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Supplementary S4: Example of visually distinct motor evoked response. (a) 64-channel high-density EMG patch. (b) 2
separate bipolar channels placed on the APB and FDI muscles.
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Supplementary S4: Example of visually distinct motor evoked response. (a) 64-channel high-density EMG patch. (b) 2
separate bipolar channels placed on the APB and FDI muscles.
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Supplementary S5: Pain response across (n=12) participants comparing pTES at motor threshold with hum and without

hum. 230 total comparisons were made at varying pTES conditions. 138/230 (60%) comparisons show some degree of
improvement in pTES pain with the application of an arbitrary hum.
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Supplementary S5: Pain response across (n=12) participants comparing pTES at motor threshold with hum and without

hum. 230 total comparisons were made at varying pTES conditions. 138/230 (60%) comparisons show some degree of
improvement in pTES pain with the application of an arbitrary hum.
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Supplementary S6: Interaction between hum parameters and pulse width on pain reduction for all (n=7) participants. Each
plot is a response surface for an individual participant illustrating the high variability in pain responses. The last participant
could not tolerate 4 mA hum. As such, 4 mA hum data was not collected and the response surface was plotted assuming a

pain of 10 was given for all 4 mA hum conditions.
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Supplementary S6: Interaction between hum parameters and pulse width on pain reduction for all (n=7) participants. Each
plot is a response surface for an individual participant illustrating the high variability in pain responses. The last participant
could not tolerate 4 mA hum. As such, 4 mA hum data was not collected and the response surface was plotted assuming a

pain of 10 was given for all 4 mA hum conditions.
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Supplementary S7: Lower-limb electrode montage and EMG placements used in fibromyalgia studies. (a) A single anode
is placed at Cz and 8 cathodes are placed circumferentially around the central anode (Ubags et al., 1996). The distance Cz
is 30% of tragus-to-tragus distance. (b) EMG patches and bipolar electrodes are placed bilaterally targeting lower-limb
muscles. Motor threshold for lower-limb stimulation was defined as the minimum current required to (1) elicit a visibly
clear motor response, and (2) return an RMS ratio greater than 2. RMS ratio was quantified using a post-stimulus window
between [35 ms; 75 ms] relative to stimulus onset and a pre-stimulus window between [-75 ms; -35 ms] relative to
stimulus onset.
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Supplementary S7: Lower-limb electrode montage and EMG placements used in fibromyalgia studies. (a) A single anode
is placed at Cz and 8 cathodes are placed circumferentially around the central anode (Ubags et al., 1996). The distance Cz
is 30% of tragus-to-tragus distance. (b) EMG patches and bipolar electrodes are placed bilaterally targeting lower-limb
muscles. Motor threshold for lower-limb stimulation was defined as the minimum current required to (1) elicit a visibly
clear motor response, and (2) return an RMS ratio greater than 2. RMS ratio was quantified using a post-stimulus window
between [35 ms; 75 ms] relative to stimulus onset and a pre-stimulus window between [-75 ms; -35 ms] relative to
stimulus onset.
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Supplementary S8: Comparison of total pain reduction using varying algorithms with additional comparison of
forgoing pulse width optimization and simply optimizing hum at a 200 ps pulse width (n=7 participants). All
comparisons are made with respect to a nominal 200 ps pulse with no hum. Forgoing pulse width optimization (simply
conducting step 2a as described in 2.1.3) reduces pain by 1.91 points on average (p < 0.0005). This is on par with
Techniques 1 and 2 as well as the exhaustive Box-Behnken search.
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Supplementary S8: Comparison of total pain reduction using varying algorithms with additional comparison of
forgoing pulse width optimization and simply optimizing hum at a 200 ps pulse width (n=7 participants). All
comparisons are made with respect to a nominal 200 ps pulse with no hum. Forgoing pulse width optimization (simply
conducting step 2a as described in 2.1.3) reduces pain by 1.91 points on average (p < 0.0005). This is on par with
Techniques 1 and 2 as well as the exhaustive Box-Behnken search.
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Supplementary S9: Pain reduction with the same hum parameter (2.5 mA, 500 ps ON time, 300 Hz) across different
pulse widths in n=7 participants. Each line represents the pain reduction of an individual participant. Of note are the
green, brown, and orange lines/participants who experienced pain alleviation at some pulse widths and pain
exacerbation at other pulse widths (with the same hum).
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Supplementary S9: Pain reduction with the same hum parameter (2.5 mA, 500 ps ON time, 300 Hz) across different
pulse widths in n=7 participants. Each line represents the pain reduction of an individual participant. Of note are the
green, brown, and orange lines/participants who experienced pain alleviation at some pulse widths and pain
exacerbation at other pulse widths (with the same hum).
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Supplementary S1: All electrode montages explored in
pilot studies. In the setting of ATN, SON, and OCN, hum
electrodes were placed at the root of their respective
nerve and located relative to bony landmarks as detailed
in (Osborn & Sebeo, 2010).
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Supplementary S1: All electrode montages explored in
pilot studies. In the setting of ATN, SON, and OCN, hum
electrodes were placed at the root of their respective
nerve and located relative to bony landmarks as detailed
in (Osborn & Sebeo, 2010).
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Supplementary S2: Illustration of the extent of habituation for all pre-baseline post-baseline NRS scores across all pulse widths
and participants. The average pre-baseline pain score was 5.2/10 and the average post-baseline pain score was 4.9/10 (0.3/10
point reduction overall due to habituation alone). Hum trials occurred during the time between pre-baseline and post-

baseline stimulation.




image4.png
8 e Pre Baseline
: e Post Baseline R R
7 /'\ Regression Line h ] -
o
V6 ° o oo o o °
S ( e y =-0.0002x +5.19 ¢ , °* e J
w5 o e
2, | -
OZ: 4 S ee o .
o
3 o ° e o
L]
2 9
0 300 600 900 1200 1500

Time between pre-baseline
and post-baseline stimulation (seconds)

Supplementary S2: Illustration of the extent of habituation for all pre-baseline post-baseline NRS scores across all pulse widths
and participants. The average pre-baseline pain score was 5.2/10 and the average post-baseline pain score was 4.9/10 (0.3/10
point reduction overall due to habituation alone). Hum trials occurred during the time between pre-baseline and post-

baseline stimulation.
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Supplementary S3: Expanded quadratic regression model used to interpolate unsampled points in the Box-Behnken
design. Here i, j, and k correspond to ON Time, Hum Amplitude, and Hum Frequency.
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Supplementary S3: Expanded quadratic regression model used to interpolate unsampled points in the Box-Behnken
design. Here i, j, and k correspond to ON Time, Hum Amplitude, and Hum Frequency.




