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IMPORTANCE The use of spinal cord stimulation for chronic pain after lumbar spine surgery is
increasing, yet rigorous evidence of its efficacy is lacking.

OBJECTIVE To investigate the efficacy of spinal cord burst stimulation, which involves the
placement of an implantable pulse generator connected to electrodes with leads that travel
into the epidural space posterior to the spinal cord dorsal columns, in patients with chronic
radiculopathy after surgery for degenerative lumbar spine disorders.

DESIGN, SETTING, AND PARTICIPANTS This placebo-controlled, crossover, randomized clinical
trial in 50 patients was conducted at St Olavs University Hospital in Norway, with study
enrollment from September 5, 2018, through April 28, 2021. The date of final follow-up was
May 20, 2022.

INTERVENTIONS Patients underwent two 3-month periods with spinal cord burst stimulation
and two 3-month periods with placebo stimulation in a randomized order. Burst stimulation
consisted of closely spaced, high-frequency electrical stimuli delivered to the spinal cord. The
stimulus consisted of a 40-Hz burst mode of constant-current stimuli with 4 spikes per burst
and an amplitude corresponding to 50% to 70% of the paresthesia perception threshold.

MAIN OUTCOMES AND MEASURES The primary outcome was difference in change from
baseline in the self-reported Oswestry Disability Index (ODI; range, 0 points [no disability] to
100 points [maximum disability]; the minimal clinically important difference was 10 points)
score between periods with burst stimulation and placebo stimulation. The secondary
outcomes were leg and back pain, quality of life, physical activity levels, and adverse events.

RESULTS Among 50 patients who were randomized (mean age, 52.2 [SD, 9.9] years; 27 [54%]
were women), 47 (94%) had at least 1 follow-up ODI score and 42 (84%) completed all
stimulation randomization periods and ODI measurements. The mean ODI score at baseline
was 44.7 points and the mean changes in ODI score were −10.6 points for the burst
stimulation periods and −9.3 points for the placebo stimulation periods, resulting in a mean
between-group difference of −1.3 points (95% CI, −3.9 to 1.3 points; P = .32). None of the
prespecified secondary outcomes showed a significant difference. Nine patients (18%)
experienced adverse events, including 4 (8%) who required surgical revision of the
implanted system.

CONCLUSIONS AND RELEVANCE Among patients with chronic radicular pain after lumbar spine
surgery, spinal cord burst stimulation, compared with placebo stimulation, after placement of
a spinal cord stimulator resulted in no significant difference in the change from baseline in
self-reported back pain–related disability.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03546738
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A lthough the use of spinal cord stimulation for chronic
pain has increased, with the global market size ex-
pected to grow by more than 8% annually and reach

$2.8 billion within 3 years,1 evidence for its efficacy and cost-
effectiveness is limited.1,2 It is estimated that up to 50 000 pa-
tients currently undergo spinal cord stimulation treatment per
year worldwide,1,3 and one of the most common indications
is persistent radicular pain following lumbar spine surgery.4

In epidemiological studies from the last decade,5-7 surgery for
degenerative spine disease did not achieve the desired result
for approximately 30% of patients, and residual or worsened
pain after spinal surgery is notoriously difficult to treat.

Spinal cord stimulation involves the placement of a sub-
cutaneous implantable pulse generator connected to elec-
trodes with leads that travel into the epidural space posterior
to the spinal cord dorsal columns (eFigure 1 in Supplement 1).
The mechanisms by which spinal cord stimulation poten-
tially inhibits pain appear to be related to spinal gate control,
alteration of neurotransmitter levels, promotion of inhibi-
tory interneuron activation, effects on glial and immune
cells, and supraspinal mechanisms.1,8,9 An important ele-
ment of traditional spinal cord stimulation therapy has been
replacement of pain with paresthesia. Recent advances allow
paresthesia-free treatment and it has been suggested that these
novel modalities, including burst spinal cord stimulation, im-
prove the tolerability of the intervention and offer better re-
lief of chronic pain after spine surgery.9-13

Spinal cord burst stimulation involves delivery of inter-
mittent “trains” of closely spaced, high-frequency electrical
stimuli to the spinal cord.9 Spinal cord stimulation devoid of
treatment-induced paresthesia allows for placebo-controlled
trials, but few have been performed in patients with chronic
pain after spine surgery, and the suggested effect remains un-
certain due to a high risk of bias.4,13,14 To better inform clini-
cal decision-making for chronic radicular pain after lumbar
spine surgery, a crossover randomized clinical trial was con-
ducted to compare spinal cord burst stimulation with pla-
cebo stimulation.

Methods
Trial Design and Oversight
The trial was approved by the regional committee for medical
research ethics in southeast Norway before starting patient re-
cruitment. All patients provided written informed consent
before inclusion in the trial. In this investigator-initiated, single-
center, quadruple-blinded, placebo-controlled, crossover ran-
domized clinical trial, we evaluated the effects of spinal cord
burst stimulation compared with placebo stimulation in pa-
tients with chronic radicular pain after lumbar spine surgery
who underwent placement of a spinal cord stimulator. Burst
stimulation consisted of closely spaced, high-frequency elec-
trical stimuli delivered to the spinal cord. Details of the trial
design, conduct, oversight, and the analyses appear in the
trial protocol and statistical analysis plan (Supplement 2).

Assessment of trial eligibility and postoperative follow-
up appointments were performed at the multidisciplinary

outpatient clinic for back, neck, and shoulder rehabilitation at
St Olavs University Hospital in Trondheim, Norway. All surgi-
cal procedures were performed at the Department of Neuro-
surgery, St Olavs University Hospital, which has extensive clini-
cal experience with spinal cord stimulation for more than 40
years. The Unit for Applied Clinical Research at the Norwegian
University of Science and Technology was the trial coordinat-
ing center and was responsible for the randomization scheme,
analyses, and trial coordination.

Patients
Patients aged 18 years or older were assessed for eligibility if
(1) they had undergone at least 1 decompressive or fusion pro-
cedure for degenerative lumbar spine disease, (2) they expe-
rienced postoperative chronic radicular pain refractory to non-
surgical treatment for a minimum of 6 months, (3) they
reported average pain intensity with a minimum of 5 on
scale of 1 to 10 for leg pain using the Numeric Rating Scale
(higher scores indicate more severe pain; 0 meant “no pain”
and 10 meant the “worst pain imaginable”), and (4) no addi-
tional spine surgery or pharmacological treatment was as-
sumed to be beneficial. A 2-week spinal cord stimulation test-
ing period with an external neurostimulator and epidural leads
providing a reduction of at least 2 points for leg pain using the
Numeric Rating Scale was mandatory before trial inclusion. Ra-
dicular pain was defined as pain arising from 1 or more spinal
nerve roots, and the diagnosis was based on pain character-
istics, clinical examination, sensorimotor testing, and review
of diagnostic imaging.

Patients were ineligible if they had been previously treated
with spinal cord stimulation or subcutaneous nerve stimula-
tion. Exclusion criteria also included abnormal pain behavior,
unresolved psychiatric illness, unresolved issues of possible
secondary gain, and inappropriate medication use (eg, misuse
of sedatives or substance use disorders). Race/ethnicity data
were collected from participants using fixed categories in
the baseline questionnaire to provide a detailed definition of the
study population.

Key Points
Question Among patients with chronic radicular pain after lumbar
spine surgery, does spinal cord burst stimulation affect back
pain–related disability?

Findings In this crossover randomized clinical trial that involved
50 participants who underwent placement of a spinal cord
stimulator, there was no significant difference in change from
baseline for the self-reported Oswestry Disability Index (range,
0 points [no disability] to 100 points [maximum disability];
minimal clinically important difference, 10 points) during the spinal
cord burst stimulation periods vs the placebo stimulation periods
(mean change, −10.6 points vs −9.3 points, respectively).

Meaning Among patients with chronic radicular pain after lumbar
spine surgery, spinal cord burst stimulation, compared with
placebo stimulation, resulted in no significant difference in back
pain–related disability.
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Randomization
A block randomization sequence was generated manually
(block size of 6). Patients underwent 2 periods of burst
stimulation and 2 periods of placebo stimulation in a ran-
domized order, meaning 6 treatment allocation sequences
were available (Figure 1). The allocation envelopes for the
planned number of study participants were made before
commencement of the trial. Each allocation envelope con-
tained 4 smaller sealed sequentially numbered envelopes
with a paper inside stating the treatment allocation. The

allocation envelopes were made in block sizes of 6 that
included all possible allocation sequences, and then ran-
domly assigned consecutive participant numbers. With the
exception of the clinical trial nurse who performed the actual
setting of the stimulators and who collected data from the
trial participants, everyone else (ie, patients, surgeons, inves-
tigators, and the statistician) was blinded to the actual treat-
ment allocations during the whole duration of the trial. The
statistician and all personnel evaluating the trial outcomes
were blinded to treatment allocation until the predefined

Figure 1. Screening, Randomization, and Follow-up

112 Adults with chronic radicular pain after
lumbar spine surgery assessed for eligibility

65 Underwent trial with tonic spinal cord stimulation

50 Enrolled and received a permanent spinal cord stimulator

15 Excluded
11 Insufficient improvement in leg pain
4 Declined to participate

3 No follow-up at 3 mo
2 Withdrew consent
1 Wound infection and device removed

2 Withdrew prior to fourth randomization
1 Withdrew consent
1 Due to effects of COVID-19

3 Withdrew prior to third randomization
2 Withdrew consent
1 Had unrelated illness

50 Randomized to first 3-mo period
24 Randomized to receive burst stimulation
26 Randomized to receive placebo stimulation

47 Randomized to second 3-mo period
25 Randomized to receive burst stimulation
22 Randomized to receive placebo stimulation

44 Randomized to third 3-mo period
22 Randomized to receive burst stimulation
22 Randomized to receive placebo stimulation

42 Randomized to fourth 3-mo period
21 Randomized to receive burst stimulation
21 Randomized to receive placebo stimulation

91 Stimulation periods (47 patients) included
in primary analysis

84 Stimulation periods (42 patients) included
in full case analysis

89 Placebo periods (47 patients) included
in primary analysis

84 Placebo periods (42 patients) included
in full case analysis

47 Excluded
12 Declined to participate

5 Leg pain intensity <5 on scale of 1-10

12 Pain duration <6 mo
7 No radicular pain

5 Inappropriate medication usea

5 Could not travel to study site
1 Medical contraindications

a Misuse of sedatives or substance
use disorder.
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statistical analyses were completed and the data tables were
filled in.

Interventions
All surgical procedures were performed by the same neuro-
surgical team specialized in functional neurosurgery. During
the testing period, patients received tonic stimulation (ie, they
experienced paresthesia in the targeted spinal dermatomes)
with an external neurostimulator. Epidural surgical lead
insertion was performed while patients were in the prone
position using local anesthetics and mild intravenous seda-
tion to enable patient feedback and cooperation. The aim was
to optimize lead placement over the dorsal columns of the
spinal cord so that paresthesia occurred in the targeted spinal
dermatome (ie, tonic conventional stimulation). A 16-contact
lead (Infinion CX, Boston Scientific, Inc) was implanted for
unilateral leg pain or two 8-contact leads (Linear ST, Boston
Scientific, Inc) were implanted for bilateral leg pain through a
small skin incision at the L1/L2 or L2/L3 vertebral levels and
placed in the epidural space at the T9/T10 level under fluoro-
scopic guidance.

Intraoperative electrophysiological testing and stimula-
tion were performed during longitudinal lead navigation. The
leads were anchored at the optimal localization and their
positions were confirmed with x-ray imaging. Leads were
then connected to an external neurostimulator using exten-
sion cords. Programming software (Illumina 3D, Boston
Scientific, Inc) was used to optimize tonic conventional
stimulation and determine paresthesia thresholds during the
testing period. If there was insufficient improvement in leg
pain during the testing period, the leads were removed and
the patients were excluded. If there was sufficient improve-
ment in leg pain during the testing period, the patients were
included in the trial and their external neurostimulator was
replaced with a nonrechargeable implantable pulse generator
(Precision Novi, Boston Scientific, Inc) placed subcutane-
ously on the upper buttock or abdomen under local anesthe-
sia. A nonrechargeable pulse generator was chosen to avoid
unblinding of patients.

Immediately after implantation of the stimulator, eligible
patients underwent four 3-month periods of treatment. All
patients underwent burst stimulation and placebo stimula-
tion in a randomized order for two 3-month periods for each
intervention. Burst stimulation consisted of closely spaced,
high-frequency stimuli delivered to the spinal cord. The
stimulus consisted of a 40-Hz burst mode of constant-
current stimuli with 4 spikes per burst and an amplitude cor-
responding to 50% to 70% of the paresthesia perception
threshold. At the end of each treatment allocation period,
and after having collected self-reported outcome measures
for that period, the trial nurse checked the impedance of the
spinal cord stimulation system, used tonic stimulation to
ascertain that stimulation could still be provided in the
desired spinal dermatomes, and used burst stimulation to
ascertain perception threshold measurements. Then patients
were allocated to the next treatment period. Patients were
only provided with handheld spinal cord stimulation pro-
grammers (ie, opportunity to change stimulation patterns)

after completing the final randomization period and after col-
lection of all outcome measures. The trial nurse was readily
available to the patients in between scheduled follow-up
appointments, regardless of treatment allocation.

The outcome measures were collected prior to the testing
period and at the end of each of the 4 treatment allocation
periods, ensuring a sufficient washout period of potential
treatment effects from the preceding treatment allocation.
The patients completed questionnaires without assistance
from trial personnel.

Primary Outcome
The primary outcome was difference in change from baseline
in the self-reported Oswestry Disability Index (ODI), version
2.0, score between periods with active burst stimulation and
periods with placebo stimulation.15 The ODI has been trans-
lated into Norwegian and tested for psychometric properties.16

The ODI questionnaire is used to quantify back pain–related
disability and covers 10 activities of daily living. For each
item, there are 6 response alternatives (0-5) that are con-
verted to a percentage index score; the score range is from 0
points (no disability) to 100 points (maximum disability). The
minimal clinically important difference (MCID) for the ODI
score is 10 points.17

Secondary Outcomes
The secondary outcomes were (1) changes from baseline in
leg and back pain using the Numeric Rating Scale (score
range, 0 to 10; higher scores indicate more severe pain;
0 indicates “no pain” and 10 indicates “worst pain imagin-
able”; MCID, 1.0 points),18 (2) changes from baseline in
generic health-related quality of life measured with the
5-dimension EuroQol 3L index score (range, −0.594 to 1.000;
0 indicates a health status equivalent to death and 1 indicates
perfect health; MCID, 0.03),19 (3) changes from baseline in
the number of steps per day and the amount of time spent
standing or walking measured using a body-worn accelerom-
eter (ActivPAL, PAL Technologies, Ltd),20 (4) adverse events,
(5) surgical revisions of the implanted spinal cord stimulator
systems, and (6) a cost-effectiveness analyses if superiority of
burst stimulation vs placebo stimulation was claimed.

Adverse events were self-reported by patients at 3 months
using fixed categories, surgeons reported perioperative ad-
verse events using fixed categories, and surgical revisions were
registered until trial closure. Treatment allocation guesses
were collected from participants using fixed categories in the
follow-up questionnaires.

The Brief Pain Inventory and use of analgesics were
specified as secondary outcomes in the trial protocol (§3.2
in Supplement 2), but were omitted before trial registration
and commencement of the trial. The reason for omitting the
Brief Pain Inventory was that pain is extensively covered by
the other self-reported outcomes. The reason for omitting
use of analgesics was that we did not want to overburden
the study participants with data registration; several analge-
sics (ie, acetaminophen [paracetamol], ibuprofen) are avail-
able over-the-counter without a prescription and inappro-
priate medication use was an exclusion criterion.
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Sample Size Calculation
For the sample size calculation, the outcome variable was de-
fined as the difference between each participant’s mean ODI
scores after undergoing burst stimulation and placebo stimu-

lation. The trial was designed to detect a between-group dif-
ference of 10 points, corresponding to the MCID, in change in
the mean ODI score between periods with burst stimulation
and periods with placebo stimulation.17 Assuming that the
population mean was 10 and the SD was 18 for the differ-
ences, a 1-sample t test of the differences at the .05 signifi-
cance level needed 34 patients to achieve 90% power. Due to
expected rates of 10% to 20% for patients lost to follow-up and
potential breakthrough of paresthesia with risk of unblinding
during burst stimulation in 20% to 30% of patients, we aimed
at including 50 trial participants.

Statistical Analysis
The null hypothesis was that there was no between-group dif-
ference in mean change of ODI from baseline to the end of each
intervention period. The primary efficacy analyses were per-
formed in the full analysis population, which included all the
patients who underwent randomization, received treatment,
and had at least 1 complete follow-up questionnaire for the ODI.

Sensitivity analyses were performed in the complete case
set, which included the subset of patients in the full analysis
set that had ODI measurements at all follow-up visits. The 2
interventions were compared using a linear mixed model, ac-
counting for repeated measurements in each patient. The fixed
effect was the combination of time (baseline vs follow-up) and
treatment, yielding 3 levels representing baseline, burst stimu-
lation, and placebo stimulation. Due to variance heteroge-
neity over time, the covariance structure for the repeated mea-
surements for each patient was handled as unstructured.

Statistical tests for the primary and secondary outcomes
were performed at the 2-sided significance level of .05. The
absolute between-intervention differences and 95% CIs were
determined for the self-reported outcomes and daily physical
activity. Missingness of data was handled with the use of mixed
modeling and no imputations were performed.21 Period and se-
quence effects were not assessed in the statistical analyses.

A between-group difference in the intervention effect would
be claimed if the null hypothesis was rejected. Superiority of
burst stimulation would be claimed if the 2-sided P value was
less than .05 from the test comparing the ODI change from base-
line and the effect was in favor of burst stimulation. Because
of the potential for type I error due to multiple comparisons, the
findings from the analyses of the secondary outcomes should
be interpreted as exploratory. The statistical analyses were per-
formed using SPSS version 25.0 (IBM) and R version 3.6.3
(R Foundation for Statistical Computing).

Results
Patients
Patients were enrolled from September 5, 2018, through April
28, 2021. The 12-month follow-up finished on May 20, 2022.
A total of 112 patients were screened for trial inclusion. Of
the 65 patients who underwent a testing period with tonic spi-
nal cord stimulation, 50 fulfilled all inclusion criteria and were
randomized (Figure 1). Of these 50 patients, 47 (94%) had at
least 1 follow-up ODI score and constituted the full analysis

Table 1. Baseline Characteristics, Coexisting Illnesses, and Measures
of Health Status

Patients with chronic
radicular pain
(N = 50)a

Age, median (IQR), y 50 (45-59)

Sex

Male 23 (46)

Female 27 (54)

Any college 19 (38)

Current smoker 14 (28)

Body mass index, median (IQR)b 27.2 (24.3-29.8)

American Society of Anesthesiologists
physical status class >IIc

5 (10)

Had relevant comorbidityd 32 (64)

Hypertension 9 (18)

Chronic musculoskeletal pain 7 (14)

Chronic lung disease 6 (12)

Gastrointestinal disease 4 (8)

Cardiovascular disease 3 (6)

Osteoarthritis in knee, hip, or both 3 (6)

Other endocrine disorders 2 (4)

Cerebrovascular disease 2 (4)

Diabetes 1 (2)

Osteoporosis 1 (2)

Chronic kidney disease 1 (2)

Chronic neurological disease 1 (2)

Vascular claudication 1 (2)

Depression or anxiety 1 (2)

Ankylosing spondylitis 1 (2)

Cancer 0

Rheumatoid arthritis 0

Other rheumatic diseases 0

Daily pain medication usee 32 (64)

Opioid analgesics 18 (36)

Gabapentinoids 17 (34)

Acetaminophen (paracetamol) 17 (34)

Nonsteroidal anti-inflammatory drugs 5 (10)

Antidepressants 3 (6)

Lumbar spine surgeries

No. of prior procedures, median (IQR) 2 (1-3)

Diskectomy 38 (76)

Fusion 13 (26)

Decompressive surgery 11 (22)

a Data are expressed as No. (%) unless otherwise indicated.
b Calculated as weight in kilograms divided by height in meters squared.
c Used to assess a patient’s physical health and comorbidities to predict

perioperative risk prior to surgery. Patients with class III or higher have
significant systemic disease.

d Recorded by the surgeon using a standard registration form and a predefined
set of comorbidities.

e Recorded by the surgeon using a standard registration form.
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population. Of 180 treatment allocations (91 burst stimula-
tion periods and 89 placebo stimulation periods) in the full
analysis population, corresponding ODI measurements were
available for 178. The full case analysis population consisted
of 42 patients (84%) who completed all randomization peri-
ods and had ODI measurements at all follow-up visits.

Delay of follow-up appointments by more than 2 weeks due
to COVID-19–related issues resulted in protocol deviations for

3 patients. The baseline characteristics of the patients appear
in Table 1. The mean age was 52.2 years (SD, 9.9 years) and 27
of 50 patients (54%) were women. All were White patients and
47 (94%) were native Norwegian speakers.

Primary Outcome
At baseline, the mean ODI score was 44.7 points (SD, 11.3
points). The mean changes in ODI were −10.6 points (95% CI,

Figure 2. Comparative Outcomes Assessment for the Primary Outcome
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Oswestry Disability Index scores range from 0 points (no disability) to 100
points (maximum disability). Scores greater than 40 indicate severe disability.
The minimal clinically important difference was 10 points. Each bar extends
from a patient’s baseline score to their mean score at the end of the treatment
allocation periods. Among the 50 patients who were randomized, 2 patients
allocated to burst stimulation and 1 allocated to placebo stimulation did not
have follow-up scores starting at 3 months. Among the 47 patients who
underwent randomization and had at least 1 follow-up score, there were

91 burst stimulation periods and 89 placebo stimulation periods. Of these 180
treatment periods, follow-up scores were available for 178. The mean score
at baseline was 44.7 points and the mean score changes were −10.6 points
(95% CI, −14.1 to −7.2 points) for burst stimulation and −9.3 points (95% CI,
−12.7 to −5.9 points) for placebo stimulation. For patients with 2 placebo
stimulation or burst stimulation follow-up periods, the outcomes are presented
as the mean of the 2 burst stimulation periods and the mean of the 2 placebo
stimulation periods.

Table 2. Effect of Spinal Cord Burst Stimulation on Primary and Secondary Outcomes

Mean score (95% CI)

P valueAt baseline Spinal cord burst stimulation Placebo stimulation Between-group difference
No. of stimulation periods 91 89

Primary outcome

Oswestry Disability Index, pointsa 44.7 (41.4 to 47.9) 34.0 (30.0 to 38.1) 35.4 (31.3 to 39.4)

Change from baseline −10.6 (−14.1 to −7.2) −9.3 (−12.7 to −5.9) −1.3 (−3.9 to 1.3) .32

Secondary outcomes

Numerical Rating Scaleb

Leg pain 7.3 (6.8 to 7.7) 5.9 (5.3 to 6.4) 6.1 (5.6 to 6.6) −0.2 (−0.7 to 0.2) .32

Back pain 6.8 (6.4 to 7.3) 5.7 (5.2 to 6.2) 6.1 (5.6 to 6.6) −0.4 (−0.8 to 0.04) .07

5-Dimension EuroQol indexc 0.21 (0.13 to 0.28) 0.48 (0.39 to 0.56) 0.44 (0.35 to 0.53) 0.04 (−0.03 to 0.11) .32

Physical activity leveld

No. of steps per day 6775 (5651 to 7899) 7561 (6411 to 8710) 7155 (6006 to 8305) 405 (−422 to 1233) .34

Time spent standing or walking, h/d 3.8 (3.3 to 4.3) 4.0 (3.5 to 4.4) 4.0 (3.6 to 4.4) −0.02 (−0.4 to 0.3) .89
a Scores range from 0 points (no disability) to 100 points (maximum disability).

The minimal clinically important difference (MCID) was 10 points. A typical
patient with moderate back pain and disability would have a score between
20 and 40. Scores greater than 40 indicate severe disability.

b Scores range from 0 (no pain) to 10 (worst pain imaginable). The MCID was
1.0 points.

c A score of 0 indicates death and a score of 1 indicates a perfect health state.
The MCID was 0.03. Scores between 0.2 and 0.5 represented a severe to
moderate reduction in overall health-related quality of life.

d Measured using a body-worn accelerometer (ActivPAL, PAL Technologies, Ltd).
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−14.1 to −7.2 points) for burst stimulation and −9.3 points (95%
CI, −12.7 to −5.9 points) for placebo stimulation, resulting in a
mean between-group difference of −1.3 points (95% CI, −3.9
to 1.3 points; P = .32) (Figure 2).

Secondary Outcomes
There were no statistically significant differences between burst
stimulation and placebo stimulation in the changes of the 5-di-
mension EuroQol 3L index score, the Numeric Rating Scale for
leg pain and back pain, steps per day, or hours in upright po-
sition (Table 2 and eFigure 2 in Supplement 1). Because there
was no significant between-group difference for the primary
outcome, the cost-effectiveness analyses were not per-
formed. The sensitivity analyses that were performed in the
complete case set showed no significant between-group dif-
ferences for any of the outcomes (eTable in Supplement 1).
Patients’ treatment allocation guesses at the end of each ran-
domization period were correct in 100 of 171 instances (58%).

Adverse Events
Nine patients (18%) experienced adverse events, including 4
(8%) who required surgical revision of the implanted system
(Table 3). There were no life-threatening adverse events.

Discussion
In this placebo-controlled, crossover, randomized clinical
trial involving patients with chronic radicular pain after sur-
gery for degenerative lumbar spine disease who subse-
quently underwent placement of a spinal cord stimulator,
there were no significant between-group differences for the
change from baseline in ODI score. There were also no signifi-
cant between-group differences in leg pain, back pain,
health-related quality of life, and physical activity levels.

This trial underlines the powerful placebo effect of inva-
sive neuromodulation therapies and inherent weaknesses of
open-label studies. The magnitude of the placebo effect on

change in ODI score was comparable with the suggested MCID
in an observational study on spinal cord stimulation for chronic
pain after lumbar spine surgery.22 The clinically significant pla-
cebo effect should therefore be considered when interpret-
ing the results from open-label studies. The placebo effect in
surgery may be augmented by patient expectations of highly
specialized, expensive technological and surgical interven-
tions; repeat visits; attentive patient and care provider inter-
actions; and lack of other treatment options and the placebo
effect also could be enhanced by obvious treatment effects such
as paresthesia.23-25

The evidence supporting spinal cord stimulation has re-
ceived increased scrutiny because of concerns regarding equi-
poise, bias, lack of a placebo control, and blinding.1,26-28 In a
systematic review of spinal cord stimulation for any compari-
son across 15 randomized clinical trials, including a total of 908
patients, the evidence for benefit of spinal cord stimulation was
of low certainty.4 Many trials have close ties with the spinal
cord stimulation industry, which might explain favorable re-
ports, the absence of replication studies, and the emphasis on
testing novel stimulation parameters instead of confirming
efficacy.28,29 Although industry-sponsored randomized trials
have almost uniformly reported positive results, an industry-
independent observational study in workers’ compensation re-
cipients with chronic pain after spine surgery30 found no evi-
dence for greater effectiveness of spinal cord stimulation vs
alternative treatments.

Considering the limited high-quality evidence for ben-
efits and the increasing costs associated with its use,1,2,4 spi-
nal cord stimulation for chronic radicular pain outside well-
designed clinical trials is of questionable benefit and must be
weighed against the common incidence of device-related com-
plications such as infection, lead failure and migration, and sur-
gical revisions. Data on adverse events are often not pro-
vided in trials on spinal cord stimulation,11 but complication
and revision rates in the current trial are in line with what has
previously been reported.31

Limitations
This study has several limitations. First, the blinding of this
treatment prohibits the fine-tuning of stimulation param-
eters in a completely open dialogue with patients. A thor-
ough review of the spinal cord stimulation system prior to each
new treatment allocation was therefore conducted and stimu-
lation programming was performed according to the manu-
facturer’s recommendations.

Second, the risk of unblinding patients precluded com-
parisons of different stimulation patterns and waveforms.
Third, there are inherent limitations in the crossover design,
including that the disorders must be stable throughout
the observation period, a sufficient washout period is re-
quired until the effect of the preceding treatment allocation
subsides, and the burden on patients with multiple and
repeated treatment allocations.32,33 Potential carryover
effects from the preceding treatment allocation were limited
by the relatively long duration of randomization periods and
the collection of trial outcomes at the end of each randomiza-
tion period.

Table 3. Adverse Events That Occurred Within 3 Months
of Spinal Cord Stimulator Implantationa

No. (%)
Any adverse eventb 9 (18)

Unintentional durotomy during lead placement 3 (6)

Revision of leads 2 (4)

Deep surgical site infection requiring removal
of the implanted system

1 (2)

Superficial surgical site infection treated
with antibiotics

1 (2)

Pulse generator replacement 1 (2)

Micturition problems 1 (2)

a Patients self-reported events at 3 months using fixed categories. Surgeons
reported intra- and perioperative events using fixed categories. Surgical
revisions were registered until trial closure. In total, 3 patients withdrew
consent before 3 months, including 1 patient with a deep surgical site infection
that required removal of the implanted system.

b No patient had more than 1 adverse event. There were no recorded events of
postoperative hematoma, pneumonia, thromboembolism, cardiovascular
complication, anaphylactic reaction, or urinary tract infection.
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Fourth, an effect of surgery on outcomes was not ac-
counted for separate from burst stimulation and placebo stimu-
lation. Fifth, other burst stimulation systems are available and
any differences in the mechanisms of action might have an in-
fluence on the outcomes.11,34 Additional placebo-controlled
trials are needed to clarify the potential effect of other stimu-
lation modalities and patterns as well as spinal cord stimula-
tion for other indications.

Conclusions

Among patients with chronic radicular pain after lumbar spine
surgery, spinal cord burst stimulation, compared with pla-
cebo stimulation, after placement of a spinal cord stimulator
resulted in no significant difference in the change from base-
line in self-reported back pain–related disability.
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