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INTRO

• Cranial electrotherapy stimulation (CES) is a non-invasive, 

FDA-cleared therapy for the treatment of insomnia, anxiety, 

depression, and pain. 

• We present an analysis of a randomized, double-blind, sham- 

controlled trial using CES transcranial alternating current 

stimulation (tACS) to determine the impact on pain, function, 

sleep, mood, and global health of veterans with fibromyalgia. 

• We further tested the utility of resting state functional 

connectivity magnetic imaging (rs-fcMRI) as a novel 

biomarker for pain using a seed-to-voxel analysis comparing 

post-baseline rs-fcMRI scans of True CES device and Sham 

participants.

• This study address the need for non-pharmacologic chronic 

pain management strategies and an understanding of their 

neural underpinnings. 

METHODS

• Intention to treat analysis of 33 veterans with FM who were 

randomized to sham (n=16) or true (n=17) CES. 

• Participants were asked to wear the device for 60 mins daily 

for the 12-week study period.

• Pain and pain interference assessed with the Defense and 

Veterans Pain Rating Scale (DVPRS) and rs-fcMRI data were 

collected at baseline, 6 weeks, and 12 weeks. 

• A 2-groups (true vs. sham) x 3 times (pre- and post- 

treatment at 6- and 12-weeks follow-up) analysis of the 

variance was used to compare outcomes for the groups over 

time. Linear mixed effects modeling was used to fit the 

ANOVA model to the data.

• Neuroimaging data was analyzed using the CONN toolbox in 

32 participants (True=16, Sham=16). A hypothesis-driven 

seed-based analysis was applied with careful seed selection.
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NEUROIMAGING

• In True CES compared to Sham, rs-fcMRI revealed significantly 

increased functional connectivity (FC) from the right cerebellar 7b 

seed to the left fusiform gyrus, lingual gyrus, left occipital pole and 

left temporal occipital fusiform cortex. 

DISCUSSION

• 2-point reduction in pain scores may suggest a meditative effect 

of the daily prescribed protocol. All participants were asked to 

wear the device and sit daily for 60 minutes, and meditation 

interventions have shown promise for pain in fibromyalgia.1,2 

• Enhanced connectivity between the cerebellar seed and regions 

implicated in visual processing and memory for true CES.

 

• Cerebellum has been increasingly recognized for its involvement 

in pain processing, and the cerebellar lobule 7b plays a 

significant role in different dimensions of pain perception.3,4 

• Observed connectivity underscores multimodal processing and 

suggests an interplay between the cerebellum and sensory and 

cognitive regions that true CES may influence.4,5
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Both groups reported 

statistically significant 

reductions in DVPRS pain 

scores at 12 weeks 

Figure 1: Boxplot of DVPRS at baseline, 6 weeks, and 12 weeks 

in CES (True) and Sham groups. Subjects are denoted by dots, 

center line denotes median value, diamond represents mean, 

bounds of box denotes interquartile range, and whiskers 

represent range of bulk data with outliers represented as distinct 

points outside of whiskers. Pain scores decreased on average 

over the 12 week period of daily true or sham CES usage (-1.65, 

95% CI: (-2.29, -1.01), p<0.01)

No statistically significant differences were found between CES 

and Sham groups in our initial intent-to-treat analysis.
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Figure 3: Seed-based connectivity analysis using cerebellar 7b 

seed. Highlighted regions represent increased functional 

connectivity in True CES group compared to Sham post-

baseline (voxel threshold, p<.005, cluster threshold, p<.0016, 

family wise error-corrected (FEW-c)).

Both groups reported 

statistically significant 

reductions in pain 

interference at 12 weeks

Figure 2: Pain interference score trend plot. PSQ1: pain 

interference with activity (-1.83, 95% CI: -2.52, -1.15, p<0.01); 

PSQ2: interference with sleep (-2.25, 95% CI: (-3.06, -1.43), 

p<0.01); PSQ3: interference with mood (-1.88, 95% CI: (-2.62, -

1.15), p<0.01); PSQ4: interference with stress (-1.77, 95% CI: (-

2.67, -0.89), p<0.01). Plotted markers are observed mean values 

and each line represents the average trend of PSQ scores for 

each question across the three timepoints (Baseline, 6 Weeks, 

and 12 Weeks).

* (-1.65, 95% CI: (-2.29, -1.01), p<0.01)
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