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Objective: Burst spinal cord stimulation (SCS) is a novel stimulation paradigm that seems to provide better pain relief compared to the classic tonic SCS with minimal paresthesia sensation. Based on source localized electroencephalography and clinical data, it has been proposed that burst stimulation as deﬁned by Dirk De Ridder exerts this greater effect by not only
modulating the lateral and the descending pain-inhibitory pathways (similar to tonic SCS) but also modulating the medial pain
pathway, which encodes the affective, motivational aspects of pain.
Material and Methods: The current study evaluates the supraspinal differences between burst and tonic stimulation with
another functional imaging technique, namely ﬂuorodeoxyglucose positron emission tomography (FGD-PET) scanning, in
seven patients, who underwent both burst and tonic SCS, to conﬁrm this notion of medial pain pathway modulation.
Results: The results of the current FGD-PET study show that burst stimulation, in contrast to tonic stimulation, indeed modulates the dorsal anterior cingulate cortex (i.e., medial pain pathway) more than tonic stimulation.
Discussion: Our data suggest an inherent difference in the central neural mechanisms during burst and tonic stimulation,
which could potentially alter the patient’s perception of pain.
Keywords: Anterior consulate, burst, dorsal anterior cingulate cortex, lateral pathway, medial pathway, pain, PET scan, spinal
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Spinal cord stimulation (SCS) is a removable, safe, and costeffective treatment that has been approved by the FDA for the
treatment of chronic pain of the trunk and limbs, intractable
lower back and leg pain, pain from failed back surgery syndrome,
complex regional pain syndrome, refractory angina, and critical
limb ischemia (1–3). Research has demonstrated that tonic SCS
has the ability to reduce pain, reduce analgesic consumption,
improve quality of life, and allow some patients to return to work
with minimal side effects besides paresthesia (4). In SCS, an electrical lead with a thin wire is placed through a needle in the back
near the spinal cord. This is connected to a programmable generator that emits electrical currents to the spinal cord (5). Traditional
SCS produces tonic waveforms consisting of continuous individual
pulses delivered at the same frequency (or interpulse interval),
duration (pulse width), and amplitude (6,7) (Fig. 1). The underlying
mechanism of action is based on Melzack and Wall`s gate control
theory, which suggests that C-ﬁbers that transmit the chronic sensation of pain to the brain can be reduced directly and indirectly
by inhibitory interneurons that receive signals from Aβ-ﬁbers and
can subsequently block transmission of pain information to the

brain (8). The assumption is that electrical stimulation to the spinal cord mainly stimulates these Aβ-ﬁbers and leads to “closure of
the gate” by C-ﬁbers, which reduce the pain percept. Meanwhile,
electrical stimulation elicits a tingling sensation (i.e., paresthesia)
in the corresponding dermatomes.
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Figure 1. Schematic overview of tonic and burst stimulation.
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Burst SCS as developed by Dirk De Ridder is a novel stimulation paradigm that delivers groups of pulses at a higher frequency (charge)
and at amplitudes much lower than tonic stimulation (9,10) (Fig. 1).
This charge phase is separated by pulse-free interphase delays, ultimately followed by a passive recharge (discharge) phase, allowing
recovery (9,10). It has been suggested to provide better pain relief to
tonic SCS (9,11–13) with fewer reported sensations of paresthesia
(9,10,13), which is typically observed with conventional tonic stimulation. Burst stimulation has further been found to mimic naturally
occurring burst ﬁring patterns involved in pain processing (14,15).
A comparison of the central neural activation patterns during tonic
and burst stimulation has the potential to investigate the differences in
neural processing and the underlying mechanisms involved in modulating the perception of pain. Pain is believed to be processed by at
least three pathways, namely the lateral and medial pain-evoking pathways and a descending pain-inhibitory pathway (16). The lateral and
medial pathways process pain information in parallel and are, respectively, involved in the pain processing via C, Aδ, and Aβ-ﬁbers through
the ventralposterolateral nuclei of the thalamus to the somatosensory
cortex (17). The C-ﬁbers are connected to the mediodorsal nuclei of
the thalamus that send information to the insula and anterior cingulate
cortex (18). While the lateral pathway is involved in the pain percept
itself, the medial pathway encodes the affective component of pain
(18,19). The descending pain inhibitory pathway involves the rostral
and pregenual anterior cingulate cortex. This region connects to the
periaqueductal gray, which in turn relays information to the somatosensory periphery (17). Recent research has suggested that burst and
tonic SCS modulate both the ascending lateral pathway and descending pain inhibitory pathway (16). It was further demonstrated that
burst stimulation exerts a different effect on attention to pain and pain
changes compared to tonic stimulation by its ability to also modulate
the medial pain pathway (9,10,16). These changes in the medial pain
pathway, along with the changes in the descending pain inhibitory
pathway, could explain the positive results described by burst SCS in
comparison to tonic stimulation (9,10,12–14,20–23).
While initial research has been done with source localized electroencephalography (EEG) (16), in this study, we look for conﬁrmation or
www.neuromodulationjournal.com

refutation by other functional imaging techniques is essential. As there
was no fMRI compatible SCS burst system, in this study, we aim to elucidate the differences in neural activity evoked during tonic and burst
stimulation and assess corresponding correlation with patient reported
pain scores using ﬂuorodeoxyglucose positron emission tomography
(FGD-PET), which uses an analog of glucose as the biologically active
tracer molecule.

METHODS
Design
This study was a sub-study of the prospective, multicenter, randomized, open label, crossover study SUNBURST study. The SUNBURST trial
had been approved by the local Institutional review board, registered
on Clinical Trials (NCT02011893) and this sub-study, adding the FGDPET and the Pain Vigilance and Awareness Questionnaire (PVAQ) in
one study site, had been approved as an addition to the original protocol. The SUNBURST study is under an Investigational Device Exemption
(IDE), protocol C-12-07 ver. 8.28.14 (7). All seven patients are from one
site of the SUNBURST study, under the medical supervision of
Dr. Thomas Yearwood from the Comprehensive Pain & Rehabilitation,
were assessed with additional FGD-PET and the pain vigilance and
awareness questionnaire (PVAQ) for this sub-study. Patients were collected as an extra visit within the SUNBURST study. They were randomized 1:1 to receive either tonic or burst stimulation delivered using a
SJM Prodigy™ system. Table 1 shows the inclusion and exclusion
criteria. Patients were programmed according to the group assignment designated in the randomization envelopes. Subjects were randomly assigned to tonic stimulation or burst stimulation. Subjects and
investigators were blinded to the treatment groups. Programming was
performed by qualiﬁed personnel in accordance to the site standards
of clinical care. Subjects received either tonic or burst stimulation for
12 weeks. At the end of the 12 weeks, patients crossed over from burst
to tonic stimulation or vice versa. A PET scan was taking at baseline
and after 12 weeks of tonic stimulation and after 12 weeks of burst
stimulation. It is however important to note that tonic stimulation
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Table 1. Inclusion and Exclusion Criteria.
Inclusion criteria:
• Subject is 22 years of age or older.
• Subject has chronic intractable pain of the trunk and/or limbs.
• Subject has an average score of 60 or higher for average daily
overall pain on the visual analogue scale (VAS) 7 day pain diary.
• Subject has attempted “best“ medical therapy and has tried and failed
at least three documented medically supervised treatments
(including, but not limited to physical therapy, acupuncture, etc.) and
has failed medication treatment from at least two different classes.
• Subject’s pain-related medication regimen is stable 4 weeks prior to
the baseline evaluation.
• Subject agrees not to add or increase pain-related medication from
activation through the 24 week follow-up visit.
Exclusion criteria:
• Subject is currently participating in a clinical investigation that
includes an active treatment arm.
• Subject has been implanted with a previous neurostimulation system
or participated in a trial period for a neurostimulation system.
• Subject’s overall Beck Depression Inventory II Score is >24 or has a
score of 3 on question 9 relating to suicidal thoughts or wishes at
the screening visit.
• Subject has an infusion pump or any implantable neurostimulator device.
• Subjects with concurrent clinically signiﬁcant or disabling chronic
pain problem that requires additional treatment.
• Subject has an existing medical condition that is likely to require
repetitive magnetic resonance imaging (MRI) evaluation in the future
(i.e., epilepsy, stroke, multiple sclerosis, acoustic neuroma, and tumor).
• Subject has an existing medical condition that is likely to require the
use of diathermy in the future.
• Subject’s pain originates from peripheral vascular disease.
• Subject is immunocompromised.
• Subject has documented history of allergic response to titanium or silicone.
• Subject has a documented history of substance abuse (narcotics,
alcohol, etc.) or substance dependency in the 6 months prior to
baseline data collection.
• Female candidates of child bearing potential that are pregnant
(conﬁrmed by positive urine/blood pregnancy test).

generates paresthesia due to activation of the Aβ-ﬁbers, while burst
stimulation induces no or almost no paresthesia (9,10). This makes
blinding more challenging. It is however important to note that the
patients were naïve to both tonic and burst stimulation and did not
know what stimulation is associated with paresthesia.

www.neuromodulationjournal.com

Behavioral Measures
The outcome parameters for the efﬁcacy of treatment were
assessed with a visual analogue scale (VAS) for pain and the pain vigilance and awareness questionnaire (PVAQ). These measures assessed
the overall impact of pain intensity and the emotional component
related to pain. The measures were conducted at baseline, prior to
implantation, and at the end (after 12 weeks) of each of the two
study arms (“tonic stimulation” or “burst stimulation”).
The VAS pain consists of a straight line of 10 cm with the endpoints
deﬁning extreme limits such as “no pain at all” and “pain as bad as it
could be.” The patient is asked to mark his widespread muscle pain
level on the line between the two endpoints. The distance between
“no pain at all” and the mark then deﬁnes the subject’s pain.
The PVAQ measures preoccupation with or attention to pain
and is associated with pain-related fear and perceived pain severity. It consists of 16 items measured on a 6-point scale (24).

PET Data Collection and Processing
The patients were instructed to avoid caffeine and alcohol 24 hours
prior to the scan and were asked to fast 6 hours prior. Their blood glucose was checked just prior to an injection of 10 mCi FDG F18
( 10%). The glucose level was conﬁrmed per protocol. Patients were
placed in a dark, quiet room for 30 min prior to injection and were
then instructed to rest for 30 min after they were injected. Patients
were taken to the restroom to empty their bladder on the way to the
scanner. The scan was acquired on a 16-slice GE Discovery STE PET/CT
scanner. Patients were placed in a supine position on the scan table
with their head in a head cradle. The time interval between injection
and scanning is 30‑60 min. Scanning time was approximately 20 min.
Acquisition parameters: transmission scan were the CT scan; 1 bed
position; matrix size was 128 × 128. For the CT scan, the following
parameters were applied: Topogram: 10 mAs 120 kVp/ CT mA
260, kVp 140/Slices 47. 3.75-mm thickness: Reconstruction parameters:
Type of reconstruction: OSEM: iterations-2, Subsets 20; Processing ﬁlter:
Gaussian, Setting 8.0: Slice Thickness 0.33 cm. The CT and attenuation
corrected images were sent to the radiologist for interpretation.
All the statistical and image processing were done with statistical parametric mapping (SPM12, Wellcome Department of Cognitive Neurology Institute of Neurology, London, UK; http://www.ﬁl.
ion.ucl.ac.uk/spm) in MATLAB (MathWorks Inc., Sherborn, MA). The
attenuation-corrected FDG-PET images were acquired for all
24 scans, three (one at baseline, one at tonic, and one at burst)
for each subject. Initially, the binary mask of cerebellar cortex was
extracted manually for every scan. All the FDG-PET images were
normalized for intensity using the average uptake of the cerebellar cortex. The scans taken after the baseline (tonic and burst
stimulation) were spatially coregistered onto the baseline PET
image with 12-degrees-of-freedom linear transformation.
The intensity-normalized and coregistered images were spatially
normalized onto the standard T1 Montreal Neurological Institute (MNI)
template (voxel size = 2 × 2 × 2 mm3, dimension = 91 × 109 × 91)
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Implantation and Programming
The SCS trial evaluation period, per usual care (approximately
3 to 10 days), was performed with epidural leads placed percutaneously under local anesthesia and connected to an external pulse
generator that delivers tonic stimulation (Abbott, Plano, TX). The
implanted SCS device, Prodigy™ (Abbott), a constant current generator, is capable of delivering both tonic and burst waveforms.
Surgical implant of the permanent system occurred approximately
4 to 8 weeks after the end of the trial evaluation period, pursuant
to usual care and surgical scheduling. After the permanent implant,
a surgical recovery period of 2‑3 weeks was planned to allow for
wound healing during which transient medication increases were
allowed. Tonic stimulation pulse width was programmed in the
usual range of 100–500 μs, and tonic stimulation frequencies were
set at between 30 and 100 Hz. Amplitudes for tonic stimulation
were programmed according to individual participant perception
to a level that typically produces comfortable paresthesia. Burst

programming for this study followed speciﬁc parameters such that
500-Hz stimulation was delivered in groups of ﬁve pulses with 1-ms
pulse width, with bursts repeated 40 times per second. Charge balance occurred during the 5 ms after each burst with passive repolarization. Amplitudes for burst stimulation were programmed
according to individual participant perception. During the control
phase of the study, participants were advised that they might or
might not experience paresthesia at the outset of both waveforms.

YEARWOOD ET AL.

Table 2. Individual and Average Score at Baseline, Tonic Stimulation, and Burst Stimulation for the Visual Analogue Scale (VAS) and the Pain Vigilance and
Awareness Questionnaire (PVAQ).
Subject

Randomization

1
2
3
4
5
6
7
Average

burst ! tonic
tonic ! burst
burst ! tonic
burst ! tonic
tonic ! burst
tonic ! burst
burst ! tonic

Baseline

Tonic

Burst

VAS

PVAQ

VAS

PVAQ

VAS

PVAQ

80
87
92
89
80
81
79
84.0

26
48
25
56
49
58
42
43.4

24.5
56
7
76
21
76
80
48.6

19
52
47
51
49
58
44
45.7

49
58
36
74
21
72
64
53.4

12
37
40
46
13
54
38
34.3

using 12-degrees-of-freedom linear transformation and smoothed with
a Gaussian kernel of 8 mm full-width-half-maximum (FWHM). All the
images were explicitly masked by the binary mask of T1 MNI template
to exclude any activity outside the brain. For the group difference in
activity level, a one-way ANOVA within subject design was used with
no overall grand mean scaling. Each T-contrast between pairs was
applied on baseline vs. burst, baseline vs. tonic, and burst vs. tonic, and
the statistically signiﬁcant voxels were found at uncorrected p < 0.01.
In addition, we also analyzed the difference in the activity level
between conditions and compared it across groups, which were
divided by subjects receiving either tonic or burst stimulation for
the ﬁrst 12 weeks. The images that were explicitly masked with
Montreal Neurological Institute mask (this mask is a space that
merely deﬁnes the boundaries around the brain, expressed in millimeters, from a set origin) were subtracted between conditions to
be compared using an independent t-test. The pain sensation
scores (i.e., VAS and PVAQ) were also subtracted between conditions to analyze in a multiple regression analysis. Initially, the activity difference between conditions was compared across tonic
followed by burst (i.e., tonic-burst) or burst followed by tonic subjects (i.e., burst-tonic). Then, the tonic conditions and burst conditions were each compared using an independent t-test (signiﬁcant
at uncorrected p < 0.01). The results represent how the change in
the metabolic activity between conditions differs depending on
the order of stimulation type. The activity difference was also correlated to the changes in pain scores to show if change in activity
can predict an increase or decrease in pain sensation level, correlating behavioral measures to changes on the molecular level.

RESULTS
Clinical Outcomes
On the VAS for pain, an average reduction of 41.5% (SD = 34.3)
was obtained for tonic stimulation and an average reduction of
36.2% (SD = 21.8) was found for burst stimulation in comparison
to baseline. A comparison between tonic and burst stimulation
for the VAS pain showed a suppression of 14.4% (SD = 34.3%) for
tonic stimulation compared to bust stimulation. For PVAQ, an
increase of 9.3% (SD = 33.9) was demonstrated for tonic stimulation and reduction of 17.8% (SD = 39.0) for burst stimulation in
comparison to the baseline measurement, while between tonic
and burst stimulation a reduction of 26.3% (SD = 21.7) was
obtained for burst stimulation compared to tonic stimulation. The
individual and average scores for baseline, tonic, and burst stimulation for the VAS and PVAQ can be found in Table 2. It is interesting that PVAQ was increased for tonic stimulation in comparison
to baseline. It is however important to note that this effect could
be explained by mainly one participant (subject #3) that had a
signiﬁcant increase on the PVAQ. Interestingly, you see an opposite effect for the same subject for VAS (Table 1). It is however not
clear why this patient has such a signiﬁcant drop on the VAS.

Imaging Data
The Effects of Tonic and Burst Stimulation
A comparison between baseline and both tonic activity and burst
activity stimulation showed a signiﬁcant increase in metabolic rate in
the premotor cortex. A signiﬁcant increase in metabolic rate was also

4

Figure 2. Left panel: Signiﬁcant change in metabolic rate between tonic and baseline, Mid panel: Signiﬁcant change in metabolic rate between burst and baseline, Right panel: Signiﬁcant change in metabolic rate between burst and tonic activity. PMC, premotor cortex; dACC, dorsal anterior cingulate cortex; sgACC, subgenual anterior cingulate cortex; PCC, posterior cingulate cortex. [Color ﬁgure can be viewed at wileyonlinelibrary.com]
www.neuromodulationjournal.com
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observed in the dorsal anterior cingulate cortex during burst
stimulation when compared to baseline activity. There was a signiﬁcant increase in metabolic rate during burst stimulation when
compared to tonic stimulation in the anterior cingulate cortex,
and posterior cingulate cortex, as well as a decreased metabolic
rate in the subgenual anterior cingulate cortex activity. Figure 2
and Table 3 show an overview.

A Regression Analysis With the VAS and PVAQ for Metabolic
Changes
Tonic vs. baseline: A regression analysis between the VAS for pain
and the metabolic changes between tonic stimulation and baseline
showed a negative correlation between the VAS and a decreased
metabolic rate for the retrosplenial and motor cortices extending into
the supplementary motor cortex. These latter ﬁndings suggest that

Table 3. Overview of PET Results
Region

Hemisphere

t value

Tonic <> Baseline

Posterior cingulate cortex
Primary visual cortex
Posterior cingulate cortex
Angular gyrus
Premotor
Premotor
Premotor
Precuneus
Dorsal anterior cingulate cortex
Precuneus
Dorsal anterior cingulate cortex
Primary visual cortex
Primary visual cortex
Posterior cingulate cortex
Dorsal anterior cingulate cortex
Posterior cingulate cortex
Dorsal anterior cingulate cortex
Subgenual anterior cingulate cortex
Primary visual cortex
Angular gyrus
Motor cortex
Supplementary motor cortex
Retrosplenial cortex
Retrosplenial cortex
Middle temporal lobe
Retrosplenial cortex
Middle temporal lobe
Motor cortex
Motor cortex
Middle temporal lobe
Retrosplenial cortex
Thalamus
Superior temporal lobe
None
Visual cortex
Subgenual anterior cingulate cortex
Subgenual anterior cingulate cortex
Ventral medial prefrontal cortex
Dorsal lateral prefrontal cortex
Retrosplenial cortex
Ventral thalamus
Retrosplenial cortex
Precuneus
Dorsal anterior cingulate cortex
Precuneus
Dorsal anterior cingulate cortex
Precuneus
Precuneus
Ventral posterior thalamus
Amygdala
Motor cortex
Motor cortex

R
R
L
L
R
L
R
R
L
L
R
L
R
L
R
R
L
R
R
L
R
L
L
R
L
L
R
L
R
L
R
R
R

4.82
4.67
4.61
4.12
3.20
3.11
4.84
4.74
4.66
4.60
4.51
3.41
3.20
4.27
4.11
4.08
3.72
3.72
3.54
3.42
12.41
10.78
10.11
9.54
9.46
10.41
10.16
9.84
9.78
9.74
9.71
9.31
8.45

L
R
L
R
L
L
R
R
L
R
R
L
R
R
R
R
R
L

9.45
8.45
8.39
10.82
10.41
9.73
9.67
9.56
9.11
9.08
9.05
8.87
10.41
10.37
9.88
9.82
8.74
8.55

Burst <> Baseline

Burst <> Tonic

Tonic <> Baseline: VAS

Tonic <> Baseline: PVAQ

Burst <> Baseline: VAS
Burst <> Baseline: PVAQ

Burst <> Tonic: VAS

Burst <> Tonic: PVAQ

www.neuromodulationjournal.com
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Contrast
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Figure 3. Left: Regression analysis between the visual analogue scale (VAS) for pain and the metabolic rate when comparing, tonic stimulation versus baseline,
burst stimulation versus baseline, and burst versus tonic stimulation. Right: Regression analysis between the pain vigilance and awareness questionnaire (PVAQ)
and the metabolic rate when comparing, tonic stimulation versus baseline, burst stimulation versus baseline, and burst versus tonic stimulation. PC, motor cortex;
SMA, supplementary motor area; RSC, retrospenial cortex; dACC, dorsal anterior cingulate cortex; sgACC, subgenual anterior cingulate cortex; PCC, posterior cingulate cortex; PREC, precuneus; VMPFC, ventral medial prefrontal cortex; ANG, angular gyrus; dLPFC, dorsal lateral prefrontal cortex. [Color ﬁgure can be viewed at
wileyonlinelibrary.com]
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the higher the pain suppression on burst, the more decreased metabolic rate will be in the retrosplenial cortex and motor cortex extending into the supplementary motor cortex. A regression between the
PVAQ and the metabolic rate between tonic stimulation and baseline
shows a negative correlation for the retrosplenial cortex, and the thalamus, suggesting that the higher the reduction on the PVAQ the
lower the metabolic rate (Fig. 3 and Table 3).
Burst vs. baseline: A regression analysis for the VAS and the
metabolic rate between burst stimulation and baseline showed
no signiﬁcant effects. However, a regression analysis for the
PVAQ and VAS and the metabolic rate between burst stimulation and baseline revealed an effect such that the higher the
reduction on the PVAQ was, the lower the metabolic rate was
www.neuromodulationjournal.com

in the ventromedial prefrontal cortex/subgenual anterior cingulate cortex (Fig. 3 and Table 3).
Burst vs. tonic: A regression analysis for the VAS for pain and
the metabolic changes between burst and tonic stimulation
showed a signiﬁcant effect. A VAS for pain reduction was shown
to correspond to an increased metabolic rate in the dorsal anterior cingulate cortex, the precuneus, and the dorsal lateral prefrontal cortex. This suggests that the higher the pain suppression
with burst stimulation, the larger the increase will be in the metabolic rate of the dorsal anterior cingulate cortex, the precuneus,
and the dorsal lateral prefrontal cortex in comparison to tonic
stimulation. In addition, the regression analysis revealed that a
VAS for pain (= burst – tonic) suppression showed a decrease in

© 2019 International Neuromodulation Society
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metabolic rate in the angular gyrus, the ventral medial prefrontal
cortex, and the ventral lateral thalamus. A similar analysis for the
PVAQ and the metabolic changes between burst and tonic stimulation demonstrated a direct correlation between the PVAQ and
metabolic activity in the motor cortex and the ventral posterior
thalamus. This suggests that the higher the PVAQ reduction with
burst stimulation, the higher the increase in metabolic rate in the
motor cortex and the ventral posterior thalamus compared to
tonic stimulation. In addition, the regression analysis demonstrated PVAQ reduction and a decreased metabolic rate in the
amygdala and the precuneus (Fig. 3 and Table 3).

DISCUSSION

www.neuromodulationjournal.com
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The FDG-PET results of this study suggest that burst stimulation
appears to exert a different pattern of brain activation, relative to
tonic, in the lateral and medial pain pathways that are, respectively, involved in processing the sensory and emotional components of pain. This suggests an inherent difference in the central
neural mechanisms during burst and tonic stimulation, which
could potentially alter the patient’s perception of pain. Yet, it is
also possible that the effect obtained is not a direct sign of
changes in pain perception but rather a difference in pain modulation by burst stimulation in comparison to tonic stimulation.
However, this latter hypothesis can not explain the association
between the change in PVAQ and VAS and the difference
between tonic and burst stimulation. Indeed, when comparing
brain metabolism differences between burst and tonic SCS, burst
SCS seems to modulate the dorsal anterior cingulate cortex and
posterior cingulate cortex (PCC) more than tonic stimulation. The
difference in the dorsal anterior cingulate cortex was the main
ﬁnding of the ﬁrst EEG analysis between burst and tonic SCS (10).
The dorsal anterior cingulate cortex is involved in the medial pain
pathway, processing the affective, motivational control of pain, as
clearly demonstrated by frontal lobotomies (25), cingulotomies
(26), implanted electrodes in the dorsal anterior cingulate cortex
for pain (27), and emotional modulation of pain (19). In essence,
suppressing dorsal anterior cingulate cortex activity removes the
salience from the pain (28,29). Thus the dorsal anterior cingulate
cortex, as a part of the salience network, is critically involved in
paying attention to the pain (30). Activity in the dorsal anterior
cingulate cortex correlates with the amount of pain improvement,
as measured by the VAS, when comparing burst with tonic stimulation and this relationship holds true inversely in the PCC. It is of
interest that the difference in PVAQ is not related to the dorsal
anterior cingulate cortex, as shown in a previous functional imaging study (10). Burst SCS further modulated the posterior cingulate cortex (PCC) reﬂected in brain metabolism differences
between burst and tonic SCS in this brain area. This ﬁnding is inline with the EEG study of De Ridder and colleagues (10) and is
not unexpected. The PCC has been associated to pain rumination
and is involved in pain perception via the default mode network
(30). The default mode network, apart from its posterior cingulate
cortex hub, also involves the pregenual anterior cingulate cortex,
which is a part of the opioidergic (31), serotoninergic, and dopaminergic (32) descending pain inhibitory pathway (33). Accordingly, activating the default mode network has an antinociceptive
effect (30). In a more elaborate EEG analysis on the commonalities
between burst and tonic ﬁring in the study of De Ridder and
Vanneste (34), the PCC was involved in both SCS designs (16). This
was calculated by a conjunction analysis. This does not exclude

that one stimulation design exerts a more pronounced effect on
the posterior cingulate cortex, which can theoretically show up as
a difference in metabolic activity. Based on a general heuristic
model, it has been proposed that the function of the posterior
cingulate cortex in pain is to reset the reference or set point via
its connections to the dorsal anterior cingulate cortex (35). The
dorsal anterior cingulate cortex encodes the acquisition of more
pain input, while the pregenual anterior cingulate cortex encodes
the suppression of further pain input (36). According to this
model, the perception of pain is the result of a balance between
pain provoking (dorsal anterior cingulate cortex and somatosensory cortex) and pain suppressing (pregenual anterior cingulate
cortex) brain activity, which falls under the inﬂuence of the selfreferential function of the posterior cingulate cortex (37).
Limitations of this PET study is the small number of patients
enrolled to this particular site of the SUNBURST study and the fact
that patients only had one session of data acquisition. Even with
these caveats, the FDG-PET data seem to conﬁrm the previous
electrophysiological ﬁndings that support burst stimulation having a larger impact on the medial pain pathway than tonic stimulation, as demonstrated by its selective modulation of the dorsal
anterior cingulate cortex. Larger studies should be performed to
be able to extract more useful information from functional imaging with PET in the context of differentiating SCS designs. Furthermore, the studies using fMRI with a MRI compatible SCS burst
device could further help to explain the underlying mechanism.
Furthermore, the studies using fMRI with an MRI compatible
SCS burst device could further help to explain the underlying
mechanism.
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