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Applications:

e Pain

TENS, peripheral nerve stimulation (usually invasive)
» Dystonia
» Spasticity
* Neuro-urological dysfunction

* Stipsis (gut inflammation)



=~ Transcutaneous Electrical Nerve Stimulation
(TENS)

-Frequency of stimulation: usually around 100 Hz (also LF TENS)
-Stimulated area: proximal to painful region

trode lead wires

rrrrrr

Self-dhering
electrode pads Battery-operated
TENS device

Johnson, Medicina 2021
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TENS reduces the amplitude of the
brain responses-evoked by the
nociceptive input (laser evoked
potentials — LEPS)
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Modulation of laser-evoked potentials and pain perception by
transcutaneous electrical nerve stimulation (TENS):
A placebo-controlled study in healthy volunteers

Frangois Vassal*™*, C. Créac’h ¢, Ph. Convers®<, B, Laurent ™<, L. Garcia-Larrea®, R. Peyron ¢

Lefi foot  Right foot
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OTHER PAIN (AD KAYE AND N VADIVELU, SECTION EDITORS)

Transcutaneous Electrical Nerve Stimulation in Relieving Neuropathic
Pain: Basic Mechanisms and Clinical Applications

Tahmineh Mokhtari'? . Qiaoyue Ren "2 . Nuo Li® - Faguang Wang* - Yanzhi Bi'2« Li Hu"**

Table 1  Analgesic dffects of TENS on peripheral and central nauropathic pan
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Pieber et al. A pyslematic review PNP-DFNP - - - - - Beneficial effeck with prolonged we
{2000 [77] over an averags period of
1.7 years
Jin et al A mets-analyds PNP-DFNP n=TR LF - - 12 weeks Stirni ficmt reduetions in meésn pain
{2000 [23) afl RCTs Sham seone m four i & wesls
(her Foll o= {1669 ).
Frequenii-es Irprove et in overall neuroqathic
aympioms in 12 weels follvw-up
(70FE)
e —
Crosamu el al A gngle-blind plscebo-  FNP-DFNP n=41 LF Prosimal donaum pedis 304l pA 30 minAime Mo adgni ficant differences in the pain
{2011} [22] conirolled randomteed Cirougs: amd the iop of the 2Hz 3 tmesfwesk reduction betwesn TEMS and
study TENS in=22) caput fibubse on 4 weeks sham goup
Placebo {n = 19) beivth Jesigs Mo benefit for the patienis’ general
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Pkt 6 weeks radiaton 1) bilsterally on the ThI over 3 weeks Sied 10 palients
sty Ciromugps: {one third of distnce
Active (n=12) From the ear and nose)
Flacebo (n =12) 2) bilsterally upper
No TENS {n = 16) neck ares (2 am from
the spine, Le., cervical
1 &nd 2)
R OBk T TCTect e P TS, m= 02 Ebent 513 Tover paaiches % mA o T o W T m
{2012) [H ohservational Ioaler Cirougs: 1) paraveriehral regon -4 He 5 timesweek herpes zoaer patients tresied with
sty TENS in =20) 2) the other aide along 2013 weds TENS
Amntiviral dng (n = 28) the nerve
Antiviral drug with TENS
{n=24)
— a1y
Siepanovid A ol center FNP-herpes n=222 patents with anew  HF Ty electrodes: (02 ms 30 minAtme The odds for subacute hemetic
etal. prspective, Ioaler onset of HZ 1) Mear the rootof 330 mA 10-15 days meuralgs sre the lowes in scule
{2015) [43) ramdomtred Ciromugps: affecisd nerve A4 He herpes 2oaer patients tresiad with
imervention Control (n =38) ) In the couse of that TEMS
sty TENS in =34) e
Amntiviral agenis (n=T1)
TEMS mnd Antiviral agenis
Warke et al A randonm toad, CHP-MS n="490 LF Lumsbar spine (3 cm LF: 45 mmAnme Bovth methosds (LF and HF) reduced
20a) [49 placebdr-conirol led Cirougs: HF distamee on either . LINTEY 2 timess iy pain in 5% of patients
clinieal trial LE-TENS {n=30) side of the spinous 4 Hz & weeka Mean weekly VAS scone & lerences
HF-TENS (n =30) et e=t =] HF: were — 16,59 mm for LF-TENS
Flacebo (n =30) . TN and — 206 mm for HF-TENS
110 Hz
[~ Mlerel &l ASmebindcmes - CNPMS ek T Elther end of the U125 i 00 THELAAy o B Ly TENS Q0es Nl appear ellective m |
{2007 [4] idal Cirougs: quadriceps muscle W He daily reducing spastcity
TEMS il miniday, n = 16) 2 weels Signi fcant reducton in muscle
TEMS # hiday, n = 16) s o from 4.1 to~ 2.7) and pain
(From 3.9 10 ~22) in § h group
Longer spplication (8 h) might be
useful in resting MY patients with
in amd feacle
Cunypers el al A clinlcal irial CHP-M5 n=>50 HF Medisn nerwe region ELTTRT™ 1 hiday Livngz-baati ng. iregwrovements n Lactle
(20109 [112) Garoups: of the dominant 106} He 3 weela semsitivity achieved by repetitive
n =26 M5 patients fn=15 haamnd atimulaton of sensory afferents in
mtervention, n=11 M patients but nod in healthy
control) subjects
Ineresiad sensdtivity was nol anly

restricted Lo the medisn nefve ares



Authors Ressarch type Type of Mumber of particpants  Type of TENS  Elactrode placements  Stmulus Intervention Main results
{wear) nauropathic parametems duration
pamn
=30 healthy suljects Tt sl ecpeandled o the ulnar
(=15 miervenlion, Terve afea
i P Y
Naorrhrink A clinical trial CMP-5C1 n=M LF Parsspinal alie LF: J0-40 min'time Favorable effects for 2095 of the
(200 [11] Grougs: HF 180y pa 3 timesa sy patients with HF and 38% of
LE-TENS {a=12) 2 Hz 2 wasls [ﬂﬁﬁhwi‘ﬂ'l. LF atimulatan o 4
HF-TEMS (n=12) HF: S-podnt gl obal painenel el scale
181 s Medisn vahoes of pain wene 4 &1
B Hz beasline amd 3.8 afler the st HY
FEE
Medisn vahwes of pain wene 4 a1
bl ine and 3.9 afler the kst LF
T
Celik et al A proapect ve, CHP-5C1 n=33 LF Twy chamnels with AW s 30 minAime daily Stgni ficami reduction of VAS soone
(2013) [102] randomined and Cimouge: four electrodes: 5 mA 11 days Fromm 5.7% o 388 on the mwelfth
comtrolled study TEMS fn=17) 1) 2 eboctrodes: 4 Hz day in LF-TENS group
Shamin =16 prosimal pers
of the regon
with pain
) 2 elecirodes: distal pars
S e
Bietal A RCT CNP-5C1 n=52 LF Region with pain < AW s 20 mainAtme Signi feant decresse in the patn
(2015) [113] Cirougs: S mA 3 vimesfweek imtensity scones after TENS
TEMS {n =26) 2Hz 12 veeeks iflervention
=T
Chkul &t al, A, rand o toed CNP-5C1 n=2 HF Bavth sides of the TS 15 minAday Pain nenaity decressed mmedsell
(2015) [108] comtrod led Cirougs: spinal reglon (-0 mA 5 daysiweck after both applications
eroas-over al TENS firat, then B Hz 2 wadls Signi ficant decresse in most [VAS,
vizual il hsdon from 892 10 .41 ) and kess (VAY,
=12 From 262 i 3) pain miensty afide
Visual illuson A, TENS application for 2 weeks,
then TEMS bt na after 2 weeks for visual
=12 llsdon
Signi ficant decresie in negat ve
effect of pain on mood,
relstonships with others, and
sleep afler TEMS spplication
Beyth therspies can be used 538
supportive or an allermative
Prce and A ayslematic CMP-LCPSF n=170 - - - - Mo significant change in pain
Pandyan VW Ehoukder pain)  ES including TENS, incidence or change in pain
(20MH ) [108] functional ES or inensity afler S trestment
other compared with contml
Stgni fican irestment effect in v

of ES for ingprove ment in
peain-Fre ranpe off pasalve lulera)
modtation of humens

ES reduced the severity of
Elmciuuna-a]mbluuismbmm




Gate control theory

Melzack and Wall, 1965 B
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The simultaneous activation of non nociceptive and nociceptive
fibres dampens the nerve conduction along the last ones at
presynaptical level
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Cortical inhibition of laser pain and laser-evoked
potentials by non-nociceptive somatosensory input

Elsa Testani " Domenica Le Pe@.? Claudio Dal Percia,” Fobario Millucd, Almdo Brancucs® Costanza
Parzagis ® Liak D Armces,? Clhudio Babiloni, ™ Paalo Mags Possni® and Massimnikano Valadani'?

We tested the effect of a single non-

nociceptive electrical stimulus on the
nociceptive input with a 1:1 ratio
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In this condition, non-painful
electrical stimuli-inhibit LEPs at
supra-spinal level
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. this 1s not an ecological condition, since bc¢ 1]
Ilfe and clinical context it is hlgher frequency non- palnfull
stimuli to reduce the pain perception
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Laser evoked potential amplitude and laser-pain rating reduction during | )
high-frequency non-noxious somatosensory stimulation (St

Massimiliano Valeriani ***, Costanza Pazzaglia®, Vincenzo Rizzo ¢, Angelo Quartarone !, Catello Vollono £
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Conclusions

1) Non-nociceptive stimuli inhibit the LEP
amplitude

2) The pattern of inhibition suggests a spinal
mechanism

3) Rostro-caudal and transversal propriospinal
Interneurons (Fitzgerald, 1982, 1983) can
account for these findings




<« External trigeminal nerve stimulation
(eTNS) - Cefaly® stimulator

Baseline
0% 5

Sham

1 hour

"0 =0.0001

2 hours

"p=0.026

24 hours

"p=0.037

Figure 5. Relhtive change in mean VAS scores at | hour, 2
hours, and 24 hours after treatment, compared to baseline.

106 patients

biphasic rectangular impulses

pulse width 250 us
frequency 100 Hz

maximum intensity 16 mA

Duration 60 min

Chou et al., Cephalalgia 2018



Remote electrical neuromodulation (REN)

- Nerivio® stimulator

biphasic rectangular impulses

*pulse width 400 ps
frequency 100-120 Hz
*maximum intensity 40 mA
eduration 45 minutes

Percent of participants
considered responders

Percent of participants
considered responders
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hours relief at 2 hours hours

Yarnitski et al., Headache 2019
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REVIEW

Peripheral Nerve Stimulation for Chronic Pain:

A Systematic Review of Effectiveness and Safety

Standiford Helm (& - Nikita Shirsat - Aaron Calodney -
Chronic pain arising from peripheral Alaa Abd-Elsayed - David Kloth - Amol Soin - Shalini Shah -
nerve disorders is becoming more fully Andrea Trescot

appreciated as a source of chronic pain.

Peripheral nerve stimulation has benefited
from technological advances which allow
its wider application.

There is a need for a systematic review,
with inclusion of the underlying
methodology supporting that review, of
the high-quality literature supporting the

FERCUTAMNEBDUS ELECTRDDE
IMFLANTED ON THE ULNAR
NERWVE

PG [UGHTPULSE 100,
NEURIMPULSE, RUBAND, (PD) ,

ttaky
use of peripheral nerve stimulation. — o Periphera| nerve lesions

Five randomized controlled trials and four FARAMETERS
observational studies of high or moderate o

quality support the use of peripheral nerve y C R I PS mlz:r:;uﬁm: pont
stimulation.

The best evidence is for neuropathic pain. | J « Chronic pe|vic pa| N

. Reverberi et al., 2013
 Post-stroke shoulder pain

_ * Phantom limb pain
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V CHRONIC DAILY HEADACHE (S WANG AND SP CHEN, SECTION EDITORS)

PeI’CUtaneOUS OCClpltaI nerve StlmUIatlon Neuromodulation for Chronic Daily Headache

Gianluca Coppola' - Delphine Magis? - Francesco Casillo! - Gabriele Sebastianelli' - Chiara Abagnale’ .
Ettore Cioffi' . Davide Di Lenola’ - Cherubino Di Lorenzo' - Mariano Serrao’

Authors Number of Follow-up Patients

patients (months)  with > 50%

improvement

Magis et al. [47, 103, 107] 15 36.8 11
Burns et al. [108, 109] 14 17.5 5 :tﬂna. Vallii..
De Quintana et al. [110] 4 6 4 polberane | 5
Mueller et al. [114] 10 12 9 e
Mueller et al. [ 104] 24 20 21 . \ process
Fontaine et al. [111] 13 14.6 10 5 s |
Strand et al. [112] 3 12 2
Leone et al. [113] 35 72 20 Burns et al., Lancet 2008
Miller et al. [106] 51 39.17 27
Leplus et al. [105] 93 43.8

TOTAL 262 39.1 173 (66%)




TENS on FCR muscle provides
Inhibition of FCR motoneurons and
inhibitory neurons projecting on
ECR motoneurons
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Movement Disorders
Vol. 21, No. 11, 2006, pp. ]903—[9[3
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Effects of Transcutaneous Electrical Nerve Stimulation on
Motor Cortex Excitability in Writer’s Cramp:
Neurophysiological and Clinical Correlations

| Michele Tinazzi, MD,'?* Stefano Zarattini, MD,' Massimiliano Valeriani, MD,?
P = - ] Clementina Stanzani, MD,1 Giuseppe Moretto, MD,2 Nicola Smania, MD,1 Antonio Fiaschi, MD,l f
and Giovanni Abbruzzese, MD*
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Reduced H-reflex amplitude
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Transcutaneous electrical nerve stimulation in the management of calf
muscle spasticity in cerebral palsy: A pilot study

Delali Logosu *, Thomas A. Tagoe ™, Patrick Adjei™®
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Review

Neuromodulation of the Posterior Tibial Nerve for the Control
of Urinary Incontinence

Alvaro Astasio-Picado * and Maria Garcia-Cano

 Posterior tibial nerve stimulation (PTNS) Is effective in urinary
Incontinence, especially in overactive bladder (OAB)

* PTNS is extremely safety

 Session frequency Is uncertain (maybe 1.3 session per month)

Knowles et al., Lancet 2015

Figure 1: Set-up for procedures
(A) Percutaneous tibial nerve stimulation needle and calcaneal electrode. (B) Transcutaneous electrical nerve stimulation surface electrode placements.
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Sacral neuromodulation (S3root):

 QOveractive bladder @)

» Pelvic floor disorders a
* Non-obstructive urinary retention &= S

 Fecal incontinence

Spinelli and Sivert, Eur Urol 2008
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Take home messages:

 Peripheral neuromodulation (PN) can be useful in different
neurological and non-neurological conditions

* Mechanisms of action are scarcely known
* PN may be non-invasive, but also invasive

* PN is generally safe, thus it may be added to pharmacological
treatments

« There Is a general methodological heterogeneity that makes
metanalysis of results difficult



