 Therefore, considerations like those
described for vertebroplasty are also likely to be relevant for decisions regarding kyphoplasty. Of
note, kyphoplasty is considered a more technically complex procedure and more costly, but is
usually preferred when there is more compression of the vertebral body, and there is more
uncertainty with regard to benefits as well as harms.
Cooled radiofrequency denervation appears to have potential for treatment of sacroiliac pain.
Selection of patients for this procedure should take into account that in both trials in which
cooled radiofrequency denervation was found to be effective, patients were selected on the basis
of a positive response to a sacroiliac diagnostic block and lack of response to conventional
(medical) therapy. A factor complicating use of cooled radiofrequency was that the trials utilized
different techniques, with insufficient evidence to determine the optimal method: in one trial,103
cooled radiofrequency denervation was performed to the S1 to S3 lateral branches and
conventional radiofrequency denervation to the L4 and L5 dorsal rami, whereas in the other
trial104 cooled radiofrequency was performed at the L5 dorsal ramus and the S1 to S3 sites. The
trials required patients to have at least a 75 percent reduction in pain with diagnostic block,
which should inform considerations regarding patient selection for this procedure.
For the other interventional procedures and conditions evaluated in this report, current
evidence was too limited to guide clinical and policy decision making. For some interventions
and comparisons, current evidence suggested no benefit, though the strength of evidence was
low (methylene blue vs. sham for presumed discogenic back pain and cooled vs. conventional
radiofrequency denervation for presumed facet joint pain).
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Limitations of the Systematic Review Process

We focused on randomized trials, because observational and other non-randomized studies
are more susceptible to bias and confounding, especially when assessing more subjective
outcomes such as pain and function.48 Furthermore, non-randomized studies have been shown to
overestimate benefits of interventional pain treatments. For example, non-randomized studies of
vertebroplasty reported complete and sustained pain relief in 78 percent to 90 percent of patients
and non-randomized studies of intradiscal electrothermal therapy55 and transforaminal epidural
steroid injection53 reported reductions in pain intensity of 2 to 4.5 points on a 10 point pain scale
versus usual care or sham, compared with less than 1 point in RCTs of these therapies..43,57
Although cohort studies assessing benefits would have been included if no RCTs were available,
there was at least 1 RCT for all interventions addressed in this report. We also planned to include
large (n>500) case series on rare and serious harms, but did not identify such eligible studies.
We excluded non-English language articles and did not search for or include non-peer
reviewed studies or studies published only as abstracts. This resulted in the exclusion of one
completed sham-controlled trial (n=80) of patients with chronic (>3 months) vertebral
compression fractures published as a non-peer-reviewed preprint;140 results were consistent with
our analyses in finding vertebroplasty associated with small to moderate benefits in pain
intensity and quality of life. Meta-analyses were not possible for interventions other than
vertebroplasty, due to small numbers of studies and methodological limitations. In the metaanalyses of vertebroplasty, assessment for small sample effects (a potential marker of publication
bias) using statistical and graphical methods was limited to analyses on pain intensity at two time
points with 10 trials (neither indicated small sample effects); the other analyses included fewer
than 10 trials, a proposed threshold for informative analyses of small sample effects.141 Analyses
of subgroup effects in the vertebroplasty meta-analyses were limited by small numbers of trials
in subgroups, with imprecise estimates. In addition, subgroup analyses were based on study level
data, which are limited in their ability to evaluate factors that vary on an individual level (e.g.,
pain duration or severity). We did not have access to individual patient data, which would have
enabled more robust evaluations of demographic, clinical, and technical characteristics and
impacts on vertebroplasty outcomes. Some pooled estimates were associated with high statistical
heterogeneity; because of anticipated heterogeneity, a random effects model was used to perform
meta-analysis. We excluded active-controlled trials, focusing on outcomes compared with sham
or usual care controls, with the exception of trials of cooled or pulsed radiofrequency
denervation versus conventional radiofrequency denervation, which were included because these
techniques have been proposed as alternatives to conventional radiofrequency denervation. We
excluded trials that combined multiple therapies in order to focus on the effects of the specific
interventional procedures of interest, with the exception of intradiscal ozone plus epidural
corticosteroid versus epidural corticosteroid for lumbar radiculopathy with herniated disc, which
was included because no trial evaluated intradiscal ozone therapy alone and epidural
corticosteroids are considered a standard treatment for this condition. We did not address
outcomes prior to 1 week; therefore, our review does not address immediate and very early
outcomes of interventional procedures. Such very early outcomes are likely more relevant for
patients with acute pain than for the chronic pain conditions addressed by most of the
interventions in this report. For parallel group trials in which high crossover rates occurred
(usually from sham or usual care to the intervention), we focused on results reported prior to
high crossover, to preserve randomization and the intent-to-treat approach.
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Limitations of Evidence Base

The evidence base had important limitations. For vertebroplasty, trials varied with regard to
patient selection criteria (e.g., duration of pain), technical factors (e.g., volume of PMMA), and
sham interventions (e.g., sites of local anesthetic infiltration); in addition, the usual care
interventions were not well standardized or defined. Some factors were correlated (e.g., only 1
sham-controlled trial enrolled patients with pain <4 weeks and did not utilize periosteal local
anesthetic injection like the other trials) and evidence was insufficient to fully disentangle the
effects of these factors. Pain and function were the most commonly reported outcomes, with
limited evidence on quality of life, health status (e.g., SF-36), mood, analgesic (including opioid)
use, and other outcomes. Most results were based on mean differences in outcomes, with few
trials reporting the likelihood of achieving a clinically relevant response. Data on harms were
relatively sparse and inconsistently reported. The trials were not designed to evaluate how
benefits and harms varied in populations defined by demographic, clinical, or technical factors.
Data on long-term (≥1 year) outcomes was relatively limited.
For the other interventional procedures evaluated in this report, the major limitation was the
small numbers of trials, with important methodological shortcomings in almost all available
trials. There was also variability with regard to use of sham or usual care comparators, as well as
among sham and usual care treatments, representing a potential source of heterogeneity. Usual
care was often not well described, making it difficult to determine applicability to clinical
practice. For kyphoplasty, a major limitation is the absence of sham-controlled trials.

Research Recommendations

For vertebroplasty, the need for additional RCTs has been questioned, given moderate to
high certainty that benefits are likely to be no greater than small.142 However, a number of
outstanding questions regarding vertebroplasty remain, including whether some sham
interventions have therapeutic effects and whether benefits are greater in patients with
hyperacute (e.g., <3 weeks pain). If conducted, future RCTs should be sham-controlled to reduce
potential placebo effects and be designed to address effects of pain duration on effects of
vertebroplasty (e.g., via sufficiently powered subgroup analyses of patients with <3 weeks and of
patients with <3 weeks and 3 to 6 weeks pain), whether periosteal infiltration with local
anesthetic without administration of PMMA is associated with an independent, persistent
therapeutic effect (e.g., via inclusion of control arms using different sham with and without
periosteal local anesthetic), and long-term outcomes, including harms. Alternatively, an
individual patient data meta-analysis of existing trials could more robustly evaluate how factors
such as pain duration, baseline pain severity, PMMA volume, MRI findings, and other factors
impact outcomes of vertebroplasty. Comparator treatments, including the components of usual
care, should be described with sufficient detail to determine applicability to practice.
For the other procedures addressed in this report, there is a need for rigorous RCTs to clarify
benefits and harms. As illustrated by the example of intradiscal methylene blue, promising
results of future RCTs will require confirmatory trials. Ideally, future RCTs should attempt to
minimize placebo effects by utilizing appropriate sham interventions and include rigorous
assessment of harms and longer-term outcomes. For cooled radiofrequency for sacroiliac pain,
additional research would be helpful to clarify optimal techniques, given the variability in
methods between the two available trials.103,104 Prospective clinical registries designed to
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evaluate uncommon and serious harms would be a useful supplement to RCTs, given likely
sample size limitations.

Conclusions

Vertebroplasty is probably effective at reducing pain and improving function in older patients
with vertebral compression fractures; benefits are small but similar to other therapies
recommended for pain. Evidence was too limited to separate effects of control type and symptom
acuity on effectiveness of vertebroplasty. Kyphoplasty has not been compared against sham, but
is probably more effective than usual care for vertebral compression fractures in older patients.
In younger populations, cooled radiofrequency denervation is probably more effective than sham
for sacroiliac pain. Research is needed to determine the benefits and harms of the other
interventional procedures and conditions addressed in this review.
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Appendix C. Quality Rating Criteria
Randomized Controlled Trials
Selection Bias
•
•

Randomization Sequence Generation: Is the method used to generate the allocation
sequence described in sufficient detail to allow an assessment of whether it should
produce comparable groups?
Allocation Concealment: Is the method used to conceal the allocation sequence described
in sufficient detail to determine whether intervention allocations could have been
foreseen in advance of, or during, enrollment?

Performance Bias
•

Blinding of Participants and Personnel: Are the measures used to blind study participants
and personnel from knowledge of which intervention a participant received adequate to
ensure blinding was effective?

Detection Bias
•

Blinding of Outcome Assessments: Are measures used to blind outcome assessors from
knowledge of which intervention a participant received adequate to ensure the intended
blinding was effective.

Attrition Bias
•

Incomplete Outcome Data: To what degree do missing data and attrition likely affect
outcomes (20% overall or differential between groups is considered high risk)?

Reporting Bias
•

Selective Reporting: Do authors pre-specify outcomes and report findings for all
outcomes?

Other Sources of Bias
•

State any important concerns about bias not addressed in other domains. Primarily
assessed on concerns of contamination, confounding, and baseline differences.

Selections for each criteria included: Yes, No, and Unclear.

Definition of Ratings Based on Above Criteria
Good
•
•

Least risk of bias, results generally considered valid
Employ valid methods for selection, inclusion, and allocation of patients to treatment;
report similar baseline characteristics in different treatment groups; clearly describe
attrition and have low attrition; use appropriate means for preventing bias (e.g., blinding
C-1

of patients, care providers, and outcomes assessors); and use appropriate analytic
methods (e.g., intention-to-treat analysis)

Fair
•
•

•

Poor
•
•
•

Susceptible to some bias but not enough to necessarily invalidate results
May not meet all criteria for good quality, but no flaw is likely to cause major bias; the
study may be missing information making it difficult to assess limitations and potential
problems
Category is broad; studies with this rating will vary in strengths and weaknesses; some
fair-quality studies are likely to be valid, while others may be only possibly valid
Significant flaws that imply biases of various kinds that may invalidate results; “fatal
flaws” in design, analysis or reporting; large amounts of missing information;
discrepancies in reporting; or serious problems with intervention delivery
Studies are at least as likely to reflect flaws in the study design or execution as the true
difference between the compared interventions
Considered to be less reliable than higher quality studies when synthesizing the evidence,
particularly if discrepancies between studies are present

Source: Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions Version 6.2. The
Cochrane Collaboration, 2021. http://handbook.cochrane.org. Used with permission.
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Appendix D. Detailed Statistical Methods

Random effects meta-analysis using the profile likelihood method was performed to
combine randomized trials of vertebroplasty versus sham vertebroplasty or usual care. Because
of the potential impact of the type of control group on treatment effects, the primary analysis was
stratified according to whether the control group received a sham intervention or usual care.
Separate analyses were performed for the prespecified followup duration categories (1 to 2
weeks, 2 to 4 weeks, 1 to 6 months, 6 to 12 months, and 12 months and longer). For studies that
reported outcomes at more than one time point within a duration category, we used data for the
longest duration within the category.
For continuous outcomes, mean differences was the effect measure for pain, health status,
quality of life, and mental health outcomes, and pain scales were converted to a common 0 to 10
scale. For function, standard mean difference (SMD) was the effect measure due to differences in
the scales used (most commonly, RDQ and ODI). We also pooled data separately for RDQ and
ODI, using the original scales, to aid in interpretation of results. For health status, we pooled SF36 Physical Component Summary (PCS) and Mental Component Summary (MCS) scores. For
quality of life, we pooled the EQ-5D (a generic measure of quality of life) separately from the
QUALEFFO score (an osteoporosis-specific measure of quality of life). For both mean
difference and SMD, adjusted or unadjusted mean difference from the analysis of covariance or
other appropriate regression models was used if available, followed by difference in followup
score and change score. There were no missing SDs for followup or change scores that needed
imputation. When reported SDs were implausibly small, we re-calculated SDs based on the
assumption that they were actually standard errors and misreported as SDs (a conservative [i.e.,
resulting in less precise estimates] assumption); sensitivity analysis was conducted using SDs as
reported. Estimates were slightly larger in the sensitivity analysis but did not change overall
conclusions and are not described further.
Pooled relative risks (RR) were estimated for binary outcomes including pain response,
function improvement, mortality, medication use, and incident vertebral fracture. When a study
reported dichotomized pain or function response using multiple thresholds, data were selected
for inclusion in the meta-analysis in the following descending order: 30 percent or more
improvement, an alternative numerical threshold closest to 30 percent or more improvement, and
“moderate” or “good” (or similar categories, for pain relief) on a categorical scale.
Statistical heterogeneity was assessed using the I2 statistic51 and the Cochran’s χ2 test. All
meta-analyses were conducted using Stata/SE 16.1 (StataCorp, College Station, TX). For pain
intensity, which was the most commonly evaluated outcome, a stratified analysis was performed
based on the trials’ pain duration inclusion criteria (acute [<4 weeks], acute or subacute [up to 6
to 10 weeks], acute through chronic [up to 12 months], or subacute or chronic only [acute
excluded]); because pain inclusion criteria were overlapping and studies using the same inclusion
criterion (e.g. up to 12 months) could enroll populations with substantially different average pain
duration, we also analyzed pain duration according to the mean/median at enrollment (<4 weeks,
4 to 8 weeks, or ≥8 weeks). Stratified analyses were also performed on PMMA volume (<5 ml or
≥5 ml), MRI findings of bone marrow edema required for inclusion (yes or no), and quality
(good, fair, or poor). For function, which was evaluated in four to seven trials (depending on
time point), stratified analysis was limited to mean/median pain duration and study quality. For
other outcomes, due to small numbers of trials, analyses were only stratified by control type.
Differences in treatment effects among subgroups were evaluated using meta-regression. For
analyses with at least 10 trials, small sample effects were evaluated using funnel plots and the
Egger test.
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Appendix E. Grading the Strength of Evidence

Criteria:
• Study limitations (low, medium, or high level of study limitations)
o Rated according to the degree to which studies for a given outcome are likely to
reduce bias based on study design and conduct across individual studies. Evidence
was rated down for study limitations when higher-quality studies were not available
or if there were few higher-quality trials and estimates differed in analyses stratified
by study quality.
• Consistency (consistent, inconsistent, or unknown/not applicable)
o Rated by degree to which studies find similar magnitude of effect (i.e., range sizes are
similar) or same direction of effect (i.e., effect sizes have the same sign). When
pooled estimates were available, evidence was rated inconsistent if the I2 was greater
than 40 percent, unless findings were consistent in subgroup analyses and there were
sufficient trials (>20) for subgroup analyses to be informative.
• Directness (direct or indirect)
o Rated by degree to which the outcome is directly or indirectly related to health
outcomes of interest. Patient centered outcomes are considered direct
• Precision (precise or imprecise)
o Describes the level of certainty of the estimate of effect for a particular outcome with
a precise estimate being on that allows a clinically useful conclusion. This may be
based on sufficiency of sample size and number of events, and if these are adequate,
the interpretation of the confidence interval. Evidence was rated imprecise if the
pooled estimate confidence interval (CI) crossed the null and the threshold for small
magnitude of effect.
• Reporting bias (suspected or undetected)
o Publication bias, selective outcome reporting, and selective analysis reporting are
types of reporting bias. Reporting bias is difficult to assess as systematic
identification of unpublished evidence is challenging. If sufficient numbers of RCTs
(>10) are available, quantitative funnel plot analysis may be done.
An overall SOE grade of high, moderate, low, or insufficient was assigned, based on a fourlevel scale by evaluating and weighing the combined results of the above domains. Bodies of
evidence consisting of RCTs are initially considered as high strength. The strength of the
evidence may be downgraded based on limitations identified in the domains described above.
The SOE levels were defined as:
• High—High confidence that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has few or no deficiencies. We believe that the findings
are stable, i.e., another study would not change the conclusions.
• Moderate—Moderate confidence that the estimate of effect lies close to the true effect for
this outcome. The body of evidence has some deficiencies. We believe that the findings
are likely to be stable, but some doubt remains.
• Low—Limited confidence that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has major or numerous deficiencies (or both). We believe
that additional evidence is needed before concluding either that the findings are stable or
that the estimate of effect is close to the true effect.
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•

Insufficient—No evidence, unable to estimate an effect, ore no confidence in the estimate
of effect for this outcome. No evidence is available or the body of evidence has
unacceptable deficiencies, precluding reaching a conclusion.
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Appendix G. Data Abstraction Tables
Table G-1. Trials of vertebral augmentation procedures to treat vertebral compression fractures – study characteristics
Vertebral
Augmentation
Procedure
Vertebroplasty

Author,
Year
Trial
Blasco,
2012

Study
Setting/Provider
Design
Type
Duration
Country
Eligibility Criteria
RCT
1 center,
Osteoporotic VCF from T4 to L5 with clinical onset
12 months interventional
<12 months, confirmed by spine radiograph and by
radiology
the presence of edema on MRI or activity on bone
Spain
scan, and pain VAS (0 to 10) ≥4
Excluded: untreatable coagulopathy, active local or
systemic infection, current malignancy, vertebral canal
occupation by a fragment of the vertebral body or
nonosteoporotic VCF, active associated disorders
(i.e., fibromyalgia or spondyloarthropathies) or other
disorders (i.e., dementia) potentially interfering with
assessment of quality of life and pain
Vertebroplasty Buchbinder, RCT
4 centers,
Back pain ≤12 months duration, 1 or 2 recent
2009
24 months interventional
vertebral fractures (defined as vertebral collapse of
(see
radiology
grade 1 or higher [scale 0 to 3, higher numbers
Additional
Kroon
Australia
indicating greater vertebral collapse], and edema, a
publications: 2014 for
fracture line, or both within the vertebral body on MRI
Kroon, 2014 12 and 24
Excluded: >2 recent vertebral fractures, spinal cancer,
and Staples month
neurologic complications, osteoporotic vertebral
2015
results)
collapse >90%, fracture through or
destruction of the posterior wall, retro pulsed bony
fragment or bony fragments impinging on the spinal
cord, medical conditions that would make the patient
ineligible for emergency decompressive surgery if
needed, previous vertebroplasty

Vertebroplasty Staples,
2015

RCT
additional
followup
2 years

Secondary
publication
of
Buchbinder
2009
Vertebroplasty Kroon, 2014 RCT
Secondary
2 years
publication
of
Buchbinder,
2009

Interventions
A: Vertebroplasty: Most procedure performed with
bilateral transpedicular 10-gauge or 13-gauge
needle injection of PMMA cement (Exolent Spine,
Elmdown, London, UK, mean volume not
reported). CT immediately or 24 hours after the
procedure
B: Usual care: Analgesics and nasal calcitonin
(doses not reported); intrathecal infusion (25 µg
fentanyl and 1.5 mg bupivacaine) for breakthrough
pain or if medications ineffective

see Buchbinder,
2009

see Buchbinder, 2009

A: Vertebroplasty: Periosteum of the posterior
lamina infiltrated with local anesthetic, 13-gauge
needle was placed posterolaterally relative to the
eye of the pedicle and guided into the anterior twothirds of the fractured vertebral body and
approximately 3 ml prepared PMMA slowly
injected into the vertebral body (mean 2.8 ml [SD
1.2]); satisfactory infiltration of the vertebral body
confirmed radiographically
B: Sham vertebroplasty: Periosteum of the
posterior lamina infiltrated with local anesthetic,
13-gauge needle inserted as for vertebroplasty,
then the central sharp stylet was replaced with a
blunt stylet; to simulate vertebroplasty, the
vertebral body was gently tapped; PMMA was
prepared so that its smell permeated the room
see Buchbinder, 2009

see Buchbinder,
2009

see Buchbinder, 2009

see Buchbinder, 2009
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Vertebral
Augmentation
Procedure
Vertebroplasty

Author,
Year
Trial
Chen, 2014

Study
Setting/Provider
Design
Type
Duration
Country
Eligibility Criteria
RCT
1 center,
Chronic osteoporotic compression spinal fractures on
12 months orthopedic
MRI (low signal on T1-weighted and high signal on
surgery
T2-weighted scans) and persistent back pain for ≥3
China
months
Excluded: NR

Vertebroplasty Clark, 2016
VAPOUR

RCT
6 months

Vertebroplasty Diamond,
2020
VAPOUR

RCT
6 months

Vertebroplasty Farrokhi,
2011

4 centers,
interventional
radiology
Australia

4 centers,
interventional
radiology
Australia
RCT
1 center,
36 months neurosurgery
Iran

Interventions
A: Vertebroplasty: Bone puncture needle (13 G,
Cook Medical, Bloomington, IN, USA) was placed
transpedicularly in the fractured vertebra. After
removal of the inner needle, commercially
available PMMA (Osteo-Firm, Cook Medical) was
injected into the fractured vertebra under
continuous fluoroscopic monitoring (mean 3.6 ml
[range 3 to 6 mL]).
B: Usual care: Offered brace treatment, analgesia,
general mobilizing physiotherapy, and
osteoporotic medication treatment, including
vitamin D and bisphosphonate
≥60 years with back pain of <6 weeks, NRS score ≥7, A: Vertebroplasty: 11-guage or 13-gauge
vertebroplasty needle introduced into the vertebral
MRI confirming 1 or 2 recent fractures.
body with unipedicular or bipedicular technique
Excluded: chronic back pain requiring opiate use,
with fluoroscopic guidance, using an AVAMAX kit
substantial fracture retropulsion, acute infection,
spinal malignancy, neurological complications, and >2 (CareFusion Corporation). Aimed to fill vertebral
body with PMMA from superior to inferior
vertebral fractures.
endplate, mid-pedicle to mid-pedicle in frontal
projection, and from anterior cortex to posterior
third of vertebral body (mean 7.5 ml [SD 2.8])
B: Sham vertebroplasty: Subcutaneous lidocaine
but not periosteal numbing. Manual skin pressure
and regular tapping on the needle was done,
mimicking vertebroplasty needle advanced, with
conversation about PMMA mixing and injection to
suggest vertebroplasty was being done.
Patients included in the VAPOUR (Clark, 2016) trial
See Clark, 2016
with fractures ≤3 weeks in duration.
VCF with 10 to 70% loss of vertebral body height;
severe back pain related to VCF refractory to
medications for ≥4 weeks and ≤1 year; focal
tenderness on examination related to level of fracture;
T-score <-2.5 on bone densitometry; vacuum
phenomenon or bone marrow edema of vertebral
fracture on MR imaging; unresponsive to medical
therapy
Excluded: uncorrected coagulopathy; local or
systemic infection; secondary osteoporosis; impaired
cardiopulmonary function; dementia; posterior wall
defect of the VB on CT studies; painless VCF; spinal
cancer; traumatic fracture; and neurological
complications

G-2

A: Vertebroplasty: 11-gauge needle inserted into
the vertebral body via a unilateral parapedicular
approach in 35 patients (87.5%) and via a bilateral
transpedicular approach in 5 patients (12.5%). A
bilateral transpedicular approach was used only if
there was inadequate instillation of cement with
the unilateral approach under fluoroscopy. A
PMMA mixture was injected into the vertebral
body (mean 3.5 ml for 1 level fracture and 5 ml for
multilevel fractures)
B: Usual care: Acetaminophen 250 mg with
codeine twice daily, ibuprofen 400 mg twice daily,
calcium 1000 mg daily, vitamin D 400 IU daily,
alendronate 70 mg orally once weekly, and
calcitonin 200 IU daily

Vertebral
Augmentation
Procedure
Vertebroplasty

Author,
Study
Year
Design
Trial
Duration
Firanescu,
RCT
2018 & 2019 12 months
VERTOS IV

Setting/Provider
Type
Country
4 centers,
interventional
radiology
the Netherlands

Eligibility Criteria
≥50 years, T5 to L5 focal back pain of ≤9 weeks
duration, bone density T score ≤-1, ≥15% loss
vertebral height, bone edema on MRI
Excluded: severe cardiopulmonary morbidity,
untreatable coagulopathy, systemic or local spine
infection, suspected malignancy, neurological
symptoms, or inability to undergo MRI

Vertebroplasty Hansen,
2019
VOPE

RCT
1 center, surgery Osteoporotic VCF from T5 to L5, VAS >7.0 (0 to 10
12 months Denmark
scale), ≤8 weeks of back pain and a MRI-STIR
sequence showing edema.
Excluded: history of malignancy, age <50 years,
known allergy towards vertebroplasty components,
dementia (based on MMSE), long bone osteoporotic
fracture

Vertebroplasty Kallmes,
2009 and
Comstock,
2013
INVEST

RCT
11 centers,
12 months provider type not
described
U.K., Australia,
and U.S.

≥50 years, 1 to 3 painful osteoporotic VCFs between
T4 and L5, duration <1 year, inadequate relief with
standard medical therapy, pain ≥3 (0 to 10 scale)
Excluded: evidence or suspicion of neoplasm in the
target vertebral body, substantial retropulsion of bony
fragments, concomitant hip fracture, active infection,
uncorrectable bleeding diatheses, surgery within the
previous 60 days, lack of access to a telephone,
inability to communicate in English, and dementia.

G-3

Interventions
A: Vertebroplasty: Bone biopsy needles at
vertebral body positioned bilaterally, using
standard transpedicular placements with local
anesthetic (1% lidocaine into each pedicle
followed by 0.25% ropivacaine) unless conscious
sedation required (50 μg fentanyl in 22% of
patients), PMMA injection stopped when cement
leakage was noticed via CT (mean PMMA volume
5.1 ml [SD 1.8]). In participants with multiple
fractures, all were treated.
B: Sham vertebroplasty: Stab incisions at level of
the vertebral body, local anesthetic as above,
PMMA prepared in close proximity to the
participants to duplicate mixing sound and smell;
simulated procedure using verbal and physical
cues.
A: Vertebroplasty: 11-gauge needles inserted into
the fractured vertebral body via the pedicles under
fluoroscopic guidance and a biopsy specimen was
taken, then 2 to 4 ml of bone cement was injected
into fracture vertebral body.
B: Sham vertebroplasty: Same procedure, with
bone cement mixed to create the odor similar to a
PVP-procedure; lidocaine 2 ml (10 mg/ml) injected
into fractured vertebral body.
A: Vertebroplasty: Subcutaneous tissues overlying
pedicle infiltrated with 1% lidocaine and
periosteum of pedicles infiltrated with 0.25%
bupivacaine. 11- or 13-gauge needles passed into
the central aspect of the target vertebra or
vertebrae. Barium opacified PMMA was prepared
on the bench and infused under constant lateral
fluoroscopy into the vertebral body. Infusion
stopped when the PMMA reached to the posterior
aspect of the vertebral body or entered an extra
osseous space (mean PMMA volume 2.6 ml).
B: Sham vertebroplasty: Subcutaneous tissues
overlying pedicle infiltrated with 1% lidocaine and
periosteum of pedicles infiltrated with 0.25%
bupivacaine. Verbal and physical cues, such as
pressure on the patient’s back, then methacrylate
monomer opened to simulate the odor associated
with mixing of PMMA, but needle not placed and
PMMA not infused

Vertebral
Augmentation
Procedure
Vertebroplasty

Author,
Year
Trial
Klazen,
2010 and
Venmans,
2011
VERTOS II

Study
Setting/Provider
Design
Type
Duration
Country
Eligibility Criteria
RCT
6 centers,
≥50 years, ≥15% height loss, fracture at thoracic 5 or
12 months interventional
lower (meaning toward lumbar region), bone edema
radiology
on MRI, back pain ≤6 weeks, ≥5 VAS (0 to 10 scale)
the Netherlands Excluded: severe cardiopulmonary comorbidity;
and Belgium
untreatable coagulopathy; systemic or local spine
infection; suspected underlying malignant disease;
radicular syndrome; spinal-cord compression
syndrome; and contraindication
for MRI
Vertebroplasty Leali, 2016
RCT
Multicenter
Postmenopausal women with 1 thoracic or lumbar
6 months (number of
VCF caused by primary or secondary osteoporosis
centers not
with severe acute (not defined) pain, VCF height of
reported),
the visible loss of vertebral body in radiography and
provider type not standard evidence of osteoporosis on bone
described
densitometry, bone marrow edema of the affected
Italy, France,
VCF on spine MRI, and the presence of evidence of
Switzerland
an acute fracture.
Excluded: pathological fracture due to
myeloma/metastasis, retropulsion mass of bone
fragments in the spinal canal, unstable
cardiopulmonary conditions, coagulopathy incurable,
systemic infection in progress, or local infection spine,
radicular syndrome or spinal cord compression.
Vertebroplasty Rousing,
RCT
1 center,
Intractable pain due to acute (<2 weeks, 40 patients)
2009 & 2010 12 months orthopedic
or subacute (between 2 and 8 weeks, 10 patients)
surgery
osteoporotic fractures preventing the patient in taking
Denmark
care of oneself, and sufficient cognitive function to
complete the study
Excluded: <65 years, uncorrected therapeutic
anticoagulation, senile dementia, impaired cognitive
function or other cerebral disease, infection in the
spine or the overlying skin, malignant disease, bone
metabolic disease, fracture of tubular bone, or allergy
to radiopaque agents.

G-4

Interventions
A: Vertebroplasty: Two 11- or 13- gauge bonebiopsy needles placed transpedicularly in the
fractured vertebral body. PMMA bone cement
(Osteo-Firm, COOK Medical, Bloomington, IN,
USA) injected through bone-biopsy needles under
continuous fluoroscopic monitoring (mean PMMA
volume 4.1 ml [SD 1.5]).
B: Usual care: Not defined
A: Vertebroplasty: Transpedicular approach under
local anesthesia with (mepivacaine 2% and
ropivacaine 10%). PMMA (mean 4 ml) was
injected into each fractured vertebral body under
fluoroscopy
B: Usual care: Pain medication, osteoporosis
medication, physiotherapy or bracing

A: Vertebroplasty: 11- to 13-gauge needles were
placed using a uni or bilateral transpedicular
approach. Bone cement (PMMA) injected under
continuous fluoroscopy (PMMA volume not
reported).
B: Usual care: Not described

Vertebral
Augmentation
Procedure
Vertebroplasty

Author,
Year
Trial
Voormolen,
2007
VERTOS

Vertebroplasty Yang, 2016

Kyphoplasty

Berenson,
2011
CAFE Trial

Study
Setting/Provider
Design
Type
Duration
Country
Eligibility Criteria
RCT
3 centers,
≥50 years with VCF with ≥15% height loss of the
12 months orthopedic
vertebral body on x-ray of the spine, invalidating back
surgery and
pain related to the VCF refractive to medical therapy
radiology
for 6 weeks to 6 months, focal tenderness on physical
the Netherlands examination related to the level of the VCF, bone
mineral density T-score <-2.0, bone marrow edema of
the affected
VCF on MR imaging scan of the spine.
Excluded: poor cardiopulmonary condition,
untreatable coagulopathy, ongoing systemic infection
or local infection of the spine (osteomyelitis,
spondylodiscitis), radiculopathy or myelopathy,
indication of other underlying disease than
osteoporosis
RCT
1 center, surgery >70 years with acute (not defined) osteoporotic
1 year
China
vertebral compression fracture, back pain VAS ≥5 (0
to 10 scale), BMD T-score -1 or worse, low signal on
T1-weighted and high signal on T2-weighted MRI,
fracture at T5 level or lower, no wheelchair use prior
to trauma
Excluded: chronic back pain; suspected
underlying malignant disease; spine infection
retropulsion of bony fragments; spinal cord
compression syndrome; concomitant hip fracture;
severe cardiopulmonary comorbidity;
major coagulopathy

Interventions
A: Vertebroplasty: Performed under local
anesthesia, bilateral transpedicular approach used
with continuous fluoroscopy. PMMA injected using
11- or 13-gauge needle (mean PMMA volume 3.2
ml).
B: Usual care: Stepped analgesics with
acetaminophen, NSAIDs, or opiate derivatives.

A. Vertebroplasty: Bone puncture needle placed
transpedicularly in the fractured vertebral body
under fluoroscopic monitoring; PMMA injected into
the fractured vertebra with the fluoroscopic control
(mean 4.5 [SD 1.2] ml per vertebral body); CT
scan performed to identity cement distribution and
leakage.
B. Usual care: Bed rest for 2 weeks, then patients
encouraged to stand and walk with brace and
assistance. NSAIDs with additional analgesics
(e.g. tramadol and morphine) added if needed.
Physical therapy initiated 2 weeks after diagnosis.

Both groups received bisphosphonates, calcium
supplementation, and vitamin D.
RCT
22 centers,
≥21 years with cancer and 1 to 3 painful VCFs (T5 to A: Kyphoplasty: Balloon kyphoplasty performed
1 month
provider type not L5) clinically diagnosed in conjunction with either plain with introducer tools, inflatable bone tamps, and
(prior to
described
radiographs or MRI; NRS ≥4 and RDQ ≥10
PMMA bone cement and delivery devices
allowed
Australia,
Excluded: presence of osteoblastic tumors, primary
(Medtronic Spine, Sunnyvale, CA, USA), by a
crossover) Canada, Europe, bone tumors, plasmacytoma at the index VCF,
percutaneous bilateral, transpedicular, or
and U.S.
substantial clinical morbidities, VCF morphology
extrapedicular method (PMMA volume not
deemed unsuitable for kyphoplasty, needed additional reported).
surgical treatment for the index fracture, needed
B: Usual care: Continued on non-surgical
treatment with high dose steroids, IV pain medication, management, including analgesics, bed rest,
nerve blocks.
bracing, physiotherapy, rehabilitation programs,
walking aids, radiation treatment, other antitumor
therapy; medications were calcium, vitamin D
supplements, and antiresorptive or anabolic
agents as necessary

G-5

Vertebral
Augmentation
Procedure
Kyphoplasty

Author,
Year
Trial
Wardlaw,
2009
FREE Trial

Study
Design
Duration
RCT
1 year

Setting/Provider
Type
Country
21 sites, provider
type not
described
Europe and U.S.

RCT
additional
followup
2 years

see Wardlaw
2009

Additional
publications:
Boonen,
2013 and
Van
Meirhaege,
2013
Kyphoplasty

Kyphoplasty

Boonen,
2011
FREE Trial

Secondary
publication
of Wardlaw
2009
Van
RCT
Meirhaeghe, 2 years
2013
FREE Trial

see Wardlaw
2009

Eligibility Criteria
≥21 years with 1 to 3 vertebral fractures from T5
through L5; duration ≤3 months, ≥1 fracture with
edema by MRI and ≥1 with ≥15% height loss (single
fractures met both criteria).
Excluded: chronic fracture; pedicle fracture; previous
vertebroplasty; neurological deficit; radicular pain;
spinal cord compression or canal narrowing; taking
uninterruptible anticoagulation therapy; allergies to
kyphoplasty materials or contraindications to MRI;
dementia or unable to walk before fracture; vertebral
fractures from primary bone tumors, osteoblastic
metastases, or high energy trauma.
see Wardlaw, 2009

Interventions
A. Kyphoplasty: Use of introducer instruments,
inflatable bone tamps, and PMMA by a
percutaneous, bilateral, transpedicular, or
extrapedicular approach (mean PMMA volume not
reported).
B. Usual care: Analgesics, bed rest, back braces,
physiotherapy, rehabilitation programs, and
walking aids according to standard practices of
participating hospitals.

see Wardlaw, 2009

see Wardlaw, 2009

see Wardlaw, 2009

Secondary
publication
of Wardlaw,
2009
Abbreviations: ANCOVA = analysis of covariance; ANOVA = analysis of variance; ARD = absolute risk difference; BMD = bone mineral density; CAFE = Cancer Patient Fracture
Evaluation; CI = confidence interval; CT = computed tomography; EQ-5D = EuroQOL 5-Dimension Questionnaire; FREE = Fracture Reduction Evaluation; HR = hazard ratio; INVEST =
Investigational Vertebroplasty Safety and Efficacy Trial; IQR = interquartile range; IU = International Unit; LBP = low-back pain; MCS = Mental Component Summary; MMSE = MiniMental State Exam; MR = magnetic resonance; MRI = magnetic resonance imaging; MRI-STIR = magnetic resonance imaging short tau inversion recovery; NR = not reported; NRS =
numeric rating scale; NS = not significant; ODI = Oswestry Disability Index; OR = odds ratio; PCS = Physical Component Summary; PMMA = polymethylmethacrylate; PVP =
percutaneous vertebroplasty; QALY = quality-adjusted life-year; QUALEFFO = Quality of Life Questionnaire of the European Foundation for Osteoporosis; RCT = randomized controlled
trial; RDQ = Roland–Morris Disability Questionnaire; RR = risk ratio; SAE = serious adverse event; SD = standard deviation; SF-36 = Short-Form 36; SOF–ADL = Study of Osteoporotic
Fractures–Activities of Daily Living; TL = thoracolumbar junction; VAPOUR = vertebroplasty for acute painful osteoporotic fractures; VAS = visual analogue scale; VB = vertebral body;
VCF = vertebral compression fracture; VERTOS = percutaneous vertebroplasty compared with optimal pain medication treatment: short-term clinical outcome of patients with subacute or
chronic painful osteoporotic vertebral compression fractures; VERTOS II = vertebroplasty vs. conservative treatments in acute osteoporotic vertebral compression fractures; VERTOS IV =
vertebroplasty vs. sham procedure for painful acute osteoporotic vertebral compression fractures; VOPE = vertebroplasty vs. sham for treating osteoporotic vertebral compression fractures:
a double blind RCT
See Appendix F, List of Included Studies, for full citations
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Table G-2. Trials of vertebral augmentation procedures to treat vertebral compression fractures – additional study characteristics
Vertebral
Augmentation
Procedure
Vertebroplasty

Vertebroplasty

Author, Year
Trial
Blasco, 2012

Buchbinder,
2009
Additional
publications:
Kroon, 2014
and Staples,
2015

Sample Characteristics
Mean (SD) age, years: 73.2 (9.3)
Female: 78%
Race: NR
Symptom duration (mean [SD], months): 4.7 (3.8)
Symptom onset <6 weeks: 4.8%
Symptom onset <4 months: 51%
Number of vertebral fractures at baseline (mean [SD]: 3.29
(2.51)
2 initial fractures: 25%
>2 initial fractures: 49%
A vs. B
Baseline pain (mean [SD], 0 to 10 VAS): 7.21 (2.8) vs. 6.31
(2.7)
Baseline QUALEFFO-41 (mean [SD], 0 to 100 scale): 65.2
(16) vs. 59.2 (16)
Mean (SD) age, years: 77 (11.91)
Female: 79%
Race: NR
Duration of back pain (median [IQR], weeks): 9.0 (3.7 to 13.0)
vs. 9.5 (3.0 to 17.0)
Number of vertebral bodies treated:
-1: 82%
-2: 18%
Previous vertebral fracture: 50%
Opioid use for pain: 82%
Medication use for osteoporosis: 92%
A vs. B
Baseline overall pain (mean [SD], 0 to 10 VAS): 7.4 (2.1) vs.
7.1 (2.3)
Baseline QUALEFFO total score: 56.9 (13.4) vs. 59.6 (17.1)
Baseline Assessment of Quality of Life (AQoL) score (mean
[SD], -0.04 to 1.0 scale): 0.33 (0.25) vs. 0.27 (0.26)
Baseline modified RDQ (mean [SD], 0 to 23 scale): 17.3 (2.8)
vs. 17.3 (2.9)
Baseline EQ-5D (mean [SD], 0 to 1 scale): 0.30 (0.32) vs.
0.28 (0.33)

G-7

Screened
Eligible
Randomized
Analyzed
Crossover
Screened: 219
Eligible: 139
Randomized: 125 (64 vs.
61)
Completed followup: 110
(54 vs. 56) at 2 months,
104 (50 vs. 54) at 6
months, 95 (47 vs. 48) at
12 months
Analyzed: Appears to be
125 (64 vs. 61) for
continuous variables

Screened: 468
Eligible: 220
Randomized: 78 (38 vs.
40)
Completed followup: 73
(36 vs. 37) at 3 months,
71 (35 vs. 36) at 6
months
Analyzed: 73 (36 vs. 37)
at 3 months, 71 (35 vs.
36) at 6 months

Sponsor
Fundació La Marató de TV3,
the Spanish Society of
Medical Radiology, Catalan
Society of Rheumatology

Quality
Fair

National Health and Medical
Research Council of
Australia, Arthritis Australia,
the
Cabrini Education and
Research Institute, Cook
Australia.

Good

Vertebral
Augmentation
Procedure
Vertebroplasty

Author, Year
Trial
Staples, 2015

Sample Characteristics
see Buchbinder, 2009

Secondary
publication of
Buchbinder,
2009
Vertebroplasty

Kroon, 2014
Secondary
publication of
Buchbinder,
2009

see Buchbinder, 2009

Vertebroplasty

Chen, 2014

Mean (SD) age, years: 65.5 (9.1)
Female: 70%
Race: NR
Duration of pain (mean [SD], months): 6.98 (2.77)
Number of VCF (mean [SD]): 2.14 (0.72)
Use of osteoporosis drugs: 34%
A vs. B
Baseline pain (mean [SD], 0 to 10 VAS): 6.5 (0.9) vs. 6.4 (0.9)
Baseline ODI (mean [SD], 0 to 100 scale): 59.9 (2.2) vs. 57.9
(1.9)
Baseline RDQ (mean [SD], 0 to 24 scale): 18.6 (1.8) vs. 16.7
(1.3)

G-8

Screened
Eligible
Randomized
Analyzed
Crossover
Screened: 468
Eligible: 220
Randomized: 78 (38 vs.
40)
Analyzed: 70 (34 vs. 36)
at 1 year, 64 (32 vs. 32)
at 2 years
Screened: 468
Eligible: 220
Randomized: 78 (38 vs.
40)
Analyzed: 57 (29 vs. 28)
at 24 months
Screened: NR
Eligible: NR
Randomized: 96 (46 vs.
50)
Completed followup: 89
(46 vs. 43)
Analyzed: 89 (46 vs. 43)

Sponsor
see Buchbinder, 2009

Quality
see
Buchbinder,
2009

see Buchbinder, 2009

see
Buchbinder,
2009

None

Fair

Vertebral
Augmentation
Procedure
Vertebroplasty

Vertebroplasty

Author, Year
Trial
Clark, 2016
VAPOUR

Diamond,
2020
VAPOUR

Screened
Eligible
Randomized
Analyzed
Crossover
Sponsor
Screened: 302
CareFusion Corporation
Eligible: 154
Randomized: 120 (61 vs.
59)
Complete followup: 105
(53 vs. 52) at 3 months,
102 (51 vs. 51) at 6
months
Analyzed: 112 (55 vs.
57) at 14 days, 105 (53
vs. 52) at 3 months, 102
(51 vs. 51) at 6 months

Sample Characteristics
Mean (SD) age, years: 80 (7)
Female: 73%
Race: NR
Fracture duration (mean [SD], weeks): 2.6 (1.5)
Fracture duration 1 to 3 weeks: 79%
Fracture duration 4 to 6 weeks: 21%
Location of fracture
- Lumbar: 14%
- Thoracic: 29%
- Thoracolumbar: 61%
Taking opioids for pain: 88%
Inpatient: 57%
Previous osteoporotic fractures: 57%
A vs. B
Baseline pain intensity, last 24 hours (mean [SD], 0 to 100
VAS converted to 0 to 10 scale): 8.1 (1.8) vs. 8.2 (1.5)
Baseline pain intensity, last 24 hours (mean [SD], 0 to 10
NRS): 8.6 (1.3) vs. 8.6 (1.2)
Baseline RDQ (mean [SD], 0 to 24): 19.5 (3.5) vs. 19.8 (3.7)
Baseline EQ-5D (mean [SD, 0 to 1): 0.60 (0.07) vs. 0.59
(0.06)
Baseline QUALEFFO score (mean [SD, 0 to 100): 65.4 (11.4)
vs. 67.7 (11.2)
Mean (SD) age, years: 81 (NR)
Female: 73%
Race: NR
Mean lumbar spine T-score: -4.3
Receiving anti-osteoporotic therapies: 75%
Genant grade 3 vertebral deformities: 71%
Inpatient: 63%
Mean (SD) duration of fracture, weeks: 2.6 (1.5)
A vs. B
Pain intensity (mean [SD], 0 to 10 NRS): 8.7 (1.3) vs. 8.6
(1.2)
RDQ (mean [SD], 0 to 24 scale): 19.7 (2.8) vs. 19.9 (4.1)
QUALEFFO score (mean [SD], 0 to 100 scale): 67.0 (11.0)
vs. 68.8 (11.7)
EQ-5D score (mean [SD], 0 to 1 scale): 0.59 (0.06) vs. 0.59
(0.06)

G-9

Screened: 120
Eligible: NR
Randomized: 93 (46 vs.
47)
Analyzed for primary
outcome: 86 (43 vs. 43)

CareFusion Corporation

Quality
Good

Good

Vertebral
Augmentation
Procedure
Vertebroplasty

Vertebroplasty

Author, Year
Trial
Sample Characteristics
Farrokhi, 2011 Mean age: 72 vs. 74 (range 55-90)
Female: 73%
Race: NR
Mean duration of LBP, weeks: 27 vs. 30 (range 4 to 54)
Total number of VCFs: 190
Grade of treated VCF
- Mild: 61%
- Moderate: 29%
- Severe: 6%
Shape of treated VCF
- Wedge: 84%
- Biconcave: 16%
Taking acetaminophen with codeine: 73%
Taking NSAIDs: 63%

Firanescu,
2018 & 2019
VERTOS IV

A vs. B
Baseline pain intensity (mean [SD], 0 to 10 VAS): 8.4 (1.6) vs.
7.2 (1.7)
Baseline ODI (mean [SD, 0 to 100 scale): 51.2 (2.2) vs. 47.1
(2.8)
Mean (SD) age, years:75.8 (9.5)
Female: 75%
Race: NR
Duration of back pain (median [IQR], days): 43 (29 to 52) vs.
36 (24 to 51)
Duration from radiographic diagnosis (median [IQR], days):
13 (7 to 18) vs. 11 (7 to 17)
Type of fracture (Genant classification)
- Mild: 38%
- Moderate: 57%
- Severe: 32%
- Wedge: 69%
- Biconcave: 58%
Number of VCF: 223
Mean (SD) RDQ: 17.9 (4.6)
On drugs for osteoporosis: 52%
Weak opioids: 17%
Strong opioids: 38%
A vs. B
Baseline pain intensity (mean [SD], 0 to 10 VAS): 7.7 (1.4) vs.
7.9 (1.6)
Baseline RDQ (mean [SD], 0 to 24): 18.0 (4.5) vs. 17.8 (4.7)
Baseline QUALEFFO score (mean [SD], 0 to 100): 68.4
(17.1) vs. 69.7 (17.9)

G-10

Screened
Eligible
Randomized
Analyzed
Crossover
Screened: 105
Eligible: 84
Randomized: 82 (40 vs.
42)
Completed followup: 77
(38 vs. 39) at 12 months,
76 (37 vs. 39) at 36
months
Analyzed: 82 (40 vs. 42)
at 2 and 6 months, 76 (37
vs. 39) at 3 years
Crossover: 0 vs. 10 (3 at
<6 months, 7 from 1 to 3
years)

Sponsor
Vice chancellor for research
affairs Shiraz University of
Medical Sciences and
Apadana Tajhizgostar Co.
provided grant support.

Screened: 1280
Stryker (grant No S-1-013)
Eligible: 336
Randomized: 180 (91 vs.
89)
Completed followup: 171
(87 vs. 84) at 3 months,
152 (76 vs. 76 at 1 year
Analyzed: 176 (90 vs. 86)
at 1 year

Quality
Poor

Good

Vertebral
Augmentation
Procedure
Vertebroplasty

Vertebroplasty

Author, Year
Trial
Sample Characteristics
Hansen, 2019 Mean (SD NR) age, years: 69.9
VOPE
Female: 87%
Race: NR
BMD T-score: -2.44
A vs. B
Baseline pain intensity at rest (mean [SD, 0 to 100 VAS
converted to 0 to 10 scale): 4.1 (2.1) vs. 5.3 (2.1)
Baseline SF-36 Physical Component Summary (mean [SD, 0
to 100 scale): 25.1 (6.9) vs. 25.5 (4.6)
Baseline SF-36 Mental Component Summary (mean [SD], 0
to 100 scale): 42.0 (9.8) vs. 44.3 (13.1)
Baseline EQ-5D (mean [SD NR], 0 to 1 scale): 0.44 vs. 0.49
Kallmes, 2009 Mean (SD) age, years: 73.8 (9.5)
and
Female: 76%
Comstock,
White: 97%
2013
Mean (SD) pain duration, weeks: 17.9 (57.7)
INVEST
Reported use of opioids: 59%

Screened
Eligible
Randomized
Analyzed
Crossover
Screened: 342
Eligible: NR
Randomized: 52 (26 vs.
26)
Completed followup: 46
(22 vs. 24)
Analyzed: 46 (22 vs. 24)

Sponsor
Danish Rheumatism
Association

Screened: 1813
National Institute of Arthritis
Eligible: 431
and Muscular-Skeletal and
Randomized: 131 (68 vs. Skin Diseases
63)
Completed followup: 125
(64 vs. 61) at 3 months,
A vs. B
119 (63 vs. 56 at 1 year)
Baseline modified RDQ (mean [SD], 0 to 23 scale): 16.6 (3.8) Analyzed: 125 (64 vs. 61)
vs. 17.5 (4.1)
at 3 months; 119 (63 vs.
Baseline average pain intensity in last 24 hours (mean [SD], 0 56) at 1 year
to 10 VAS): 6.9 (2.0) vs. 7.2 (1.8)
Crossover: 35 (8 vs. 27)
Baseline SF-36 PCS (mean [SD], 0 to 100 scale): 25.3 (7.8)
at 3 months; 49 (38 vs.
vs. 25.3 (7.3)
11) at 1 year
Baseline SF-36 MCS (mean [SD], 0 to 100 scale): 44.8 (11.8)
vs. 41.5 (14.1)
Baseline EQ-5D (mean [SD], 0 to 1 scale): 0.57 (0.18) vs.
0.54 (0.23)
Baseline Study of Osteoporotic Fractures-Activities of Daily
Living (SOF-ADL) scale (mean [SD], 0 to 18 scale): 10.0 (3.6)
vs. 10.3 (2.8)

G-11

Quality
Fair

Good

Vertebral
Augmentation
Procedure
Vertebroplasty

Vertebroplasty

Screened
Eligible
Randomized
Author, Year
Analyzed
Trial
Sample Characteristics
Crossover
Klazen, 2010 Mean (SD) age, years: 75.3 (9.1)
Screened: 934
and Venmans, Female: 69%
Eligible: 434
2011
Race: NR
Randomized: 202 (101
VERTOS II
Mean (SD) duration of pain, days: 28.0 (16.6)
vs. 101)
Use of osteoporosis drugs: 25%
Completed followup: 178
Mean (SD) number of vertebral compression fractures: 2.3
(92 vs. 86) at 3 months,
(1.7)
163 (86 vs. 77) at 1 year
Analyzed: 202 (101 vs.
A vs. B
101)
Baseline pain intensity (mean [SD], 0 to 10 VAS): 7.8 (1.5) vs. Crossover: 16 (6 vs. 10)
7.5 (1.6)
at 1 year
Baseline RDQ (mean [SD], 0 to 24 scale): 18.6 (3.6) vs. 17.2
(4.2)
Baseline QUALEFFO score (mean [SD], 0 to 100 scale): 58.7
(13.5) vs. 54.7 (14.4)
Baseline EQ-5D (mean [SD], 0 to 1 scale): 0.27 (0.03) vs.
0.38 (0.03)
Leali, 2016
Mean age: NR (range 56 to 82 years)
Screened: NR
Female: 100%
Eligible: NR
Race: NR
Randomized: 400 (200
Fracture duration: NR
vs. 200)
Fracture site (among vertebroplasty patients)
Completed followup: Not
- Lumbar: 47.5%
reported
- Thoracic vertebrae: 52.5%
Analyzed: Not reported
Opioid analgesic use: Not reported
A vs. B
Baseline pain (mean [SD NR], 0 to 10 VAS): 4.8 vs. NR
Baseline ODI (mean [SD NR], 0 to 100 scale): 53.6
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Sponsor
ZonMw (Dutch organization
for health care research and
innovation of care);
Unrestricted grant COOK
Medical

Quality
Fair

NR

Poor

Vertebral
Augmentation
Procedure
Vertebroplasty

Vertebroplasty

Screened
Eligible
Randomized
Author, Year
Analyzed
Trial
Sample Characteristics
Crossover
Rousing, 2009 Mean age, years: 80 (range 65 to 96)
Screened: NR
& 2010
Female: 82%
Eligible: NR
Race: NR
Randomized: 50 (26 vs.
Mean (SD) duration of fracture, days: 7.6 (11.7)
24)
Completed followup: 46
A vs. B
(23 vs. 23) at 3 months,
Baseline pain (mean [SD], 0 to 10 VAS: 7.5 (1.9) vs. 8.8 (1.1) 45 (23 vs. 22) at 12
Baseline SF-36 PCS (mean [SD], 0 to 100 scale): 36.7 (13.0) months
vs. 33.4 (14.1)
Analyzed: 47 (24 vs. 23)
Baseline SF-36 MCS (mean [SD], 0 to 100 scale): 49.7 (11.9) at 3 months, 45 (23 vs.
vs. 49.6 (15.0)
22) at 12 months
Baseline Dallas Pain Questionnaire, daily activities (mean
[SD], 0 to 100 scale): 47.8 (47.5) vs. 68.5 (44.7)
Baseline Dallas Pain Questionnaire, anxiety and depression
(mean [SD], 0 to 100 scale): 31.5 (26.4) vs. 43.0 (46.2)
EQ-5D (mean [SD], 0 to 100 scale): 0.36 (0.31) vs. 0.08
(0.44)
Voormolen,
Mean age, years: 73 (range 55 to 88)
Screened: NR
2007
Female: 82%
Eligible: NR
VERTOS
Race: NR
Randomized: 34
Mean duration of back pain, days: 81 (range 46 to 141)
Completed followup: 34
Total number of VCFs: 108
(18 vs. 16) at 2 weeks
Grade of VCF
Analyzed: 34 (18 vs. 16)
- Mild: 12%
Crossover: None prior to
- Moderate: 22%
2 weeks (14 patients in
- Severe: 65%
usual care arm crossed
Shape of VCF
over after 2 week
- Wedge: 78%
assessment)
- Bio concave: 22%
On opiate derivative: 32%
On NSAIDs: 27%
On paracetamol: 32%
A vs. B
Baseline pain (mean [range], 0 to 10 VAS): 7.1 (5 to 9) vs. 7.6
(5 to 10)
Baseline RDQ (mean [range], 0 to 24 scale): 15.7 (8 to 22)
vs. 17.8 (9 to 24)
Baseline QUALEFFO (mean [range], 0 to 100 scale): 60 (37
to 86) vs. 67 (38 to 86)
Baseline analgesic use (mean [range], 0 to 3 scale): 1.9 (0 to
3) vs. 1.7 (0 to 3)
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Sponsor
Foundation and Danish
government funds

Quality
Poor

NR

Fair

Vertebral
Augmentation
Procedure
Vertebroplasty

Kyphoplasty

Author, Year
Trial
Yang, 2016

Berenson,
2011
CAFE Trial

Screened
Eligible
Randomized
Analyzed
Sample Characteristics
Crossover
Sponsor
Mean (SD) age, years: 76.7 (5.81)
Screened: NR
No external funding
Female: 64%
Eligible: 158
Race: NR
Randomized: 135 (66 vs.
Mean (SD) time since onset of pain, days: 5.55 (3.85)
69)
Fracture location (based on 123 total fractures)
Completed followup: 107
-Thoracic spine (~T10): 4.9% (6/123)
(56 vs. 51) at 1 year
-TL junction (T11 to L2): 71.5% (88/123)
Analyzed: 107 (56 vs. 51)
-Lumbar spine (L3 to L5): 23.6% (29/123)
at 1 year
Crossover: 8 (0 vs. 8; 2
A vs. B
additional patients in
Baseline pain (mean [SD], 0 to 10 VAS): 7.5 (1.1) vs. 7.7 (1.1) usual care group
Baseline ODI (mean [SD], 0 to 100 scale): 80.2 (9.9) vs. 81.5 underwent open surgery)
(9.7)
at 1 year
Baseline QUALEFFO score (mean [SD], 0 to 100 scale): 78.1
(8.1) vs. 77.5 (8.6)
Mean (SD) age, years: 63.9 (11.1)
Screened: 477
Medtronic Spine LLC.
Female: 58%
Eligible: 223
Race: 88% White, 7.0% Black, 1.6% Asian, 0.8% Hispanic,
Randomized: 134 (70 vs.
2.3% other
64)
Symptomatic fracture duration (median [IQR], months): 3.5
Completed followup: 117
(1.2 to 6.8)
(65 vs. 52) at 1 month
Edema on MRI: 67%
Analyzed: 117 (65 vs. 52)
Prior radiation treatment: 49%
at 1 month
- Spinal irradiation: 21%
Crossover in usual care
Prior chemotherapy or hormonal treatments: 83%
arm after 1 month: 59%
(38/64)
A vs. B
Baseline pain (mean [SD], 0 to 10 NRS): 7.3 (1.4) vs. 7.3
(1.4)
Baseline RDQ (mean [SD NR], 0 to 24): 17.6 vs. 18.2
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Quality
Poor

Fair

Vertebral
Augmentation
Procedure
Kyphoplasty

Kyphoplasty

Kyphoplasty

Author, Year
Trial
Wardlaw,
2009
FREE Trial

Sample Characteristics
Mean (SD) age, years: 73.16 (9.35)
Female: 77%
Race: NR
Mean (SD) duration of fracture, weeks: 6.0 (4.82)
Additional
Number of fractures
publications:
-One: 72%
Boonen, 2013 -Two: 21%
and Van
-Three: 7.7%
Meirhaege,
Fracture location
2013
-Thoracic (T5-T9): 22.0%
-Thoracolumbar junction (T10-L2): 62.8%
-Lumbar (L3-L5): 15.2%
Glucocorticoid use: 17%
Strong opioid use: 14%
Opioid + nonopioid: 57%

Screened
Eligible
Randomized
Analyzed
Crossover
Sponsor
Screened: 1279
Medtronic Spine LLC
Eligible: 624
Randomized: 300 (149
vs. 151)
Completed followup: 251
(134 vs. 117) at 3
months, 235 (124 vs. 111
at 1 year)
Analyzed: 300 (149 vs.
151)
Crossover: 24 (10 vs.14)

A vs. B
Baseline pain (mean [SD], 0 to 10 VAS): 6.9 (2.2) vs. 7.0 (2.2)
Baseline RDQ (mean [SD], 0 to 24 scale): 17 (6.2) vs. 17
(6.2)
SF-36 PCS (mean [SD], 0 to 100 scale): 26 (12.2) vs. 26
(12.5)
Baseline EQ-5D (mean [SD], 0 to 24 scale): 1.7 (0.31) vs. 1.7
(0.31)
Boonen, 2011 see Wardlaw, 2009
Screened: 1279
FREE Trial
Eligible: 624
Randomized: 300 (149
Secondary
vs. 151)
publication of
Completed followup: 232
Wardlaw 2009
(120 vs. 112) at 2 years
Analyzed: 300 (149 vs.
151) at 2 years
Van
see Wardlaw, 2009
see Wardlaw 2009
Meirhaeghe,
2013
FREE Trial

Quality
Fair

see Wardlaw, 2009

see
Wardlaw,
2009

see Wardlaw, 2009

see
Wardlaw,
2009

Secondary
publication of
Wardlaw 2009
Abbreviations: ANCOVA = analysis of covariance; ANOVA = analysis of variance; ARD = absolute risk difference; BMD = bone mineral density; CAFE = Cancer Patient Fracture
Evaluation; CI = confidence interval; CT = computed tomography; EQ-5D = EuroQOL 5-Dimension Questionnaire; FREE = Fracture Reduction Evaluation; HR = hazard ratio; INVEST =
Investigational Vertebroplasty Safety and Efficacy Trial; IQR = interquartile range; IU = International Unit; LBP = low-back pain; MCS = Mental Component Summary; MMSE = MiniMental State Exam; MR = magnetic resonance; MRI = magnetic resonance imaging; MRI-STIR = magnetic resonance imaging short tau inversion recovery; NR = not reported; NRS =
numeric rating scale; NS = not significant; ODI = Oswestry Disability Index; OR = odds ratio; PCS = Physical Component Summary; PMMA = polymethylmethacrylate; PVP =
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percutaneous vertebroplasty; QALY = quality-adjusted life-year; QUALEFFO = Quality of Life Questionnaire of the European Foundation for Osteoporosis; RCT = randomized controlled
trial; RDQ = Roland–Morris Disability Questionnaire; RR = risk ratio; SAE = serious adverse event; SD = standard deviation; SF-36 = Short-Form 36; SOF–ADL = Study of Osteoporotic
Fractures–Activities of Daily Living; TL = thoracolumbar junction; VAPOUR = vertebroplasty for acute painful osteoporotic fractures; VAS = visual analogue scale; VB = vertebral body;
VCF = vertebral compression fracture; VERTOS = percutaneous vertebroplasty compared with optimal pain medication treatment: short-term clinical outcome of patients with subacute or
chronic painful osteoporotic vertebral compression fractures; VERTOS II = vertebroplasty vs. conservative treatments in acute osteoporotic vertebral compression fractures; VERTOS IV =
vertebroplasty vs. sham procedure for painful acute osteoporotic vertebral compression fractures; VOPE = vertebroplasty vs. sham for treating osteoporotic vertebral compression fractures:
a double blind RCT
See Appendix F, List of Included Studies, for full citations
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Table G-3. Trials of vertebral augmentation procedures to treat vertebral compression fractures – results
Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Blasco, 2012

Results
A vs. B
Pain (mean [SD] improvement from baseline, 0 to 10 VAS): 3.07 (0.45) vs. 1.59 (0.42) at 2
months, p = 0.0172; Pain (mean [SD], 0 to 10 VAS)
-2 weeks: 5.8 (3.6) vs. 4.7(3.3)
-2 months: 4.1 (3.4) vs. 4.8 (3.3)
-6 months: 4.7 (3.0) vs. 4.2 (2.9)
-12 months: 4.4 (3.0) vs. 4.2 (2.9)
QUALEFFO-41, total score (mean [SD]. 0 to 100 scale)
-2 weeks: 62 (18) vs. 57 (18)
-2 months: 57 (18) vs. 55 (18)
-6 months: 54 (18) vs. 52 (18)
-12 months: 54 (18) vs. 52 (18)
Vertebral pain <4 on 0 to 10 VAS: 56.1% (23/41) vs. 52.4% (22/42) at 12 months, RR 1.07 (95%
CI, 072 to 1.59)*
Minor opioid use
-2 weeks: 23.2% (13/56) vs. 32.8% (19/58), RR 0.71 (95% CI, 0.39 to 1.29)*
-2 months: 26.9% (14/52) vs. 28.6% (16/56), RR 0.94 (95% CI, 0.51 to 1.73)*
-6 months: 16.3% (8/49) vs. 26.9% (14/52), RR 0.61 (95% CI, 0.28 to 1.32)*
-12 months: 17.1% (7/41) vs. 23.8% (10/42) , RR 0.72 (95% CI, 0.30 to 1.70)*
Major opioid use
-2 weeks: 35.7% (20/56) vs. 29.3% (17/58), RR 1.22 (95% CI, 0.72 to 2.07)*
-2 months: 30.1% (16/52) vs. 30.4% (17/56), RR 1.01 (95% CI, 0.57 to 1.79)*
-6 months: 36.7% (18/49) vs. 32.7% (17/52), RR 1.12 (95% CI, 0.66 to 1.92)*
-12 months: 36.6% (15/41) vs. 16.7% (7/42), RR 2.19 (95% CI, 0.99 to 4.82)*
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: 4.7% (3/64) vs. 9.8% (6/61)
at 12 months, RR 0.48 (95% CI, 0.12
to 1.82)*
New radiological vertebral fracture:
26% (17/64) vs. 13% (8/61) at 12
months; OR 2.78 (95% CI, 1.02 to
7.62)

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Buchbinder,
2009
Additional
publications:
Kroon, 2014
and Staples,
2015

Results
A vs. B
Overall pain (mean change from baseline [SD], 0 to 10 VAS)
-1 week: -1.5 (2.5) vs. -2.1 (2.8), adjusted mean difference 0.7 (95% CI, -0.4 to 1.8)
-1 month: -2.3 (2.6) vs. -1.7 (3.3), adjusted mean difference -0.5 (95% CI, -1.7 to 0.8)
-3 months: -2.6 (2.9) vs. -1.9 (3.3), adjusted mean difference -0.6 (95% CI, -1.8 to 0.7)
-6 months: -2.4 (3.3) vs. -2.1 (3.3); adjusted mean difference -0.1 (95% CI, -1.4 to 1.2)
Modified RDQ (mean change from baseline [SD], 0 to 23 scale)
-1 week: -1.8 (5.0) vs. -4.0 (6.8), adjusted mean difference 2.1 (95% CI, -0.9 to 5.2)
-1 month: -4.4 (6.6) vs. -3.1 (6.8), adjusted mean difference -1.7 (95% CI, -5.2 to 1.8)
-3 months: -3.7 (5.4) vs. -5.3 (7.2), adjusted mean difference 1.5 (95% CI, -1.7 to 4.8)
-6 months: -4.1 (5.8) vs. -3.7 (5.8), adjusted mean difference 0.0 (95% CI, -2.9 to 3.0)
QUALEFFO total score (mean change from baseline [SD], 0 to 100 scale)
-1 week: 0.5 (7.4) vs. -3.6 (9.2), adjusted mean difference 4.0 (95% CI, 0.2 to 7.8)
-1 month: -2.8 (9.3) vs. -2.4 (12.3), adjusted mean difference -0.9 (95% CI, -6.0 to 4.2)
-3 months: -6.0 (9.6) vs. -6.1 (13.7), adjusted mean difference -0.7 (95% CI, -5.7 to 4.4)
-6 months: -6.4 (13.4) vs. -6.1 (13.4), adjusted mean difference -0.6 (95% CI, -6.2 to 5.1)
AQoL score (mean change from baseline [SD], -0.04 to 1.0 scale)
-1 week: 0.0 (0.2) vs. 0.0 (0.2), adjusted mean difference 0.0 (95% CI, -0.1 to 0.1)
-1 month: 0.0 (0.2) vs. 0.1 (0.3), adjusted mean difference 0.0 (95% CI, -0.1 to 0.1)
-3 months: 0.0 (0.2) vs. 0.1 (0.3), adjusted mean difference 0.0 (95% CI, -0.1 to 0.1)
-6 months: 0.0 (0.3) vs. 0.1 (0.3), adjusted mean difference 0.1 (95% CI, -0.1 to 0.2)
EQ-5D score (mean change from baseline [SD], 0 to 1 scale)
-1 week: 0.1 (0.3) vs. 0.1 (0.3), adjusted mean difference 0.0 (95% CI, -0.1 to 0.2)
-1 month: 0.1 (0.3) vs. 0.1 (0.3), adjusted mean difference 0.0 (95% CI, -0.1 to 0.1)
-3 months: 0.2 (0.3) vs. 0.2 (0.4), adjusted mean difference 0.0 (95% CI, -0.1 to 0.2)
-6 months: 0.2 (0.4) vs. 0.2 (0.4), adjusted mean difference 0.0 (95% CI, -0.1 to 0.2)
Perceived pain moderately or a great deal better: 16.2% (6/37) vs. 35.1% (13/37) at 1 week,
adjusted RR 0.5 (95% CI, 0.2 to 1.1); 34.3% (12/35) vs. 23.7% (9/38) at 1 month, adjusted RR
1.5 (95% CI, 0.7 to 3.0); 38.9% (14/36) vs. 34.3% (12/35) at 3 months, adjusted RR 1.2 (95%
CI, 0.6 to 2.2); 43.2% (16/37) vs. 41.7% (15/36) at 6 months, adjusted RR 1.1 (95% CI, 0.6 to
1.9)
Opioids discontinued (denominator those taking opioids at baseline): 10.0% (3/30) vs. 20.6%
(7/34) at 1 week, RR 0.48 (95% CI, 0.14 to 1.71);* 13.3% (4/30) vs. 26.5% (9/34) at 1 month,
RR 0.50 (95% CI, 0.17 to 1.47);* 36.7% (11/30) vs. 32.4% (11/34) at 3 months, RR 1.13 (95%
CI, 0.58 to 2.23)*; 56.7% (17/30) vs. 52.9% (18/34) at 6 months, RR 1.07 (95% CI, 0.68 to
1.67)*
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: 5.3% (2/38) vs. 2.5% (1/40)
at 6 months, RR 2.11 (95% CI, 0.20 to
22.28)
Incident clinical vertebral fracture:
7.9% (3/38) vs. 5.0% (2/40) at 6
months, RR 1.58 (95% CI, 0.28 to
8.94)
Osteomyelitis: 2.6% (1/38) vs. 0%
(0/40), RR 3.15 (95% CI, 0.13 to
75.12)*

Vertebral
Augmentation Author, Year
Procedure
Trial
Results
Vertebroplasty Staples, 2015 Not reported
Secondary
publication of
Buchbinder,
2009

Vertebroplasty Kroon, 2014
Secondary
publication of
Buchbinder,
2009

A vs. B
Pain (mean change from baseline [SD], 0 to 10 pain scale)
-12 months: -2.4 (2.7) vs. -1.9 (2.8), adjusted mean difference -0.3 (95% CI, -1.5 to 0.9)
-24 months: -3.0 (3.1) vs. -1.9 (3.0), adjusted mean difference -1.1 (95% CI, -2.4 to 0.3)
QUALEFFO total (mean change from baseline [SD], 0 to 100 scale)
-12 months: -6.7 (12.2) vs. -8.8 (13.3), adjusted mean difference 1.3 (95% CI, -4.3 to 7.0)
-24 months: -5.9 (10.7) vs. -4.6 (15.0), adjusted mean difference -2.1 (95% CI, -8.5 to 4.4)
RDQ (mean change from baseline [SD], 0 to 24 scale)
-12 months: -2.0 (5.7) vs. -2.6 (6.9), adjusted mean difference 0.5 (95% CI, -3.2 to 4.3)
-24 months: -2.6 (7.0) vs. -2.7 (5.6), adjusted mean difference -0.3 (95% CI, -4.1 to 3.5)
EQ-5D (mean change from baseline [SD], 0 to 1 scale)
-12 months: 0.2 (0.4) vs. 0.2 (0.4), adjusted mean difference 0.0 (95% CI, -0.2 to 0.2)
-24 months: 0.2 (0.4) vs. 0.2 (0.4), adjusted mean difference 0.0 (95% CI, -0.2 to 0.2)
Perceived pain better
-12 months: 45% (15/33) vs. 44% (15/34), RR 1.0 (95% CI, 0.7 to 1.9)
-24 months: 41% (12/29) vs. 36% (10/28), RR 1.2 (95% CI, 0.6 to 2.2)
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
New fracture, any level, HR (95% CI):
1.80 (0.83 to 3.94)
-Adjacent level: 2.30 (0.57 to 9.29)
-Non-adjacent level: 1.45 (0.55 to
3.81)
-Treated level: Not calculable (no
fracture in placebo group)
-Untreated level: 1.69 (0.77 to 3.74)
New or progressed fracture, any level,
HR (95% CI): 1.29 (0.80 to 2.08)
-Adjacent level: 2.18 (0.74 to 6.42)
-Non-adjacent level: 1.18 (0.58 to
2.43)
-Treated level: 1.05 (0.47 to 2.34)
-Untreated level: 1.69 (0.77 to 3.74)
A vs. B
Mortality: 13% (5/37) vs. 19% (7/37) at
24 months, all deaths unrelated to trial,
RR 0.71 (95% CI, 0.25 to 2.05)*
New fractures at 2 years: 14 vs. 13

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Chen, 2014

Results
A vs. B
Pain (mean [SD], 0 to 10 VAS), all p<0.001
- 1 week: 3.4 (0.5) vs. 5.0 (0.7)
- 1 month: 2.8 (0.4) vs. 4.0 (0.6)
- 3 months: 2.5 (0.5) vs. 3.9 (0.7)
- 6 months: 2.5 (0.6) vs. 4.0 (0.8)
- 12 months: 2.5 (0.5) vs. 4.1 (0.8)
RDQ (mean [SD], 0 to 24 scale), all p<0.001
- 1 week: 13.2 (1.5) vs. 15.7 (1.6)
- 1 month: 11.7 (1.0) vs. 13.8 (1.5)
- 3 months: 9.9 (1.2) vs. 12.5 (1.0)
- 6 months: 9.3 (0.9) vs. 11.1 (0.9)
- 12 months: 8.1 (0.7) vs. 10.7 (1.1)
ODI (mean [SD], 0 to 100 scale), all p<0.001
- 1 week: 30.3 (3.2) vs. 44.5 (3.9)
- 1 month: 20.4 (3.1) vs. 35.4 (2.9)
- 3 months: 16.6 (1.6) vs. 30.0 (2.4)
- 6 months: 15.5 (1.1) vs. 31.3 (3.5)
- 12 months: 15.0 (1.3) vs. 32.1 (4.5)
Pain medication use, all p<0.001
- 1 week: 37% (17/46) vs. 100% (43/43), RR 0.37 (95% CI, 0.25 to 0.54)*
- 1 month: 28% (13/46) vs. 77% (33/34), RR 0.29 (95% CI, 0.18 to 0.46)*
- 3 months: 15% (7/46) vs. 60% (26/43), RR 0.25 (95% CI, 0.12 to 0.52)*
- 6 months: 13% (6/46) vs. 56% (24/43), RR 0.23 (95% CI, 0.10 to 0.52)*
- 12 months: 15% (7/46) vs. 65% (23/43), RR 0.28 (95% CI, 0.14 to 0.59)*

G-20

Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: No cases reported
Incident vertebral compression
fractures: 8.7% (4/46) vs. 16.3% (7/43)
at 12 months, RR 0.60 (95% CI, 0.19
to 1.90)

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Clark, 2016
VAPOUR

Vertebroplasty Clark, 2016
VAPOUR
(Cont.)

Results
A vs. B
Pain intensity (mean change from baseline [SD], 0 to 10 NRS)
- 3 days: -3.5 (2.6) vs. -1.8 (2.3), mean difference -1.8 (95% CI, -2.7 to -0.8)
- 14 days: -4.2 (2.7) vs. -3.0 (3.0), mean difference -1.2 (95% CI, -2.3 to -0.1)
- 1 month: -4.6 (3.0) vs. -3.2 (2.7), mean difference -1.4 (95% CI, -2.5 to -0.4)
- 3 months: -5.4 (3.5) vs. -4.1 (3.1), mean difference -1.3 (95% CI, -2.60 to 2.6)
- 6 months: -6.1 (3.3) vs. -4.8 (3.1), mean difference -1.3 (95% CI, -2.6 to 0)
Pain intensity (mean [SD], 0 to 100 VAS converted to 0 to 10 scale)
- 14 days: 3.9 (2.8) vs. 4.9 (2.8), mean difference -1.0 (95% CI, -3.6 to 0.4)
- 6 months: 2.3 (2.6) vs. 3.4 (2.7), mean difference -1.1 (95% CI, -2.3 to 0)
NRS <4 (0 to 10 scale)
- 3 days: 31% (18/58) vs. 9% (5/55), ARD 22% (95% CI, 8 to 36)
- 14 days: 44% (24/55) vs. 21% (12/57), ARD 23% (95% CI, 6 to 39)
- Thoracolumbar fractures: 61% (20/33) vs. 13% (4/31), ARD 48% (95% CI, 27 to 68)
- Non-thoracolumbar fractures: 15% (3/20) vs. 30% (7/23), ARD -15% (95% CI, -40 to 9)
- Fracture duration >3 to 6 weeks (n = 24): NR vs. NR, ARD -4% (95% CI, -39 to 31)
- Fracture duration ≤3 weeks (n = 86): NR vs. NR, difference 31% (95% CI, 12 to 50)
- 1 month: 51% (28/55) vs. 18% (10/57), ARD 33% (95% CI, 17 to 50)
- 3 months: 55% (29/53) vs. 33% (17/52), ARD 22% (95% CI, 4 to 41)
- 6 months: 69% (35/51) vs. 47% (24/51), ARD 22% (95% CI, 3 to 40)
RDQ (mean change from baseline [SD], 0 to 24 scale)
- 3 days: -4.5 (6.2) vs. -2.9 (4.4), mean difference -1.6 (95% CI, -3.6 to 0.4)
- 14 days: -5.9 (5.8) vs. -4.1 (6.3), mean difference -1.8 (95% CI, -4.1 to 0.5)
- 1 month: -6.9 (6.0) vs. -4.3 (5.6), mean difference -2.6 (95% CI, -4.8 to -0.4)
- 3 months: -9.6 (7.7) vs. -6.4 (7.0), mean difference -3.2 (95% CI, -6.1 to -0.3)
- 6 months: -11.7 (6.5) vs. -7.4 (6.9), mean difference -4.2 (95% CI, -6.9 to -1.6)
EQ-5D (mean [SD], 0 to 1 scale)
- 3 days: 0.69 (0.11) vs. 0.65 (0.09), mean difference 0.03 (95% CI, -0.05 to 0.07)
- 14 days: 0.69 (0.10) vs. 0.68 (0.11), mean difference 0.01 (95% CI, -0.03 to 0.06)
- 1 month: 0.75 (0.11) vs. 0.70 (0.11), mean difference 0.05 (95% CI, 0 to 0.09)
- 3 months: 0.75 (0.12) vs. 0.71 (0.11), mean difference 0.03 (95% CI, -0.01 to 0.08)
- 6 months: 0.80 (0.11) vs. 0.74 (0.12), mean difference 0.06 (95% CI, 0.01 to 0.10)
QUALEFFO score (0 to 100 scale)
- 14 days: 49 (13) vs. 55 (14), mean difference -6 (95% CI, -11 to -1)
- 1 month: 49 (17) vs. 52 (15) , mean difference -4 (95% CI, -10 to 3)
- 6 months: 38 (15) vs. 45 (16), mean difference -7 (95% CI, -13 to -1)
Analgesic use
- 3 days: 97% (57/59) vs. 98% (56/57), ARD -2% (95% CI, -7 to 4)
- 14 days: 88% (49/56) vs. 91% (52/57), ARD -4% (95% CI, -15 to 8)
- 1 month: 75% (41/55) vs. 88% (50/57), ARD -13% (95% CI, -28 to 1)
- 3 months: 64% (34/53) vs. 83% (44/53), ARD -19% (95% CI, -35 to -2)
- 6 months: 58% (29/50) vs. 76% (39/51), ARD -18% (95% CI, -36 to 1)
Opiate use: no difference between groups, data not provided
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: 4.9% (3/61) vs. 6.8% (4/59)
at 6 months, RR 0.72 (95% CI, 0.17 to
3.10)*
SAEs related to procedure: 3.3%
(2/61; respiratory arrest or humerus
fracture during transfer) vs. NR
SAEs related to fracture: NR vs. 3.4%
(2/59; spinal cord compression with
resolution [n = 1] or paraplegia [n = 1])
Incident vertebral compression
fracture: 4.9% (3/61) vs. 3.4% (2/59) at
6 months, RR 1.45 (95% CI, 0.25 to
8.37)*

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Diamond,
2020
VAPOUR

Vertebroplasty Farrokhi,
2011

Results
A vs. B
NRS score <4 (0 to 10 scale)
- 3 days: 33% (14/43) vs. 7% (3/43), ARD 26% (95% CI, 10 to 42)
- 14 days: 51% (21/41) vs. 20% (9/45) , ARD 31% (95% CI, 12 to 50)
- 1 month: 55% (22/40) vs. 16% (7/45), ARD 29% (95% CI, 21 to 58)
- 3 months: 54% (21/39) vs. 29% (12/41), ARD 25% (95% CI, 4 to 46)
- 6 months: 74% (28/38) vs. 48% (19/40), ARD 26% (95% CI, 5 to 47)
Pain intensity (mean [SD], 0 to 10 NRS)
- 3 days: 4.8 (2.4) vs. 7.2 (2.0), mean difference -2.4 (95% CI, -3.5 to -1.5)
- 14 days: 3.8 (2.6) vs. 5.6 (2.8), mean difference -1.9 (95% CI, -3.0 to -0.7)
- 1 month: 3.7 (2.7) vs. 5.5 (2.5), mean difference -1.9 (95% CI, -3.0 to -0.7)
- 3 months: 3.1 (3.1) vs. 4.5 (3.0), mean difference -1.4 (95% CI, -2.8 to -0.1)
- 6 months: 2.1 (2.6) vs. 3.5 (2.6), mean difference -1.4 (95% CI, -2.6 to -0.3)
RDQ (mean [SD], 0 to 24 scale)
- 3 days: 14.0 (6.5) vs. 17.1 (4.2), mean difference -3.1 (95% CI, -5.4 to -0.7)
- 14 days: 13.1 (6.2) vs. 16.0 (6.3), mean difference -2.9 (95% CI, -5.6 to -0.2)
- 1 month: 12.9 (5.9) vs. 15.4 (5.9), mean difference -2.5 (95% CI, -5.1 to 0.1)
- 3 months: 10.2 (7.5) vs. 13.6 (6.2), mean difference -3.4 (95% CI, -6.5 to -0.3)
- 6 months: 9.0 (6.4) vs. 12.5 (6.5), mean difference -3.4 (95% CI, -6.4 to -0.5)
A vs. B
Pain intensity (mean [SD], 0 to 10 VAS)
- 1 week: 3.3 (1.5) vs. 6.4 (2.1), mean difference -3.1 (95% CI, -3.72 to -2.28)
- 2 months: 3.2 (2.2) vs. 6.1 (2.1), mean difference -2.9 (95% CI, -4.9 to -0.81)
- 6 months: 2.2 (2.1) vs. 4.1 (1.5), mean difference -1.9 (95% CI, -3.25 to -0.55)
- 12 months: 2.2 (2.1) vs. 4.1 (1.8), mean difference -1.9 (95% CI, -2.9 to 0.90)
- 24 months: 2.8 (2.0) vs. 3.7 (2.0), mean difference -0.5 (-95% CI, 1.39 to 0.5)
- 36 months: 1.8 (1.7) vs. 3.7 (2.5), mean difference -1.5 (95% CI, -9.85 to 6.85)
ODI (mean [SD], 0 to 100 scale)
- 1 week: 30.1 (3.0) vs. 44.0 (2.5), mean difference -14 (95% CI, -15 to -12.82)
- 2 months: 15.0 (2.2) vs. 30.0 (3.1), mean difference -15 (95% CI, -16.76 to -13.24)
- 6 months: 10.0 (2.0) vs. 21.0 (2.5), mean difference -11 (95% CI, -12.17 to -7.83)
- 12 months: 8.0 (3.2) vs. 20.0 (1.7), mean difference -12 (95% CI, -13.5 to -11.5)
- 24 months: 8.0 (2.2) vs. 20.0 (2.0), mean difference -12 (95% CI, -13.32 to -10.68)
- 36 months: 8.0 (1.7) vs. 22.0 (1.2), mean difference -14 (95% CI, -14.91 to -13.09)
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
SAEs: 4.6% (2/43; hypoventilation and
humeral fracture) vs. 4.6% (2/43;
spinal cord compression, 1 with
paraplegia), RR 1.00 (95% CI, 0.15 to
6.78)*

A vs. B
Mortality: 5% (2/40) vs. 2.4% (1/42) at
12 months (no deaths reported from
12 to 36 months), RR 2.10 (95% CI,
0.20 to 22.26)*
New fracture: 2.6% (1/38) vs. 15.4%
(6/39) at 2 years, RR 0.17 (95% CI,
0.02 to 1.35)*
Epidural cement leakage with lower
extremity pain and weakness: 2.5%
(1/40) vs. NR
Venous emboli or infection: No cases

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Firanescu,
2018 & 2019
VERTOS IV

Results
A vs. B
Pain intensity (mean [SD], 0 to 10 VAS)
- 1 day: 5.24 (2.49) vs. 4.82 (2.48), adjusted mean difference 0.43 (95% CI, -0.31 to 1.17)
- 1 week: 4.38 (2.52) vs. 4.27 (2.48), adjusted mean difference 0.11 (95% CI, -0.63 to 0.85)
- 1 month: 3.32 (2.52) vs. 3.73 (2.51), adjusted mean difference -0.41 (95% CI, -1.15 to 0.33)
- 3 months: 2.69 (2.54) vs. 2.90 (2.58), adjusted mean difference -0.21 (95% CI, -0.96 to 0.54)
- 6 months: 3.02 (2.59) vs. 3.41 (2.60), adjusted mean difference -0.39 (95% CI, -1.15 to 0.37)
- 12 months: 2.72 (2.61) vs. 3.17 (2.72), adjusted mean difference -0.45 (95% CI, -1.24 to 0.37)
On weak opioids at 1 month: 6.7% (6/90) vs. 4.7% (4/86), RR 1.43 (95% CI, 0.42 to 4.90)*
On strong opioids at 1 month: 20.0% (18/90) vs. 22.1% (19/86), RR 0.90 (95% CI, 0.51 to 1.60)*

Vertebroplasty Hansen, 2019 A vs. B
VOPE
Pain at rest (mean [SD], 0 to 10 VAS)
- 1 week: 2.5 (2.2) vs. 2.1 (2.1), mean difference 0.4 (95% CI, -0.9 to 1.7)
- 4 weeks: 1.3 (2.2) vs. 1.0 (2.1). mean difference 0.3 (95% CI, -1.0 to 1.6)
- 12 weeks: 0.8 (2.1) vs. 0.7 (2.1), mean difference 0.1 (95% CI, -1.1 to 1.3)
- 52 weeks: 1.6 (2.4) vs. 1.6 (2.1), mean difference 0.0 (95% CI, -1.3 to 1.3)
SF-36 PCS (mean [SD], 0 to 100 scale)
- 3 months: 31.4 (10.0) vs. 33.9 (10.6), mean difference -2.5 (95% CI, -8.6 to 3.6)
- 12 months: 31.9 (9.2) vs. 35.2 (11.9), mean difference -3.3 (95% CI, -9.7 to 3.1)
SF-36 MCS (mean [SD], 0 to 100 scale)
- 3 months: 49.7 (12.0) vs. 51.4 (11.0), mean difference -1.7 (95% CI, -8.5 to 5.1)
- 12 months: 48.6 (10.8) vs. 53.6 (10.3), mean difference -5.0 (95% CI, -11.3 to 1.3)
EQ-5D (mean [SD] 0 to 100 scale)
- 3 months: 0.68 (0.23) vs. 0.71 (0.23), mean difference -0.03 (95% CI, -0.17 to 0.11)
- 12 months: 0.67 (0.27) vs. 0.74 (0.22), mean difference -0.07 (95% CI, -0.22 to 0.08)
Opioid use: Similar in two groups at 0 to 12 weeks and 12 months, data not provided
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: 8.8% (8/91) vs. 5.6% (5/89)
at 1 year, RR 1.56 (95% CI, 0.53 to
4.60)*
Incident vertebral compression
fracture: 16.7% (15/90) vs. 22.1%
(19/86) at 1 year; number of fractures
31 vs. 28 OR 0.71 (95% CI, 0.33 to
1.50)
Underwent re-treatment for new
fracture: 7% (6/90) vs. 7% (6/86), RR
0.95 (95% CI, 0.32 to 2.85)*
Location of new fractures, all p = NS
- Adjacent above: 52% (16/31) vs.
50% (14/28), OR 1.07 (95% CI, 0.38 to
2.96)
- Between (sandwich): 3% (1/31) vs.
4% (1/28), OR 0.90 (955 CI, 0.05 to
15.10)
- Distant: 45% (14/31) vs. 46%
(13/28), OR 0.95 (95% CI, 0.34 to
2.65)
Procedure related adverse reactions:
2.2% (2/90, 1 respiratory insufficiency
and 1 vasovagal reaction) vs. NR
NR

Vertebral
Augmentation Author, Year
Procedure
Trial
Results
Vertebroplasty Kallmes, 2009 A vs. B
and
Pain intensity (mean [SD], 0 to 10 VAS)
Comstock,
- 3 days: 4.2 (2.8) vs. 3.9 (2.9), ANCOVA mean difference 0.4 (95% CI, -0.5 to 1.5)
2013
- 14 days: 4.3 (2.9) vs. 4.5 (2.8), ANCOVA mean difference -0.1 (95% CI, -1.1 to 0.8)
INVEST
- 1 month: 3.9 (2.9) vs. 4.6 (3.0), ANCOVA mean difference -0.7 (95% CI, -1.7 to 0.3)
- 3 months: 3.6 (2.8) vs. 4.3 (2.8), ANCOVA mean difference -0.7 (95% CI, -1.7 to 0.2)
- 6 months: 3.7 (3.0) vs. 4.4 (2.9), ANCOVA mean difference -0.8 (95% CI, -1.8 to 0.2)
- 12 months: 3.5 (2.9) vs. 4.5 (2.7), ANCOVA mean difference -1.0 (95% CI, -2.0 to -0.04)
Pain improvement ≥30%: 64% (43/67) vs. 48% (29/61) at 1 month, RR 0.68 (95% CI, 0.46 to
1.02); 70% (44/63)* vs. 45% (25/56) at 1 year, RR 0.54 (95% CI, 0.35 to 0.85)*
ANCOVA mean difference in pain intensity (95% CI) at 1 month
- Patients with <13 weeks of pain: -0.8 (-2.5 to 0.8)
- Patients with 14 to 26 weeks of pain: -1.3 (-3.4 to 0.8)
- Patients with 27 to 52 weeks of pain: 0.0 (-1.6 to 1.7)
Modified RDQ (mean [SD], 0 to 23 scale)
- 3 days: 13.0 (5.2) vs. 12.5 (5.5), ANCOVA mean difference 0.9 (95% CI, -0.8 to 2.7)
- 14 days: 12.4 (5.8) vs. 12.3 (5.9), ANCOVA mean difference 0.6 (95% CI, -1.2 to 2.4)
- 1 month: 12.0 (6.3) vs. 13.0 (6.4), ANCOVA mean difference -0.7 (95% CI, -2.8 to 1.3)
- 3 months: 10.8 (5.7) vs. 11.9 (6.4), ANCOVA mean difference -0.8 (95% CI, -2.6 to 1.2)
- 6 months: 9.4 (6.1) vs. 11.4 (6.4), ANCOVA mean difference -1.6 (95% CI, -3.8 to 0.5)
- 12 months: 10.2 (6.5) vs. 11.9 (6.2), ANCOVA mean difference -1.4 (95% CI, -3.6 to 0.9)
RDQ improvement ≥30%: 40% (27/67) vs. 41% (25/41) at 1 month, RR 1.53 (95% CI, 0.99 to
2.35);* 70% (44/63) vs. 45% (25/56) at 1 year, RR 0.54 (95% CI, 0.35 to 0.85)*
SF-36 PCS (mean [SD], 0 to 100 scale): 29.7 (9.6) vs. 28.7 (8.0) at 1 month, ANCOVA mean
difference 1.0 (95% CI, -1.7 to 3.7)
SF-36 MCS (mean [SD], 0 to 100 scale): 46.9 (12.0) vs. 45.6 (14.8) at 1 month, ANCOVA mean
difference 1.0 (95% CI, -3.7 to 4.6)
EQ-5D (mean [SD], 0 to 1 scale): 0.70 (0.18) vs. 0.64 (0.20) at 1 month, ANCOVA mean
difference 0.05 (95% CI, -0.01 to 0.11)
SOF-ADL (mean [SD], 0 to 18 scale): 7.7 (3.7) vs. 8.2 (3.6) at 1 month, ANCOVA mean
difference -0.4 (95% CI, -1.6 to 0.8)
Opioid use: 54% (36/67) vs. 43% (26/61) at 1 month, adjusted OR 1.15 (95% CI, 0.98 to 1.35)
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: None reported
SAEs: 1.6% (1/64), injury to thecal
sac) vs. 1.6% (1/61), tachycardia and
rigors), RR 0.95 (95% CI, 0.06 to
14.90)*

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Klazen, 2010
and
Venmans,
2011
VERTOS II

Vertebroplasty Leali, 2016

Results
A vs. B
Pain intensity (mean [SD], 0 to 10 VAS)
- 1 day: 3.7 (2.4) vs. 6.7 (2.1), p<0.0001
- 1 week: 3.5 (2.5) vs. 5.6 (2.5), p<0.0001
- 1 month: 2.5 (2.5) vs. 4.9 (2.6), ANOVA mean difference -2.60 (95% CI, -3.37 to -1.74)
- 3 months: 2.5 (2.7) vs. 3.9 (2.8), p = 0.025
- 6 months: 2.3 (2.7) vs. 3.9 (2.9), p = 0.014
- 1 year: 2.2 (2.7) vs. 3.8 (2.8), ANOVA mean difference -2.0 (95% CI, -2.80 to -1.13)
RDQ (mean [SD], 0 to 24 scale)
- 1 week: 13.7 (5.4) vs. 15.7 (4.7)
- 1 month: 12.5 (6.3) vs. 14 (5.7)
- 3 months: 10.5 (6.8) vs. 12.9 (6.0)
- 6 months: 10.0 (6.6) vs. 11.7 (6.6)
- 1 year: 9.6 (6.8) vs. 11.5 (6.9)
QUALEFFO score (mean [SD], 0 to 100 scale)
- 1 week: 45.6 (14.5) vs. 49.5 (15.5)
- 1 month: 42.9 (15.8) vs. 47.1 (16.1)
- 3 months: 39.6 (17.1) vs. 44.2 (16.6)
- 6 months: 38.9 (17.8) vs. 42.3 (18.3)
- 1 year: 39.7 (18.3) vs. 42.2 (17.9)
EQ-5D (mean [SD], 0 to 1 scale)
-1 week: 0.6 (0.3) vs. 0.5 (0.3)
-1 month: 0.6 (0.2) vs. 0.5 (0.3)
-3 months: 0.6 (0.3) vs. 0.6 (0.3)
-6 months: 0.7 (0.3) vs. 0.6 (0.3)
-1 year: 0.7 (0.3) vs. 0.6 (0.3)
QALY (mean differences adjusted for baseline): 0.10 (95% CI, 0.006 to 0.014) at 1 month and
0.11 (95% CI, 0.04 to 0.18) at 1 year
Use of drugs: Favored vertebroplasty at 1 day (p<0.0001), 1 week (p = 0.001), and 1 month (p =
0.03); data otherwise not reported
Total costs (€ [SD]): 2612 (148) vs. 3838 (746) at 1 month (p<0.0001); 9183 (10779) vs. 6327
(11873) at 1 year (p = 0.09)
A vs. B
Pain intensity (mean [SD NR], 0 to 10 VAS): 2.3 vs. NR at 1 day
ODI (mean [SD NR], 0 to 100 scale): 31.7 vs. NR at 1 day
Discontinued analgesics: 65% (120/200) vs. NR at 2 days
- Reports patients in usual care group had no change in pain or disability, but data not provided
- Reports results at 6 weeks, 3 months, and 6 months similar in both groups, but data not
provided

G-25

Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: 5.0% (5/101) vs. 5.9%
(6/101) at 1 year, RR 0.83 (95% CI,
0.26 to 2.64)*
Incident vertebral facture: 16.5%
(15/91) vs. 24.7% (21/85) at 1 year,
RR 0.67 (95% CI, 0.37 to 1.21)*

A vs. B
Mortality: 0.5% (1/200) vs. 1.5%
(3/200) at 6 months, RR 0.33 (95% CI,
0.03 to 3.18)*
Minor complications: 1.0% (2/200) vs.
NR
New vertebral fracture above treated
fracture: 1.5% (3/200) vs. 0% (0/200)
at 6 weeks, RR 7.00 (95% CI, 0.36 to
134.65)*

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Rousing,
2009 & 2010

Vertebroplasty Voormolen,
2007
VERTOS

Results
A vs. B
Pain intensity (mean [SD], 0 to 10 VAS)
- 3 months: 1.8 (2.3) vs. 2.6 (3.2), p = 0.32
- 1 year: 2.0 (2.1) vs. 2.9 (2.8), p = 0.29
SF-36 PCS (mean [SD], 0 to 100 scale)
- 3 months: 34.0 (9.0) vs. 29.3 (10.3), p = 0.12
- 1 year: 32.1 (9.1) vs. 30.5 (11.5), p = 0.63
SF-36 MCS (mean [SD], 0 to 100 scale)
- 3 months: 48.9 (11.8) vs. 46.2 (15.0), p = 0.51
- 12 months: 48.7 (12.7) vs. 49.0 (11.2), p = 0.93
EQ-5D (mean [SD], 0 to 1 scale)
- 3 months: 0.73 (0.14) vs. 0.54 (0.30), p = 0.04
- 12 months: 0.68 (0.17) vs. 0.57 (0.25), p = 0.19
Dallas Pain Questionnaire, daily activities (mean [SD], 0 to 100 scale)
- 3 months: 47.1 (31.3) vs. 57.4 (36.7), p = 0.33
- 12 months: 53.0 (32.3) vs. 53.6 (36.7), p = 0.95
Dallas Pain Questionnaire, anxiety and depression (mean [SD], 0 to 100 scale)
- 3 months: 28.7 (28.2) vs. 40.0 (38.4), p = 0.30
- 12 months: 31.3 (26.8) vs. 35.3 (30.0), p = 0.70
A vs. B
Pain intensity (mean [range], 0 to 10 VAS)
-1 day: 4.7 (1 to 8) vs. 7.1 (5 to 10), mean difference -2.4 (95% CI, -3.7 to -1.0)
-2 weeks: 4.9 (0 to 10) vs. 6.4 (3 to 9), mean difference -1.5 (95% CI, -3.2 to 0.2)
Analgesic use (mean [range], 0 to 3 scale)
-1 day: 1.1 (0 to 3) vs. 2.5 (1 to 3), mean difference -1.4 (95% CI, -2.1 to -0.8)
-2 weeks: 1.2 (0 to 3) vs. 2.6 (2 to 3), mean difference -1.4 (95% CI, -2.0 to -0.8)
RDQ (mean [range], 0 to 24 scale)
-2 weeks: 13 (3 to 22) vs. 18 (9 to 23), mean difference -5 (95% CI, -8.4 to -1.2)
QUALEFFO (mean [range, 0 to 100 scale)
-2 weeks: 53 (28 to 79) vs. 67 (40 to 88), mean difference -14 (95% CI, -24.7 to -3.4)
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Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: 3.8% (1/26) vs. 4.2% (1/26)
at 3 months, RR 1.00 (95% CI, 0.07 to
15.15);* 7.7% (2/26) vs. 8.3% (2/24) at
1 year, RR 0.92 (95% CI, 0.14 to
6.05)*
Any incident vertebral fracture: 11.5%
(3/26) vs. 4.2% (1/24) at 3 months, RR
2.77 (95% CI, 0.31 to 24.85);* 15.4%
(4/26) vs. 12.5% (3/24) at 12 months,
RR 1.23 (95% CI, 0.31 to 4.94)*
Adjacent incident vertebral fracture:
3.8% (1/26) vs. 0% (0/24) at 3 months,
RR 2.78 (95% CI, 0.12 to 65.09)* 3.8%
(1/26) vs. 0% (0/24) at 12 months, RR
2.78 (95% CI, 0.12 to 65.09)
Symptomatic incident vertebral
fracture: 0% (0/26) vs. 12.5% (3/24) at
12 months, RR 0.13 (95% CI, 0.01 to
2.43)*
A vs. B
Mortality: None reported
Incident vertebral compression
fracture: 11.1% (2/18) vs. 0% (0/16) at
2 weeks, RR 4.47 (95% CI, 0.23 to
86.77)*

Vertebral
Augmentation Author, Year
Procedure
Trial
Vertebroplasty Yang, 2016

Kyphoplasty

Berenson,
2011
CAFE Trial

Results
A vs. B
Pain intensity (mean [SD], 0 to 10 VAS)
-1 day: 4.2 (1.1) vs. 7.3 (1.1), mean difference -3.1 (95% CI, -3.5 to -2.7)
-1 week: 3.4 (1.3) vs. 6.5 (1.2), mean difference -3.1 (95% CI, -3.6 to -2.6)
-1 month: 2.5 (0.7) vs. 4.9 (1.0), mean difference -2.4 (95% CI, -2.7 to -2.1)
-3 months: 2.1 (0.6) vs. 3.9 (0.8), mean difference -1.8 (95% CI, -2.1 to -1.5)
-6 months: 2.3 (0.7) vs. 3.5 (0.7), mean difference -1.2 (95% CI, -1.5 to -0.9)
-1 year: 1.9 (0.5) vs. 3.1 (0.7), mean difference -1.2 (95% CI, -1.4 to -1.0)
ODI (mean [SD], 0 to 100 scale)
-1 week: 63 (9) vs. 80 (6), mean difference -17 (95% CI, -20 to -14)
-1 month: 47 (10) vs. 71 (8), mean difference -24 (95% CI, -27 to -21)
-3 months: 30 (8) vs. 56 (9), mean difference -26 (95% CI, -29 to -23)
-6 months: 29 (8) vs. 46 (8), mean difference -17 (95% CI, -20 to -14)
-1 year: 30 (7) vs. 38 (8), mean difference -8 (95% CI, -11 to -5)
QUALEFFO (mean [SD], 0 to 100 scale)
-1 week: 65 (7) vs. 75 (7), mean difference -10 (95% CI, -13 to -7)
-1 month: 50 (7) vs. 66 (5), mean difference -16 (95% CI, -18 to -14)
-3 months: 42 (6) vs. 56 (5), mean difference -14 (95% CI, -16 to -12)
-6 months: 39 (5) vs. 52 (4), mean difference -13 (95% CI, -15 to -11)
-1 year: 41 (6) vs. 49 (5), mean difference -8 (95% CI, -10 to -6)
Able to walk one day after procedure (A) vs. able to walk after two weeks bed rest (B): 100%
(56/56) vs. 23.5% (12/51), RR 4.12 (95% CI, 2.54 to 6.69)
Very satisfied or satisfied: 73.2% (41/56) vs. 58.8% (30/51), RR 0.65 (95% CI, 0.38 to 1.12)*
A vs. B
Pain (mean, 0 to 10 NRS): 3.5 (2.2) vs. 7.0 (1.5) at 7 days, mean difference in change from
baseline -3.5 (95% CI -3.8 to -3.2); 3.3 (2.6) vs. 6.9 (1.1) at 1 month, mean difference in change
from baseline -3.3 (95% CI, -3.6 to -3.0)
RDQ (mean, 0 to 24): 9.1 vs. 18.0 at 1 month, mean difference -8.4 (95% CI -7.6 to -9.2)
SF-36 Mental Component Summary (mean difference in change from baseline, 0 to 100): 8.4
(95% CI, 7.7 to 9.1) at 1 month
SF-36 Physical Component Summary (mean difference in change from baseline, 0 to 100): 11.1
(95% CI, 10.7 to 11.5) at 1 month
Karnofsky Performance Status (mean difference in change from baseline, 0 to 100) 15.3 (95%
CI, 13.5 to 17.1) at 1 month
Karnofsky Performance Status score improved >10 points: 65.1% (41/63) vs. 26.5% (13/49) at 1
month, RR 2.45 (95% CI, 1.49 to 4.04)*
Karnofsky Performance Status score ≥70: 74.6% (47/63) vs. 38.8% (19/49) at 1 month, RR 1.92
(95% CI, 1.32 to 2.81)*
Analgesic use: 52.3% (34/65) vs. 82.0% (41/50) at 1 month, RR 0.64 (95% CI, 0.49 to 0.83)*

G-27

Adverse Events and Withdrawals
Due to Adverse Events
A vs. B
Mortality: None reported
Any adverse event: 16.1% (9/56) vs.
35.3% (18/51), RR 0.46 (95% CI, 0.23
to 0.92)
Incident vertebral fracture: 8.9% (5/56)
vs. 7.8% (4/51) at 1 year, RR 1.14
(95% CI, 0.32 to 4.01)

A vs. B vs. C
Mortality: 32.9% (23/70) vs. 18.8%
(12/64), RR 1.75 (95% CI, 0.95 to
3.22)*
Any adverse event: 37.1% (26/70) vs.
29.7% (19/64), RR 1.25 (95% CI, 0.77
to 2.03)*
Adverse events resulting in death:
2.9% (2/70) vs. 1.6% (1/64), RR 1.83
(95% CI, 0.17 to 19.69)*
Back pain: 5.7% (4/70) vs. 7.8%
(5/64), RR 0.73 (95% CI, 0.20 to 2.60)*
Incident symptomatic fracture: 2.9%
(2/70) vs. 7.8% (5/64), RR 0.36 (95%
CI, 0.07 to 1.82)*
Injury or procedural complications:
5.7% (4/70) vs. 0% (0/64), RR 8.24
(95% CI, 0.45 to 150.10)*

Vertebral
Augmentation Author, Year
Procedure
Trial
Kyphoplasty
Wardlaw,
2009
FREE Trial

Results
A vs B
Pain intensity (mean [SD], 0 to 10 VAS)
-1 week: 3.5 (2.4) vs. 6.0 (2.4), ANOVA mean difference -2.2 (95% CI, -2.8 to -1.6)
-1 month: 3.4 (2.4) vs. 5.5 (2.3)
Additional
-3 months: 2.9 (2.3) vs. 4.5 (2.2)
publications:
-6 months: 2.7 (2.3) vs. 4.3 (2.2)
Boonen, 2013 -1 year: 2.8 (2.2) vs. 3.8 (2.1), ANOVA mean difference -0.9 (95% CI, -1.5 to -0.3)
and Van
RDQ (mean [SD], 0 to 24 scale)
Meirhaege,
-1 month: 11 (5.8) vs. 15 (5.7), ANOVA mean difference -4.0 (95% CI, -5.5 to -2.6)
2013
-3 months: 9 (5.5) vs. 13 (5.3)
-6 months: 8 (5.4) vs. 12 (5.3)
-1 year: 9 (5.2) vs. 11 (5.1), ANOVA mean difference -2.6 (95% CI, -4.1 to -2.0)
SF-36 PCS (mean [SD], 0 to 100 scale)
-1 month: 33 (8.9) vs. 27 (8.6), ANOVA mean difference 5.2 (95% CI, 2.9 to 7.4)
-3 months: 35 (8.8) vs. 31 (8.0), ANOVA mean difference 4.0 (95% CI, 1.6 to 6.3)
-6 months: 37 (8.6) vs. 33 (8.0), ANOVA mean difference 3.2 (95% CI, 0.9 to 5.6)
-1 year: 36 (8.3) vs. 34 (7.9), ANOVA mean difference 1.5 (95% CI, -0.8 to 3.9)
EQ-5D (mean [SD, 0 to 1 scale)
-1 month: 0.54 (0.36) vs. 0.37 (0.34), ANOVA mean difference 0.18 (95% CI, 0.08 to 0.28)
-3 months: 0.58 (0.35) vs. 0.49 (0.32)
-6 months: 0.62 (0.34) vs. 0.51 (0.32)
-1 year: 0.60 (0.34) vs. 0.51 (0.32), ANOVA mean difference 12 (95% CI, 0.01 to 0.22)
Strong opioid use
-1 month: 5% (6/114) vs. 8% (9/115), RR 0.67 (95% CI, 0.25 to 1.83)*
-1 year: 4% (5/117) vs. 5% (5/101), RR 0.86 (95% CI, 0.26 to 2.90)*
Opioid + nonopioid use
-1 month: 41% (47/114) vs. 57% (65/115), RR 0.73 (95% CI, 0.56 to 0.96)*
-1 year: 24% (28/117) vs. 29% (29/101), RR 0.83 (95% CI, 0.53 to 1.30)*

G-28

Adverse Events and Withdrawals
Due to Adverse Events
A vs B
Mortality: 6.0% (9/149) vs. 4.6%
(7/151) at 12 months, RR 1.30 (95%
CI, 0.50 to 3.41)
Serious adverse events (death, lifethreatening injury, or permanent
impairment; or required extended
hospital stay or intervention to prevent
impairment): 38.9% (58/149) vs.
35.8% (54/151), RR 1.09 (95% CI,
0.81 to 1.46)
Any adverse event: 87.2% (130/149)
vs. 80.1% (122/151), RR 1.08 (95%
CI, 0.98 to 1.19)
Withdrawal due to adverse events:
0.7% (1/149) vs. 0.7% (1/151), RR
1.01 (95% CI, 0.06 to 16.05)
New or worsening fracture: 33.0%
(38/115) vs. 25.3% (24/95) at 1 year;
ARD 7.7% (95% CI, -4.5% to 20.0%)

Vertebral
Augmentation Author, Year
Procedure
Trial
Results
Kyphoplasty
Boonen, 2011 A vs. B
FREE Trial
Pain (mean [SD], 0 to 10 VAS)
-2 years: 2.8 (2.8) vs. 3.7 (2.8), ANOVA mean difference -0.80 (95% CI, -1.39 to -0.20)
Secondary
RDQ (mean [SD], 0 to 24 scale)
publication of -2 years: 9 (6.2) vs. 10 (6.3), ANOVA mean difference -1.43 (95% CI NR); p = 0.051
Wardlaw,
SF-36 PCS (mean [SD], 0 to 100 scale)
2009
-2 years: 36 (12.5) vs. 34 (12.5), ANOVA mean difference 1.68 (95% CI, -0.63 to 3.99)
EQ-5D (mean [SD], 0 to 1 scale)
2 years: 0.61 (0.37) vs. 0.53 (0.38), ANOVA mean difference 0.12 (95% CI, 0.06 to 0.18)
Satisfaction (mean difference [95% CI] on 0 to 20 scale): 2.31 (1.19 to 3.43) at 24 months
Opioid use
-6 months: 29.8% (37/124) vs. 42.9% (48/112), RR 0.69 (95% CI, 0.49 to 0.98)*
-1 year: 28.0% (33/118) vs. 33.7% (34/101), RR 0.83 (95% CI, 0.56 to 1.24)*
-2 years: 8.8% (10/114) vs. 9.5% (10/105), RR 0.92 (95% CI, 0.40 to 2.12)*

Kyphoplasty

Van
Meirhaeghe,
2013
FREE Trial

see Wardlaw 2009 and Boonen 2011

Secondary
publication of
Wardlaw,
2009

Adverse Events and Withdrawals
Due to Adverse Events
A vs B
Mortality: 8.0% (12/149) vs. 7.3%
(11/151) at 24 months, RR1.11 (95%
CI, 0.50 to 2.43)
SAEs: 49.7% (74/149) vs. 48.3%
(73/151), RR 1.03 (95% CI, 0.82 to
1.29)
Any adverse event: 89.9% (134/149)
vs. 88.7% (134/151), RR 1.01 (95%
CI, 0.94 to 1.10)
Withdrawal due to adverse events:
0.7% (1/149) vs. 0.7% (1/151), RR
1.01 (95% CI, 0.06 to 16.05)
Incident vertebral fracture (any): 47.5%
(56/118) vs. 44.1% (45/102), RR 1.08
(95% CI, 0.81 to 1.44)
Incident adjacent vertebral fracture:
23.7% (28/118) vs. 16.7% (17/102),
RR 1.42 (95% CI, 0.83 to 2.45)*
Clinically recognized incident vertebral
fracture: 22.0% (26/118) vs. 16.7%
(17/102), RR 1.32 (95% CI, 0.76 to
2.29)*
A vs B
Serious adverse events: 16.1%
(24/149) vs. 11.2% (17/151) at 30
days, RR 1.43 (95% CI, 0.80 to 2.55)
Any adverse event: 63.1% (94/149) vs.
36.4% (55/151) at 30 days, RR 1.73
(95% CI, 1.36 to 2.21)
Infection: 11.4% (17/149) vs. 5.3%
(8/151), RR 2.15 (95% CI, 0.96 to
4.84)

*Calculated
Abbreviations: ANCOVA = analysis of covariance; ANOVA = analysis of variance; ARD = absolute risk difference; BMD = bone mineral density; CAFE = Cancer Patient Fracture
Evaluation; CI = confidence interval; CT = computed tomography; EQ-5D = EuroQOL 5-Dimension Questionnaire; FREE = Fracture Reduction Evaluation; HR = hazard ratio; INVEST =
Investigational Vertebroplasty Safety and Efficacy Trial; IQR = interquartile range; IU = International Unit; LBP = low-back pain; MCS = Mental Component Summary; MMSE = MiniMental State Exam; MR = magnetic resonance; MRI = magnetic resonance imaging; MRI-STIR = magnetic resonance imaging short tau inversion recovery; NR = not reported; NRS =
numeric rating scale; NS = not significant; ODI = Oswestry Disability Index; OR = odds ratio; PCS = Physical Component Summary; PMMA = polymethylmethacrylate; PVP =
percutaneous vertebroplasty; QALY = quality-adjusted life-year; QUALEFFO = Quality of Life Questionnaire of the European Foundation for Osteoporosis; RCT = randomized controlled
trial; RDQ = Roland–Morris Disability Questionnaire; RR = risk ratio; SAE = serious adverse event; SD = standard deviation; SF-36 = Short-Form 36; SOF–ADL = Study of Osteoporotic
Fractures–Activities of Daily Living; TL = thoracolumbar junction; VAPOUR = vertebroplasty for acute painful osteoporotic fractures; VAS = visual analogue scale; VB = vertebral body;
VCF = vertebral compression fracture; VERTOS = percutaneous vertebroplasty compared with optimal pain medication treatment: short-term clinical outcome of patients with subacute or
chronic painful osteoporotic vertebral compression fractures; VERTOS II = vertebroplasty vs. conservative treatments in acute osteoporotic vertebral compression fractures; VERTOS IV =
vertebroplasty vs. sham procedure for painful acute osteoporotic vertebral compression fractures; VOPE = vertebroplasty vs. sham for treating osteoporotic vertebral compression fractures:
a double blind RCT

G-29

See Appendix F, List of Included Studies, for full citations
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Table G-4. Trials of cooled and pulsed radiofrequency denervation – study characteristics
Author,
Year
Type of
Denervation Trial
Cooled
Cohen,
radiofrequency 2008

Study
Design
Duration
RCT
3 months
(prior to
crossover)

Cooled
McCormick, RCT
radiofrequency 2019
6 months

Number of
Centers/Provider
Type
Country
1 center,
anesthesia pain
medicine
U.S.

1 center,
anesthesia pain
medicine
U.S.

Eligibility Criteria
≥18 years with sacroiliac pain (axial low
back or buttock pain ≥6 months,
tenderness overlying the sacroiliac
joint[s]), failure to respond to
conservative therapy (including >2
months pain relief with sacroiliac joint
corticosteroid injection), pain relief
≥75% following single diagnostic
sacroiliac joint injection
Excluded: focal neurologic signs or
symptoms, radiologic evidence of a
symptomatic herniated disc,
spondyloarthropathy, untreated
coagulopathy, and unstable medical or
psychiatric illness

Interventions
A: Cooled radiofrequency denervation: For S1 to S3 lateral branches, 17gauge, 75-mm cooled electrodes with 4 mm active tips (Baylis Medical,
Montreal, Quebec, Canada) placed between 3 and 5 mm from the lateral
border of the sacral foramina at predesignated positions. Placement
confirmed with electrostimulation (concordant sensation at 0.5 V or less).
Administered 0.5 ml 2% lidocaine, followed by water-cooled
radiofrequency heating system (Pain Management SInergy System;
Baylis Medical) and generator (PMG-115-TD, V2.0A; Baylis Medical)
applied for 2 minutes at 60°C, with target tissue heated to 75°C (resulting
lesion diameter 8 to 10 mm).
-For L4 and L5 dorsal rami, conventional radiofrequency with 22-gauge
SMK-C10 cannula with 5-mm active tips inserted parallel to the course of
the nerve until bone contacted. Placement confirmed with
electrostimulation at 50 Hz, with concordant sensation achieved at ≤0.5 V;
absence of leg contractions verified with stimulation at 2 Hz up to ≤2 V.
Administered 0.5 ml 2% lidocaine followed by 90 second, 80°C
radiofrequency lesion
B: Sham radiofrequency: Electrodes positioned similarly and
electrostimulation performed in identical manner. Administered 0.5 2%
lidocaine but no current administered (procedure time similar to active
treatment). Offered crossover to conventional (non-cooled)
radiofrequency denervation as described above.
Low back pain ≥6 months, NRS ≥4 on 0 A: Cooled radiofrequency denervation: 17-gauge cooled radiofrequency
to 10 scale, no response to
ablation introducer needle placed at medial branch nerve targets, 18conventional therapy, pain diagram
gauge cooled radiofrequency ablation probe with a 4 mm active tip
suggesting possibility of facet-mediated (Coolief Cooled Radiofrequency Kit, Halyard Health, Alpharetta, Georgia)
pain, referred pain not beyond the knee with 2 mm gap between the electrode tip and the base of the superior
(if present), positive response to one
articular process. Motor testing (2.0 V, 2 Hz) performed at each target
set of diagnostic medial branch nerve
site. Administered 1 ml of 2% lidocaine through the introducer needle,
blocks defined as >75% reduction in
followed by cooled radiofrequency ablation lesioning for 165 seconds at
pain following diagnostic blocks with
each site, generator temperature set to 60°C (intralesional temperature
local anesthetic (0.5 mL of 0.5%
>80°C). Administered 0.5 ml 0.5% bupivacaine following procedure
bupivacaine or 2% lidocaine)
B: Conventional radiofrequency denervation: 20-gauge traditional
Excluded: focal neurologic signs or
radiofrequency ablation probes with 10 mm active tips (Baylis Medical,
symptoms, radiologic evidence of
Montreal, Canada) placed at medial branch nerve targets using parallel
symptomatic herniated disc or nerve
technique. Motor testing and local anesthetic as described for cooled
root impingement related to spinal
radiofrequency. Radiofrequency lesioning performed for 90 seconds at
stenosis, previous radiofrequency
80°C at each target site.
ablation for similar symptoms, active
systemic or local infection,
coagulopathy or other bleeding
disorder, current anticoagulants or
antiplatelet medications
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Author,
Study
Type of
Year
Design
Denervation Trial
Duration
Cooled
Patel, 2012 RCT
radiofrequency
3 months
(prior to
crossover)

Number of
Centers/Provider
Type
Country
1 center,
anesthesia pain
medicine.
U.S.

Eligibility Criteria
>18 years, predominantly axial pain
below the L5 vertebrae >6 months; 3day average NRS between 4 and 8 (0
to 10 scale); failure to achieve
adequate improvement with
comprehensive non-operative
treatment, other sources of LBP
excluded; ≥75% dual relief between 4
hours and 7 days following S1-S3
lateral branch and L5 dorsal ramus
diagnostic block
Excluded: history of potentially
confounding intervertebral disc disease
or facet joint pain; Beck Depression
Inventory score >20; irreversible
psychological barriers to recovery;
spinal pathology that may impede
recovery such as spondylolisthesis at
L5/S1, or scoliosis; symptomatic
moderate or severe foraminal or central
canal stenosis; systemic infection or
localized infection at anticipated
introducer entry site; concomitant
cervical or thoracic pain; uncontrolled or
acute illness; chronic severe conditions;
active radicular pain;
immunosuppression; worker’s
compensation, injury litigation, or
disability remuneration; >30 mg
morphine daily or equivalent use; active
smokers
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Interventions
A: Cooled radiofrequency denervation: For L5 dorsal ramus, introducer
needle placed under fluoroscopy to junction of S1 superior articular
process and sacral ala; stylet replaced with SInergy Probe (Kimberly
Clark Health Care). Accurate electrode placement confirmed and 0.5 cc
2% lidocaine and 0.75% bupivacaine injected, then radiofrequency
energy delivered for 150 seconds at 60°C. For S1 to S3 lateral branch
sites, 27-gauge needle placed under fluoroscopy 7 mm lateral to S1
posterior sacral foramen for localization. Introducer advanced and 17gauge, 75-mm cooled electrode with 4 mm active tip (Kimberly Clark
Health Care) inserted 2 mm from surface of the sacrum. Impedance
confirmed at 100 to 500 W. Radiofrequency lesioning performed as
described for L5 dorsal ramus. To form an arc-shaped treated area lateral
to the S1 posterior sacral foramen, 2 additional lesions were created at
that level. Similar technique used for S2 and S3 sites (2 lesions at S3).
Post-lesioning, 1 cc of a 1:1 mixture of 2% lidocaine and 0.75%
bupivacaine administered.
B: Sham radiofrequency: Needle placement as described for A, but no
cooled radiofrequency lesioning performed

Type of
Denervation
Pulsed
radiofrequency

Author,
Year
Trial
Kroll, 2008

Number of
Study
Centers/Provider
Type
Design
Duration
Country
Eligibility Criteria
RCT
1 center,
≥18 years, unilateral or bilateral lumbar
3 months anesthesia pain
back pain >1 month, ASA physical
medicine
status I to III with no radiating
U.S.
symptoms below the knee,
radiographically ruled out disc
herniation and spinal stenosis,
symptoms reproduced by extensionrotation of the lumbar spine and
palpation of the paraspinal region,
>50% pain reduction based on subjects'
mean VAS pain assessment for ≥3
hours after two separate diagnostic
medial branch blocks
Excluded: history of previous back
surgery, neurological deficits,
claudication, active psychiatric disorder,
bleeding disorder, active infection,
involved in current litigation
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Interventions
A: Pulsed radiofrequency denervation: Radiofrequency cannula was
either 21-gauge, 100-mm (Model PMC21-100-5; Baylis Medical Co.,
Montreal, QC, Canada) or 20-gauge, 145-mm length (Model PMC20-1455, Baylis Medical Co) with 5 mm active tip. Under fluoroscopy, positioned
cannula for the L1 to L4 medial branches at the superior, medial edges of
the posterior surfaces of the transverse processes at the junction with the
articular pillars and for the L5 medial branch at the junction of the medial
end of the ala of the sacrum with the articular pillar. Baylis Pain
Management Generator (Model PMG-115) with 100-mm (Model PMP21100) or 145-mm (Model PMP-20- 145) radiofrequency probe used. Placed
radiofrequency probes through the cannulae and confirmed placement by
provocative sensory testing at a frequency of 50 Hz at <1 volt and
absence of motor stimulation in the lower extremity at a frequency of 2 Hz
and up to 2.5 volts. Pulsed radiofrequency lesioning was delivered at 42°
C with a pulse duration of 20 ms and pulse rate of two Hz for 120
seconds.
B: Continuous radiofrequency denervation: As above, with radiofrequency
lesioning was at 80°C for 75 seconds.

Author,
Type of
Year
Denervation Trial
Pulsed
Moussa,
radiofrequency 2020

Number of
Study
Centers/Provider
Type
Design
Duration
Country
Eligibility Criteria
RCT
1 center,
≥18 years with continuous chronic LBP
3 years
neurosurgery
with or without pain radiating into the
Egypt
upper leg for ≥1 year with
unsatisfactory improvement in response
to ≥3 months of conservative treatment,
clinical manifestations suggesting facet
joint pain (e.g., paraspinal tenderness
and increasing pain on spinal
extension), pain VAS ≥7 (0 to 10 scale)
on 2 different occasions separated by
at least 2 weeks, complete or near
complete reduction of VAS score 30
minutes after fluoroscopically-guided
0.5% bupivacaine diagnostic block of
medial dorsal branch of segmental L3,
L4, and L5 nerve roots
Excluded: surgical causes of low back
pain (e.g., spondylolisthesis and
fracture spine, prior lumbar surgery,
major comorbidities (e.g., uncontrolled
diabetes mellitus, uncontrolled
hypertension, cardiac diseases,
malignancy and bleeding diathesis),
prior radiofrequency treatment for LBP,
presence of radicular syndromes,
infection at the injection site,
pregnancy, possible work
compensation litigation, score ≥50 on
the Zung Self Rating Depression Scale
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Interventions
A: Pulsed radiofrequency denervation of dorsal root ganglia:
Thermocouple electrode (CSK, 20 cm length with 10 mm active tip)
placed perpendicular to the dorsal root ganglion under fluoroscopy. Motor
and sensory stimulation at 2 and 50 Hz to confirmed electrode tip
proximity to dorsal root ganglia with presence of ipsilateral lower limb
muscle contractions and paraesthesia at <0.5 V. Pulsed radiofrequency
(NeuroTherm NT1100, St. Jude Medical, Inc., Saint Paul, MN, United
States) of the dorsal root ganglia L4, L5, and S1 administered with 4 2
minute cycles using 2 Hz stimulation at 45 V unilaterally or bilaterally, with
the cannulae tip temperature not exceeding 42°C.
B: Continuous radiofrequency denervation of medial branch: As for pulsed
radiofrequency, except electrode was placed parallel to the medial dorsal
branch (junction of the superior articular process and the transverse
process where the medial dorsal branch is, without the electrode tip
projecting past the ventral border of the facet column); absence of
ipsilateral lower limb muscle contractions and paresthesia on stimulation;
and continuous radiofrequency performed at L3 to 4, L4 to 5 and L5-S1
levels at 85°C for 90 seconds with 3 lesions at each level (2 mm intervals
between lesions)
C: Sham radiofrequency denervation: As above, except radiofrequency
generator switched on but did not delivering current to the thermocouple
electrode.
All patients received 1 ml of a mixture of equal volume of bupivacaine 0.5
% and methylprednisolone acetate 40 mg/mL at the conclusion of the
procedure through the electrode needle.

Number of
Author,
Study
Centers/Provider
Type of
Type
Year
Design
Denervation Trial
Duration
Country
Eligibility Criteria
Interventions
Pulsed
Tekin, 2007 RCT
1 center,
>17 years with >6 months of continuous A. Pulsed radiofrequency denervation: 22-gauge 10 cm SMK-C10
radiofrequency
1 years
anesthesia pain
LBP with or without radiation into the
electrode, 2-mm active tip placed at angle between the superior articular
medicine
upper leg, focal tenderness over the
process and transverse process for the segmental medial branches of
Turkey
facet joints, pain on hyperextension, no lumbar nerve roots. Impedance verified at 300 to 700 Ohms and sensory
finding of obvious neurologic defect, no stimulation (50 Hz) reproduced pain at <0.5 V and did not result in leg
indication for low back surgery, no
contractions at 1 V; contractions of the multifidus muscle observed
radicular syndrome, unresponsiveness between 0.3 and 0.5 V L1 to L3 or L3 to L5 treated; 0.5 ml 2% prilocaine
to traditional conservative treatments,
followed with 2 Hz pulsed radiofrequency waves for 4 minutes (45 V) to a
positive (>50% improvement in pain,
temperature of 42 degrees C.
duration consistent with expected
B. Continuous radiofrequency denervation: As above, except used an
duration of local anesthetic used)
electrode with 10-mm active tip and treated continuously for 90 seconds
response to single diagnostic medial
to 80 degrees C
branch block using 0.3 ml 2% lidocaine C. Sham radiofrequency denervation: Electrodes and thermocouple
Excluded: prior radiofrequency
probes positioned similarly without switching on radiofrequency current,
treatment, coagulation disturbances,
only 0.3 ml 0.5% bupivacaine injected
allergies to radiopaque contrast media
or local anesthetics,
malignancy
Abbreviations: ASA American Society of Anesthesiologists; LBP = low-back pain; NR = not reported; NRS = numeric rating scale; ODI = Oswestry Disability Index; RCT = randomized
controlled trial; VAS = visual analogue scale; WHO World Health Organization
See Appendix F, List of Included Studies, for full citations
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Table G-5. Trials of cooled and pulsed radiofrequency denervation – additional study characteristics
Type of
Denervation
Cooled
radiofrequency

Cooled
radiofrequency

Cooled
radiofrequency

Author, Year
Trial
Cohen, 2008

McCormick,
2019

Patel, 2012

Sample Characteristics
Mean (SD) age, years: 51.85 (13.35)
Female: 61%
Race: NR
Mean duration of back pain: NR
Failed back surgery syndrome: 21%
Opioid use: 46%
Mean (SD) opioid dosage, morphine equivalents per
day: 52.68 (46.41)
A vs. B
Baseline pain intensity (mean [SD], 0 to 10 NRS): 6.1
(1.8) vs. 6.5 (1.9)
Baseline ODI (mean [SD], 0 to 100 scale): 37.1 (10.6)
vs. 47.9 (9.3)
Mean (SD) age, years: 55.82 (13.61)
Female: 59%
Race: NR
Mean (SD) duration of pain, months: 86.15 (90.39)
% (SD) relief from diagnostic block: 85.38% (15.44)
Mean (SD) morphine equivalents: 11.02 (21.46)
A vs. B
Baseline pain intensity (mean [SD], 0 to 10 NRS): 7.4
vs. 6.9 (1.5)
Baseline ODI (mean [SD, 0 to 100 scale): 29.1 (7.0) vs.
26.7 (8.7)
Mean (SD) age, years: 58.7 (14.7)
Female: 72%
Race: NR
Duration of pain 6 to 12 months: 13.7%
Duration of pain 12 to 24 months: 15.7%
Duration of pain >24 months: 68.6%
Prior treatment with opioids: 45.1%
Prior treatment with antiinflammatory drugs: 66.7%
Prior treatment with injections: 41.2%
A vs. B
Baseline pain intensity (mean [SD], 0 to 10 NRS): 6.1
(1.3) vs. 5.8 (1.3)
Baseline SF-36 physical functioning (mean [SD], 0 to
100 scale): 50 (20) vs. 47 (24)
Baseline ODI (mean [SD], 0 to 100 scale): 37 (14) vs.
35 (10)
Baseline Assessment of Quality of Life (AQoL) score
(mean [SD], 0 to 1 scale): 0.60 (0.19) vs. 0.54 (0.16)
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Screened
Eligible
Randomized
Analyzed
Screened: 90
Eligible: NR
Lost to followup: 0
Randomized: 28 (14 vs. 14)
Lost to followup: None reported
Analyzed: 28 (14 vs. 14)
Crossover: 9 (0 vs. 9) at 1 month and
11 (0 vs. 11) at 3 months

Sponsor
John P. Murtha
Neuroscience and
Pain Institute, Army
Regional
Anesthesia and
Pain Medicine
Initiative, National
Institutes of Health

Quality
Fair

Screened: 48
Eligible and enrolled: 48
Randomized: 43 (22 vs. 21)
Completed followup: 40 (21 vs. 19)
Analyzed: 39 (21 vs. 19)

Midwest Pain
Society

Good

Screened: 304
Eligible: 151
Randomized: 51 (34 vs. 17)
Completed followup: 51 (34 vs. 17) at
3 months, 44 (27 vs. 17) at 6 months
Analyzed: 51 (34 vs. 17) at 3 months
Crossover: 16 (0 vs. 16)

Baylis Medical

Fair

Type of
Denervation
Pulsed
radiofrequency

Author, Year
Trial
Kroll, 2008

Pulsed
radiofrequency

Moussa, 2020

Pulsed
radiofrequency

Tekin, 2007

Sample Characteristics
Mean (SD) age, years: 58.25 (10.13)
Female: 54%
Race: NR
Pain duration: NR
A vs. B
Baseline pain intensity (mean [SD], 0 to 100 VAS
transformed to 0 to 10 scale): 6.4 (1.8) vs. 7.6 (1.6)
ODI (mean [SD], 0 to 100 scale): 44.9 (10.4) vs. 52.0
(17.3)
Mean, (SD) age, years: 56.97 (NR)
Female: 65.3%
Race: NR
Duration of low back pain: NR
Baseline pain medication use: NR
Baseline pain intensity: NR
Baseline ODI: NR
Mean (SD) age, years: 59.33 (8.33)
Female: 57%
Race: NR
Mean (SD) duration of pain, months: 35.13 (11.88)

Screened
Eligible
Randomized
Analyzed
Screened: NR
Eligible: NR
Randomized: 50 (25 vs. 25)
Completed followup: 26 (13 vs. 13)
Analyzed: 26 (13 vs. 13)

Screened: NR
Eligible: 241
Randomized: 150 (50 vs. 50 vs. 50)
Completed followup: 0 at 6 months; 8
at 12 months; 27 at 3 years (not
reported by group)
Analyzed: 150 (50 vs. 50 vs. 50)
Screened: NR
Eligible: 60
Randomized: 60 (20 vs. 20 vs. 20)
Completed followup: NR
Analyzed: 60

Sponsor
Anesthesia
Research Fund,
Henry Ford Hospital

Quality
Poor

No funding

Poor

NR

Fair

A vs. B vs. C
Baseline pain intensity (mean [SD, 0 to 10 VAS): 6.6
(1.6) vs. 6.5 (1.5) vs. 6.8 (1.6)
Baseline ODI (mean [SD, 0 to 100 scale): 39.4 (5.0) vs.
39.2 (3.5) vs. 40.1 (2.8)
Abbreviations: IQR = interquartile range; LBP = low-back pain; NR = not reported; NRS = numeric rating scale; ODI = Oswestry Disability Index; SD = standard deviation; VAS = visual
analogue scale; WHO World Health Organization
See Appendix F, List of Included Studies, for full citations
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Table G-6. Trials of cooled and pulsed radiofrequency denervation – results
Type of
Denervation
Cooled
radiofrequency

Author, Year
Trial
Cohen, 2008

Cooled
radiofrequency

McCormick,
2019

Results
A vs. B. vs. C
Pain intensity (mean [SD], 0 to 10 NRS)
- 1 month: 2.4 (2.0) vs. 6.3 (2.4), p<0.05
- 3 months: 2.4 (2.3) vs. 6 (0), p>0.05
- 6 months: 2.6 (2.2) vs. no data
ODI (mean [SD]. 0 to 100 scale)
- 1 month: 20.9 (10.9) vs. 43.6 (14), p<0.05
- 3 months: 18.5 (11.6) vs. 24 (8.5), p>0.05
- 6 months: 22.6 (10.6) vs. no data
Positive Global Perceived Effect (pain improved, treatment improved ability to perform
daily activities, and satisfied with treatment and would recommend to others)
- 1 month: 93% (13/14) vs. 21% (3/14), p<0.05
- 3 months: 83% (10/12) vs. 0% (0/2), p>0.05
- 6 months: 89% (8/9) vs. no data
>20% reduction in opioid use or complete cessation of nonopioid analgesic
- 1 month: 77% (10/13) vs. 8% (1/13), p<0.05
- 3 months: 82% (9/11) vs. 0% (0/2), p>0.05
- 6 months: 67% (8/12)) vs. no data
Successful outcome (≥50% improvement in pain, positive Global Perceived Effect, and
≥10 point improvement in ODI or ≥4 point improvement in ODI and reduction in
medication use [as defined above])
- 1 month: 79% (11/14) vs. 14.3% (2/14), RR 5.50 (95% CI, 1.48 to 20.42)
- 3 months: 64% (9/14) vs. 0% (0/2), RR 0.36 (95% CI, 0.18 to 0.72)*
- 6 months: 57% (8/14) vs. no data
Duration of pain relief (mean [SD], months): 5.8 (4.2) vs. 0.7 (1.6
A vs. B
Pain intensity (mean change from baseline [SD], 0 to 10 NRS)
-6 months: -3.8 (2.5) vs. -3.0 (3.2), p = 0.41 (no differences at 1 or 3 months)
NRS improved ≥50%
-6 months: 52.3% (11/21) vs. 44.4% (8/18), RR 1.18 (95% CI, 0.61 to 2.28)
ODI (mean change from baseline [SD], 0 to 100 scale)
-6 months: -11.3 (11.2) vs. -8.1 (12.3), p = 0.40 (no difference at 1 or 3 months)
ODI improved ≥30%
-6 months: 61.9% (13/21) vs. 44.4% (8/18), RR 1.39 (95% CI, 0.75 to 2.58)
Global Impression of Change (median [IQR], 1 to 7 scale)
-6 months: 2 (3) vs. 2 (3), p = 0.51
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Adverse Events and Withdrawals
Due to Adverse Events
Serious complications: None reported
Temporary worsening pain typically
lasting between 5 and 10 days after
the procedure reported; 1 patient
reported transient nonpainful buttock
paresthesias that resolved without
therapy in the radiofrequency
treatment group

Serious adverse events: None
reported
Self-limited post-procedure pain
reported in 2 patients

Type of
Denervation
Cooled
radiofrequency

Author, Year
Trial
Patel, 2012

Pulsed
radiofrequency

Kroll, 2008

Results
A vs. B
Pain intensity (mean change from baseline [SD], 0 to 10 NRS)
-1 month: -2.7 (2.6) vs. -1.7 (2.0), p = 0.16
-3 months: -2.4 (2.7) vs. -0.8 (2.4), p = 0.04
SF-36 physical functioning (mean change from baseline [SD], 0 to 100 scale)
-1 month: 10 (17) vs. 5 (12), p = 0.24
-3 months: 14 (19) vs. 3 (12), p = 0.04
ODI (mean change from baseline [SD], 0 to 100 scale)
-1 month: -12 (14) vs. -4 (11), p = 0.046
-3 months: -11 (17) vs. 2 (6), p = 0.01
AQoL (mean [SD], 0 to 1 scale)
-3 months: 0.69 (0.21) vs. 0.56 (0.21), p = 0.048
Pain intensity improved ≥50%: 53% (18/34) vs. 29% (5/17) at 3 months, RR 1.80 (95%
CI, 0.80 to 4.01)
Treatment success (pain intensity improved ≥50% and either 10 point increase in SF-36
bodily pain or 10 point decrease in ODI): 47% (16/34) vs. 12% (2/17) at 3 months, RR
4.00 (95% CI, 1.04 to 15.43)
Global Perceived Effect pain "decreased a lot" or "completely gone")
-3 months: 47% (6/34) vs. 8% (n/N unclear) at 3 months, p<0.05
ODI improved ≥10 points: 41.2% (14/34) vs. 5.9% (1/17) at 3 months, RR 7.00 (95% CI,
1.00 to 48.88)
A vs. B
Pain intensity (mean [SD], 0 to 100 VAS transformed to 0 to 10 scale)
- 3 months: 5.1 (2.1) vs. 5.2 (2.7); mean improvement (SD) -1.1% (4.5) vs. -2.5% (5.0), p
= 0.46
ODI (mean [SD], 0 to 100 scale):
- 3 months: 42.2 (19.0) vs. 41.7 (16.9); mean improvement (SD) -4.1% (44.3) vs. -18.3%
(30.7), p = 0.35
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Adverse Events and Withdrawals
Due to Adverse Events
NR

No adverse events during procedure
and no complications at 3 months

Type of
Denervation
Cooled
radiofrequency

Author, Year
Trial
Moussa, 2020

Results
A vs. B vs. C
Success (defined as ≥50% reduction in median back pain intensity without a drop in daily
activities or raise in analgesic intake or ≥25% in median back pain intensity with ≥25%
increase in daily activities and ≥25% drop in analgesic intake)
-3 months: 90% (45/50) vs. 68% (34/50) vs. 60% (30/50), RR 0.31 (95% CI, 0.12 to
0.79)* A vs. B, RR 0.25 (95% CI, 0.10 to 0.61)* A vs. C
-6 months: 84% (42/50) vs. 34% (27/50) vs. 20% (10/50), RR 0.35 (95% CI, 0.17 to
0.70)* A vs. B, RR 0.20 (95% CI, 0.10 to 0.38)* A vs. C
-1 year: 78% (39/50) vs. 40% (20/50) vs. 8% (4/50), RR 0.29 (95% CI, 0.17 to 0.50)* A
vs. B, RR 0.24 (95% CI, 0.14 to 0.41)* A vs. C
- 2 years: 70% (35/50) vs. 24% (12/50) vs. 2% (1/50), RR 0.39 (95% CI, 0.25 to 0.62)* A
vs. B, RR 0.31 (95% CI, 0.20 to 0.47)* A vs. C
- 3 years: 68% (34/50) vs. 10% (5/50) vs. 2% (1/50), RR 0.35 (95% CI, 0.23 to 0.54)* A
vs. B, RR 0.33 (95% CI 0.22 to 0.49)* A vs. C
Back pain intensity (mean change [SD NR], 0 to 10 VAS)
-3 months: -8.5 vs. -5.4 vs. -5.2, p = 0.01
-6 months: -8.3 vs. -5.2 vs. -2.3, p = 0.01
-1 year: -8.1 vs. -5 vs. -0.7, p = 0.01
-2 years: -7.9 vs. -2.3 vs. -0.5, p = 0.01
-3 years: -7.7 vs. -2.2 vs.- 0.4, p = 0.003
>50% reduction in back pain
-3 months: 84% (42/50) vs. 64% (32/50) vs. 56% (28/50), RR 0.44 (95% CI, 0.21 to
0.93)* A vs. B, RR 0.36 (95% CI, 0.18 to 0.74)* A vs. C
-6 months: 78% (39/50) vs. 48% (24/50) vs. 16% (8/50), RR 0.42 995% CI, 0.23 to 0.76)*
A vs. B, RR 0.26 (95% CI, 0.15 to 0.45)* A vs. C
-1 year: 74% (37/50) vs. 36% (18/50) vs. 6% (3/50), RR 0.41 (95% CI, 0.24 to 0.68)* A
vs. B, RR 0.28 (95% CI, 0.17 to 0.44)* A vs. C
-2 years: 70% (35/50) vs. 12% (6/50) vs. 2% (1/50), RR 0.34 (95% CI, 0.22 to 0.52)* A
vs. B, RR 0.31 (95% CI, 0.20 to 0.47)* A vs. C
-3 years: 68% (34/50) vs. 6% (3/50) vs. 2% (1/50), RR 0.34 (95% CI, 0.23 to 0.51)* A vs.
B, RR 0.33 (95% CI, 0.22 to 0.49)* A vs. C
ODI (mean change [SD NR], 0 to 100 scale)
-3 months: -50.5 vs. -34. 9 vs. -33.6, p = 0.05
-6 months: -48.1 vs. -30.3 vs. -10.8, p = 0.03
-1 year: -43.9 vs.- 26.4 vs. -5.5, p = 0.01
-2 years: -39.3 vs. -15.3 vs. -3.7, p = 0.01
-3 years: -39.2 vs. -6.3 vs. -2, p = 0.004
WHO analgesic intake score (mean change [SD NR], 0 to 3 scale)
-3 months: 2.4 vs. 2 vs. 2, p = 0.04
-6 months: 2.3 vs. 1.9 vs. 0.8, p = 0.04
-1 year: 2.1 vs. 1.8 vs. 0.2, p = 0.03
-2 years: 2 vs. 0.6 vs. 0.1, p = 0.01
-3 years: 1.9 vs. 0.5 vs. 0.1, p = 0.003
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Adverse Events and Withdrawals
Due to Adverse Events
NR

Type of
Denervation
Cooled
radiofrequency

Author, Year
Trial
Tekin, 2007

Adverse Events and Withdrawals
Results
Due to Adverse Events
A vs. B vs. C
NR
Pain (mean [SD], 0 to 10 VAS)
-6 months: 2.9 (1.6) vs. 2.3 (1.3) vs. 3.1 (0.8), p = 0.19 for A vs. B and p = 0.62 for A vs.
C
-1 year: 3.5 (1.3) vs. 2.4 (1.1) vs. 3.9 (1.2), p = 0.004 for A vs. B and p = 0.31 for A vs. C
ODI (mean [SD], 0 to 100 scale)
-6 months: 25.3 (6.9) vs. 25.1 (6.4) vs. 28.9 (5.7), p = 0.92 for A vs. B and p = 0.07 for A
vs. C
-1 year: 28.5 (6.1) vs. 28.0 (7.1) vs. 33.6 (5.7), p = 0.81 for A vs. B and p = 0.006 for A
vs. C
Analgesic use: 75% (15/20) vs. 40% (8/20) vs. 95% (19/20) at 1 year, RR 1.88 (95% CI,
1.04 to 3.39) for A vs. B
Patient satisfaction good or excellent: 85% (17/20) vs. 95% (19/20) vs. 70% (14/20) at 1
year
Abbreviations: CI = confidence interval; IQR = interquartile range; LBP = low-back pain; NR = not reported; NRS = numeric rating scale; ODI = Oswestry Disability Index; RR = risk ratio;
SD = standard deviation; VAS = visual analogue scale; WHO World Health Organization
See Appendix F, List of Included Studies, for full citations
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Table G-7. Trials of intradiscal and facet joint platelet rich plasma for presumed discogenic back pain – study characteristics
Author,
Year
Trial
TuakliWosornu,
2016

Study
Design
Duration
RCT
8 weeks

Setting/Provider
Type
Country
1 center,
physical medical
and rehabilitation
U.S.

Eligibility Criteria
Interventions
Refractory LBP ≥6 months, failure of conservative treatment measures (oral
A: Platelet-rich plasma injection: 1 to 2
medications, rehabilitation therapy, and/or injection therapy), maintained
ml of platelet-rich plasma injected midintervertebral disc height ≥50%, disc protrusion <5 mm on MRI or CT, concordant
portion of discs that elicited concordant
pain on provocative discography (1 to 2 ml) with presence of a grade 3 or 4
pain on discography with fluoroscopic
annular fissure
guidance (for multiple discs, a total of 3
Excluded: presence of a known bleeding disorder, current anticoagulation therapy, to 4 ml was split among the discs)
pregnancy, systemic infection or skin infection over the puncture site, allergy to
B: Sham: 1 to 2 ml contrast agent, as
contrast agent, presence of a psychiatric condition (e.g., posttraumatic stress
above
disorder, schizophrenia), solid bone fusion preventing access to the disc, severe
spinal canal compromise at the levels to be investigated, extrusions or
sequestered disc fragments, previous spinal surgery, spondylolysis,
spondylolisthesis, discordant pain on discography, presence of a grade 5 annular
fissure with demonstrated extravasation of contrast
Abbreviations: CT = computed tomography; LBP = low-back pain; MRI = magnetic resonance imaging; RCT = randomized controlled trial; U.S. = United States
See Appendix F, List of Included Studies, for full citations

Table G-8. Trials of intradiscal and facet joint platelet rich plasma for presumed discogenic back pain – additional study characteristics
Author,
Year
Trial
TuakliWosornu,
2016

Sample Characteristics
Mean (SD) age, years: 42.32 (8.41)
Female: 66%
Race: NR
Pain duration: NR

A vs. B
Baseline current pain (mean [SD], 0 to 10 NRS): 4.74 (2.21) vs. 4.61 (2.21)
Baseline best pain (mean [SD] 0 to 10 NRS): 2.81 (1.78) vs. 2.08 (1.74)
Baseline worst pain (mean [SD], 0 to 10 NRS): 7.98 (1.56) vs. 7.72 (1.53)
Baseline Functional Rating Index (mean [SD], 0 to 100): 51.47 (15.62) vs. 45.37 (15.61)
Baseline SF-36 bodily pain (mean [SD], 0 to 100): 43.28 (21.11) vs. 47.92 (21.13)
Baseline SF-36 physical function (mean [SD], 0 to 100): 56.40 (18.52) vs. 56.11 (18.54)
Abbreviations: NR = not reported; NRS = numeric rating scale; SD = standard deviation
See Appendix F, List of Included Studies, for full citations
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Screened
Eligible
Randomized
Complete Followup
Analyzed
Screened: 109
Eligible: 84
Randomized: 58 (36 vs.
22)
Completed followup: 57
(35 vs. 22) at 8 weeks
Analyzed: 47 (29 vs. 18) at
8 weeks

Sponsor
Hospital for Special
Surgery Physiatry
Research & Education
Fund, Harvest
Technologies
Corporation

Quality
Fair

Table G-9. Trials of intradiscal and facet joint platelet rich plasma for presumed discogenic back pain – results
Author,
Year
Trial
TuakliWosornu,
2016

Adverse Events and Withdrawals
Results
Due to Adverse Events
A vs. B
No adverse events of disk space
Current pain (mean [SD], 0 to 10 NRS)
infection, neurologic injury, or
-1 week: 4.21 (1.99) vs. 4.78 (1.99), mean difference -0.57 (95% CI, -1.74 to 0.60)
progressive herniation
-4 weeks: 4.00 (2.21) vs. 4.61 (2.21), mean difference -0.61 (95% CI, -1.91 to 0.69)
-8 weeks: 3.09 (2.59) vs. 4.39 (2.59), mean difference -1.30 (95% CI, -2.82 to 0.22)
Best pain (mean [SD], 0 to 10 NRS)
-1 week: 2.88 (1.83) vs. 2.44 (1.82), mean difference 0.44 (95% CI, -0.63 to 1.51)
-4 weeks: 2.53 (1.83) vs. 2.28 (1.82), mean difference 0.25 (95% CI, -0.82 to 1.32)
-8 weeks: 2.00 (2.06) vs. 2.72 (2.12), mean difference -0.72 (95% CI, -1.95 to 0.51)
Worst pain (mean [SD], 0 to 10 NRS)
-1 week: 6.86 (1.94) vs. 7.39 (1.95), mean difference -0.53 (95% CI, -1.67 to 0.61)
-4 weeks: 6.41 (1.88) vs. 7.11 (1.91), mean difference -0.70 (95% CI, -1.82 to 0.42)
-8 weeks: 5.82 (2.33) vs. 6.83 (2.33), mean difference -1.01 (95% CI, -2.38 to 0.36)
Functional Rating Index (mean [SD], 0 to 100 scale)
-1 week: 49.83 (15.72) vs. 45.99 (15.74), mean difference 3.84 (95% CI, -5.41 to 13.09)
-4 weeks: 43.25 (16.68) vs. 44.17 (17.14), mean difference -0.92 (95% CI, -10.90 to 9.06)
- 8 weeks: 37.99 (19.60) vs. 44.45 (19.60); mean difference -6.46 (95% CI, -17.99 to 5.07)
SF-36 Bodily Pain (mean [SD], 0 to 100 scale)
-1 week: 40.52 (21.76) vs. 47.22 (21.76), mean difference -6.70 (95% CI, -19.50 to 6.10)
-4 weeks: 55.17 (19.98) vs. 47.22 (19.98), mean difference 7.95 (95% CI, -3.80 to 19.70)
-8 weeks: 61.29 (22.19) vs. 52.78 (22.19), mean difference 8.51 (95% CI, -4.54 to 21.56)
SF-36 Physical Function (mean [SD], 0 to 100 scale)
- 1 week: 51.63 (20.46) vs. 51.28 (20.04), mean difference 0.35 (95% CI, -11.53 to 12.23)
- 4 weeks: 58.43 (21.17) vs. 60.97 (21.43), mean difference -2.54 (95% CI, -15.08 to 10.00)
- 8 weeks: 61.70 (22.89) vs. 57.08 (22.91), mean difference 4.62 (95% CI, -8.85 to 18.09)
"Satisfied" or "would undergo procedure again": 55.6% (15/27) vs. 17.6% (3/17), RR 3.15 (95% CI, 1.07 to 9.28)
Abbreviations: CI = confidence interval; NR = not reported; NRS = numeric rating scale; RR = risk ratio; SD = standard deviation; SF-36 = Short-Form 36
See Appendix F, List of Included Studies, for full citations
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Table G-10. Trial of stem cells for presumed discogenic back pain –study characteristics
Author,
Year
Amirdelfan,
2020

Study
Design
Duration
RCT
3 years

Setting/Provider
Type
Country
13 centers;
provider type not
reported
Australia and
U.S.

Eligibility
Criteria
≥18 years with
documented
diagnosis of
degenerative
disc disease at
one level from
L1 to S1, chronic
LBP for ≥6
months, prior
failed 3 months
conservative
treatment;
provocative
discography
optional but if
performed, only
patients with
concordant pain
at 1 level eligible
Excluded:
comorbidities
that could
confound the
safety or efficacy
of mesenchymal
precursor cells

Interventions
A. Intradiscal
allogenic
mesenchymal
precursor cells: 6
million cells (1.0 mL of
the 30 million/5 mL
MPC product) mixed
with 1.0 mL of 1%
hyaluronic acid
B. Intradiscal
allogenic
mesenchymal
precursor cells: 18
million cells (1.0 mL of
the 90 million/5 mL
MPC product) mixed
with 1.0 mL of 1%
hyaluronic acid
C. Intradiscal
hyaluronic acid: 2 ml
of 1% hyaluronic acid
D. Intradiscal saline: 2
ml sterile saline

Sample Characteristics
Mean age, years: 41.9
Female: 47%
Race/ethnicity: 86% white, 4%
Black, 2% Asian, 1% other, 7%
Hispanic
Mean duration of degenerative
disc disease, years: 5.81
Mean VAS (scale 0 to 100):
70.12
Mean ODI: 49.06

Screened
Eligible
Randomized
Analyzed
Screened:
148
Eligible: 100
Enrolled: 100
Analyzed:
100 (data
imputed)

Sponsor
Mesoblast

Quality
Fair

A vs. B vs. C vs. D
Male sex: 40% vs. 70% vs. 50%
vs. 50%; B vs. C or D: p≤0.50
Mean age, years: 45.1 vs. 37.9
vs. 40.3 vs. 44.5; B vs. D: p≤0.50
Mean duration of degenerative
disc disease, years: 8.4 vs. 3.7
vs. 5.0 vs. 5.9; B vs. D: ≤0.50
Baseline pain (mean [SD], 0 to
100 VAS transformed to 0 to 10
scale): 6.97 (2.46) vs. 7.15 (2.46)
vs. 7.18 (2.40) vs. 6.69 (2.40)
Baseline ODI (mean [SD NR]):
Use of imaging
52.07 (16.34) vs. 50.67 (16.34)
guidance not reported vs. 46.80 (15.96) vs. 44.40
(15.96)
Abbreviations: LBP = low-back pain; MPC = mesenchymal precursor cell; NR = not reported; ODI = Oswestry Disability Index; RCT = randomized controlled trial; SD = standard
deviation; U.S. = United States; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-11. Trial of stem cells for presumed discogenic back pain – results
Author,
Year
Trial
Amirdelfan,
2020

Results
A vs. B vs. C vs. D (p>0.05 unless indicated)
Pain, LSM change from baseline (SD), 0 to 10 VAS, adjusted for post-treatment interventions)
-30 days: -2.80 (2.29) vs. -2.97 (2.50) vs. -2.05 (2.44) vs. -2.32 (2.44)
-3 months: -3.87 (2.49) vs. -3.53 (2.48) vs. -1.91 (2.43) vs. -2.89 (2.44); A or B vs. C: p≤0.05
-6 months: -4.27 (2.49) vs. -3.60 (2.50) vs. -2.85 (2.43) vs. -3.22 (2.42)
-1 year: -3.66 (2.48) vs. -3.82 (2.48) vs. -2.42 (2.42) vs. -1.73 (2.39); A or B vs. D: p≤0.05
-2 years: -3.48 (2.37) vs. -3.27 (2.47) vs. -2.40 (2.38) vs. -1.20 (2.39); A or B vs. D: p≤0.05
-3 years: -3.21 (2.48) vs. -4.22 (2.45) vs. -3.01 (2.36) vs. -1.60 (2.39); B vs. D: p≤0.05
Pain, proportion with ≥30% reduction in pain VAS from baseline; RR (95% CI)
-6 months: 76.7% (23/30) vs. 66.7% (20/30) vs. 50.0% (10/20) vs. 60.0% (12/20)
A vs. C: 1.53 (0.95 to 2.48)
A vs. D: 1.28 (0.85 to 1.92)
B vs. C: 1.33 (0.80 to 2.21)
B vs. D: 1.11 (0.72 to 1.72)
-1 year: 63.3% (19/30) vs. 66.7% (20/30) vs. 40.0% (8/20) vs. 35.0% (7/20)
A vs. C: 1.58 (0.87 to 2.89)
A vs. D: 1.81 (0.94 to 3.49)
B vs. C: 1.67 (0.92 to 3.02)
B vs. D: 1.90 (1.00 to 3.64)
-2 years: 53.3% (16/30) vs. 53.3% (16/30) vs. 35.0% (7/20) vs. 15.0% (3/20)
A vs. C: 1.52 (0.77 to 3.02)
A vs. D: 3.56 (1.19 to 10.64)
B vs. C: 1.52 (0.77 to 3.02)
B vs. D: 3.56 (1.19 to 10.64)
-3 years: 53.3.0% (16/30) vs. 56.7% (17/30) vs. 45.0% (9/20) vs. 20.0% (4/20)
A vs. C: 1.19 (0.66 to 2.14)
A vs. D: 2.67 (1.04 to 6.81)
B vs. C: 1.26 (0.71 to 2.24)
B vs. D: 2.83 (1.12 to 7.19)
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Adverse Events and Withdrawals Due to
Adverse Events
A vs. B vs. C vs. D
Mortality: no deaths in any group
Serious adverse events: 16.7% (5/30) vs.
10.0% (3/30) vs. 5.0% (1/20) vs. 15.0% (3/20)
A vs. C: RR 3.33 (95% CI, 0.42 to 26.45)
A vs. D: RR 1.11 (95% CI, 0.30 to 4.14)
B vs. C: RR 2.00 (95% CI, 0.22 to 17.89)
B vs. D: RR 0.67 (95% CI, 0.15 to 2.98)
Any adverse event: 16.7% (5/30) vs. 10.0%
(3/30) vs. 5.0% (1/20) vs. 15.0% (3/20)
A vs. C: RR 3.33 (95% CI, 0.42 to 26.45)
A vs. D: RR 1.11 (95% CI, 0.30 to 4.14)
B vs. C: RR 2.00 (95% CI, 0.22 to 17.89)
B vs. D: RR 0.67 (95% CI, 0.15 to 2.98)
Withdrawal due to adverse events: 6.7% (2/30)
vs. 6.7% (2/30) vs. 0% vs. 0%
A vs. C: RR 3.39 (95% CI, 0.17 to 67.05)
A vs. D: RR 3.39 (95% CI, 0.17 to 67.05)
B vs. C: RR 3.39 (95% CI, 0.17 to 67.05)
B vs. D: RR 3.39 (95% CI, 0.17 to 67.05)

Author,
Year
Trial
Amirdelfan,
2020,
continued

Results
Pain, proportion with ≥50% reduction in pain VAS from baseline; RR (95% CI)
-6 months: 66.7% (20/30) vs. 60.0% (18/30) vs. 40.0% (8/20) vs. 50.0% (10/20)
A vs. C: 1.67 (0.92 to 3.02)
A vs. D: 1.33 (0.80 to 2.21)
B vs. C: 1.50 (0.81 to 2.76)
B vs. D: 1.20 (0.71 to 2.03)
-1 year: 60.0% (18/30) vs. 53.3% (16/30) vs. 30.0% (6/20) vs. 20.0% (4/20)
A vs. C: 2.00 (0.96 to 4.15)
A vs. D: 3.00 (1.19 to 7.56)
B vs. C: 1.78 (0.84 to 3.76)
B vs. D: 2.67 (1.04 to 6.81)
-2 years: 50.0% (15/30) vs. 36.7% (11/30) vs. 30.0% (6/20) vs. 15.0% (3/20)
A vs. C: 1.67 (0.78 to 3.56)
A vs. D: 3.33 (1.11 to 10.04)
B vs. C: 1.22 (0.54 to 2.77)
B vs. D: 2.44 (0.78 to 7.68)
-3 years: 43.3% (13/30) vs. 50.0% (15/30) vs. 35.0% (7/20) vs. 20.0% (4/20)
A vs. C: 1.24 (0.60 to 2.55)
A vs. D: 2.17 (0.82 to 5.70)
B vs. C: 1.43 (0.71 to 2.87)
B vs. D: 2.50 (0.97 to 6.44)
Function, ODI LSM change from baseline (SD) 0 to 100 scale; adjusted for post-treatment interventions
-30 days: -13.07 (14.98) vs. -12.39 (15.00) vs. -10.25 (14.66) vs. -10.80 (14.68)
-3 months: -17.31 (14.99) vs. -16.82 (14.66) vs. -12.14 (14.61) vs. -14.00 (14.68)
-6 months: -18.02 (14.45) vs. -21.66 (15.53) vs. -14.67 (12.26) vs. -12.64 (14.57)
-1 year: -17.54 (14.91) vs. -20.38 (14.94) vs. -14.44 (14.55) vs. -9.31 (14.41); B vs. D: p≤0.05
-2 years: -19.44 (14.89) vs. -21.40 (14.84) vs. -11.65 (14.30) vs. -9.06 (14.41); A or B vs. D: p≤0.05
-3 years: -18.44 (14.89) vs. -25.84 (14.73) vs. -14.12 (14.20) vs. -7.69 (14.40); A or B vs. D: p≤0.05
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Adverse Events and Withdrawals Due to
Adverse Events

Author,
Year
Trial
Amirdelfan,
2020,
continued

Results
Function, proportion with ≥10 point reduction ODI from baseline; RR (95% CI)
-6 months: 70.0% (21/30) vs. 66.7% (20/30) vs. 50.0% (10/20) vs. 40.0% (8/20)
A vs. C: 1.40 (0.85 to 2.30)
A vs. D: 1.75 (0.97 to 3.14)
B vs. C: 1.33 (0.80 to 2.21)
B vs. D: 1.67 (0.92 to 3.02)
-1 years: 50.0% (15/30) vs. 66.7% (20/30) vs. 50.0% (10/20) vs. 25.0% (5/20)
A vs. C: 1.00 (0.57 to 1.76)
A vs. D: 2.00 (0.86 to 4.63)
B vs. C: 1.33 (0.80 to 2.21)
B vs. D: 2.67 (1.20 to 5.94)
-2 years: 56.7% (17/30) vs. 50.0% (15/30) vs. 35.0% (7/20) vs. 25.0% (5/20)
A vs. C: 1.62 (0.82 to 3.18)
A vs. D: 2.27 (1.00 to 5.15)
B vs. C: 1.43 (0.71 to 2.87)
B vs. D: 2.00 (0.86 to 4.63)
-3 years: 53.3% (16/30) vs. 53.3% (16/30) vs. 35.0% (7/20) vs. 20.0% (4/20)
A vs. C: 1.52 (0.77 to 3.02)
A vs. D: 2.67 (1.04 to 6.81)
B vs. C: 1.52 (0.77 to 3.02)
B vs. D: 2.67 (1.04 to 6.81)
Function, proportion with ≥15 point reduction ODI from baseline; RR (95% CI)
-6 months: 63.3% (19/30) vs. 50.0% (15/30) vs. 45.0% (9/20) vs. 25.0% (5/20)
A vs. C: 1.41 (0.81 to 2.45)
A vs. D: 2.53 (1.13 to 5.67)
B vs. C: 1.11 (0.61 to 2.03)
B vs. D: 2.00 (0.86 to 4.63)
-1 years: 50.0% (15/30) vs. 50.0% (15/30) vs. 35.0% (7/20) vs. 20.0% (4/20)
A vs. C: 1.43 (0.71 to 2.87)
A vs. D: 2.50 (0.97 to 6.44)
B vs. C: 1.43 (0.71 to 2.87)
B vs. D: 2.50 (0.97 to 6.44)
-2 years: 46.7% (14/30) vs. 46.7% (14/30) vs. 30.0% (6/20) vs. 15.0% (3/20)
A vs. C: 1.56 (0.72 to 3.36)
A vs. D: 3.11 (1.02 to 9.45)
B vs. C: 1.56 (0.72 to 3.36)
B vs. D: 3.11 (1.02 to 9.45)
-3 years: 46.7% (14/30) vs. 50.0% (15/30) vs. 25.0% (5/20) vs. 15.0% (3/20)
A vs. C: 1.87 (0.80 to 4.37)
A vs. D: 3.11 (1.02 to 9.45)
B vs. C: 2.00 (0.86 to 4.63)
B vs. D: 3.33 (1.11 to 10.04)
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Adverse Events and Withdrawals Due to
Adverse Events

Author,
Year
Trial
Amirdelfan,
2020,
continued

Adverse Events and Withdrawals Due to
Adverse Events

Results
Function, WPAI score, change from baseline
-3 years: B vs. D: p = 0.05
Pain and function composite outcome, proportion with ≥30% reduction in pain VAS and ≥10 point reduction
ODI from baseline; RR (95% CI)
-6 months: 63.3% (19/30) vs. 50.0% (15/30) vs. 35.0% (7/20) vs. 40.0% (8/20)
A vs. C: 1.81 (0.94 to 3.49)
A vs. D: 1.58 (0.87 to 2.89)
B vs. C: 1.43 (0.71 to 2.87)
B vs. D: 1.25 (0.66 to 2.38)
-1 years: 46.7% (14/30) vs. 56.7% (17/30) vs. 40.0% (8/20) vs. 20.0% (4/20)
A vs. C: 1.17 (0.60 to 2.26)
A vs. D: 2.33 (0.90 to 6.07)
B vs. C: 1.42 (0.76 to 2.64)
B vs. D: 2.83 (1.12 to 7.19)
-2 years: 46.7% (14/30) vs. 43.3% (13/30) vs. 25.0% (5/20) vs. 15.0% (3/20)
A vs. C: 1.87 (0.80 to 4.37)
A vs. D: 3.11 (1.02 to 9.45)
B vs. C: 1.73 (0.73 to 4.11)
B vs. D: 2.89 (0.94 to 8.86)
-3 years: 46.7% (14/30) vs. 46.7% (14/30) vs. 35.0% (7/20) vs. 20.0% (4/20)
A vs. C: 1.33 (0.66 to 2.71)
A vs. D: 2.33 (0.90 to 6.07)
B vs. C: 1.33 (0.66 to 2.71)
B vs. D: 2.33 (0.90 to 6.07)
Quality of life, SF-36, physical component score, change from baseline
-3 years: B vs. C: p = 0.04; B vs. D: p = 0.025

Abbreviations: CI = confidence interval; LBP = low-back pain; MPC = mesenchymal precursor cell; LSM = least squares mean; NR = not reported; ODI = Oswestry Disability Index; RCT
= randomized controlled trial; RR = risk ratio; SD = standard deviation; SF-36 = Short-Form 36; VAS = visual analogue scale; WPAI = Work Productivity and Activity Index
See Appendix F, List of Included Studies, for full citations
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Table G-12. Trials of methylene blue for presumed discogenic back pain – study characteristics
Author,
Year
Trial
Kallewaard,
2019
IMBI Study

Study
Design
Duration
RCT
6 months

Setting/Provider
Type
Country
4 centers,
anesthesia pain
medicine
the Netherlands

Eligibility Criteria
Interventions
18 to 66 years with a history consistent with lumbar discogenic pain, LBP duration A. Intradiscal methylene blue: 1 ml (10
mg/ml) methylene blue + 0.5 ml
≥6 months, poor response to ≥6 weeks conservative treatment, no motor deficit
lidocaine hydrochloride 2%, and 0.5 ml
on neurological examination, pain intensity ≥5 (0 to 10 NRS) in seated position,
contrast dye injected at 0.02 ml/sec in
MRI in the past 12 months to rule out severe disk degeneration (>50% height
loss), negative facet joint blockade, positive provocative discography (at pressure symptomatic disc(s) and ≥1 adjacent
control disc
<50 PSI above opening pressure), pain severity ≥7 (0 to 10 NRS) or ≥70%
B. Sham intradiscal therapy: 1 ml
reproduction of worst spontaneous pain; ≥1 adjacent control level tested)
saline + 0.5 ml lidocaine hydrochloride
Excluded: discogenic pain confirmed on more than 2 levels, extruded or
2%, and 0.5 ml contrast dye injected
sequestered herniated nucleus pulposus, previous lumbar surgery or invasive
as above
intradiscal procedures on suspected levels, had grade 1 to 5 spondylolisthesis,
had a BMI of 35 or more, pregnant, received coagulopathy or oral anticoagulant
therapy, infection.
Peng, 2010 RCT
1 center, provider 20 to 65 years, chronic LBP without radiculopathy but with evidence of lumbar
A. Intradiscal methylene blue: 1 mL
2 years
type not reported
disc degeneration on MRI, preliminary diagnosis of discogenic low back pain,
(1%; 10 mg/mL) methylene blue + 1 ml
China
positive discography (pressure and volume parameters not reported; exact
lidocaine hydrochloride 2%
reproduction of usual pain response pattern, and posterior annular disruption
B. Sham intradiscal injection: 1 ml
extending into the outer annulus or beyond the confines of the outer annulus by
saline + 1 ml lidocaine hydrochloride
the contrast medium; at least one negative adjacent control disc)
2%
Excluded: lumbar disc herniation, spinal instability, lumbar canal stenosis,
spondylolysis, spondylolisthesis, disc degeneration with endplate Modic changes,
neurologic disease, inflammatory arthritis, tumor, infection
Abbreviations: BMI = body mass index; IMBI = intradiscal methylene blue injection; LBP = low-back pain; MRI = magnetic resonance imaging; NR = not reported; NRS = numeric rating
scale; NSAID = nonsteroidal anti-inflammatory drug; ODI = Oswestry Disability Index; PSI = pounds per square inch; RCT = randomized controlled trial; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-13. Trials of methylene blue for presumed discogenic back pain – additional study characteristics
Author,
Year
Trial
Kallewaard,
2019
IMBI Study

Peng, 2010

Sample Characteristics
Mean (SD) age, years: 41.1 (9.91)
Female: 72%
Race: NR
Mean (SD) duration of pain, years: 9.34 (7.98)
Strong opioid use: 11%
Weak opioid or antineuropathic medication use: 25%
A vs. B
Baseline pain intensity (mean [SD], 0 to 10 NRS): 6.6 (1.4) vs. 6.6 (1.6)
Baseline SF-36 PCS (mean [SD], 0 to 100 scale): 49.8 (17.3) vs. 46.9 (19.0)
Baseline SF-36 MCS (mean [SD], 0 to 100 scale): 66.1 (16.5) vs. 63.9 (23.0)
Baseline ODI (mean [SD], 0 to 100 scale): 44.5 (14.1) vs. 42.8 (15.9)
Baseline EQ-5D health status (mean [SD], 0 to 100 VAS): 52.9 (16.5) vs. 51.8
(18.8)
Mean (SD) age, years: 41.7 (13.3)
Female: 43%
Race: NR
Mean (SD) duration of low back pain, years: 3.4 (1.7)

Screened
Eligible
Randomized
Completed Followup
Analyzed
Screened: 1364
Eligible: 432
Randomized: 81 (40 vs. 41,
excluding 3 post-randomization
exclusions)
Complete followup: 81 (40 vs.
41)
Analyzed: 81 (40 vs. 41)

Screened: 136
Eligible: 72
Randomized: 72 (36 vs. 36)
Completed followup: 71 (36 vs.
35)
Analyzed: 71 (36 vs. 35)

Sponsor
The Netherlands
Organization for
Health Research and
Development

Quality
Good

Foundation of Capital
Medical
Development, Beijing,
China; 304th Hospital
grant

Fair

A vs. B
Baseline pain (mean [SD], 0 to 100 NRS converted to 0 to 10 scale): 7.2 (12.4)
vs. 6.7 (11.6)
Baseline ODI (mean [SD], 0 to 100 scale): 48.5 (5.1) vs. 49.5 (6.7)
Abbreviations: EQ-5D = EuroQOL 5-Dimension Questionnaire; MCS = Mental Component SummaryNR = not reported; NRS = numeric rating scale; ODI = Oswestry Disability Index;
PCS = Physical Component Summary; SD = standard deviation; SF-36 = Short-Form 36; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-14. Trials of methylene blue for presumed discogenic back pain – results
Author,
Year
Trial
Kallewaard,
2019
IMBI Study

Kallewaard,
2019
IMBI Study
(continued)

Results
A vs. B
Pain (mean change from baseline [SD], 0 to 10 NRS)
-6 weeks: -0.9 (1.8) vs. -0.5 (1.4), mean difference -0.4 (95% CI, -1.2 to 0.3)
-3 months: -1.2 (2.3) vs. -0.7 (1.7), mean difference -0.5 (95% CI, -1.3 to 0.4)
-6 months: -1.4 (2.3) vs. -1.2 (2.4), mean difference -0.2 (95% CI, -1.2 to 0.80)
Pain improved ≥30%
-6 weeks: 15.0% (6/40) vs. 17.1% (7/41), RR 1.02 (95% CI, 0.85 to 1.24)*
-3 months: 25.0% (10/40) vs. 24.4% (10/41), RR 0.99 (95% CI, 0.77 to 1.27)*
-6 months: 35.0% (14/40) vs. 26.8% (11/41), RR 0.89 (95% CI, 0.66 to 1.19)*
Patients' Global Impression of Change "much improved" or "improved"
-6 weeks: 12.5% (5/40) vs. 14.6% (6/41), RR 1.02 (95% CI, 0.86 to 1.22)*
-3 months: 20.0% (8/40) vs. 26.8% (11/41), RR 1.09 (95% CI, 0.86 to 1.39)*
-6 months: 25.0% (10/40) vs. 24.4% (10/41), RR 1.00 (95% CI, 0.78 to 1.29)*
ODI (mean change from baseline [SD], 0 to 100 scale)
-6 weeks: -8.0 (17.1) vs. -1.7 (9.8), p = 0.046
-3 months: -8.8 (18.4) vs. -3.6 (9.9), p = 0.12
-6 months: -7.8 (16.9) vs. -5.5 (10.5), p = 0.46
EQ-5D health status (mean change from baseline [SD], 0 to100 VAS)
-6 weeks: 3.1 (21.4) vs. 4.2 (20.7), p = 0.73
-3 months: 6.7 (21.3) vs. 3.8 (22.3), p = 0.48
-6 months: 7.7 (23.9) vs. 5.6 (23.2), p = 0.74
SF-36 PCS (mean change from baseline [SD], 0 to 100 scale)
-6 weeks: 5.9 (19.6) vs. 8.7 (20.5), p = 0.54
-3 months: 9.3 (21.9) vs. 9.2 (15.4), p = 0.98
-6 months: 11.1 (22.4) vs.10.9 (18.7), p = 0.97
SF-36 MCS (mean change from baseline [SD], 0 to100 scale)
-6 weeks: 3.3 (15.5) vs. 4.0 (12.1), p = 0.81
-3 months: 6.5 (17.3) vs. 4.3 (13.5), p = 0.52
-6 months: 21.9 (10.3) vs. 21.5 (7.8), p = 0.93
Strong opioid use
-6 weeks: 2.5% (1/40) vs. 12.2% (5/41), RR 0.20 (95% CI, 0.02 to 1.68)*
-3 months: 5.0% (2/40) vs. 14.6% (6/41), RR 0.34 (95% CI, 0.07 to 1.59)*
-6 months: 7.5% (3/40) vs. 9.8% (4/41), RR 0.77 (95% CI, 0.18 to 3.22)*
Weak opioid or antineuropathic medication use
-6 weeks: 32.5% (13/40) vs. 22.0% (9/41), RR 1.48 (95% CI, 0.71 to 3.07)*
-3 months: 42.5% (17/40) vs. 19.5% (8/41), RR 2.18 (95% CI, 1.06 to 4.47)*
-6 months: 30.0% (12/40) vs. 24.3% (10/41), RR 1.23 (95% CI, 0.60 to 2.52)*
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Adverse Events and Withdrawals Due to
Adverse Events
A vs. B
SAEs: 5.0% (2/40, unrelated elective surgery and
hospitalization due to laryngitis) vs. 0% (0/41), RR
5.12 (95% CI, 0.25 to 103.47)*
Any adverse event (n/N NR)
-6 weeks: p = 0.20
-3 months: p = 0.46
-6 months: p = 0.36

Author,
Year
Trial
Peng, 2010

*Calculated

Results
A vs. B
Pain (mean [SD], 0 to 100 NRS converted to 0 to 10 scale)
-6 months: 2.49 (1.74) vs. 6.35 (1.17), mean difference 3.86 (95% CI, 3.15 to 4.56)
-12 months: 2.16 (1.79) vs. 6.24 (1.20), mean difference 4.08 (95% CI, 3.36 to 4.81)
-24 months: 1.98 (1.60) vs. 6.04 (1.41), mean difference 4.05 (95% CI, 3.34 to 4.77)
ODI (mean [SD], 0 to 100 scale)
-6 months: 16.00 (11.91) vs. 48.40 (7.77), mean difference 32.40 (95% CI, 27.62 to 37.18)
-12 months: 14.39 (12.87) vs. 49.09 (10.20), mean difference 34.70 (95% CI, 29.19 to 40.20)
-24 months: 12.89 (11.95) vs. 47.69 (10.92), mean difference 34.80 (95% CI, 29.37 to 40.22)
Regular NSAID or opioid use: 8.3% (3/36) vs. 42.9% (15/35), RR 0.19 (95% CI, 0.06 to 0.61)*
Completely satisfied or satisfied: 91.6% (33/36) vs. 14.3% (5/35), RR 0.10 (95% CI, 0.03 to 0.29)*

Adverse Events and Withdrawals Due to
Adverse Events
Narrative report of no disc space infection or
nerve root stab injury in either group; no nerve
root injury or back pain aggravation in methylene
blue group

Abbreviations: CI = confidence interval; EQ-5D = EuroQOL 5-Dimension Questionnaire; IMBI = intradiscal methylene blue injection; LBP = low-back pain; MCS = Mental Component
Summary; MRI = magnetic resonance imaging; NR = not reported; NRS = numeric rating scale; NSAID = nonsteroidal anti-inflammatory drug; ODI = Oswestry Disability Index; PCS =
Physical Component Summary; PSI = pounds per square inch; RCT = randomized controlled trial; RR = risk ratio; SD = standard deviation; SF-36 = Short-Form 36; VAS = visual analogue
scale
See Appendix F, List of Included Studies, for full citations
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Table G-15. Trials of intradiscal ozone injection for radicular low back pain or nonradicular low back pain of presumed discogenic origin –
study characteristics
Author,
Year
Trial
Gallucci,
2007

Study
Design
Duration
RCT
6 months

Setting/Provider
Type
Country
1 center,
neuroradiology
Italy

Eligibility Criteria
Unilateral radicular pain, herniation site
concordant with the neurologic level, ODI >30
(0 to 100 scale), duration of pain ≥8 weeks,
conservative therapy for 2 to 4 weeks with no or
poor clinical improvement; discography
performed in a few patients initially but
discontinued
Excluded: facet pain syndrome, sacroileitis,
bone lesions, or previous spine surgery

Interventions
A. Oxygen-ozone, corticosteroid, and local anesthetic injection:
Under CT guidance via paravertebral (92.4%) or interlaminar (7.6%)
approach, intradiscal injection of 5 to 7 ml O2 to O3 (ozone
concentration 28 µg/ml), 2 ml triamcinolone acetonide (1 ml in
epidural space and 1 ml intradiscal) and 2 to 4 ml 2% ropivacaine
(~2 ml in epidural space and 1 ml intradiscal); mean total volume 6.8
ml intradiscal and 9.5 ml intraforaminal (12.3 ml oxygen-ozone)
B. Corticosteroid and local anesthetic injection: Corticosteroid and
local anesthetic as above, without oxygen-ozone; mean total volume
3 ml intradiscal and 2 ml intraforaminal
Haseeb,
RCT
1 center, physical
A. Oxygen-ozone, corticosteroid, and local anesthetic injection:
Unilateral radicular pain for ≥8 weeks with MRI2019
6 months
medicine and
Under fluoroscopic guidance via posterolateral extrapedicular
confirmed disc herniation, ODI>30 (0 to 100
rehabilitation
approach, 5 to 7 ml O2 to O3 (ozone concentration 28 µg/ml)
scale), conservative therapy for 2 to 4 weeks
intradiscal (mean 5.8 ml) and 5 to 7 ml O2 to O3 intraforaminal
Egypt
with no or poor clinical improvement.
(mean 6.5 ml) + 2 ml 40 mg/ml triamcinolone acetonide (1 ml
Excluded: facet syndrome, sacroileitis, previous
spine surgery, absence of disc herniation, major intradiscal and 1 ml intraforaminal) + 2 to 4 ml 2% ropivacaine
intraforaminal and intradiscal injection
neurologica deficits, radiculitis secondary to
B. Corticosteroid and local anesthetic injection: As above, without O2
spinal stenosis, radiculitis without disc
to O3
herniation, sequestrated disc contents, multiple
C. Sham injection: 1.5 ml 1% lidocaine alone
discs involved, suspected spondylodiscitis
Nilachandra, RCT
1 center, physical
20 to 55 years with radicular back pain and
A. Oxygen-ozone and corticosteroid injection: Under fluoroscopic
2016
6 months
medicine and
prolapsed intervertebral disc confirmed with
guidance, intradiscal 10 ml O2 to O3 (ozone concentration 40 µg/ml)
rehabilitation
(target just lateral to the superior articular process) +
MRI, VAS ≥5, ODI >40 (0 to 100 scale)
India
methylprednisolone 80 mg via transforaminal approach
Excluded: cauda equina syndrome, prior
B. Corticosteroid injection: Methylprednisolone 80 mg, epidural via
lumbar surgery, multilevel disc prolapse
transforaminal approach
Abbreviations: CI = confidence interval; CT computed tomography; MRI = magnetic resonance imaging; NR = not reported; ODI = Oswestry Disability Index; RCT = randomized
controlled trial; RR = risk ratio; SD = standard deviation; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-16. Trials of intradiscal ozone injection for radicular low back pain or nonradicular low back pain of presumed discogenic origin –
additional study characteristics

Author,
Year
Gallucci,
2007

Screened
Eligible
Randomized
Completed Followup
Analyzed
Screened: NR
Eligible: NR
Randomized: 159 (82 vs. 77)
Complete followup: NR
Analyzed: 159 (82 vs. 77)

Sample Characteristics
Mean age, years: 40.48
Female: 45%
Race: NR
Mean duration radicular pain, weeks: 15
L3 to L4 disc herniation: 14.5%
L4 to L5 disc herniation: 38.4%
L5 to S1 disc herniation: 47.2%

Sponsor
NR

Quality
Fair

Screened: NR
Eligible: NR
Randomized: 100 (40 vs. 40
vs. 20)
Completed followup: NR
Analyzed: NR

NR

Poor

Screened: NR
Eligible: NR
Randomized: 80 (40 vs. 40)
Completed followup: NR
Analyzed: 75 (37 vs. 38) at 3
months, 73 (36 vs. 37) at 6
months

NR

Poor

A vs. B
Baseline ODI (mean [SD NR], 0 to 100 scale): 58.4 vs. 57.5
Haseeb,
2019

Nilachandra,
2016

Mean (SD) age, years: 42.44 (7.7)
Female: 58%
Race: NR
Mean duration of radicular pain, weeks: 8
A vs. B vs. C
Baseline ODI (mean [SD], 0 to 100 scale): 34.38 (12.24) vs. 29.38 (7.18)
vs. 29.20 (9.54)
Mean (SD) age, years: 51.3 (8.64)
Female: 62%
Race: NR
Mean (SD) duration of radicular pain, months: 9.45 (3.02)
L3 to L4 prolapse: 22.5%
L4 to L5 prolapse: 66.2%
L5 to S1 prolapse: 22.5%

A vs. B
Baseline pain (mean [SD], 0 to 10 VAS): 7.13 (1.04) vs. 7.25 (1.10)
Baseline ODI (mean [SD], 0 to 100 scale): 70.90 (7.55) vs. 73.05 (7.51)
Abbreviations: CI = confidence interval; CT computed tomography; MRI = magnetic resonance imaging; NR = not reported; ODI = Oswestry Disability Index; RCT = randomized
controlled trial; RR = risk ratio; SD = standard deviation; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-17. Trials of intradiscal ozone injection for radicular low back pain or nonradicular low back pain of presumed discogenic origin –
results
Author, Year
Gallucci,
2007

Results
A vs. B
ODI <20 on 0 to 100 scale
-2 weeks: 88% (72/82) vs. 90% (69/77), RR 0.98 (95% CI, 0.88 to 1.09)
-3 months: 78% (64/82) vs. 67% (52/77), RR 1.16 (95% CI, 0.95 to 1.40)
-6 months: 74% (61/82) vs. 47% (36/77), RR 1.59 (95% CI, 1.21 to 2.08)

Haseeb, 2019

A vs. B
ODI (mean change from baseline [SD], 0 to 100 scale)
-2 weeks: -20.40 (9.66) vs. -16.60 (7.33), mean difference -3.80 (95% CI, -7.56 to -0.04)
-3 months: -18.95 (8.55) vs. -13.30 (5.66), mean difference -5.65 (95% CI, -8.83 to -2.47)
-6 months: -14.73 (9.60) vs. -9.88 (5.79), mean difference -4.85 (95% CI, -8.32 to -1.38)

Adverse Events and Withdrawals Due to Adverse
Events
A vs. B
Narrative report of no major or minor complications in
either group

A vs. B
Any adverse event: 47.5% (19/40) vs. 27.5% (11/40),
RR 1.73 (95% CI, 0.95 to 3.15)
A vs. C
Any adverse event: 47.5% (19/40) vs. 15.0% (3/20), RR
3.17 (95% CI, 1.06 to 9.45)

A vs. C
ODI (mean change from baseline [SD], 0 to 100 scale)
-2 weeks: -20.40 (9.66) vs. -3.10 (3.72), mean difference -17.30 (95% CI, -20.71 to -13.89)
-3 months: -18.95 (8.55) vs. -2.10 (3.81), mean difference -16.85 (95% CI, -19.98 to -13.72)
-6 months: Data not reported for group C at 6 months
Nilachandra,
A vs. B
No serious adverse events in either group
2016
Pain (mean [SD], 0 to 10 VAS)
-1 week: 3.50 (1.16) vs. 3.25 (1.03), mean difference 0.25 (95% CI, -0.23 to 0.73)
-2 weeks: 2.54 (0.89) vs. 2.75 (0.74), mean difference -0.21 (95% CI, -0.57 to 0.15)
-3 months: 1.54 (1.15) vs. 2.84 (0.64), mean difference -1.30 (95% CI, -1.72 to -0.88)
-6 months: 0.86 (0.69 vs. 2.24 (0.93), mean difference -1.38 (95% CI, -1.75 to -1.01)
ODI (mean [SD], 0 to 100 scale)
-1 week: 38.98 (7.61) vs. 42.45 (9.97), mean difference -3.47 (95% CI, -7.36 to 0.42)
-2 weeks: 34.13 (7.94) vs. 36.20 (4.27), mean difference -2.07 (95% CI, -4.89 to 0.75)
-3 months: 25.14 (7.92) vs. 36.21 (4.67), mean difference -12.06 (95% CI, -15.01 to -9.11)
-6 months: 18.28 (8.77) vs. 29.00 (6.78), mean difference -10.72 (95% CI, -14.32 to -7.12)
Abbreviations: CI = confidence interval; CT computed tomography; MRI = magnetic resonance imaging; NR = not reported; ODI = Oswestry Disability Index; RCT = randomized
controlled trial; RR = risk ratio; SD = standard deviation; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-18. Trial of sphenopalatine block for trigeminal neuralgia or headaches – study characteristics
Author,
Year
Cady,
2015a &
b

Study
Design
Duration
RCT
1 month

Setting/Interventionist
Country
Headache specialty
clinics
U.S.

Screened
Eligible
Randomized
Analyzed
Screened: 55
Eligible: 43
Randomized:
41 (27 vs. 14)
Analyzed for
primary
outcome: 38
(26 vs. 12)

Sample
Eligibility Criteria
Interventions
Characteristics
Sponsor
Quality
18 to 80 years with history of
A: Sphenopalatine
Mean (SD) age,
Tian
Poor
chronic migraines defined by
block: 0.5%
years: 41.3 (12.6)
Medical
the Headache Classification
bupivacaine
Female: 76%
Inc.
Committee of the
B: Placebo: saline
White: 83%
International Headache
sphenopalatine
Black: 10%
Society ICHD-II appendix
block
Other race/ethnicity:
definition 2006 and by history
7%
Mean duration of
for ≥3 months, if on migraine
chronic migraine
medications (preventive or
diagnosis, years:
abortive) must be stable for
8.58
30 days prior to enrollment.
Mean number of
Excluded: nasal problems
migraine days in a
that would interfere with the
month: 15.2
procedure, neoplasm, nasal
Mean number of
medications that would
headache days in a
confound results, current
month: 23.6
cocaine user, treating
Mean (SD) NRS
migraines with Schedule II
score (scale 0 to 10
narcotics, allergy to
scale): 3.37 (2.7)
bupivacaine, pregnant or
breastfeeding, concurrent
cervicogenic headache or
occipital neuralgia, severe
clinical depression or anxiety.
Abbreviations: ICHD-II = International Classification of Headache Disorders, second edition; NR = not reported; NRS = numeric rating scale; RCT = randomized controlled trial; SD =
standard deviation
See Appendix F, List of Included Studies, for full citations
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Table G-19. Trial of sphenopalatine block for trigeminal neuralgia or headaches – results
Author,
Year
Trial
Cady,
2015a
&b

Adverse Events and Withdrawals Due to
Results
Adverse Events
A vs. B
A vs. B
Pain, mean (SD) NRS score (scale 0 to 10); mean difference (95% CI)
Any adverse event, mean (SD): 7.52 (8.16) vs.
- 1 day: 2.85 (2.74) vs. 4.20 (2.62); -1.35 (-3.17 to 0.47)
5.00 (7.06); p = 0.30
- 1 month: 3.36 (2.87) vs. 3.91 (2.30); -0.55 (-2.54 to 1.44)
Serious adverse events: 0% (0/27) vs. 7% (1/14;
- 6 months: 2.86 (2.62) vs. 4.00 (2.27); -1.14 (-3.06 to 0.78)
PE resulting in death 81 days posttreatment); RR
Pain, mean (SD) NRS percent change from baseline
0.18 (95% CI, 0.01 to 4.12)
-1 day: -15.5% (69.9) vs. 13.5% (78.8); p = 0.94
Pain, mean (SD) number of headache days; mean difference (95% CI)
-1 month: 17.44 (9.08) vs. 22.82 (5.36); -5.38 (-10.14 to -0.62)
Function, mean HIT-6 score (scale 36-78; higher score = greater impact); mean difference (95% CI)
- 1 month: 59.23 (8.97) vs. 61.92 (5.45); -2.69 (-7.32 to 1.94)
- 6 months: 59.58 (9.14) vs. 62.42 (5.96); -2.84 (-7.71 to 2.03)
Quality of life, mean (SD) PGIC scores
- 1 day: 3.08 (1.26) vs. 3.88 (1.02), p = 0.04
Quality of life, mean (SD) general activity score; mean difference (95% CI)
-1 month: 2.64 (2.91) vs. 3.91 (2.81); -1.27 (-3.68 to 1.14)
-6 months: 2.68 (2.87) vs. 4.00 (3.32); -1.32 (-4.06 to 1.42)
Quality of life, mean (SD) mood score; mean difference (95% CI)
-1 month: 2.96 (3.43) vs. 3.82 (3.40); -0.86 (-3.76 to 2.04)
-6 months: 3.18 (3.26) vs. 5.71 (3.68); -2.53 (-5.58 to 0.52)
Quality of life, mean (SD) work score; mean difference (95% CI)
-1 month: 2.52 (3.14) vs. 3.45 (2.94); -0.93 (-3.47 to 1.61)
-6 months: 2.59 (2.77) vs. 3.71 (3.50); -1.12 (-3.96 to 1.72)
Abbreviations: CI = confidence interval; HIT-6 Headache Impact Test-6; NR = not reported; NRS = numeric rating scale; PE = pulmonary embolism; PGIC = Patient's Global Impression of
Change; RR = risk ratio; SD = standard deviation
See Appendix F, List of Included Studies, for full citations
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Table G-20. Trials of occipital nerve stimulator for various headache disorders – study characteristics
Study
Design
Duration
RCT
3 months

Setting/Provider
Type
Country
9 centers, usually
anesthesiologist
Canada, U.K., and
U.S.

Serra, 2012

RCT
(crossover)
1 month
(per
crossover
period)

1 center, surgeon
Italy

≥18 year old outpatients with chronic migraine or medication overuse
headache refractory to ≥2 prophylactic treatments or with intolerable
side effects to treatment, >50% reduction in number or severity of
attacks within 15 to 30 days of temporary occipital nerve stimulation
implantation
Excluded: previous occipital surgery, destructive ganglionectomy,
local drug injection, or nerve-blocks in the last 90 days

Silberstein,
2012

RCT
12 weeks

15 centers, surgery
U.S.

Diagnosed with chronic migraine headache with the following criteria:
headaches on ≥15 days per month for >3 months, average headache
duration of >4 hours/day, met IHS criteria for migraine without aura
(1.1), migraine with aura (1.2) or probable migraine (1.6) on >50% of
headache days, headache not attributable to another disorder;
previously tried ≥2 migraine specific acute medications; refractory to
≥2 different classes of prophylactic medications; pain ≥6 on 0 to 10
VAS; headache location posterior head or cervical region; ≥50%
reduction in pain or adequate paresthesia coverage in painful areas
with trial stimulation
Excluded: medication overuse headaches; prior destructive procedure
affecting C2/C3/occipital distribution; started new medications or
therapy to treat headaches within 8 weeks; received neurotoxin
therapy within 6 months; met IHS criteria for chronic tension-type
headache, hypnic headache, hemicrania continua, or new daily
persistent headache
See Silberstein, 2012

Author, Year
Trial
Saper, 2011
ONSTIM

Eligibility Criteria
≥18 year olds with diagnosis of chronic migraine (≥15 days/month for
>3 months) refractory to prophylactic treatment from ≥2 drug classes
with response to a temporary, short-acting local anesthetic occipital
nerve block (≥50% reduction in migraine pain within 24 hours)
Excluded: previous destructive ganglionectomy, rhizotomy section or
neurectomy procedure affecting C2/C3/occipital distribution, recent
(within last 3 years) clinical trial participation, neurostimulation
(implanted or external) for headache or other head or neck pain within
last year

Interventions
A. Occipital nerve stimulation, adjustable: 1 or
2 leads implanted subcutaneously superficial
to the fascia and muscle layer at C1 level;
pulse frequency 3 to 130 Hz, pulse width 60
to 450 µs, pulse amplitude 0 to 10.5 V;
parameters adjustable by patient to minimize
pain
B. Occipital nerve stimulation, preset: As
above, but stimulator preset to 1 minute per
day stimulation
C. Usual care
A. Occipital nerve stimulation: Percutaneous
quadripolar lead implanted under local
anesthetic and mild sedation. Permanent
neurostimulator implanted; stimulation at
frequency of 50 Hz, pulse width 330 to 450
µs, maximum stimulation amplitude 10.5 V.
B. Sham occipital nerve stimulation: As
above, but internal neurostimulator was
inactive (turned off)
A: Occipital nerve stimulation: Leads placed
on either side of midline caudally along the
nerve or, more commonly, perpendicular to
the course of the occipital nerves at the level
of the craniocervical junction. Stimulation
parameters not reported ("programmed for
appropriate stimulation").
B: Sham occipital nerve stimulation: Leads
placed as above, but no stimulation
administered.

Mekhail, 2017
RCT
Single center from
See Silberstein, 2012
(single center
12 weeks
the Silberstein, 2012
from Silberstein
study
2012)
Abbreviations: IHS = International Headache Society; ONSTIM = occipital nerve stimulation for the treatment of intractable chronic migraine headache; RCT = randomized controlled trial;
U.K. = United Kingdom; U.S. = United States; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-21. Trials of occipital nerve stimulator for various headache disorders – additional study characteristics
Author,
Year
Trial
Sample Characteristics
Saper, 2011 Mean (SD) age, years: 43 (10.6)
ONSTIM
Female: 80%
Race: NR
Mean (SD) duration of migraine, years: 22 (12.3)
Mean (SD) number of headache days/month: 23.2 (5.4)
A vs. B vs. C
Baseline pain: NR
Baseline disability score (mean [SD], scale NR): 4.0 (0.2) vs. 3.9 (0.3) vs. 4.0 (0.0)
Serra, 2012 Mean (SD) age, years: 46 (11)
Female: 76%
Race: NR
Duration of migraine diagnosis: NR
Baseline headache severity (median [IQR], 0 to 10 NRS): 8 (7-8)
Baseline headache days/week (mean [SD]): 5.8 (1.6)
Baseline MIDAS score (median [IQR], >20 = severe disability): 79 (30-135)
Silberstein, Mean (SD) age, years: 44. 9 (11.0)
2012
Female: 79%
Duration of headaches, mean (SD) years: 23.3 (14.4)
Mean (SD) number of headache days: 21.3 (7.0)
Unilateral headaches: 31.8%
Bilateral headaches: 68.2%
A vs. B
Baseline pain (mean [SD], 0 to 100 VAS transformed to 0 to 10 scale): 5.99 (1.68) vs. 5.60 (1.70)
Baseline MIDAS score (mean [SD], >20 = severe disability): 158.4 (76.8) vs. 152.7 (77.1)
Mekhail,
Mean (SD) age, years: 44.6 (12.6)
2017 (single Female: 75%
center from Mean (SD) headache duration, hours: 18.5 (15.1)
Silberstein Cause of headaches
2012)
- Unknown: 70%
- Trauma: 15%
- Other: 15%
Bilateral headaches: 65%
Unilateral headaches: 35%

Screened
Eligible
Randomized
Complete Followup
Analyzed
Sponsor
Screened: 110
Medtronic
Eligible: NR
Neuromodulation
Randomized: 67 (33 vs.
17 vs. 17)
Completed followup: 61
(28 vs. 16 vs. 17)
Analyzed: 61 (28 vs. 16
vs. 17) at 3 months
Screened: NR
Eligible: 34
Randomized: 30
Completed followup: 29
Analyzed: 29

No external
funding

Quality
Fair

Poor

Screened: 268
St. Jude Medical
Eligible: 187
Neuromodulation
Randomized: 157 (105 Division
vs. 52)
Completed followup 157
(105 vs. 52)
Analyzed: 157 (105 vs.
52)

Fair

Screened: NR
See Silberstein,
Eligible: NR
2012
Randomized: 20 (14 vs.
6)
Analyzed: 20 (14 vs. 6)

Fair

A vs. B
Baseline pain (mean [SD], 0 to 100 VAS transformed to 0 to 10 scale): 5.09 (1.80) vs. 5.99 (2.34)
Baseline MIDAS score (mean [SD], >20 = severe disability): 168.00 (55.36) vs. 183.33 (60.43)
Abbreviations: IQR = interquartile range; MIDAS = migraine disability assessment; NR = not reported; ONSTIM = occipital nerve stimulation for the treatment of intractable chronic
migraine headache; SD = standard deviation; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-22. Trials of occipital nerve stimulator for various headache disorders – results
Author,
Year
Trial
Saper,
2011
ONSTIM

Serra,
2012
Silberstein,
2012

Results
A vs. B vs. C
Pain (mean change from baseline [SD], 0 to 10 scale): -1.5 (1.6) vs. -0.5 (1.3) vs. -0.6 (1.0);
p>0.05 for all comparisons
Headache days/month (mean change from baseline [SD]): -6.7 (10.0) vs. -1.5 (4.6) vs. -1.0
(4.2), mean difference -5.7 (95% CI, -10.9 to -0.54) for A vs. C
Severe headache days/month (mean change from baseline [SD]): -5.1 (8.7) vs. -2.2 (6.4) vs. 0.8 (5.6), mean difference -4.3 (95% CI, -9.1 to 0.47) for A vs. C
≥50% reduction in headache days per month or ≥3-point reduction in overall pain intensity from
baseline: 39.3% (11/28) vs. 6.2% (1/16) vs. 0% (0/17), RR 14.3 (95% CI, 0.9 to 227.8) for A vs.
C
Profile of Mood States (mean change from baseline [SD], 0 to 168 scale): -8.7 (12.0) vs. -1.6
(10.1) vs. -0.4 (9.4), mean difference -8.3 (95% CI, -15.2 to -1.4) for A vs. C
Functional disability (mean change from baseline [SD], scale not reported): 0.3 (0.5) vs. NR vs.
0.0 (0.3)
Acute medication use (mean change from baseline [SD], scale not reported): 1.6 (7.6) vs. NR
vs. -0.6 (5.0)
MIDAS category score (mean change from baseline [SD], 0 to 3 scale): -1.3 (1.8) vs. NR vs. 0.0
(0.9), mean difference -1.3 (95% CI, -2.2 to -0.4) for A vs. C
SF-36 Mental Health (mean change from baseline [SD], 0 to 100 scale): 5.5 (9.7) vs. NR vs. -1.5
(6.3), mean difference 7.0 (95% CI, 1.7 to 12.3) for A vs. C
A vs. B
Pain (median [IQR], 0 to 10 scale), first crossover period: 5 (5 to 6) vs. 7.5 (7.8), p<0.001
Headache days/week (median [IQR]), first crossover period: 2.1 (1.2 to 3.3) vs. 6.3 (3.6 to 7),
p<0.001
A vs. B
≥50% reduction in headache pain intensity: 17.1% (18/105) vs. 13.5% (7/52), RR 1.27 (95% CI,
0.57 to 2.86)
≥30% reduction in headache pain intensity: 33.3% (35/105) vs. 17.3% (9/52), RR 1.93 (95% CI,
1.00 to 3.70)
Headache days (mean change from baseline [SD NR]): -27.2% vs. -14.9%, p<0.05
"Good" or "excellent" headache relief: 50% (52/105) vs. 18% (9/52), RR 2.86 (95% CI, 1.53 to
5.34)
MIDAS score (mean [SD NR], >20 = severe disability) at 12 weeks: -64.6 vs. -20.4, mean
difference -44.2 (95% CI, -65.3 to -22.8)

G-60

Adverse Events and Withdrawals Due to Adverse
Events
A vs. B vs. C vs. D
Any non-device-related adverse event: 52% (17/33) vs.
76% (13/17) vs. 53% (9/17) vs. 75% (6/8); p>0.05 for all
comparisons
Overall
Intraoperative failure: 3.8% (2/53)
Serious device-related adverse event requiring
hospitalization: 5.9% (3/51) (implant site infection, lead
migration, postoperative nausea)
Lead migration: 24% (12/51)
Long-term complications or nerve damage: None

Overall: 5 adverse events (2 severe infections, 3 lead
migration)
A vs. B
Total adverse events: 73 vs. 34
Lead migration: 14.0% vs. 4.7%, p = 0.41
Lead breakage/fracture: 1.9% vs. 0%, p>0.05
Persistent pain and/or numbness at IPG/lead site:
13.1% vs. 8.4%, p = 0.63
Skin erosion: 3.7% vs. 2.8%, p = 1.0
Wound site complications: 2.8% vs. 0.9%, p = 1.0
Non-device/procedure-related adverse events: 7.5% vs.
1.9%, p = 0.50

Author,
Year
Trial
Mekhail,
2017
(single
center
from
Silberstein,
2012)

Adverse Events and Withdrawals Due to Adverse
Results
Events
A vs. B
A vs. B
≥50% reduction in headache pain intensity: 17.1% (4/14) vs. 0% (0/6), RR 0.71 (95% CI, 0.51 to Any adverse events: 35.7% (5/14) vs. 50% (3/6)
0.99)*
Stimulation related: 0% vs. 17% (1/6)
≥30% reduction in headache pain intensity: 85.7% (12/14) vs. 66.7% (4/6), RR 0.43 (95% CI,
- Nausea/vomiting: 0% vs. 17% (1/6)
0.08 to 2.37)*
Hardware related: 14% (2/14) vs. 33% (2/6)
Patients who achieved % average daily VAS reduction and no increase in headache duration or
- Lead migration: 14% (2/14) vs. 17% (1/6)
frequency
Persistent pain or numbness: 7% (1/14) vs. 0%
- 30% at 12 weeks: 86% (12/14) vs.66% (4/6), p = 0.373
Wound site complication: 7% (1/14) vs. 0%
- 50% at 12 weeks: 29% (4/14) vs. 0%, p = 0.018
Average daily pain intensity (mean change from baseline [SD], 0 to 100 VAS transformed to 0 to
10 scale)
-4 weeks: -2.16 (1.02) vs. 0.34 (0.99), p<0.001
-12 weeks: -2.30 (1.15) vs. 0.79 (1.06), p<0.001
Headache days (mean change from baseline [SD])
-4 weeks: -11.50 (6.29) vs. -0.95 (5.93), p<0.05
-12 weeks: -12.32 (8.88) vs. -0.15 (5.27), p = 0.02
MIDAS score (mean change from baseline [SD], >20 = severe disability)
-12 weeks: -85.21 (40.63) vs. -12.17 (60.43), p = 0.008
Abbreviations: CI = confidence interval; IQR = interquartile range; IPG = implantable pulse generator; MIDAS = migraine disability assessment; NR = not reported; NRS = numeric rating
scale; ONSTIM = occipital nerve stimulation for the treatment of intractable chronic migraine headache; RR = risk ratio; SD = standard deviation; SF-36 = Short-Form 36; VAS = visual
analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-23. Trials of piriformis injection for piriformis syndrome – study characteristics
Author,
Year
Trial
Childers,
2002

Fishman,
2002

Fishman,
2017

Study
Design
Duration
RCT
(crossover)
10 weeks

RCT
3 months

RCT
3 months

Setting/Provider
Type
Country
1 center, physical
medicine and
rehabilitation clinic
U.S.

1 center, physical
medicine and
rehabilitation
U.S.

1 center, physical
medicine and
rehabilitation
U.S.

Eligibility Criteria
>18 years; buttock, hip, and lower limb intermittent
positional pain for ≥3 months reproduced by 2 of 3
maneuvers: palpation over point midway between the
sacrum and greater trochanter of the femur, active hip
abduction in the lateral recumbent position, and rectal
palpation of the ipsilateral side of the involved limb;
pain aggravated by sitting, stair climbing, and leg
crossing; pain >5 on 0 to 10 VAS
Excluded: imaging studies demonstrated evidence of a
herniated lumbar disk or nerve root impingement, or
electromyographic examination demonstrated
spontaneous discharges in the lumbar paraspinal
muscles suggestive of pathology proximal to the sciatic
notch.
Buttock tenderness and sciatica, with positive FAIR
test (defined as prolongation of posterior tibial H-reflex
>1.86 ms)
Excluded: NR

≥18 years; ≥2 of the following conditions: buttock pain,
sciatica, tenderness at the intersection of the piriformis
muscle and sciatic nerve; or positive straight-leg raise
of ≤60°, or 15° deficit on the affected side; functional
prolongation of the posterior tibial or fibular nerve Hreflex (>1.86 ms, positive FAIR test)
Excluded: positive sharp waves or fibrillation potentials
in the lumbar paraspinal muscles on EMG assessment;
thrombocytopenia; anticoagulation; autoimmune
disease; previous exposure to BTX-A; previous buttock
surgery; neuromuscular disease; weight <90 pounds;
vascular anomalies.

G-62

Interventions
A: Botulinum toxin type A piriformis injection :100 units
intramuscular injection under fluoroscopic guidance to piriformis
muscle; placement verified with electromyography and pattern
of radiotracer spread
B: Placebo injection : Intramuscular preservative-free normal
saline injection as above
Crossover occurred after 10 weeks

A: Botulinum toxin type A piriformis injection: 200 units 2 ml
intramuscular injection under electromyographic guidance
(based on location of points at which 2 to 6 mA at 0.05 ms
stimulus duration stimulated significant motility along the course
of the piriformis muscle)
B: Corticosteroid piriformis injection: Triamcinolone acetonide:
20 mg in 0.5 ml solution + 1.5 ml of 2% lidocaine (2 ml total
injection volume) intramuscular injection, as above
C: Placebo injection: 2 ml saline intramuscular injection as
above
All groups received physical therapy twice weekly (ultrasound,
hot packs or cold spray, stretching, myofascial release,
McKenzie exercise, lumbosacral corset when in the flexion,
adduction, and internal rotation position)
A: Botulinum toxin type A piriformis injection: 300 units 3 ml
intramuscular injection to 4 piriformis muscle sites (the most
medial injection was made just lateral to the greater sciatic
foramen along the line linking its midpoint to the greater
trochanter) including the myoneural junctions of the S1 to S2
nerve fibers that innervate the piriformis muscle; placement with
electromyographic guidance
B: Placebo injection: 3 ml saline injection as above
Both groups received physical therapy weekly (piriformis
muscle stretch and ultrasound)

Author,
Year
Trial
Misirlioglu,
2015

Study
Design
Duration
RCT
3 months

Setting/Provider
Type
Country
1 center, physical
medicine and
rehabilitation
Turkey

Eligibility Criteria
Interventions
18 to 70 years; unilateral hip and/or leg pain with
A: Corticosteroid piriformis injection: 1 ml betametazone + 4 ml
positive FAIR test and tenderness and/or trigger point
2% lidocaine intramuscular injection to piriformis muscle with
at the piriformis muscle.
ultrasound guidance
Excluded: neurological deficit; limited lumbar and/or hip B: Sham injection: 5 ml 2% lidocaine intramuscular injection to
range of motion; prior surgery at the lumbar and/or hip
piriformis muscle with ultrasound guidance
region; BMI >35 kg/m2; history of inflammatory or
infectious disease; active psychiatric disease;
uncontrolled hypertension; uncontrolled diabetes
mellitus; uncompensated chronic heart/liver/renal
deficiency; vascular/tumoral disease.
Abbreviations: BMI = body mass index; BTX-A = botulinum toxin type-A; FAIR = flexion, adduction, internal rotation; NR = not reported; RCT = randomized controlled trial; VAS =
visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Table G-24. Trials of piriformis injection for piriformis syndrome – additional study characteristics
Author,
Year
Childers,
2002

Fishman,
2002

Fishman,
2017

Misirlioglu,
2015

Sample Characteristics
Mean (SD) age: 42.1 (5.7)
Female: 100%
Race: NR
Mean (SD) duration of symptoms: 38.7 (21) months
A vs. B
Baseline pain (mean [SD], 0 to 10 VAS): 7.6 (1.9) vs. 7.4 (1.6)
Baseline interference with activities (mean [SD], 0 to 10 VAS): 7.8 (2.1) vs. 7.7
(1.7)
Baseline distress (mean [SD], 0 to 10 VAS): 6.8 (2.6) vs. 7.5 (1.7)
Mean (SD) age, years: 57.4 (13.4)
Female: 67%
Race: NR
Mean (SD) duration of sciatica, years: 3.2 (3.6)
Baseline pain, function: NR
Mean age: NR
Female: NR
Race: NR
A vs. B
Baseline pain (mean [SD], unclear scale): 0.71
Mean (SD) age, years: 46.3 (13.8)
Female: 84%
Race: NR
Mean (SD) symptom duration, months: 20.3 (29.5)
Left side pain: 60%
Right side pain: 40%
Local pain: 17%
Radiating pain: 83%
History of trauma: 42%

A vs. B
Baseline pain at rest (mean [SD], 0 to 10 VAS): 3.6 (3.1) vs. 2.8. (3.1)
Baseline pain with activity (mean [SD], 0 to 10 VAS): 7.4 (2.4) vs. 7.2 (2.0)
Baseline pain during sleep (mean [SD], 0 to 10 VAS): 3.8 (3.9) vs. 3.3 (3.2)
Abbreviations: NR = not reported; SD = standard deviation; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Screened
Eligible
Randomized
Analyzed
Screened: NR
Eligible: NR
Randomized: 10
Completed followup: 9
Analyzed: 9

Screened: NR
Eligible: NR
Randomized: 87 (26 vs. 37 vs. 24)
Completed followup: 67 (31 vs. 21
vs. 15)
Analyzed: 67 (31 vs. 21 vs. 15)
Screened: NR
Eligible: NR
Randomized: 56 (26 vs. 28)
Analyzed: 29 (25 vs. 24) at 4 weeks,
38 (19 vs. 19) at 8 weeks, 15 (9 vs.
6) at 12 weeks
Screened: 57
Eligible: 50
Randomized: 50 (25 vs. 25)
Completed followup: 47 (25 vs. 22)
Analyzed: 47 (25 vs. 22)

Sponsor
NR

Quality
Poor

NR

Poor

NR

Poor

None

Fair

Table G-25. Trials of piriformis injection for piriformis syndrome – results
Author,
Year
Childers,
2002

Results
A vs. B
Pain (mean [SD], 0 to 10 VAS)
-1 week: 5.4 (2.5) vs. 7.6 (1.9), mean difference -2.2 (95% CI, -4.4 to 0.02)
-4 weeks: 5.5 (3.5) vs. 7.0 (2.7), mean difference -1.5 (95% CI, -4.6 to 1.6)
-9 weeks: 6.0 (2.5) vs. 7.0 (2.3), mean difference -1.0 (95% CI, -3.4 to 1.4)
Interference with activities (mean [SD], 0 to 10 VAS)
-1 week: 5.7 (3.1) vs. 7.8 (2.4), mean difference -2.1 (95% CI, -4.9 to 0.7)
-4 weeks: 5.6 (3.6) vs. 8.0 (1.7), mean difference -2.4 (95% CI, -5.2 to 0.4)
-9 weeks: 4.9 (3.8) vs. 8.1 (1.1), mean difference -3.2 (95% CI, -6.0 to -0.4)
Distress (mean [SD], 0 to 10 VAS)
-1 week: 4.6 (2.7) vs. 7.7 (2.0), mean difference -3.1 (95% CI, -5.5 to -0.7)
-4 weeks: 4.9 (3.3) vs. 7.2 (2.9), mean difference -2.3 (95% CI, -5.4 to 0.8)
-9 weeks: 6.1 (3.1) vs. 7.2 (2.5), mean difference -1.1 (95% CI, -3.9 to 1.7)
Fishman,
A vs. B vs. C
2002
≥50% improvement in pain VAS at last 2 visits (through week 12): 65% (13/21) vs. 32% (10/31) vs. 6%
(1/15); RR 9.29 (95% CI, 1.36 to 63.53) for A vs. C, RR 4.84 (95% CI, 0.68 to 34.39) for B vs. C, RR 1.92
(95% CI, 1.04 to 3.53) for A vs. B
Fishman,
A vs. B
2017
Pain intensity (mean change from baseline [SD], unclear scale)
-2 weeks: -0.36 (0.23) vs. -0.04 (0.19), p<0.0001
-4 weeks: -0.39 (0.31) vs. -0.05 (0.12), p<0.0001
-6 weeks: -0.55 (0.29) vs. -0.04 (0.10), p<0.001
-8 weeks: -0.65 (0.16); 0.00 (0.13), p<0.001
-10 weeks: -0.55 (0.31) vs. -0.04 (0.10), p<0.0001
-12 weeks: -0.65 (0.24) vs. -0.008 (0.02), p<0.0001
Misirlioglu, A vs. B
2015
Pain at rest (mean [SD], 0 to 10 VAS)
- 1 week: 1.4 (2.7) vs. 1.0 (2.1), mean difference 0.40 (95% CI, -0.97 to 1.77)
- 1 month: 1.7 (2.9) vs. 0.5 (1.1), mean difference 1.20 (95% CI, -0.03 to 2.43)
- 3 months: 1.6 (2.1) vs. 0.4 (1.1), mean difference 1.20 (95% CI, 0.26 to 2.14)
Pain with activity (mean [SD], 0 to 10 VAS)
- 1 week: 4.6 (3.0) vs. 3.5 (2.6), mean difference 1.10 (95% CI, -0.50 to 2.70)
- 1 month: 3.9 (2.9) vs. 1.9 (1.5), mean difference 2.00 (95% CI, 0.70 to 3.30)
- 3 months: 3.0 (2.7) vs. 1.7 (2.3), mean difference 1.30 (95% CI, -0.13 to 2.73)
Pain during sleep (mean [SD], 0 to 10 VAS)
- 1 week: 2.1 (3.2) vs. 1.3 (1.9), mean difference 0.80 (95% CI, -0.68 to 2.28)
- 1 month: 1.0 (1.9) vs. 0.6 (1.5), mean difference 0.40 (95% CI, -0.57 to 1.37)
- 3 months: 1.0 (2.0) vs. 0.4 (1.0), mean difference 0.60 (95% CI, -0.29 to 1.49)
Abbreviations: CI = confidence interval; NR = not reported; RR = risk ratio; SD = standard deviation; VAS = visual analogue scale
See Appendix F, List of Included Studies, for full citations
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Adverse Events and Withdrawals Due to
Adverse Events
No serious adverse events

NR

A vs. B
Any adverse event: 18.5% (5/27) vs. 19.2%
(5/26), RR 0.96 (95% CI, 0.32 to 2.94)

A vs. B
Sciatic nerve block: 24.0% (6/25) vs. 27.3%
(6/22), RR 0.88 (95% CI, 0.33 to 2.33);* all
resolved in hours after the procedure
No other complications reported

Table G-26. Trial of peripheral nerve stimulation for chronic pain – study characteristics

Author,
Year
Trial
Deer,
2016

Study
Design
Duration
RCT
12
months

Setting/Provider
Type
Country
13 centers,
provider type not
reported
U.S.

Screened
Eligible
Randomized
Completed
Followup
Analyzed
Screened: 147
Eligible: NR
Randomized: 94
(45 vs. 49)
Complete followup:
Unclear
Analyzed: 94 (45
vs. 49)

Eligibility Criteria
Interventions
Sample Characteristics
Sponsor Quality
≥22 years with severe
A: Peripheral nerve Mean (SD) age, years: 53.0
Bioness, Fair
intractable chronic pain of stimulation: Lead
(11.1)
Inc
peripheral nerve origin
placement under
Female: 41.5%
associated with
fluoroscopic or
White: 91.5%
posttraumatic/postsurgical ultrasound
Black/African American: 3.2%
neuralgia for ≥3 months,
guidance,
Native American: 1.1%
worst pain level in the last placement
Hispanic: 3.2%
24 hours ≥5 (NRS 0 to
confirmed with test
Other race/ethnicity: 1.1%
10), pain is attributable to
stimulation;
Pain in lower extremity:
a lesion or disease of the
stimulation
28.7%
somatosensory nervous
parameters phase
Pain in upper extremity:
system; stable regimen of duration 70 to 500
27.7%
pain medications for ≥4
m/sec, pulse rate 1 Pain in trunk: 43.6%
weeks and able to
to 200 Hz, time on
maintain an equivalent
ranged from 10
A vs. B
dosage during followup
minutes to 12
Baseline BPI worst pain
Excluded: active systemic hours (mean 6
(mean [SD], 0 to 10 scale):
infection;
hours per day at 3- 8.1 (1.1) vs. 8.0 (1.1)
immunocompromised;
month study visit).
Baseline BPI, general activity
may need diathermy or
Typical settings
(mean [SD], 0 to 10 scale):
therapeutic ultrasound at
were 200 m/sec;
6.6 (2.2) vs. 6.5 (1.8)
the implant site;
100 Hz; amplitude
SF-12 (mean, 0 to 100 scale):
implanted medical device
set for paresthesia. 35.5 (4.9) vs. 36.0 (4.3)
within 15 cm of the
B: Sham
intended placement site
stimulation:
for peripheral nerve
Stimulator placed
stimulator; bleeding
but no therapeutic
disorders or active
stimulation
anticoagulation that
provided
cannot be discontinued
for implantation.
Abbreviations: BPI = Brief Pain Inventory; CI = confidence interval; NR = not reported; NRS = numeric rating scale; NS = not significant; RCT = randomized controlled trial; RR = risk
ratio; SD = standard deviation; SF-12 = Short-Form 12
See Appendix F, List of Included Studies, for full citations
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Table G-27. Trial of peripheral nerve stimulation for chronic pain – results
Author,
Year
Trial
Deer,
2016

Adverse Events and Withdrawals Due to Adverse
Results
Events
A vs. B
A vs. B (overall sample)
Pain (mean % reduction [SD]), overall (n = 94): -27.2% vs. -2.3%, mean difference -24.9%
Any adverse events: 42.2% (19/45) vs. 32.6% (16/49)
(p<0.0001)
Device related adverse events: 31.1% (14/45) vs. 26.5%
- Upper extremity pain (n = 26): -29.2% (33.3) vs. -6.5% (20.0), mean difference -19.8% (95% CI, - (13/49)
44.6 to 5.0)
Nondevice-related adverse events: 11.1% (5/45) vs. 6.1%
Responders (at least 30% reduction in pain and no increase in pain medication), overall: 38%
(3/49)
(17/45) vs. 10% (5/49) at 3 months, RR 3.70 (95% CI, 1.49 to 9.21)
Serious adverse events: 20% (9/45) vs. 22.4% (11/49)
- Upper extremity pain: 33% (4/12) vs. 0% (0/14) at 3 months, RR 10.4 (95% CI 0.6 to 175.2)
Device related serious adverse events: 0% vs. 0%
BPI general activity (mean change from baseline [SD], 0 to 10 scale), overall: -2.3 (2.7) vs. -0.4
Nondevice related serious adverse events: 20% (9/45) vs.
(2.0) at 3 months, p = 0.001
22.4% (11/49)
SF-12 (mean change from baseline [SD], 0 to 100 scale), overall: 1.4 (5.9) vs. -0.2 (3.4) at 3
months, p = 0.04
Pain medication increased at 3 months, overall: 2.2% (1/45) vs. 4.1% (2/49) at 3 months, p = NS
Clinical Global Impression (mean [SD], 0 to 7 scale), overall: 4.8 (1.5) vs. 2.5 (1.9) at 3 months,
p<0.0001
Abbreviations: BPI = Brief Pain Inventory; CI = confidence interval; NR = not reported; NRS = numeric rating scale; NS = not significant; RCT = randomized controlled trial; RR = risk
ratio; SD = standard deviation; SF-12 = Short-Form 12
See Appendix F, List of Included Studies, for full citations
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Appendix H. Quality Table
Table H-1. Quality assessments of randomized controlled trials

Randomization
Adequate?

Allocation
Concealment
Adequate?

Groups
Similar at
Baseline?

Outcome
Assessors
Masked?

Care
Provider
Masked?

Patient
Masked?

Acceptable
Levels of Overall
Attrition and
Between-Group
Differences in
Attrition?

Berenson,
2011
Australia,
Canada,
Europe,
U.S.

Yes

Yes

Yes

No (except
for safety)

No

No

Yes/No

No

Yes

Fair

Blasco,
2012
Spain
Buchbinder,
2009
Australia

Yes

Unclear

No (pain)

Unclear

No

No

No (24%)/Yes

Unclear

Yes

Fair

Yes

Yes

Yes

Yes

No

Yes

Yes/Yes

Yes

Yes

Good

Cady, 2015
U.S.

Yes

Yes

Yes

Yes

Unclear

Yes

No/No (at 1
month posttreatment)

No

Yes

Poor

Chen, 2014
China

Unclear

Unclear

Yes

Unclear

No

No

Yes/Yes

Yes

Yes

Fair

Author,
Year
Country
Amirdelfan
2020
Australia
and U.S.

Unclear

Yes

No

Yes

No

H-1

Yes

Yes/Yes

Intentionto-Treat
(ITT)
Analysis

Avoidance
of
Selective
Outcomes
Reporting

Quality
Rating

Yes

Yes

Fair

Comments

Outcomes
after 1 month
not relevant
(high
crossover);
focusing on 1
month results
there was
differential
but not high
attrition; loss
to followup
was 10% and
no imputation
for missing
data

At 1 month
attrition was
27% and loss
in the sham
group was
43%.
Attrition was
low so ITT is
OK

Randomization
Adequate?
Unclear

Allocation
Concealment
Adequate?
Unclear

Groups
Similar at
Baseline?
Yes

Outcome
Assessors
Masked?
Unclear

Care
Provider
Masked?
Unclear

Patient
Masked?
Yes

Acceptable
Levels of Overall
Attrition and
Between-Group
Differences in
Attrition?
Yes/Yes

Clark, 2016
Australia

Yes

Yes

Yes

Yes

Yes

Yes

Yes/Yes

Yes

Yes

Good

Cohen,
2008
U.S.

Unclear

Yes

No (ODI)

Yes

No

Yes

Yes/Yes

Yes

Fair

Deer, 2016
U.S.

Yes

Unclear

Yes

Unclear

Unclear

Yes

Unclear

No (at 3
months
and
beyond,
due to
high
crossover)
Yes

Yes

Fair

Farrokhi,
2011
Iran

Yes

Yes

No (pain)

Yes

No

No

Yes/Yes

Yes

Yes

Poor

Firanescu,
2018
the
Netherlands

Yes

Unclear

Yes

Yes

Unclear

Yes

Yes/Yes

Yes

Yes

Good

Fishman,
2002
U.S
Fishman,
2017
U.S
Gallucci,
2007
Italy

Unclear

Unclear

Unclear

Unclear

Unclear

Yes

No/Yes

No

Unclear

Poor

Unclear

Unclear

UNclear

Unclear

Unclear

Yes

No/No

No

Unclear

Poor

Unclear

Unclear

Yes

Yes

Unclear

Yes

Unclear

Yes

Yes

Fair

Author,
Year
Country
Childers,
2002
U.S

H-2

Intentionto-Treat
(ITT)
Analysis
Yes

Avoidance
of
Selective
Outcomes
Reporting
Yes

Quality
Rating
Poor

Comments
Analysis did
not account
for crossover
design;
scales not
reported and
may be
unvalidated

High
crossover at
3 months;
crossover
patients
excluded
from analysis

Serious data
discrepancies
(implausible
values for
standard
deviations
and results
inconsistent
with reported
data)

Scale used to
measure pain
not reported

Randomization
Adequate?
Unclear

Allocation
Concealment
Adequate?
Yes

Groups
Similar at
Baseline?
No (pain)

Outcome
Assessors
Masked?
Yes

Care
Provider
Masked?
Unclear

Patient
Masked?
Yes

Acceptable
Levels of Overall
Attrition and
Between-Group
Differences in
Attrition?
Yes/Yes

Haseeb,
2019
Egypt
Kallewaard,
2019
the
Netherlands

Unclear

Unclear

Unclear

Yes

Unclear

Unclear

Unclear

Unclear

No

Poor

Yes

Yes

Yes

Yes

Unclear

Yes

Yes/Yes

Yes

Yes

Good

Kallmes,
2009
U.K.,
Austraia,
U.S.
Klazen,
2010
the
Netherlands
and Belgium
Kroll, 2008
U.S.

Yes

Yes

Yes

Yes

Yes

Yes

Yes/Yes

Yes

Yes

Good

Yes

Yes

Yes

No

No

No

Yes/Yes

Yes

Yes

Fair

Yes

Unclear

No (pain)

Unclear

No

Yes

No/Unclear

No

Yes

Poor

Leali, 2016
Italy,
France,
Switzerland
McCormick,
2019
U.S.

Unclear

Unclear

Unclear

Unclear

No

No

Unclear

Unclear

Unclear

Poor

Yes

Yes

Yes

Yes

No

Yes

Yes/Yes

Yes

Yes

Good

Author,
Year
Country
Hansen,
2019
Denmark

H-3

Intentionto-Treat
(ITT)
Analysis
No

Avoidance
of
Selective
Outcomes
Reporting
Yes

Quality
Rating
Fair

Comments
Attrition was
>10% and
did not do
imputation or
other method
for handling
missing data.
Envelop
probably ok
for allocation
concealment

Open-label is
one of the
major issues
with these
trials

Randomization
Adequate?
Yes

Allocation
Concealment
Adequate?
Yes

Groups
Similar at
Baseline?
Unclear

Outcome
Assessors
Masked?
Unclear

Care
Provider
Masked?
Yes

Patient
Masked?
Yes

Acceptable
Levels of Overall
Attrition and
Between-Group
Differences in
Attrition?
Yes/Yes

Misirlioglu,
2015
Turkey

Unclear

Yes

Yes

Yes

Yes

Yes

Yes/Yes

Yes

Yes

Fair

Moussa,
2020
Egypt
Nilachandra,
2016
India

Unclear

Unclear

Unclear

Yes

No

Yes

Unclear

Unclear

Yes

Poor

Unclear

Unclear

Yes

No

No

Unclear

Unclear

Yes

Unclear

Poor

Patel, 2012
U.S.

Unclear

Unclear

Yes

Yes

No

Yes

Yes/Yes

Yes

Fair

Peng, 2010
China

Yes

Unclear

Yes

Yes

No

Yes

Yes/Yes

No (at 3
months
and
beyond,
due to
high
crossover)
Yes

Yes

Fair

Rousing,
2009
Denmark
Saper, 2011
Canada,
U.S., and
U.K.
Serra, 2012
Italy

Unclear

Yes

No (pain,
EQ-5D)

Unclear

No

No

Yes/Yes

Yes

Yes

Poor

Unclear

Yes

Yes

Yes

Yes

No

Yes/Yes

Yes

Unclear

Fair

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Yes/Yes

Yes

Unclear

Poor

Silberstein,
2012
U.S.

Yes

Yes

Yes

Unclear

Yes

Yes

Yes/Yes

Yes

Yes

Fair

Tekin, 2007
Turkey

Yes

Unclear

Yes

Yes

No

Yes

Unclear

Unclear

Yes

Fair

Author,
Year
Country
Mekhail,
2017 (single
center from
Silberstein
2012)
U.S.

H-4

Intentionto-Treat
(ITT)
Analysis
Yes

Avoidance
of
Selective
Outcomes
Reporting
Yes

Quality
Rating
Fair

Comments
Single center
from
Silberstein
2012
multicenter
trial

Data
discrepancies
present

High
crossover,
appear to
have been
excluded
from analysis
at 3 months

Missing
baseline data

Analyses did
not account
for crossover
design
Stimulation
parameters
not reported

Randomization
Adequate?
Unclear

Allocation
Concealment
Adequate?
Yes

Groups
Similar at
Baseline?
No (%
female)

Outcome
Assessors
Masked?
Yes

Care
Provider
Masked?
Yes

Patient
Masked?
Yes

Acceptable
Levels of Overall
Attrition and
Between-Group
Differences in
Attrition?
Yes/Yes

Voormolen,
2007
the
Netherlands

Unclear

Yes

Yes

Unclear

No

No

Yes/Yes

Yes

Yes

Fair

Wardlaw,
2009
Europe and
U.S.

Yes

Unclear

Yes

Unclear

No

No

Yes/No

Yes

Yes

Fair

Yang, 2016
China

Year

Unclear

Yes

No

No

No

No/No

No

Yes

Poor

Author,
Year
Country
TuakliWosornu,
2016
U.S.

Abbreviations: ODI = Oswestry Disability Index; U.S = United States
See Appendix F, List of Included Studies, for full citations

H-5

Intentionto-Treat
(ITT)
Analysis
No

Avoidance
of
Selective
Outcomes
Reporting
Yes

Quality
Rating
Fair

Comments
Doesn't meet
criteria for
ITT since
they didn't do
any
imputation
etc.

At 3 months
there was
>10%
different in
loss to
followup
between
groups

Appendix I. Meta-Analysis Results
Table I-1. Stratified analyses, vertebroplasty versus sham or usual care, pain (continuous) at 1 to 2 weeks and at 2 to 4 weeks*
Mean Difference
Number
Mean Difference
(95% CI), 1 to 2
of Trials
(95% CI), 2 to 4
Analysis
Subgroup
Weeks
I2
(N)
p†
Weeks
All trials
--0.53 (-1.36 to 0.24)
75%
10 (1093)
--1.05 (-1.80 to -0.32)
-0.02 (-0.65 to 0.61)
14%
5 (536)
0.14
-0.57 (-1.09 to -0.05)
•
Sham
Control type
-1.22 (-2.81 to 0.23)
73%
5 (557)
--2.27 (-3.20 to -0.94)
•
Usual care
-3.10 (-6.57 to 0.37)
-1 (107)
0.18
-2.40 (-4.79 to -0.01)
•
<4 weeks
-0.75 (-2.02 to 0.59)
80%
4 (536)
--1.08 (-2.43 to 0.33)
•
<6 to 10 weeks
Pain duration
(inclusion criteria)
0.46 (-0.30 to 1.37)
0%
3 (327)
--0.62 (-1.51 to 0.29)
•
<12 months
-1.55 (-2.89 to -0.21)
0%
2 (123)
--1.20 (-2.61 to 0.21)
•
≥4 to 6 weeks
-1.37 (-0.37 to -0.05)
0%
2 (219)
0.49
-1.56 (-3.14 to -0.40)
•
<4 weeks
Pain duration (mean or
-0.60 (-2.38 to 1.28)
86%
3 (424)
--0.96 (-2.90 to 1.07)
•
4 to 8 weeks
median)
-0.11 (-1.32 to 0.92)
58%
5 (450)
--0.75 (-1.48 to -0.05)
•
>8 weeks
-0.72 (-1.91 to 0.35)
78%
7 (779)
0.56
-1.17 (-2.44 to 0.04)
•
Required
Bone marrow edema
on MRI
-0.19 (-1.42 to 1.02)
49%
3 (314)
--0.90 (-1.59 to -0.17)
•
Not required
-0.41 (-2.09 to 1.04)
45%
2 (288)
0.39
-0.75 (-2.05 to 0.28)
•
>5 ml
PMMA volume
-0.80 (-1.90 to 0.19)
72%
7 (680)
--1.13 (-2.14 to -0.13)
•
≤5 ml
-0.09 (-0.89 to 0.67)
28%
4 (490)
0.38
-0.70 (-1.27 to -0.19)
•
Good
-0.74 (-2.14 to 0.67)
78%
5 (496)
--1.25 (-3.16 to 0.78)
Study quality
•
Fair
-3.10 (-6.57 to 0.37)
-1 (107)
--2.40 (-4.79 to -0.01)
•
Poor
Abbreviations: CI = confidence interval; ml = milliliter; MRI = magnetic resonance imaging; N = number of subjects; PMMA = polymethyl methacrylate
*Pain is on a 0 to 10 scale (higher values indicate more severe pain) and that negative mean difference values indicate less pain with vertebroplasty
†For

interaction
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I2
64%
0%
0%
-81%
0%
-0%
86%
0%
75%
0%
4.3%
66%
0%
78%
--

Number
of Trials
(N)
8 (918)
5 (536)
3 (382)
1 (107)
4 (536)
2 (199)
1 (73)
2 (219)
3 (211)
3 (275)
5 (604)
3 (314)
2 (288)
6 (630)
4 (490)
3 (321)
1 (107)

p†
-0.01
-0.79
---0.70
--0.72
-0.77
-0.54
---

Table I-2. Stratified analyses, vertebroplasty versus sham or usual care, pain (continuous) at 1 to 6 months, 6 to 12 months, and 12 months and
longer*
Analysis
All trials
Control type

Pain duration
(inclusion criteria)

Pain duration
(mean or median)
Bone marrow
edema on MRI
PMMA volume
Study quality

Subgroup
--

Mean Difference
(95% CI), 1 to 6
Months
-0.76 (-1.17 to -0.38)

I2
5.5%

Sham

-0.47 (-0.98 to -0.01)

•
•

Usual care
<4 weeks

-1.17 (-1.71 to -0.60)
-1.80 (-3.76 to 0.16)

•
•
•
•
•
•
•

<6 to 10
weeks
<12 months
≥4 to 6 weeks
<4 weeks
4 to 8 weeks
>8 weeks
Required

•
•
•
•
•

Not required
>5 ml
≤5 ml
Good
Fair

•

0%

No. of
Trials
(N)
10
(1094)
5 (525)

p†
--

Mean Difference
(95% CI), 6 to 12
Months
-0.73 (-1.33 to -0.15)

I2
43%

No. of
Trials
(N)
8 (993)

0%
--

5 (569)
1 (107)

-0.70 (-1.36 to -0.03)

29%

-0.67 (-1.32 to -0.03)
-1.40 (-3.09 to 0.29)
-1.25 (-2.22 to -0.31)
-0.56 (-1.48 to 0.48)
-0.76 (-1.37 to -0.17)
-0.74 (-1.40 to -0.16)
-0.82 (-1.44 to -0.22)
-0.48 (-1.92 to 0.50)
-0.90 (-1.41 to -0.34)
-0.56 (-1.17 to -0.07)
-0.90 (-1.58 to -0.06)

p†
--

Mean Difference
(95% CI), 12 Months
and Longer
-0.87 (-1.43 to -0.31)

I2
42%

N
Tr
(N
9

0.09
-0.68

-0.59 (-1.16 to -0.07)

0%

-0.87 (-2.81 to 0.23)
-1.20 (-3.14 to 0.74)

58%
--

4 (470)

0.71

-0.64 (-1.21 to -0.08)

0%

4

4 (523)
1 (107)

-0.46

-1.08 (-2.06 to -0.11)
-1.20 (-2.89 to 0.49)

51%
--

5
1

5 (575)

--

-1.05 (-2.02 to -0.14)

42%

3 (480)

--

-0.91 (-1.88 to 0.15)

57%

4

0%
-0%
46%
0%
24%

3 (323)
1 (89)
3 (258)
3 (424)
4 (412)
6 (745)

--0.54
--0.84

-0.16 (-1.07 to 0.80)
-1.50 (-3.46 to 0.46)
-1.27 (-2.52 to 0.01)
-0.99 (-2.45 to 0.47)
-0.30 (-1.26 to 0.51)
-0.73 (-1.71 to 0.17)

14%
-0%
58%
16%
57%

3 (317)
1 (89)
2 (209)
2 (378)
4 (406)
5 (699)

-0.60 (-1.61 to 0.36)
-1.60 (-3.45 to 0.25)
-1.03 (-2.34 to 0.24)
-0.90 (-2.23 to 0.54)
-0.72 (-1.67 to 0.07)
-0.80 (-1.65 to 0.03)

18%
-0%
68%
17%
57%

3
1
2
3
4
6

-0.74 (-1.52 to 0.05)
-0.62 (-1.84 to 0.25)
-1.09 (-1.72 to -0.34)
-0.59 (-1.16 to -0.07)
-0.81 (-2.50 to 0.82)

0%
0%
8.9%
0%
68%

3 (294)
2 (278)
5 (590)
4 (470)
3 (416)

--0.46
--0.99
5
-0.19
-0.89
--

0%
0%
0%
0%
5.9%

4 (349)
2 (281)
6 (642)
4 (479)
4 (462)

-0.73
-0.59
--

-1.02 (-1.73 to -0.30)
-0.45 (-1.25 to 0.35)
-1.22 (-1.85 to -0.50)
-0.75 (-1.45 to -0.16)
-0.84 (-2.14 to 0.46)

0%
-24%
0%
66%

3
1
6
3
4

-1.03 (-2.32 to 0.24)

0%

2

-1.20 (-2.86 to 0.32)
-2 (153)
--1.20 (-3.14 to 0.74)
-1 (107) -•
Poor
Abbreviations: CI = confidence interval; ml = millimeter; MRI = magnetic resonance imaging; N = number of subjects; PMMA = polymethyl methacrylate
*Pain is on a 0 to 10 scale (higher values indicate more severe pain) and that negative mean difference values indicate less pain with vertebroplasty
†For

interaction

I-2

Figure I-1. Funnel plot of vertebroplasty versus sham or usual care, pain (continuous), 1 to 2 weeks

Abbreviations: SE = standard error
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Figure I-2. Funnel plot of vertebroplasty versus sham or usual care, pain (continuous), 1 to 6 months

I-4

Table I-3. Vertebroplasty versus sham or usual care, pain, function, and opioid use (dichotomous)
Followup Duration
Pain, RR (95% CI)
1 to 2 weeks
1.05 (0.16 to 6.02)
I2
75%
No. of trials (N)
2 (186)
2 to 4 weeks
1.35 (0.51 to 3.82)
I2
79%
No. of trials (N)
3 (293)
1 to 6 months
1.46 (0.84 to 2.34)
I2
0%
No. of trials (N)
2 (176)
6 to 12 months
1.32 (0.82 to 1.91)
I2
0%
No. of trials (N)
2 (175)
12 months and longer
1.27 (0.64 to 2.27)
I2
35%
No. of trials (N)
2 (202)
Abbreviations: CI = confidence interval; N = number of subjects; RR = relative risk
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Function, RR (95% CI)
---0.66 (0.45 to 0.97)
-1 (108)
------1.56 (1.12 to 2.18)
-1 (119)

Opioid Use, RR (95% CI)
0.66 (0.30 to 1.27)
0%
2 (178)
1.08 (0.58 to 1.48)
0%
3 (368)
1.02 (0.60 to 1.75)
0%
2 (172)
0.93 (0.44 to 1.57)
0%
2 (165)
0.72 (0.30 to 1.70)
-1 (83)

Table I-4. Stratified analyses, vertebroplasty versus sham or usual care, function (continuous) at 1 to 2 weeks and at 2 to 4 weeks*
Analysis
All trials
Control type

Pain duration (mean
or median)

Study quality

Subgroup
--

SMD (95% CI), 1 to
2 Weeks
-0.21 (-0.48 to 0.04)

I2
49%

Number
of Trials
(N)
7 (743)

p†
--

•

Sham

0.03 (-0.36 to 0.44)

34%

3 (311)

0.10

•

Usual care

0%

4 (432)

--

•

<4 weeks

-0.38 (-0.61 to 0.18)
-0.30 (-0.60 to 0.01)

0%

2 (216)

0.85

•

4 to 8 weeks

--

1 (202)

--

•

>8 weeks

-0.39 (-0.67 to 0.12)
-0.11 (-0.71 to 0.39)

65%

4 (325)

--

•

Good

0.03 (-0.36 to 0.44)

34%

3 (311)

0.28

•

Fair

0%

3 (325)

--

•

Poor

-0.41 (-0.78 to 0.15)
-0.30 (-0.68 to 0.09)

--

1 (107)

--

SMD (95% CI), 2
to 4 Weeks
-0.27 (-0.42 to 0.12)
-0.26 (-0.53 to
0.00)
-0.28 (-0.49 to 0.07)
-0.40 (-0.72 to 0.09)
-0.25 (-0.53 to
0.03)
-0.19 (-0.43 to
0.05)
-0.26 (-0.53 to
0.00)
-0.25 (-0.52 to
0.02)
-0.36 (-0.74 to
0.03)
-1.64 (-2.71 to 0.60)

-1.24 (-3.30 to 0.68)
61%
6 (636)
-On original scale RDQ or
modified RDQ‡
Abbreviations: ODI = Oswestry Disability Index; RDQ = Roland-Morris Disability Questionnaire; SMD = standardized mean difference
Scale

I2
0%

Number
of Trials
(N)
6 (708)

p†
--

0%

3 (310)

0.91

0%

3 (398)

--

0%

2 (107)

0.55

--

1 (202)

--

--

3 (290)

--

0%

3 (310)

0.89

0%

2 ( 291)

--

--

1 (107)

--

0%

5 (601)

--

*Negative values for SMDs or mean differences indicate less functional impairment with vertebroplasty
†For interaction
‡RDQ is measured on 0 to 24 scale and modified RDQ on 0 to 23 scale, with higher values indicating greater functional impairment (and will need to define RDQ)
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Table I-5. Stratified analyses, vertebroplasty versus sham or usual care, function (continuous) at 1 to 6 months, 6 to 12 months, and 12 months
and longer*
Analysis
All trials

SMD (95% CI), 1 to
6 Months
-0.28 (-0.43 to -0.11)
-0.14 (-0.53 to 0.27)
-0.37 (-0.56 to -0.18)
-0.40 (-0.66 to -0.14)
-0.37 (-0.65 to -0.09)

No. of
Trials
(N)
7 (637)
3 (301)
4 (440)
3 (252)
1 (202)

SMD (95% CI), 6 to
12 Months
-0.29 (-0.45 to -0.14)
-0.32 (-0.70 to 0.09)
-0.27 (-0.48 to -0.07)
-0.45 (-0.88 to -0.03)
-0.26 (-0.53 to 0.02)

No. of
Trials
(N)
6 (690)
3 (292)
3 (398)
2 (207)
1 (202)

Subgroup
I2
p†
I2
p†
-0%
-0%
-27%
0.21
23%
0.78
•
Sham
Control type
0%
-0%
-•
Usual care
0%
0.30
0%
0.27
•
<4 weeks
Pain
NA
-NA
-duration
•
4 to 8
(mean or
weeks
median)
-0.11 (-0.43 to 0.24)
0%
3 (287) --0.21 (-0.46 to 0.06)
0%
3 (281) -•
>8 weeks
-0.14 (-0.53 to 0.27)
27% 3 (301) 0.46
-0.32 (-0.70 to 0.09)
23%
3 (292) 0.54
•
Good
Study
-0.37 (-0.64 to -0.09)
0%
2 (291) --0.27 (-0.55 to 0.00)
0%
2 (291) -•
Fair
quality
-0.38 (-0.76 to 0.03)
0%
2 (149) --0.29 (-0.67 to 0.09)
-1 (107) -•
Poor
On original
-1.66 (-3.05 to -0.09)
2%
4 (592) --1.90 (-3.09 to -0.73)
0%
5 (543) -scale
Scale
RDQ or
modified RDQ
Abbreviations: CI = confidence interval; N = number of subjects; RDQ = Roland-Morris Disability Questionnaire; SMD = standardized mean difference
*Negative values for standardized mean differences or mean differences indicate less functional impairment with vertebroplasty
†For interaction
‡RDQ is measured on 0 to 24 scale and modified RDQ on 0 to 23 scale, with higher values indicating greater functional impairment
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SMD (95% CI), 12
Months and Longer
-0.23 (-0.39 to -0.06)
-0.17 (-0.51 to 0.22)
-0.25 (-0.45 to -0.05)
-0.11 (-0.50 to 0.31)
-0.28 (-0.55 to 0.00)
-0.25 (-0.52 to 0.03)
-0.17 (-0.51 to 0.22)
-0.32 (-0.63 to -0.05)
-0.11 (-0.50 to 0.31)
-1.78 (-3.00 to -0.52)

I2
0%
0%
0%
0%
NA

No. of
Trials
(N)
6 (612)
2 (176)
4 (436)
2 (145)
1 (202)

p
-0
-0
--

0%
0%
0%
0%
0%

3 (265)
2 (176)
2 (291)
2 (145)
4 (427)

-0
----

Figure I-3. Vertebroplasty versus sham or usual care, EQ-5D (continuous) at 2 to 4 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations

Figure I-4. Vertebroplasty versus sham or usual care, EQ-5D (continuous) at 6 to 12 months

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations
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Figure I-5. Vertebroplasty versus sham or usual care, EQ-5D (continuous) at 12 months and longer

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations

Figure I-6. Vertebroplasty versus sham or usual care, EQ-5D (continuous) at 1 to 2 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
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See Appendix F, List of Included Studies, for full citations

Figure I-7. Vertebroplasty versus sham or usual care, EQ-5D (continuous) at 1 to 6 months

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations

Table I-6. Vertebroplasty versus sham or usual care, quality of life (continuous) at 1 to 2 weeks and at 2 to 4 weeks
Analysis
EQ-5D, all trials†
EQ-5D, control
type
EQ-5D, study
quality
QUALEFFO, all
trials‡
QUALEFFO,
control type
QUALEFFO, study
quality

Subgroup
-•
Sham
•
Usual care
•
Good
•
Fair
•
Poor
--

Mean Difference (95% CI),
1 to 2 Weeks
0.03 (-0.04 to 0.11)
0.01 (-0.05 to 0.07)
0.10 (0.02 to 0.18)
0.01 (-0.05 to 0.07)
0.10 (0.02 to 0.18)
--2.55 (-9.46 to 3.16)

I2
12%
0%
-0%
--76%

Number
of Trials
(N)
3 (381)
2 (179)
1 (202)
2 (179)
1 (202)
-6 (644)

p*
-0.31
-0.31
----

Mean Difference (95% CI), 2
to 4 Weeks
0.05 (0.02 to 0.09)
0.04 (0.00 to 0.08)
0.10 (0.03 to 0.17)
0.04 (0.00 to 0.08)
0.10 (0.03 to 0.17)
--2.11 (-10.44 to 3.54)

-0.73 (-13.01 to 11.09)
80%
2 (176)
0.64
0.94 (-9.37 to 9.63)
•
Sham
-4.00 (-14.59 to 4.67)
68%
4 (468)
--4.95 (-17.56 to 0.72)
•
Usual care
-0.73 (-13.01 to 11.09)
80%
2 (176)
0.81
0.94 (-9.37 to 9.63)
•
Good
-3.36 (-15.72 to 7.67)
76%
3 (361)
--4.20 (-8.60 to 0.20)
•
Fair
-10.00 (-29.40 to 9.40)
-1 (107)
--16.00 (-32.86 to 0.86)
•
Poor
Abbreviations: CI = confidence interval; EQ-5D = EuroQol-5 Dimension; QUALEFFO = Quality of Life for Osteoporosis
*For interaction
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I2
0%
0%
0%
0%
0%
-63%

Number
of Trials
(N)
4 (501)
3 (299)
1 (202)
3 (299)
1 (202)
-4 (482)

52%
0%
52%
---

2 (173)
2 (309)
2 (173)
1 (202)
1 (107)

p*
-0.29
-0.29
---0.36
0.53
---

†EQ-5D

is on a 0 to 1 scale (higher score indicates better quality of life) and that positive mean difference values indicated better quality of life with vertebroplasty

‡QUALEFFO

is on a 0 to 100 scale (higher score indicates worse quality of life) and that negative mean difference values indicate better quality of life with vertebroplasty.
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Table I-7. Vertebroplasty versus sham or usual care, quality of life (continuous) at 1 to 6 months, 6 to 12 months, and 12 months and longer
Mean Difference
(95% CI), 1 to 6
Months
0.03 (-0.02 to 0.07)

Sham
Usual
care
Good
Fair
Poor

Sham
Usual
care
Good

Analysis
EQ-5D, all
trials†
EQ-5D, control
type

Subgroup
--

EQ-5D, study
quality

•
•
•
--

QUALEFFO,
all trials‡
QUALEFFO,
control type
QUALEFFO,
study quality

•
•

•
•
•

I2
0%

No. of
Trials
(N)
5 (433)

p*
--

Mean Difference
(95% CI), 6 to 12
Months
0.06 (0.02 to 0.11)

I2
0%

No. of
Trials
(N)
3 (370)

0.02 (-0.04 to 0.07)
0.07 (-0.13 to 0.32)

0%
49%

0.03 (-0.04 to 0.08)
-0.01 (-0.10 to 0.07)
0.19 (0.03 to 0.35)
-2.16 (-7.08 to 1.81)

p*
--

Mean Difference
(95% CI), 12 Months
and Longer
0.06 (-0.06 to 0.14)

3 (199)
2 (234)

0.52
--

0%
0%
-0%

2 (173)
2 (228)
1 (32)
4 (507)

-0.70 (-5.66 to 4.26)
-2.92 (-12.16 to 3.51)

-17%

-0.70 (-5.66 to 4.26)

--

I2
16%

No. of
Trials
(N)
4 (337)

p*
--

0.06 (-0.03 to 0.11)
0.10 (0.02 to 0.18)

0%
--

2 (168)
1 (202)

0.52
--

-0.05 (-0.18 to 0.10)
0.10 (0.02 to 0.19)

0%
0%

2 (103)
2 (234)

0.
--

0.29
----

0.06 (-0.03 to 0.11)
0.10 (0.02 to 0.18)
--2.98 (-7.62 to 0.69)

0%
--15%

2 (168)
1 (202)
-5 (599)

0.52
----

0.00 (-0.20 to 0.20)
0.04 (-0.18 to 0.22)
0.11 (-0.04 to 0.26)
-1.45 (-5.12 to 2.06)

-47%
-0%

1 (57)
2 (228)
1 (32)
4 (491)

0.8
----

1 (73)
3 (434)

0.73
--

-3.63 (-11.49 to 3.94)
-2.36 (-11.42 to 3.52)

16%
0%

2 (165)
3 (434)

0.90
--

-2.10 (-8.41 to 4.21)
-1.21 (-6.68 to 3.54)

-0%

1 (57)
3 (434)

0.8
--

1 (73)

0.58

-3.63 (-11.49 to 3.94)

16%

2 (165)

0.44

-2.10 (-8.41 to 4.21)

--

1 (57)

0.7

-0.77 (-6.06 to 5.33)
-8.00 (-23.31 to 7.31)

0%
--

2 (327)
1 (107)

---

-2.06 (-9.25 to 6.43)
22% 2 (327) --1.33 (-7.25 to 5.64)
0%
2 (327) --14.00 (-29.31 to
-1 (107) --13.00 (-25.55 to -1 (107) -1.31)
0.45)
Abbreviations: CI = confidence interval; EQ-5D = EuroQol-5 Dimension; N = number of subjects; QUALEFFO = Quality of Life for Osteoporosis
•
•

Fair
Poor

*For interaction
†EQ-5D is on a 0 to 1 scale (higher score indicates better quality of life) and that positive mean difference values indicated better quality of life with vertebroplasty
‡QUALEFFO is on a 0 to 100 scale (higher score indicates worse quality of life) and that negative mean difference values indicate better quality of life with vertebroplasty.
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Figure I-8. Vertebroplasty versus sham or usual care on the QUALEFFO at 1 to 2 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations

Figure I-9. Vertebroplasty versus sham or usual care on the QUALEFFO at 2 to 4 weeks

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
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See Appendix F, List of Included Studies, for full citations

Figure I-10. Vertebroplasty versus sham or usual care on the QUALEFFO at 1 to 6 months

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations

Figure I-11. Vertebroplasty versus sham or usual care on the QUALEFFO at 6 to 12 months

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
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*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations

Figure I-12. Vertebroplasty versus sham or usual care on the QUALEFFO at 12 months and longer

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations
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Figure I-13. Vertebroplasty versus sham or usual care on the Short-Form 36 Physical Component Summary Scores

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations

Figure I-14. Vertebroplasty versus sham or usual care on the Short-Form 36 Mental Component Summary Scores

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
*Adjusted mean difference from a regression model was used
See Appendix F, List of Included Studies, for full citations
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Table I-8. Vertebroplasty versus sham or usual care, Short-Form 36 Physical and Mental Component Summary Scores (continuous)
SF-36 Physical Component Summary Score (0 to 100
Followup Duration
Scale)*
2 to 4 weeks
Mean difference 1.00 (95% CI, -1.67 to 3.67)
I2
-No. of trials (N)
1 (128)
1 to 6 months
Mean difference 1.16 (95% CI, -7.58 to 9.79)
I2
30%
No. of trials (N)
2 (89)
12 months and longer
Mean difference -0.93 (95% CI, -7.18 to 5.45)
I2
0%
No. of trials (N)
2 (87)
Abbreviations: CI = confidence interval; N = number of subjects; SF-36 = Short-Form 36
*Positive values indicate that health status is better in the vertebroplasty arm
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SF-Mental Component Summary Score (0 to 100 Scale)*
Mean difference 1.00 (95% CI, -3.11 to 5.11)
-1 (128)
Mean difference 0.06 (95% CI, -6.32 to 7.07)
0%
2 (89)
Mean difference -3.08 (95% CI, -9.17 to 3.65)
0%
2 (87)

Figure I-15. Vertebroplasty versus sham or usual care and risk of opioid use

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
See Appendix F, List of Included Studies, for full citations
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Table I-9. Vertebroplasty versus sham or usual care and risk of mortality, incident vertebral fracture, and serious adverse events
Mortality
Followup Duration
RR (95% CI)
All trials
0.88 (0.50 to 1.53)
I2
0%
No. of trials (N)
7 (1159)
1 to 2 weeks
-I2
-No. of trials (N)
-2 to 4 weeks
-I2
-No. of trials (N)
-6 to 12 months
0.76 (0.23 to 2.65)
I2
0%
No. of trials (N)
3 (598)
12 months and longer*
0.98 (0.51 to 1.87)
I2
0%
No. of trials (N)
5 (639)
Abbreviations: CI = confidence interval; N = number of subjects; RR = relative risk

Vertebral Fracture
RR (95% CI)
1.02 (0.66 to 1.62)
9.6%
10 (1380)
4.47 (0.23 to 86.77)
-1 (34)
1.90 (0.59 to 7.22)
0%
3 (598)
---0.94 (0.55 to 1.49)
15%
7 (826)

Serious Adverse Events
RR (95% CI)
---------0.67 (0.12 to 3.79)
0%
1 (86)
0.95 (0.06 to 14.90)
-1 (125)

*1 trial reported vertebral fractures through 24 months

Figure I-16. Vertebroplasty versus sham or usual care and risk of mortality

Abbreviations: BME = bone marrow edema; CI = confidence interval; MRI = magnetic resonance imaging; PMMA = polymethyl methacrylate; SD = standard deviation
See Appendix F, List of Included Studies, for full citations

I-19

Appendix J. Strength of Evidence
Table J-1. Strength of evidence

Number of
Intervention
Outcomes
Studies
Vertebroplasty
Pain (≥1 to ≤2 w) 10 RCTs
vs. sham or usual
care for vertebral
compression
fractures
Pain (>2 w to ≤1 8 RCTs
m)

Number of
Subjects
Directness Precision
1093
Direct
Imprecise

918

Direct

Precise

1094

Direct

Precise

Pain (≥6 to <12 8 RCTs
m)

993

Direct

Precise

Pain (≥12 m)

9 RCTs

965

Direct

Precise

Function (≥1 to
≤2 w)

7 RCTs

743

Direct

Imprecise

Function (>2 w
to ≤1 m)

6 RCTs

708

Direct

Precise

Function (>1 to
<6 m)

7 RCTs

741

Direct

Precise

Function (≥6 to
<12 m)

6 RCTs

690

Direct

Precise

Pain (>1 to <6
m)

10 RCTs

J-1

Study
Limitations Consistency Findings (95% CI)
Low
Inconsistent
Overall: MD -0.53 (-1.36 to 0.24)
Vs. sham: MD -0.02 (-0.65 to 0.61)
Vs. usual care: MD -1.22 (-2.81 to
0.23)
Low
Inconsistent
Overall: MD -1.05 (-1.80 to -0.32)
Vs. sham: MD -0.57 (-1.09 to -0.05)
Vs. usual care: MD -2.27 (-3.20 to 0.94)
Low
Inconsistent* Overall: MD -0.76 (-1.17 to -0.38)
Vs. sham: MD -0.47 (-0.98 to -0.01)
Vs. usual care: MD -1.17 (-1.71 to 0.60)
Low
Inconsistent
Overall: MD -0.73 (-1.33 to -0.15)
Vs. sham: MD -0.59 (-1.16 to -0.07)
Vs. usual care: MD -0.87 (-2.81 to
0.23)
Low
Inconsistent
Overall: MD -0.87 (-1.43 to -0.31)
Vs. sham: MD -0.64 (-1.21 to -0.08)
Vs. usual care: -1.08 (-2.06 to -0.11)
Low
Inconsistent
Overall: SMD -0.21 (-0.48 to 0.04)
Vs. sham: SMD 0.03 (-0.36 to 0.44)
Vs. usual care: SMD -0.38 (-0.61 to 0.18)
Low
Consistent
Overall: SMD -0.27 (-0.42 to -0.12)
Vs. sham: SMD -0.26 (-0.53 to 0.00)
Vs. usual care: SMD -0.28 (-0.49 to 0.07)
Low
Inconsistent* Overall: SMD -0.28 (-0.43 to -0.11)
Vs. sham: SMD -0.14 (-0.53 to 0.27)
Vs. usual care: SMD -0.37 (-0.56 to 0.18)
Low
Consistent
Overall: SMD -0.29 (-0.45 to -0.14)
Vs. sham: SMD -0.32 (-0.70 to 0.09)
Vs. usual care: SMD -0.27 (-0.48 to 0.07)

SOE
Low for
benefit
Moderate
for benefit
Moderate
for benefit
Moderate
for benefit
Moderate
for benefit
Insufficient

High for
benefit
Moderate
for benefit
High for
benefit

Number of
Intervention
Outcomes
Studies
Vertebroplasty
Function (≥12 m) 6 RCTs
vs. sham or usual
care for vertebral
compression
fractures,
Quality of life
3 RCTs
continued
(general) (≥1 to
≤2 w)
Quality of life
4 RCTs
(general) (>2 w
to ≤1 m)
Quality of life
5 RCTs
(general) (>1 to
<6 m)
Quality of life
3 RCTs
(general) (≥6 to
<12 m)
Quality of life
4 RCTs
(general) (≥12
m)
Quality of life
6 RCTs
(conditionspecific) (≥1 to
≤2 w)
Quality of life
4 RCTs
(conditionspecific) (>2 w to
≤1 m)
Quality of life
4 RCTs
(conditionspecific) (>1 to
<6 m)
Quality of life
5 RCTs
(conditionspecific) (≥6 to
<12 m)
Quality of life
4 RCTs
(conditionspecific) (≥12 m)

Number of
Subjects
Directness Precision
612
Direct
Precise

Study
Limitations Consistency Findings (95% CI)
Low
Inconsistent* Overall: SMD -0.23 (-0.39 to -0.06)
Vs. sham: SMD -0.17 (-0.51 to 0.22)
Vs. usual care SMD -0.25 (-0.45 to 0.05)
Low
Inconsistent* Overall: MD 0.03 (-0.04 to 0.11)
Vs. sham: 0.01 (-0.05 to 0.07)
Vs. usual care: 0.10 (0.02 to 0.18)
Low
Inconsistent* Overall: MD 0.05 (0.02 to 0.09)
Vs. sham: MD 0.04 (0.00 to 0.08)
Vs. usual care: MD 0.10 (0.03 to 0.17)
Low
Inconsistent
Overall: MD 0.03 (-0.02 to 0.07)
Vs. sham: MD 0.02 (-0.04 to 0.07)
Vs. usual care: 0.07 (-0.13 to 0.32)
Low
Consistent
Overall: MD 0.06 (0.02 to 0.11)
Vs. sham: MD 0.06 (-0.03 to 0.11)
Vs. usual care: MD 0.10 (0.02 to 0.18)
Low
Inconsistent* Overall: MD 0.06 (-0.06 to 0.14)
Vs. sham: MD -0.05 (-0.18 to 0.10)
Vs. usual care: MD 0.10 (0.02 to 0.19)
Low
Inconsistent
Overall: MD -2.55 (-9.46 to 3.15)
Vs. sham: -0.73 (-13.01 to 11.09)
Vs. usual care: -4.00 (-14.59 to 4.67)

SOE
Moderate
for benefit

381

Direct

Imprecise

501

Direct

Imprecise

453

Direct

Imprecise

370

Direct

Precise

337

Direct

Imprecise

644

Direct

Imprecise

482

Direct

Imprecise

Low

Inconsistent

Overall: MD -2.11 (-10.44 to 3.54)
Vs. sham: 0.94 (-9.37 to 9.63)
Vs. usual care: -4.95 (-17.56 to 0.72)

Low for no
benefit

507

Direct

Imprecise

Low

Consistent

Moderate
for no
benefit

599

Direct

Imprecise

Low

Consistent

Overall: MD -2.16 (-7.08 to 1.81)
Vs. sham: MD -0.70 (-5.66 to 4.26)
Vs. usual care: MD -2.92 (-12.16 to
3.51)
MD -2.98 (-7.62 to 0.69)
Vs. sham: -3.63 (-11.49 to 3.94)
Vs. usual care: -2.36 (-11.42 to 3.52)

491

Direct

Imprecise

Low

Consistent

Overall: -1.45 (-5.12 to 2.06)
Vs. sham: MD -2.10 (-8.41 to 4.21)
Vs. usual care: MD -1.21 (-6.68 to
3.54)

Moderate
for no
benefit

J-2

Low for no
benefit
Low for
benefit
Low for no
benefit
High for
benefit
Insufficien†
Low for no
benefit

Moderate
for no
benefit

Number of
Intervention
Outcomes
Studies
Vertebroplasty
Health status
1 to 2 RCTs
vs. sham or usual (SF-36 PCS and
care for vertebral MCS) (>2 w to
compression
≤1 m, >1 to 6 m,
fractures,
and ≥12 m)
continued
Mortality
7 RCTs

Kyphoplasty vs.
usual care for
vertebral
compression
fractures

Number of
Subjects
Directness Precision
87 to 128
Direct
Imprecise

Study
Limitations Consistency Findings (95% CI)
SOE
Low
Consistent
Mean differences ranged from -0.93 to Low for no
1.16 points on the SF-36 PCS and
benefit
from -3.08 to 1.00 points on the SF-36
MCS

1159

Direct

Imprecise

Low

Incident vertebral 10 RCTs
fractures

1380

Direct

Imprecise

Low

Serious adverse 2 RCTs
events

211

Direct

Imprecise

Low

Pain (1 w and 1 2 RCTs
m)
Pain (3 m, 6 m, 1 1 RCT
y, 2 y)
Function (1 w
2 RCTs
and 1 m)

434

Direct

Precise

Moderate

300

Direct

Precise

Moderate

434

Direct

Precise

Moderate

Function (3 m, 6 1 RCT
m, 1 y, 2 y)
SF-36 Health
2 RCTs
status (≥1 m)

300

Direct

Precise

Moderate

434

Direct

Precise

Moderate

Quality of life (≥1 1 RCT
m)

300

Direct

Precise

Moderate

J-3

Consistent

RR 0.88 (0.50 to 1.53)

Moderate
for no
increased
risk
Consistent
RR 1.02 (0.66 to 1.62)
Moderate
for no
increased
risk
Unable to
≥6 to <12 m (1 trial): RR 0.67 (0.12 to Low for no
assess
3.79)
increased
≥12 m (1 trial): RR 0.95 (0.06 to 14.90) risk
Consistent
Large reductions
Moderate
for benefit
Unable to
3 m, 6 m, 1 y: Moderate reduction
Low for
assess
2 y: Small reduction
benefit
Unable to
1 w: Moderate improvement (1 trial)
Low for
assess at 1 w; 1 m: Moderate to large improvement (2 benefit at 1
consistent at 1 trials)
w,
m
moderate
for benefit
at 1 m
Unable to
3 m, 6 m, 1 y: Moderate improvement Low for
assess
2 y: Small improvement
benefit
Consistent
Small to moderate improvement at up Moderate
to 1 m, no difference at 1 y
for benefit
at up to 1
m, low for
no benefit
at ≥1 y
Unable to
Moderate improvement at 1 m, no
Low for
assess
difference at 1 to 2 y
benefit at 1
m, low for
no
difference
at ≥1 y

Number of
Studies
2 RCTs

Number of
Subjects
Directness Precision
434
Direct
Imprecise

Study
Limitations Consistency Findings (95% CI)
Moderate
Inconsistent
No difference in one trial and
increased risk in one trial
Moderate
Inconsistent
Increased risk in one trial and few
events with imprecise estimate in one
trial
Moderate
Unable to
No difference in risk
assess

Intervention
Kyphoplasty vs.
usual care for
vertebral
compression
fractures,
continued

Outcomes
Mortality

Incident or
2 RCTs
worsening
vertebral fracture
Serious adverse 2 RCTs
events

434

Direct

Imprecise

434

Direct

Imprecise

Cooled
radiofrequency
denervation vs.
sham for
sacroiliac pain

Pain (1 and 3 m) 2 RCTs

79

Direct

Precise

Moderate

Consistent

Function (1 and 2 RCTs
3 m)

79

Direct

Precise

Moderate

Inconsistency§ 1 m: Small to large improvement
3 m: Moderate improvement

Health status,
1 RCT
quality of life (3
m)
Opioid use (1 m) 1 RCT

28

Direct

Precise

Moderate

Unable to
assess

3 m: Moderate improvement

51

Direct

Precise

Moderate

Unable to
assess

1 m: Large reduction

Treatment
2 RCTs
success
(composite
outcome) (1 and
3 m)
Harms
1 RCT

79

Direct

Precise

Moderate

Unable to
1 m: Large benefit
assess (1
3 m: Large benefit
study at each
time point)

28

Direct

Imprecise

Moderate

43

Direct

Imprecise

Low

Unable to
assess
Unable to
assess

43

Direct

Imprecise

Low

Cooled vs.
Pain (1, 3, and 6 1 RCT
continuous
m)
radiofrequency
denervation for
presumed lumbar
facet joint pain
Function (1, 3, 1 RCT
and 6 m)

J-4

Unable to
assess

1 m: Moderate to large improvement
3 m: Moderate improvement

SOE
Insufficient
Insufficient
Low for no
increased
risk
Moderate
for benefit

Low for
benefit at 1
m;
moderate
for benefit
at 3 m
Low for
benefit at 3
m
Low for
benefit at 1
m
Low for
benefit

No serious complications and
Insufficient
temporary worsening of pain reported
1 and 3 m: No difference
Low for
6 m: Small reduction
benefit at 6
m and for
no benefit
at 1 and 3
m
No differences
Low for no
benefit

Intervention
Outcomes
Cooled vs.
Harms
continuous
radiofrequency
denervation for
presumed lumbar
facet joint pain,
continued
Pulsed
Pain (6 m, 1 y)
radiofrequency‡
denervation vs. Function (6 m, 1
sham for
y)
presumed lumbar Analgesic use (1
facet joint pain
year)
Harms
Pulsed vs.
Pain (6 m, 1 y)
continuous
radiofrequency
denervation for
presumed lumbar
facet joint pain‡
Function (6 m, 1
y)
Analgesic use (1
y)
Harms

Number of
Studies
1 RCT

Number of
Subjects
Directness Precision
43
Direct
Imprecise

Study
Limitations Consistency Findings (95% CI)
SOE
Low
Unable to
No serious adverse events; self-limited Low for no
assess
post-procedural pain in two patients
increased
risk

1 RCT

40

Direct

Imprecise

Moderate

1 RCT

40

Direct

Imprecise

Moderate

1 RCT

40

Direct

Imprecise

Moderate

No evidence --

--

--

--

1 RCT

40

Direct

Imprecise

1 RCT

40

Direct

1 RCT

40

No evidence --

Unable to
assess
Unable to
assess
Unable to
assess
--

No differences

Insufficient

No differences

Insufficient

No difference

Insufficient

--

Moderate

Unable to
assess

6 m: No difference
1 y: Moderate increase

No
evidence
Insufficient

Imprecise

Moderate

No differences

Insufficient

Direct

Imprecise

Moderate

Increased analgesic use

Insufficient

--

--

--

Unable to
assess
Unable to
assess
--

--

No
evidence
Insufficient

Platelet rich
Pain (1, 4, and 8 1 RCT
plasma vs. sham weeks)
for presumed
discogenic back
pain
Function (1, 4, 1 RCT
and 8 weeks)
Harms
1 RCT

58

Direct

Imprecise

Moderate

Unable to
assess

1 and 4 w: Small reductions
8 w: Moderate reduction

58

Direct

Imprecise

Moderate

No differences

Insufficient

58

Direct

Imprecise

Moderate

Unable to
assess
Unable to
assess

Insufficient

Intradiscal stem Pain (1, 3, and 6 1 RCT
cells vs. sham for m)
presumed
discogenic back
pain

100

Direct

Imprecise

Moderate

No cases of disc space infection,
neurologic injury, or progressive
herniation
Small reductions

J-5

Unable to
assess

Insufficient

Number of
Studies
1 RCT

Number of
Subjects
Directness Precision
100
Direct
Precise

Study
Limitations Consistency Findings (95% CI)
Moderate
Unable to
Moderate to large reductions
assess

SOE
Insufficient

1 RCT

100

Direct

Imprecise

Moderate

1 RCT

100

Direct

Precise

Moderate

1 RCT

100

Direct

Imprecise

Moderate

1 RCT

100

Direct

Imprecise

Moderate

2 RCTs

153

Direct

Precise

Moderate

1 RCT

81

Direct

Imprecise

Low

1 RCT

72

Direct

Precise

Moderate

2 RCTs

153

Direct

Precise

Moderate

Function (6 w
1 RCT
and 3 m)
Function (12 and 1 RCT
24 m)
Opioid use
2 RCTs

81

Direct

Imprecise

Low

72

Direct

Precise

Moderate

153

Direct

Precise

Moderate

Unable to
assess
Unable to
assess
Inconsistent

Harms

153

Direct

Imprecise

Moderate

Consistent

159

Direct

Imprecise

High

Unable to
assess

Intervention
Outcomes
Intradiscal stem Pain (1, 2, and 3
cells vs. sham for y)
presumed
discogenic back
pain, continued
Function (1, 3,
and 6 m)
Function (1, 2,
and 3 y)
Treatment
success (6 m to
3 y)
Harms
Intradiscal
Pain (6 m)
methylene blue
vs. sham for
presumed
discogenic back
pain
Pain (6 w and 3
m)
Pain (12 and 24
m)
Function (6 m)

2 RCTs

Intradiscal ozone Pain (1 w, 2 w, 3 1 RCT
+ corticosteroid m, 6 m)‡
vs. corticosteroid
for radiculopathy
due to herniated
disc

J-6

Unable to
assess
Unable to
assess
Unable to
assess

No differences

Insufficient

Small to moderate improvements

Insufficient

Moderate benefit

Insufficient

Unable to
assess
Inconsistent

No differences in risk of serious
adverse events or any adverse event
Large benefit in initial trial but no
benefit in subsequent trial

Insufficient

Unable to
assess
Unable to
assess
Inconsistent

No differences

Low for no
benefit
Insufficient

Large benefit
Large benefit in initial trial but no
benefit in subsequent trial
6 w and 3 m: Small improvement
Large benefit
Large reduction in initial trial but no
difference in subsequent trial
No serious adverse events related to
procedure and no difference in risk of
any adverse event
1 and 2 w: No differences
3 and 6 m: Moderate reduction

Low for no
benefit

Low for no
benefit
Low for
benefit
Insufficient
Insufficient
Low for no
increased
risk
Insufficient

Number of
Intervention
Outcomes
Studies
Intradiscal ozone Function (2 or 3 1 RCT
+ corticosteroid w, 6 m) ‡
vs. corticosteroid
for radiculopathy
due to herniated
disc, continued
Harms
3 RCT

Number of
Subjects
Directness Precision
159
Direct
Imprecise

Study
Limitations Consistency Findings (95% CI)
Moderate
Unable to
2 or 3 w: No difference
assess
6 m: Moderate improvement

339

Direct

Imprecise

High

Unable to
assess

Sphenopalatine
block vs. sham
for chronic
migraine

Pain (1 and 6 m) 1 RCT

41

Direct

Imprecise

Moderate

Function (1 and 1 RCT
6 m)
Any adverse
1 RCT
event
Pain (12 w)
1 RCT

41

Direct

Imprecise

Moderate

41

Direct

Imprecise

Moderate

Occipital nerve
stimulation vs.
sham for chronic
migraine‡
Function (12 w) 1 RCT

157

Direct

Imprecise

Moderate

Unable to
assess
Unable to
assess
Unable to
assess
Unable to
assess

157

Direct

Imprecise

Moderate

Headache days 1 RCT
(12 w)
Pain (3 m)
1 RCT

157

Direct

Imprecise

Moderate

67

Direct

Imprecise

Moderate

Function (3 m)

1 RCT

67

Direct

Imprecise

Moderate

Unable to
assess

Headache days, 1 RCT
mood

67

Direct

Precise

Moderate

Unable to
assess

Occipital nerve
stimulation vs.
usual care for
chronic migraine

J-7

Unable to
assess
Unable to
assess
Unable to
assess

SOE
Insufficient

No serious adverse events in any trial; Insufficient
increased risk of any adverse event in
one trial
1 m: Small benefit (p>0.05)
Insufficient
6 m: Moderate benefit (p>0.05)
1 and 6 m: Small benefit (p>0.05)
Insufficient
No difference

Insufficient

Similar likelihood of ≥50% reduction in Insufficient
pain intensity, increased likelihood of
≥30% reduction in pain intensity
Large improvement
Insufficient
Small improvement

Insufficient

Small improvement for stimulation with Insufficient
adjustable parameters; no difference
for stimulation using parameter
parameters
Large improvement for stimulation with Insufficient
adjustable parameters; no difference
for stimulation using preset parameters
Small improvement for stimulation with Low for
adjustable parameters for headache benefit for
stimulation
days and mood; no differences for
stimulation using present parameters with
adjustable
parameters

Number of
Subjects
Directness Precision
224
Direct
Imprecise

Study
Limitations Consistency Findings (95% CI)
Moderate
Consistent
Lead migration occurred in 14 to 24
percent of patients in two trials.
Few serious device-related adverse
events

Pain at rest‡ (1 w 1 RCT
to 3 m)

50

Direct

Imprecise

Moderate

Unable to
assess

Function

50

Direct

Imprecise

High

Unable to
assess
Unable to
assess
Unable to
assess
Unable to
assess

Intervention
Outcomes
Occipital nerve Harms
stimulation vs.
usual care for
chronic migraine,
continued

Piriformis
injection with
corticosteroid
and local
anesthetic vs.
local anesthetic
for piriformis
syndrome

Number of
Studies
2 RCTs

1 RCT

SOE
Low for risk
of lead
migration
and no
increased
risk of
serious
harms
No difference at 1 week, moderate
Low for no
improvement at 1 and 3 months, but benefit at 1
only statistically significant at 1 month w and
benefit at 1
m,
insufficient
at 3 m
Insufficient
Insufficient

Transient sciatic 1 RCT
50
Direct
Imprecise
Moderate
No difference
Low for no
nerve block
difference
Serious adverse 1 RCT
50
Direct
Imprecise
High
Insufficient
Insufficient
events
Peripheral nerve Pain, function, 1 subgroup 94
Indirect
Imprecise
Moderate
Insufficient
Insufficient
stimulation vs.
harms (3 m)
analysis from
sham or control
RCT
for ulnar, radial,
or median
neuropathy
Abbreviations: AE = adverse events; CI = confidence interval; m = month(s); MD = mean difference; RCT = randomized controlled trial; RR = risk ratio; SMD = standard mean difference;
SOE = strength of evidence; w = week(s); y = year(s)
*Statistical heterogeneity low, but inconsistency in magnitude of benefit between trials of sham and usual care
†SOE graded as insufficient due to marked inconsistency (different directions of effect) between estimates from trials of sham and trials of usual care
‡SOE assessment excludes poor-quality trials
§inconsistency in magnitude of benefit at 1 month
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