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Abstract

modulate pain and trigeminal nociceptive processing.

both sides of the forehead before and after tDCS.

anodal tDCS. No severe adverse events were reported.

Background: Transcranial direct current stimulation (tDCS) of the primary motor cortex has been shown to

Methods: Ten patients with classical trigeminal neuralgia (TN) were stimulated daily for 20 minutes over two weeks
using anodal (1 mA) or sham tDCS over the primary motor cortex (M1) in a randomized double-blind cross-over
design. Primary outcome variable was pain intensity on a verbal rating scale (VRS 0-10). VRS and attack frequency
were assessed for one month before, during and after tDCS. The impact on trigeminal pain processing was assessed
with pain-related evoked potentials (PREP) and the nociceptive blink reflex (nBR) following electrical stimulation on

Results: Anodal tDCS reduced pain intensity significantly after two weeks of treatment. The attack frequency
reduction was not significant. PREP showed an increased N2 latency and decreased peak-to-peak amplitude after

Conclusion: Anodal tDCS over two weeks ameliorates intensity of pain in TN. It may become a valuable treatment
option for patients unresponsive to conventional treatment.
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Background

Several studies showed that transcranial direct current
stimulation (tDCS) modulates the cortical excitability of
the motor cortex depending on the direction of the elec-
tric current (e.g. anodal or cathodal) and that its neuro-
plastic effects sustain after stimulation [1]. The primary
effect of tDCS is a modulation of the membrane po-
tential of neurons in the stimulated cortical area [2,3],
mediated by N-methyl-D-aspartate receptors (NMDA-R)
[4]. Nonetheless, the effects of tDCS on cortical exci-
tability can spread to distant cortical areas possibly along
interconnections between the stimulated area and adja-
cent regions [5]. It was suggested, that anodal tDCS mo-
dulates pain perception by shifts of the resting membrane
potential and consequent alteration of the corticospinal
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excitability at the stimulation site. tDCS was demonstrated
to improve pain symptoms in patients with different types
of chronic pain [6] but with conflicting results. While in
painful diabetic neuropathy anodal tDCS produces pain
relief, in chronic lower back pain and postoperative pain
the results were conflicting, while cathodal nor anodal
tDCS was ineffective [7-9], recently a combination of
tDCS and peripheral electrical stimulation has been
shown to improve low back pain symptoms more effect-
ively than either applied alone or a sham control [10]. In
chronic headaches, anodal tDCS was demonstrated to be
an effective non-invasive treatment, but for classical
trigeminal neuralgia (TN) and orofacial pain data is
rare [11].

TN is a rare facial pain disorder with a prevalence of
0.1 — 0.2/1000 that leads to paroxysms of short lasting
but very severe pain [12]. In most cases the third and
second branch of the trigeminal nerve are affected [13].
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Pain can occur spontaneously but also triggered attacks
due to e.g. eating, talking or brushing the teeth occur fre-
quently [13]. Between the attacks the patient is usually
asymptomatic, but a constant dull background pain in the
affected trigeminal facial area may persist [13], which has
been suggested to be a sign of central sensitization and
chronification of pain [14]. Carbamazepine is currently
the drug of first choice in the treatment of TN. It is effec-
tive in 70-80% of patients but often associated with severe
adverse effects such as drowsiness, confusion, nausea and
ataxia, which may require discontinuation of medication
[15]. TN often begins with higher age, which lowers the
tolerability of side effects and interactions due to medica-
tion [16]. Surgical interventions, like the microvascular
decompression, stereotactic radiotherapy or the percuta-
neous may not be suitable for all patients and waiting for
the procedure can be agonizing. Therefore, different non-
invasive treatment options are indispensable. This study
aims to investigate the efficacy of anodal tDCS of the
motor cortex in the treatment of TN with and without
concomitant permanent pain using a randomized, cross-
over design. Pain evoked potentials and the nociceptive
blink reflex were used as objective measure of the tDCS
effect on human trigeminal pain processing.

Methods

Patients

Seventeen patients were enrolled in the study. Five pa-
tients finished anodal stimulation and discontinued the

Table 1 Demographics and clinical characteristics
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study without sham stimulation, one patient discontin-
ued after sham stimulation without anodal treatment
and one patient did not stimulate at all as recorded in
the stimulator. Three of the patients that were only
treated anodal, reported the application of the stimula-
tion as too difficult, one patient reported an increase of
attacks and one patient reported no further interest in
the stimulation. In total, 10 patients completed the study
with a mean age of 63 years (range: 49-82 years; 4 pa-
tients started with anodal treatment, 6 with sham treat-
ment; see Table 1). Inclusion criteria were: classical TN
with or without concomitant permanent pain according
to the beta-version of the 3rd edition of the International
Classification of Headache Disorders (ICHD-3 beta,
chapter 13.1.1). Six patients suffered from classical TN
with concomitant permanent pain (ICHD-3 beta chapter
13.1.1.2), four were included in the final analysis. Pa-
tients required a stable medication with no change of
dosage within the last six months. All patients had ad-
ditional medication with different combinations of anti-
epileptic drugs (Table 1). MRI prior to study begin was
performed to detect a nerve-vessel conflict and symp-
tomatic causes for TN. None of the investigated patients
had an invasive procedure prior to study inclusion (i.e.,
percutaneous ganglion gasseri procedures, microvascular
decompression, gamma knife surgery). Patients with other
chronic pain disorders or disorders of the nervous system
were excluded. One patient additionally suffered from mi-
graine. The local ethics committee of the medical faculty

Patient Gender Age Localisation VRS AF Medication Duration Concomitant Nerve-vessel- Disease
(Years) of pain  permanent pain conflict (Years)

1* f 68 V2+V3;left 7 25 Doxepin/Carbamazepin Min YES NO 6

2 f 77 V1; right 8 8  Gabapentin Sec NO YES 14

3 f 53 V3; right 6 Carbamazepin/Pregabalin Sec NO YES 20

4 f 50 V3; left 8 50 Oxcarbamazepin/Amitriptylin/Topamax Sec NO NO 12

5 m 82 V1; left 8 3 Pregabalin/Duloxetin Min NO NO 25

6 m 68 V3; right 3 5 Morphin/Pregabalin/ Min NO YES 20

7 f 78 V1; left 6 7 Amitriptylin/Tramal/Pregabalin Min YES YES 15

8 f 65 V2+V3; left 5 1 Carbamazepin/Pregabalin/Oxycodon ~ Min YES NO 21

9% m 67 V2; right 5 1 Gabapentin/Oxcarbazepin/TrimipraMin ~ Min NO NO 4

10* f 32 V2+V3;left 8 15 Gabapentin/Oxcarbazepin Min NO YES

11* m 49 V2; right 7 8  Gabapentin/Fluoxetin Min YES NO 27

12* f 67 V2 +V3; right 7 7 Pregabalin/TrimipraMin Min YES NO 2

13* m 77 V2+V3; left 5 4 Gabapentin/Sertralin Sec NO YES 3

14* f 34 V3; left 8 6  Gabapentin Min NO YES 2

15*% f 52 V2+V3; left 8 8  Carbamazepin/Oxycodon/Nortriptylin ~ Sec YES NO 8

16* m 71 V/3; right 5 4 Carbamazepin Sec NO NO 7

17* m 70 V2; left 4 5  Ibuprofen Sec NO YES 27

VRS = verbal rating scale, AF = Attack frequency, *patients with complete data, that entered the final analysis.



Hagenacker et al. The Journal of Headache and Pain 2014, 15:78
http://www.thejournalofheadacheandpain.com/content/15/1/78

of the University of Duisburg-Essen approved the experi-
mental protocol, all study participants provided written in-
formed consent.

Pain assessment

Pain was measured using a verbal rating scale (VRS) as
self-evaluation ranges from 0 (no pain) to 10 (maximal
pain). VRS and attack frequency were assessed as an av-
eraged value per day for one month before, during and
after tDCS using an individual patient diary. The average
value of three days prior to tDCS was used for baseline
and the average of the last three days after day 14
(=post-stimulation) was used for further analysis. We
used this to exclude a failure by single days with higher
pain raitings which may occur in TN. Furthermore, par-
ticipants documented the frequency of pain attacks per
day in the same fashion and analysis was also based on
the average of the last three days prior to assessment
day (e.g., baseline and post-stimulation).

Transcranial direct current stimulation

TDCS was delivered by a battery-driven constant cur-
rent stimulator (Neuronica, Torino, Italy) with a maxi-
mum output of 5 mA using a pair of surface rubber
electrodes in a NaCl-solution soaked synthetic sponge
with an extension of 4x4 cm over the primary motor
cortex (M1) and 5x10 cm above the contralateral orbit.
The use of non-metallic rubber electrodes avoids elec-
trochemical polarization (Figure 1). The electrode for
tDCS is large, so that the stimulation encompassed a
broad area of the motor cortex (upper limb and face).
Patients received either anodal or sham stimulation,
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starting with either one in a double blind randomized
fashion and were aware of the study design including
sham stimulation. First, the hand area over the contra-
lateral hemisphere to pain was determined by a single
pulse transcranial magnetic stimulation (TMS). For an-
odal stimulation, the active electrode was placed over
the hand representation field of the motor cortex and
the reference was placed above the contralateral eyebrow
according to the international 10-20 system for EEG
electrode placement. The sham stimulation was adminis-
tered by fixing the electrodes at the same positions and
switching on the current for less than five seconds at a
current strength below 500 pA in order to cause a
slightly itching or tingling sensation and simulate the
real current stimulation. Patients were asked if they feel
the tingling. Thus, the patients felt the initial current
sensation, but received no current for the rest of the
stimulation period. With this procedure, patients cannot
distinguish between verum and sham stimulation. The
current was applied for 20 minutes at an intensity of
1.0 mA, according to current safety recommendations
[17]. The maximum current density was 62.5 pA/cm>
over M1 and 12 pA/cm? at the reference electrode. After
the first stimulation, participants and at least one relative
were instructed for the correct application of tDCS and
were able to stimulate at home. Subsequently the pa-
tients applied the stimulation daily by themselves and
were instructed to record daily, whether or not any po-
tential side effects occurred in their diary. To ensure the
correct application of tDCS, the stimulator records the
correct current application in an electronic protocol. In
cases of malfunctions or handling problems, the patients

| .
Figure 1 Fitting and configuration of the stimulation electrodes during transcranial direct current stimulation using a pair of surface
rubber electrodes in a NaCl-solution soaked synthetic sponge over the primary motor cortex (M1) and above the contralateral orbit.
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had the possibility to call the study team, which has not
been used. Stimulation was performed for 14 days,
20 minutes per day. Following a cross-over study design
participants were administered sham stimulation or an-
odal stimulation in a randomized order with an interval
of at least one month after the first stimulation to avoid
carry over effects.

Electrophysiological settings

Two planar concentric electrodes (inomed Medizintechnik
GmbH, Emmendingen, Germany, www.inomed.com) were
attached to the skin 10 mm above the entry zone of the
supraorbital nerve. The outer rim of the first electrode was
placed 1 cm from the forehead midline, the second elec-
trode approximately 2 cm apart and lateral. Left side and
right side were stimulated 15 times per session in each pa-
tient (triple pulse, monopolar square wave, duration
0.5 ms, pulse interval 5 ms, interstimulus interval: 12 to
18 seconds, pseudo-randomized). Perception and pain
thresholds were determined on the forehead with an as-
cending and descending sequence of 0.2 mA intensity
steps. The stimulus intensity was set at 2 times the individ-
ual pain threshold. Stimuli were delivered to each side in
random order in terms of start site (i.e., left or right side of
the forehead). NBR and PREP were recorded simultan-
eously following trigeminal stimulation of the forehead.
The nBR was recorded using surface electrodes placed
infraorbitally referenced to the orbital rim. Recording
parameters: bandwidth 1 Hz to 1 kHz, sampling rate
2.5 kHz, sweep length 300 ms (1401 plus, Signal, Cam-
bridge Electronic Design, UK). PREP were recorded with
electrodes placed at C, referenced to linked earlobes (Al-
A2) according to the international 10-20 system. The first
sweep was rejected to avoid contamination by startle re-
sponse. The remaining 14 sweeps were averaged. For nBR
onset latencies, waveforms were rectified and analysed for
each sweep separately. A mean value for each session was
calculated. Area under the curve was calculated between
27-87 ms. Concerning PREP N2 (negative peak), P2 (posi-
tive peak) latencies and peak-to-peak amplitudes were
analysed. Intraindividual mean ratios for latencies, ampli-
tudes, and area under the curve were determined in all pa-
tients for the symptomatic and non-symptomatic pain
side separately. Offline-analysis was performed with a
custom-written PC-based software using Matlab (Matlab
7, The MathWorks, Natick, MA, USA).

Statistical analysis

As of the small sample size non-parametric statistical
methods were applied. Wilcoxon signed-rank test for
paired samples was used to compare pain intensity
(VRS), attack frequency, individual pain threshold, AUC,
latency, and amplitude of electrophysiological experi-
ments at baseline and after 14 days tDCS. Correlation
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analysis was performed investigating the association of
electrophysiological response with clinical response to
tDCS. All statistics were calculated with SPSS 22 (SPSS
Inc., Chicago, IL, USA). The level of significance was set
to p <0.05.

Results

All patients tolerated tDCS well without adverse effects.
With initiation of tDCS, patients feel a slight itching or
tingling, while no motor symptoms were observed or re-
ported during the stimulation. Six patients discontinued
the trial prematurely as they did not have their expected
treatment response. One patient did not stimulate at all.
For characterization of patients see Table 1.

Pain assessment after tDCS

Pain intensity (VRS) difference comparing anodal sti-
mulation effect (post-stimulation minus baseline) with the
sham effect (post-stimulation minus baseline) was 29%
(p =0.008; Figure 2). VRS decreased after anodal stimula-
tion from baseline by 18% (+SD 29%, while sham stimula-
tion led to an 11% (+30.8%) increase of VRS (Figure 2,
Table 1). Attack frequency was not significantly de-
creased between sham or anodal stimulation (p = 0.123);
Figure 1). One patient was completely pain free after an-
odal stimulation.

In TN patients with purely paroxysmal pain tDCS de-
creases VRS by 24.2% after anodal stimulation and in-
creased by 28% after sham stimulation (p = 0.032). Attack
frequency decreases in either anodal or sham group not
significantly (41.9 vs 56%; p = 0.148).

TN patients with concomitant persistent pain alone
did not respond to tDCS at all (0%) change after anodal
stimulation and 14.8% (SD + 13.8%) after sham stimula-
tion (p = 1.0). Attack frequency was not significantly dif-
ferent (p = 391; Table 2).

PREP and nBR after tDCS

Trigeminal PREPs and nBR were elicited using similar
current intensities without significant differences between
patients after both, anodal tDCS and sham stimulation,
compared to baseline conditions (Figure 3, Table 3). No
relevant changes were apparent in nBR R2 latencies and
nBR areas under the curve (Figure 3B, Table 3) so that
brainstem trigeminal nociceptive processing is not equally
affected by tDCS. There were no relevant differences in
PREP or nBR between patients with and without con-
comitant permanent pain or in comparison of symp-
tomatic and asymptomatic side. No correlation of PREP
or nBR with VRS or attack frequency was found.

Discussion
Our results provide evidence that anodal tDCS of the
primary motor cortex (M1 area) contralateral to the
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Figure 2 Analgesic efficacy of anodal transcranial direct currents stimulation (tDCS). tDCS significantly decreases mean pain intensity on
the verbal rating scale (VRS) (p < 0.05), while attack frequency (AF) is not significantly different compared to control conditions. Changes of values
are expressed as A compared to mean values under control conditions in box plots.

AF anodal AF sham

symptomatic side moderately ameliorates pain in pa-
tients with classical TN with purely paroxysmal pain by
modulation of trigeminal nociceptive processing. Pa-
tients with concomitant permanent pain do not seem to
benefit from tDCS [18-21].

To our knowledge, the effects of anodal tDCS on facial
pain were investigated in only one study, including 22
patients with different pain syndromes. Three patients
suffered from TN and one patient from persistent idio-
pathic facial pain. However, the efficacy of pain relief in
these patients was not analyzed separately, so that a
clear effect on TN specifically cannot be derived from
these data [6]. Comparing our data with previous studies
that used anodal tDCS for the treatment of pain we
found a slightly attenuated analgesic effect with a reduc-
tion of VRS by 29% compared to a maximum of 50%

Table 2 Pain intensity and attack frequency

that was previously described [6,22]. This increases to
38% when we remove those patients with concomitant
permanent pain from the analysis that did not respond
to tDCS, but remains in a rather moderate nevertheless
realistic range.

TDCS has been used more and more frequently over
the past decade as a non-invasive neuromodulation for
targeted alteration of cortical excitability for the treat-
ment of different diseases like depression, reorganization
after stroke and pain [23-25]. Effects of tDCS depend on
several factors including polarity, stimulated area, inten-
sity and duration. The improvement of pain by anodal
tDCS was convincingly demonstrated in several studies
[6,22,11]. Although the exact mechanism behind the effi-
cacy of tDCS on chronic pain is not known, probable
mechanisms are the changes of the resting membrane

All TN Pain intensity (VRS) Pain intensity (VRS) Attack frequency/day Attack frequency/day
patients Baseline + SD (range) Post-stimulation + SD (range) Baseline + SD (range) Post-stimulation + SD (range)
Anodal 6.7+ 13 (45-8) 55+23(1-8) 72+79(1-21) 49+7(0-22)

Sham 72+12 (45-8) 78+ 18 (45-10) 11.6+15.1 (1-50) 6.7+£76 (1-21)

TN with concomitant permanent pain (n = 4*)
Anodal 76+0.3 (7.5-8)
Sham 76+03 (7.5-8)

76+03 (7.5-8)
88+ 1.0 (7.5-10)
TN with purely paroxysmal pain (n = 6*)
Anodal 6.1+ 1.5 (4.5-8)

Sham 70£16 (45-8)

42+18 (1-55)
7220 (45-10)

43+65 (1-14)
43+65 (1-14)

6.3+105 (1-22)
6.0+10 (1-21)

92+88 (1-21)
16.5+17.7 (1-50)

40+46 (0-12)
71+6.7 (1-16)

VRS = verbal rating scale (0 =no pain; 10 = maximum pain); SD = standard deviation.

*only patients that entered the final analysis.
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Figure 3 Effects of anodal transcranial direct current stimulation (tDCS) on (A) pain-related evoked potentials (PREPs) and (B) nociceptive
blink reflex (nBR). Anodal tDCS results in decreased trigeminal peak-to-peak amplitudes and increased N2 latencies compared to baseline. Trigeminal
N2 latencies and area under the curve are not significantly different between anodal tDCS and sham stimulation. Grey lines mark single patients, red
lines mark mean values.
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Table 3 Electrophysiological data - nociceptive blink reflex and pain related evoked potentials

Nociceptive Blink reflex* Condition Latency (ms) Latency (ms) Area under the curve Area under the curve
(x1073, pVxms) (x1073, pVxms)
Baseline Post-stimulation Baseline Post-stimulation
Symptomatic side anodal 666+11.0 638 +4.6 766.3 £345.3 9179+3639
Sham 719+140 66.7+11.2 685.1 £4189 851.2+4344
Asymptomatic side anodal 655+79 744 +47.1 863.1 £404.7 827.7 +3804
Sham 666+7.1 64.6+8.1 819.2 +449.1 8393 +5244
Pain related evoked potentials* Condition Amplitude (uV) Amplitude (puV) N2 latency (ms) N2 latency (ms)
Baseline Post-stimulation Baseline Post-stimulation
Symptomatic side anodal 66.7 £ 34.1 548+349 1574+34 1654 +£209
Sham 58.5+324 489+318 162.5+383 1633 £20.7
Asymptomatic side anodal 553+31 559+308 1556+£242 169.7 £48.8
Sham 508 £28.1 52.7+356 161.1+£225 1614 +239

AUC = Area under the curve; *only patients that entered the final analysis.

potential under the active electrode and remote effects in
other parts of the pain processing network by functional
interconnections between motor-cortex driven inhibition
of the somatosensory cortex and changes in thalamic ac-
tivity. In addition, long-term effects are mediated by
modulation of i.e. NMDA and nicotinic receptor activity
inducing neuroplastic effects [5]. Furthermore, anodal
stimulation was shown to induce an increase of endo-
genous opioid release [26] which was located in parts of
the pain processing network after tDCS over the M1 area.

When pain becomes chronic tDCS modulation might
be less prominent [14]. This could explain why TN pa-
tients with concomitant permanent pain in our study
did not respond. Moreover, it was demonstrated that the
analgesic effect of tDCS critically depends on the electrode
montage. An optimized cortical target supported by high-
resolution computational models including CNS structures
of the pain processing network markedly improved tDCS
efficacy [27] and utilization of smaller, more focal elec-
trodes led to significant pain reduction in fibromyalgia
[28]. Differences in electrode montage might explain some
of the contradictory results in different studies.

Central facilitation and hyperexcitability of the trigemi-
nal system was recently demonstrated in TN patients
using PREP and nBR [19]. Other reports presented an in-
creased fMRI activation and grey matter changes of
cortical pain processing networks to further support an in-
volvement of cortical structures [29,21]. It was shown that
tDCS affects human trigeminal pain processing [30]. Re-
cordings of PREP and nBR before and after anodal tDCS
resulted in decreased peak-to-peak amplitudes of PREP
suggesting an inhibition of trigeminal pain processing
which provides evidence that tDCS is a potential the-
rapeutic option in disorders associated with central fa-
cilitation. Anodal tDCS modulates pain processing by
inhibition of corticothalamic epicritic and nociceptive

sensations at the thalamic nuclei [31] and induces changes
in brain synchronization in the stimulated area [32].
Moreover, changes were observed in the anterior cingulate
cortex which was suggested to be the generator of PREP
in humans [33]. These observations reconfirm tDCS to
interfere with TN pathophysiology. The results in the an-
odal group of our study showed an inhibition of trigeminal
pain processing after tDCS in PREP similar to what was
observed previously in healthy patients [30] even though
these changes did not reach the level of significance due
to the small sample size.

Supposing that the intensity of TN pain depends on
combined peripheral and central mechanisms, the attack
frequency may be more dependent on peripheral mecha-
nisms e.g. nerve-vessel contact as trigger and, therefore,
may not be equally well modulated by cortical stimula-
tion. This might explain why the tDCS effect on attack
frequency was insignificant.

The limitations of this study have to be considered. The
relatively high drop out rate with more female than male
patients shows that self-tDCS application at home may
pose a huge problem for the mostly elderly TN target
population, even though side effects were not reported
and tolerability of participating patients was high. The
stimulation with tDCS appears to be more difficult for the
patients than previously suspected and probably requires
a considerable education effort before it can be used suffi-
ciently. Stimulation frequency (every day for 14 days) may
not be optimal as a shorter duration may be just as effec-
tive or longer duration may be even more effective, but
that will have to be tested in future studies. Due to the
enormous interindividual variability in regard to tDCS
treatment response it might be difficult to find the optimal
stimulation parameters that suits all patients.

All patients received therapy with different anti-
epileptic medications that may have influenced clinical
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and electrophysiological data. We tried to minimize this
impact by requiring a stable dose for six months prior to
study inclusion. Carry-over effects due to the cross over
trial design must be considered despite the 30-day inter-
val between treatment conditions. There is evidence that
patients with a special polymorphism in the BDNF re-
ceptor gene showed a pronounced facilitation after an-
odal and inhibition after cathodal tDCS [34]. This may
also have affected our patients, but due to the low pa-
tient numbers we did not want to exclude anybody and,
therefore, did not control for this. Long term effects of
tDCS have to be considered. The duration of tDCS ef-
fects depend on several factors including the stimulation
protocol, remote effects of other cortical areas and
modulation of neuronal receptor activity beside NMDA-
R effects. These factors are highly individual and under-
line the complexity of tDCS effects. It has been shown
that brain plasticity depends also on the modulation of
nicotinic receptors, BDNF polymorphisms and sex hor-
monal variations [35,36]. Therefore, the differences in ef-
ficacy of the acute and long-term effects of tDCS may
depend on factors that are hard to control in studies
with rare diseases and low patient numbers.

Conclusion

In summary, tDCS is a promising non-invasive treat-
ment option for trigeminal neuralgia without side effects
in patients without satisfying response to medical treat-
ment. Nonetheless, larger studies are needed to clarify
the mechanism of action of tDCS in trigeminal pain and
to reconfirm its efficacy in TN.
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