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Abstract
Objective: We conducted an open-label cross-over study assessing the global effect of two high-
frequency protocols of electric-field navigated repetitive transcranial magnetic stimulation
(rTMS) targeted to functional facial motor cortex and comparing their efficacy and tolerability in
patients with chronic facial pain. Outcome predictors were also assessed.
Methods: We randomized twenty consecutive patients with chronic facial pain (post-traumatic
trigeminal neuropathic pain, n=14; persistent idiopathic facial pain, n=4; secondary trigeminal
neuralgia, n=2) to receive two distinct 5-day rTMS interventions (10Hz, 2400 pulses and 20Hz,
3600 pulses) separated by six weeks. The target area was assessed by mapping of lower face repre-
sentation. The primary endpoint was the change in weekly mean of pain intensity (numeric rating
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scale, NRS) between the baseline and therapy week (1st week), and follow-up weeks (2nd and 3rd

weeks) for each rTMS intervention. Response was defined using a combination scale including the
patient’s global impression of change and continuance with maintenance treatment.
Results: Overall, pain intensity NRS decreased from 7.4 at baseline to 5.9 ten weeks later, after
the second rTMS intervention (p=0.009). The repetition of the treatment had a significant effect
(F=4.983, p=0.043) indicating that the NRS scores are lower during the second four weeks period.
Eight (40%) patients were responders, 4 (20%) exhibited a modest effect, 4 (20%) displayed no
effect, and 4 (20%) experienced worsening of pain. High disability and high pain intensity (>7)
predicted a better outcome (p=0.043 and p=0.045). Female gender, shorter duration of pain and
low Beck Anxiety Inventory scores showed a trend towards a better outcome (p=0.052, 0.060
and 0.055, respectively).
Conclusions: High-frequency rTMS targeted to face M1 alleviates treatment resistant chronic
facial pain. Repeated treatment improves the analgesic effect. A protocol with higher frequency
(above 10Hz), longer session duration (more than 20 minutes) and higher number of pulses
(above 2400 pulses/session) did not improve the outcome. The results support early consider-
ation of rTMS.
© 2022 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Chronic facial pain is a disabling disease and may have differ-
ent causes [1]. It can be idiopathic, or it may develop after
the injury of the trigeminal nerve branch due to trauma or
medical procedures (e.g. dental treatments or surgical proce-
dures such as trigeminal ganglion electrocoagulation or
microvascular decompression for trigeminal neuralgia [9]).

When pharmacological pain treatment is inadequate or
has unacceptable systemic side effects [4], there is a non-
invasive option of neuromodulation with repetitive transcra-
nial magnetic stimulation (rTMS) [19, 10, 24]. High-fre-
quency rTMS targeted to the primary motor cortex (M1) has
been shown to exert a considerable beneficial effect in
relieving neuropathic pain with the proportion of responders
ranging from 20 to 65% [37, 18], although a systematic
review and meta-analysis only led to a weak recommenda-
tion and Cochrane review pointed to low evidence of a
small, short-term effect [47, 10]. At present, the predictive
determinants for a treatment response are largely unknown.

Neuromodulation studies often simply cluster patients into
responders and non-responders, and as well as different defi-
nitions of good pain relief, technical practices, and the role
of rTMS as a predictor for invasive motor cortex stimulation
differ highly between centers [36]. The most common way to
evaluate pain intensity is to use a numeric rating scale (NRS)
or visual analog scale (VAS), with the usual clinical cut-off
being a pain reduction of 30% [2, 51]. However, since pain
profiles vary [58], NRS is not always the best measure of pain
relief. Also, rTMS can have other clinical benefits, despite the
perception of pain remaining unchanged [27]. Thus, the goal
of pain management should rather be an improvement in the
patient’s quality of life or ability to function [5, 15, 47].

The first aim of our prospective open label randomized
crossover study was to assess the efficacy and global effect
of two consecutive high-frequency rTMS protocols separated
by six weeks, delivered as one therapy during the study
period of over two months. Several scales in addition to the
primary outcome (NRS) were used to find a useful and practi-
cal combination of measures (PainDETECT questionnaire,
patient global impression of change, pain drawings, disability
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score, psychometric assessments) to define a responder in a
clinically relevant way. Secondly, we compared efficacy and
tolerability of two active 5-day treatment protocols differing
in frequency, pulse number and session duration and timing.
The stimulation was individually targeted using electric field
neuronavigation according to magnetic resonance imaging
(MRI), to the functional lower face M1, homotopically to the
location of pain. Although both 10Hz or 20Hz frequencies
are currently used [37], there is some preliminary evidence
that 20Hz could be more efficacious in relieving facial pain
[17], therefore we hypothesized that the more intensive pro-
tocol would lead to more long-lasting and clinically signifi-
cant pain relief. Thirdly, we aimed to evaluate the
controversial association between the common comorbid dis-
orders of depression and anxiety related to pain [3, 12].
Results of previous studies of their role in the therapeutic
effect of rTMS in orofacial pain (atypical facial pain, burning
mouth syndrome and trigeminal neuropathic pain) have
been variable [40, 29]. Fourthly, we examined which factors
are predictive of beneficial and non-beneficial treatment
responses. Finally, by using adherence to maintenance ther-
apy as one of the outcome measures, we were able to
include limited long-term follow-up.
Methods

Study population

A total of 27 subsequent patients with chronic facial pain,
evaluated by a multidisciplinary pain neuromodulation group
and referred for rTMS, were screened between November
2015 and October 2017. Inclusion criteria were a diagnosis of
unilateral facial pain other than classic trigeminal neuralgia
(ICD-10: G50.1, G50.8, or G50.9) and baseline NRS of at least
4. The diagnosis was made by a neurologist specializing in
pain. Disorders of dentoalveolar structures were diagnosed
and treated by a dentist or oral and maxillofacial surgeon, if
necessary. The etiology of pain was further classified accord-
ing to the recent International Classification of Orofacial
Pain (ICOP) [1] (Table 1). All but one patient who had
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Table 1 Demographics and pain characteristics.

Patient
#

Age,
gender

Painful
side of
the face

Most
affected
facial area*

ICOP
code

Diagnosis Etiology BAI/BDI at
baseline

Pain
duration

GCPS NRS
baseline

Pain
DETECT

1 60, F L (R) III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

dental root canal therapy 5/11 1 II 7 6

2 38, F R II 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

zygomatic arch fracture at snowmobile
accident + repair + coronoidectomy

14/12 5 IV 8 30

3 38, F L I, II, III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

microvascular decompression for tri-
geminal neuralgia; anaesthesia
dolorosa

1/5 3 IV 9 28

4 61, M mid II 6.2.2. Persistent idiopathic facial pain with
somatosensory changes

idiopathic; no response to microvascu-
lar decompression

7/10 6 II 8 10

5 75, M L (R) I 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

septoplasty + functional endoscopic
sinus surgery (FESS)

19/22 4 III 9 1

6 36, M R I, II, III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

tooth extraction 15/19 4 III 4 26

7 43, F L II, III 6.2.2. Persistent idiopathic facial pain with
somatosensory changes

idiopathic; no response to microvascu-
lar decompression

11/21 4 IV 4 18

8 36, M L II 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

direct blow to upper cheek during fall 14/24 4 IV 7 23

9 76, F L I, II, III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

stereotactic radiosurgery for trigemi-
nal neuralgia, subsequent anaesthesia
dolorosa

14/14 9 II missing 14

10 66, F L (R) II 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

infraorbital basal cell carcinoma exci-
sion with rotation flap

38/33 2 IV 10 12

11 57, F R I, II, III 4.1.1.2. Secondary trigeminal neuralgia pontocerebellar meningioma in con-
tact with trigeminal nerve; stereotac-
tic radiosurgery to meningeoma

8/0 1 I 5 23

12 56, F R (L) II, III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

dental root canal therapy 0/3 6 III 7 24

13 46, F L (R) I, II, III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

tooth extraction 7/13 5 IV 10 37

14 50, M L, R I 4.1.1.2. Secondary trigeminal neuralgia multiple sclerosis 22/16 10 IV 6 17
15 78, F R (L) I, II, III 6.2.1. Persistent idiopathic facial pain with-

out somatosensory changes
idiopathic 30/28 1 II 7 14

16 74, F R II, III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

multiple dental operations 29/24 15 IV 9 31

17 79, M R II 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

maxillary sinus surgery; thermocoagu-
lation of the Gasserian ganglion wors-
ening the pain

29/27 15 IV 7 26

18 82, F L II, III 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

Sj€ogren’s disease; thermocoagulation
of the Gasserian ganglion x 3 for tri-
geminal neuralgia with subsequent
anaesthesia dolorosa

8 7 20

19 49. F L (R) I, II 4.1.2.3. Post-traumatic trigeminal neuropathic
pain

maxillary sinus surgery 14/15 3 III 5 12

20 53, M L I 6.2.2. Persistent idiopathic facial pain with
somatosensory changes

idiopathic; temporary relief from
sphenopalatine ganglion block

4/ 7 17 II 5 15

*Affected facial area described according to trigeminal nerve branches: I � ophthalmic nerve area, II � maxillary nerve area, III � mandibular nerve area. BAI, Beck Anxiety Inventory; BDI,
Beck Depression Inventory; GCPS, Graded Chronic Pain Scale; ICOP, International Classification of Orofacial Pain; NRS, Numeric Rating Scale; F, female; M, Male; L, left; R, right.
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received 5 days of rTMS 3 months prior to enrollment into
the study, were naïve to TMS. Exclusion criteria were active
epilepsy, severe acute psychiatric disorders and contraindi-
cations to MRI or TMS [53]. Written informed consent was
obtained from each participant before inclusion in the study.
The protocol was approved by the local Ethical Committee
(89/2015).

Study design

The timeline of the crossover study is depicted in Fig. 1.
Structural three-dimensional (3D) T1-weighted MR brain
images (TR 8.07 ms, TE 3.7 ms, flip angle 8°, 1 £ 1 £ 1 mm3

resolution) were acquired for neuronavigation with a 3T
scanner (Philips Achieva TX, Philips Healthcare, Eindhoven,
The Netherlands). At the baseline visit to the Department of
Fig. 1 Timeline of the study. Daily NRS was assessed one week b
weeks, for both rounds of treatment. The questionnaires were adm
considering the whole study period. There was a phone call durin
Depression Inventory, GCPS-DC=graded chronic pain scale, LS=life sat
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Clinical Neurophysiology, the hotspots of hand (m. abductor
pollicis brevis) and face (m. mentalis or m. orbicularis oris)
representation areas were determined and their resting
motor thresholds (rMT) were assessed with navigated TMS
(software versions 3.2 and 4.3, Nexstim Plc., Helsinki, Fin-
land) and EMG monitoring. The orientation of the coil was
anteroposterior, approximately 45 degrees to midline, how-
ever, taking into account the underlying anatomy and sulcal
patterns. More detailed description of the face muscle
motor mapping is depicted in [55]. The rTMS treatment was
targeted at the hotspot of the lower face using a stimulus
intensity 90% of the rMT of hand or face, whichever was
lower. If treatment of the lower face hotspot was not toler-
ated, the target was changed to the hand hotspot (n=1).

Before the first rTMS session, patients were randomly
allocated to one of two five-day treatment protocols, using
efore, during the therapy week, and during the following two
inistered at baseline, and again after the last treatment session
g the wash-out period. BAI=Beck Anxiety Inventory, BDI=Beck
isfaction.
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sequentially numbered envelopes. The two protocols were
A) 10Hz (2400 pulses, trains of 6 s, inter-train interval (ITI)
24 s, total duration approximately 20 minutes) resulting in
total of 12000 pulses weekly or B) 20Hz (3600 pulses, trains
of 4 s, ITI 46 s, total duration of stimulations 37 minutes)
resulting in total of 18000 pulses weekly (Fig. 1). There was
also a ten minute pause in the middle of the 20Hz protocol.

Electroencephalography (EEG) was monitored during the
first session of rTMS with a 61-channel TMS-compatible
amplifier (Brain Products GmbH, BrainVision Recorder, ver-
sion 1.20) to monitor for risk of an epileptic seizure [53]. A
clinical neurophysiologist reviewed the EEG for the presence
or appearance of epileptic discharges during rTMS.

A follow-up phone call was made by the referring physi-
cian between treatments about the response to the first
week of treatment. If the patient was willing to continue,
he/she received another five-day treatment with the alter-
native protocol after six weeks. After the last treatment ses-
sion, patients received questionnaires regarding the whole
study period, and returned them after two days.

After the study protocol described above, the patients
could elect to continue with maintenance therapy. The deci-
sion about continuation was made during a consultation or
phone call with the treating physician 4-6 weeks after the
second rTMS session. The standard therapeutic maintenance
protocol consisted of one rTMS session per day for five days
with 3000 pulses at 10 Hz, train duration 6 s and ITI of 24 s,
resulting in 15000 pulses weekly. In the maintenance phase,
the protocol was repeated with an interval of approximately
2-3 months between consecutive treatments based on indi-
vidual need (meaningful analgesic effect for the patient and
willingness to continue), which was monitored by the refer-
ring physician.

Outcome measures

The primary outcome measure was the weekly mean of the
daily maximum NRS (Fig. 1). Patients assessed the NRS daily
during the baseline period (the week before rTMS therapy),
during the therapy and during the two follow-up weeks.
Patients also wrote down the time of the assessment, which
could be before, after or during the rTMS. This daily assess-
ment of NRS allowed us to monitor the progress of analgesia
with the aim of describing the temporal aspect. To monitor
the overall effect of two consequent treatments, we used
several secondary outcome measures, which were reported
at baseline and a few days after the last treatment session:
1) the pain drawing (head and neck, mouth from inside and
Table 2 Criteria for combined outcome categories. In the predic
tive (responders), the last two categories as non-responders.

PGIC NRS change

Significant pain relief >4 decrease of >15%
Clinically non-significant change 2 or 3 decrease of >15%
No change 1 or 2 §15%
Worsening 1 increase
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whole body), 2) PainDETECT screening questionnaire [16]
including pain grading for the last 30 days (NRS30), and
assessment of the severity of symptoms, resulting in the
likelihood of neuropathic pain (total score from zero to 35,
higher than 19 suggests >90% likelihood) and, 3) Graded
Chronic Pain Scale (GCPS-DC)[14] to classify disability (low:
grade I and II, or high: grade III and IV) in relation to pain
intensity. Characteristic pain intensity score is calculated as
the mean intensity ratings for reported current, worse and
average pain. For the assessment of psychological symp-
toms, patients filled in the Beck Depression Inventory (BDI)
[7], and Beck Anxiety Inventory (BAI)[6] both of which are
21-item self-reported questionnaires with a 4-point response
scale (range 0-63), and additionally the Life Satisfaction (LS)
questionnaire with a 4-item questionnaire classifying
patients as satisfied, slightly unsatisfied or very unsatisfied
[34]. Finally, the Patient Global Impression of Change (PGIC)
[30] was completed to assess the patients’ overall impres-
sion regarding rTMS. Patients were asked to report any
adverse effects during the study. Free comments were noted
down and protocol adjustments were made if necessary.

Definition of the treatment response

The definition for a responder was a decrease >30% in the
weekly mean of the maximum daily pain intensity, using NRS
as compared to baseline. However, due to the high variabil-
ity in NRS, we additionally defined response to treatment
using a combination with secondary outcomes of PGIC,
whether the patients continued with at least two mainte-
nance treatment sessions and the change in area size or
intensity of coloring in the pain drawing. Criteria used for
the categorization of the patients as having ‘significant pain
relief, ‘clinically non-significant change’, ‘no change’ and
‘worsening’ are presented in the Table 2. In the outcome
prediction analysis for gender and medication, the first two
categories were defined as a positive outcome and the latter
two as a negative outcome (n=20). In the ROC analysis, only
patients with ‘significant pain relief’ were considered as a
positive outcome, and those with ‘no change’ and ‘worsen-
ing’ as a negative outcome (n=16). Patients with ‘clinically
non significant change’ were not included in this analysis.

Statistical methods

Firstly, the effect of time on NRS (during the 8 weeks it was
assessed) was tested by a linear mixed model with unstruc-
tured covariance, allowing correlations between all
tion analysis the first two categories were considered as posi-

Maintenance
treatment

Change in pain
drawing (area
size, intensity)

Number of
patients

at least twice smaller or milder 8
no - 4
no - 4
no larger or

intensified
4
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timepoints. Secondly, the effect of time (either the first or
second 4 week period), frequency and order of the treat-
ment period (first or second) on NRS weekly mean were
included in the linear mixed model. Paired t-test was used
for the change in PainDETECTscore, NRS30 and psychological
variables (BDI, BAI, LS). Pearson correlation was calculated
for PGIC and BDI, BAI, age, chronicity and opioid dose. Curve
estimation was used when assessing the dependence
between PGIC and PainDETECT total score. In the outcome
prediction analysis, we used ROC for scale variables (NRS30,
characteristic pain intensity, BDI, BAI, chronicity, GCPS dis-
ability points) and Fisher’s exact test for dichotomized
measures (gender and medication). The statistical analyses
were performed with SPSS (IBM SPSS Statistics, version 27,
Somers, NY, USA).
Results

Twenty eligible patients (13 females, age range 35 to 82
years) were randomized to either of the study protocols
(Fig. 2). Four patients declined to participate, one patient
was excluded due to metal clips on the head, and two
elderly patients (85 years old and 72 years) had cardiovascu-
lar comorbidities and proceeded with conventional rTMS.
Demographic and pain characteristics including diagnosis
and etiology are presented in Table 1. There were 14
patients with post-traumatic trigeminal neuropathic pain,
four with persistent idiopathic facial pain (with or without
somatosensory changes) and two with secondary trigeminal
neuralgia. Medication during the study was collected from
patients’ medical records and questionnaires, and divided
into categories of anticonvulsants, psychotropics, sedatives
and opiates (Table S1). There were several protocol
Fig. 2 Consort diag

100
deviations (Fig. 2): one drop-out from the study (after the
treatment with 20Hz protocol), one receiving the 20Hz pro-
tocol twice, one received a 4-day protocol at 20Hz rTMS due
to a midweek holiday, one experienced pain aggravation
with the 20Hz protocol as the second treatment and it was
altered back to 10 Hz after two days, and one patient
dropped out after the first three days of rTMS (with 20Hz
protocol) but continued as planned with the second period.
For the latter patient, the rTMS stimulation was also tar-
geted to the hand M1 because stimulation of the face M1
was intolerable. As a minor deviation, the first patient
received the rTMS treatment at slightly higher stimulus
intensity than intended (50% instead of 42% of the maximum
stimulator output), which however remained subthreshold
to face rMT.

Primary outcome NRS - global effect of two rTMS
protocols combined as one therapy

Linear mixed model analysis showed an overall effect of
time on NRS (F=2.852, p=0.037), which decreased from 7.4
at baseline to 6.1 assessed two weeks after the second rTMS
protocol (Fig. 3). The NRS change correlated with PGIC (r = -
0.599, p=0.011). The NRS decreased significantly during the
first therapy week (p=0.010) and nearly significantly during
after the first post treatment week (p=0.052), and it was sig-
nificantly lower at two weeks post treatment (p=0.022).
Thereafter, the NRS increased and although it was lower
(7.0), it was not significantly different from the baseline
prior to the first rTMS (7.4) (p=0.271). After the second rTMS
treatment with the alternative protocol, a significant NRS
decrease was found during the rTMS week (p=0.035). All the
NRS scores after second rTMS protocol were lower than the
baseline prior to first rTMS (p=0.001, p=0.016 and p=0.033).
Repetition of the treatment had a significant effect
ram of the study.



Fig. 3 Mean NRS, both protocols are considered together. Significant differences are indicated with separate bars indicating com-
parison to baseline, and comparison to the baseline of the second rTMS protocol.
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(F=4.983, p=0.043) indicating that the NRS scores were
lower during the second four week period.

Post-hoc, we looked at the evolution of analgesia from
the daily scores of NRS during the therapy week. A decline
was usually seen on the second day (especially in respond-
ers), but in several patients the pain intensified after this
(Fig. 4). In one patient (#12), the pain relief began later,
two weeks after first rTMS session.

Comparison of the 10Hz and 20Hz protocols

There was an effect of frequency on NRS, with the10Hz pro-
tocol resulting in lower overall NRS values (6.3) compared to
20Hz (6.8)(F=8.360, p=0.009) (Fig. 5). There was a trend
towards an interaction effect of frequency and time
(F=2.725, p=0.077). Although it did not reach statistical
Fig. 4 Individual daily assessed NRS scores, mean of both
therapy weeks. Responders are shown in red, non-responders in
grey, and the group mean in dashed black line.
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significance level, we observed lower NRS using the 10Hz
protocol at time points during the therapy (p=0.024) and in
the first post treatment week (p=0.001). By visual evaluation
of NRS separated according to iteration and frequency, the
10Hz protocol administered after 20 Hz protocol caused a
larger drop in NRS, but the variation was high. Subjectively,
two patients considered higher stimulation frequency as
more beneficial.

Secondary outcomes

NRS30 assessing pain intensity during the preceding month
decreased from 7.1 at baseline to 5.8 at the end of the study
(p=0.017). The PainDETECT total score declined from 20.2
to 18.2 at the group level (p=0.015). Considering separate
symptoms, the feeling of cold and warmth as a painful sensa-
tion decreased (p=0.007), and all symptoms showed a non-
significant trend towards improvement, except electric-like
shocks, which were aggravated. The symptomatic area in
pain drawings decreased in eight patients, and the intensity
of coloring was lighter afterwards in two patients (Table 3).
In four patients, pain decreased in the upper part of the
face, but in two of them, pain intensified in the lower face,
which was the target area of rTMS. Spontaneous individual
comments on the pain relief were: pain attacks milder,
shorter, fewer or away (n=4), subjective feeling of higher
sensory threshold (n=1), more active (n=1), less need for
medication (n=2), better situation (n=1), severe pain no lon-
ger present (n=1).

There were trends towards a decrease in BDI and BAI (18
to 15, p=0.082 and 15 to 11, p=0.061, respectively), LS did
not change (p=0.838) (Table 4). The BDI change correlated
with NRS change (r=0.581, p=0.048). There were no changes
in overall GCPS grade, disability points or disability scores.
Two patients’ disability grades due to pain decreased, but in
contrast, the grade increased in two patients. One patient
was able to start working part-time again.



Fig. 5 Effect of frequency and order. No significant difference
in effect was found between the protocols. A) The NRS scores in
patients beginning with the 20 Hz protocol showed large varia-
tion. The subsequent 10Hz protocol after six weeks caused a
more robust but highly variable effect. B) The NRS in patients
beginning with a 10Hz protocol. The following 20Hz protocol
had no major effect on NRS.

Table 4 Changes in depression, anxiety and life satisfac-
tion scales.

Baseline Few days after
the last rTMS
session

P-values
(paired
t-test)

BDI 17.86 (3�33) 15.29 (3�33) 0.082
BAI 14.93 (0�38) 11.40 (2�31) 0.061
LS 11.70 (7�17) 11.87 (7�18) 0.838

BDI, Beck Depression Index; BAI, Beck Anxiety Index; LS, Life
Satisfaction.
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Tolerability and side-effects

Spontaneously reported side-effects were tiredness (n=3, of
which two related to 20 Hz protocol), headache (n=1,
Table 3 Individual patient’s outcomes evaluated using different m

Patient
#

Change
in NRS (%)

PGIC Change
in Pain
DETECT

Change in the pain drawing *

1 -22.4 3 missing smaller area
2 missing 5 -5 missing data
3 -16.9 6 -6 smaller area (I), more intense
4 +12.5 2 0 no difference
5 -83.3 3 -1 lighter intensity
6 +107.3 1 -6 smaller area (I,II)
7 -34.9 3 +3 smaller area (I), more intense
8 -56.3 6 -2 clearer (trigger), radiation po
9 -9.6 1 +11 clearer (branches)
10 -30.0 3 -2 lighter intensity
11 -10.8 1 -11 smaller area, clearer branche

pain disappeared
12 -100 7 0 smaller area (I)
13 0 6 -3 smaller area (I)
14 +1.3 1 -8 no difference
15 -18.9 2 -1 new areas (I, back of the head
16 missing 1 -1 larger area (inside the mouth
17 missing 1 +1 more intense
18 -36.1 5 -4 smaller area, tooth more inte
19 -40.7 5 +2 no difference
20 +28.8 1 -1 more intense

#, number; NRS, numeric rating scale; PGIC, Patient Global Impression
evaluated. I, II, III � correspond to the branches of the trigeminal nerv
not continue with rTMS maintenance; numbers presented show how ma
the maintenance period. ***The number in the square brackets indicate
the effect analyses.
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related to 20 Hz protocol), dizziness (n=2), pain in the head
(eye, ear, cheek bone, lower jaw, temporal, parietal
regions)(n=6), nausea (n=1), poor sleep (n=1), ophthalmic
branch tickling (n=1), twitching of hand (n=1), tingling in
hand (n=1), and tightness in the chest / crushing chest pain
(n=1).

During the baseline TMS measurements, bilateral frontal
spike-and-wave discharges were seen in one patient without
a previous history of epilepsy or suspected epileptic events.
No alterations in the frequency or morphology of epilepti-
form activity were found in the EEG monitored during the
10Hz and 20Hz rTMS, and the patient continued according to
the study protocol.
Combined scale as outcome measure

Eight patients (40%) experienced significant pain relief. Four
patients had a slight, clinically non-significant benefit, four
patients had no change, and the pain was aggravated in four
patients (Table 3). The pain aggravation was considered dif-
ferent to a transient, few days’ worsening of pain, and
ethods of assessment.

Maintenance
therapy**

Outcome***

no Clinically non-significant change
22 / 98 Significant pain relief [1]

(II,III) 10 / 50 Significant pain relief [1]
no No change [0]
no Clinically non-significant change
no Worsening [0]

(II,III) no Clinically non-significant change
st 4 /20 Significant pain relief [1]

no Worsening [0]
28 / 135 Significant pain relief [1]

s, radiating no No change [0]

16 / 89 Significant pain relief [1]
31 / 149 Significant pain relief [1]
no No change [0]

) no Clinically non-significant change
, other side) no Worsening [0]

1 / 5 No change [0]
nse 4 / 20 Significant pain relief [1]

10 / 48 Significant pain relief [1]
no Worsening [0]

of Change. * The area, color intensity, precision and radiation are
e. **Continuation with the maintenance therapy: no, if patient did
ny times and total rTMS therapy days patients has received during
s the categorization of benefit which was used in the prediction of
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depicted as more troubling, greater or protracted pain.
Increased consumption of on-demand medication was noted
(n=1). Two patients reported aggravation of pain related to
the 20 Hz protocol. This aggravation occurred later, during
the weeks after the treatment.
Prediction of the treatment effect

rTMS was applied with stimulation intensities of 21�50% of
maximum stimulator output. These correspond to
73�156 V/m at the surface of the cortex. The stimulus
intensity did not correlate with the outcome. No individual
with only I-branch (pain located near the eye) involvement
(n=3) benefited from rTMS. All patients with significant pain
relief had post-traumatic trigeminal neuropathic pain.

Analysis of the correlation between PainDETECT question-
naire and PGIC, revealed a U-shaped curve (F=5.164,
p=0.018) (Fig. 6). Thus, a high score in PainDETECTwas corre-
lated to a good response to rTMS, but the patients with pain
aggravation could also have a clear neuropathic component.

PGIC showed trends towards a correlation with chronicity
(r = -0.427, p=0.060) and BAI at baseline (r = -0.447,
p=0.055), suggesting that patients with a shorter duration of
pain, and those with less anxiety were more content. BDI or
life satisfaction at baseline did not correlate with PGIC.

The proportion of responders to treatment was greater in
females (10 out of 13, 77%) than males (2 out of 7, 29%)
(p=0.052). The use of selective serotonin reuptake inhibitor
(SSRI) or selective noradrenaline reuptake inhibitor (SNRI)
showed a trend towards an association with a positive out-
come (p=0.055). All five patients taking SSRI/SNRI medica-
tion had a positive outcome.

The ROC analysis with all tested variables is shown in
Fig. 7. Higher disability points predicted positive outcome
(AUC=0.845, p=0.043). Considering different pain intensity
measures, the characteristic pain intensity assessed in the
GCPS questionnaire (AUC=0.847, p=0.045) was predictive of
outcome compared to the NRS30 (AUC=0.764, p=0.128) or
Fig. 6 U-shaped dependence of PGIC and PainDETECT
(F=5.164, p=0.018). The patients with aggravation of pain are
indicated with filled circles. The limits indicated with dashed
line are unlikely, probable (>12.5) and definite (>18.5). All
patients scoring 6 or 7 in PGIC had definite neuropathic pain.
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the weekly mean NRS (AUC 0.653, p=0.378). Psychological
measures did not predict the outcome.

Maintenance therapy

Eleven patients did not continue with rTMS after the second
period in this study, and one patient received it on one fur-
ther occasion, but did not experience sufficient benefit. Of
the remaining eight patients, those that experienced signifi-
cant pain relief using the combined scale as an outcome
measure, underwent the maintenance treatment between 4
and 31 times, corresponding to 20 to 179 rTMS therapy days
(Table 3). Some patients had a few pain-free days, but due
to the short-lasting decrease in pain intensity, they did not
consider it worthwhile continuing with maintenance treat-
ment. The duration of the analgesic effect was individually
variable. An effect of greater than one month duration was
found in two patients.
Discussion

This clinical trial showed a sustained decrease in pain inten-
sity NRS with two high-frequency rTMS protocols in chronic
facial pain. An effect of repetition of the treatment was
found, with the second treatment after an interval of six
weeks causing a more pronounced decrease in NRS. The
10 Hz protocol resulted in overall lower NRS scores, with
some indications that it was also slightly better tolerated.
However, in two patients, higher frequency stimulation
seemed to yield a better effect. Using a combined scale, sig-
nificant pain relief was observed in eight of twenty (40%)
patients, who also continued with maintenance treatment.
This is similar to an earlier study of unilateral central pain,
where 40% of the patients were responders [51]. Predictive
factors for response were a strong neuropathic pain compo-
nent, high disability and female gender.

At the group level, pain relief lasted about two weeks,
after which pain recurred, and was almost back to baseline
level at six weeks, before the second treatment period.
However, in two patients, the treatment effect lasted up to
three months, observed as a more infrequent need for main-
tenance treatment. The analgesic effect appeared during
the first three days, in line with previous studies, with peak
analgesia on day 3 [41, 35, 28].

Comparison of efficacy of 10Hz and 20Hz protocols

In contrast to an earlier study [17], we did not find the
higher frequency protocol to be superior in terms of better
or longer lasting analgesia. The 10Hz protocol was more
effective when given after the 20Hz protocol (Fig. 5A). This
finding is consistent with a previous study where the effects
of 10Hz stimulation were enhanced by priming with inter-
mittent and prolonged continuous theta-burst-stimulation
(TBS) [38], and with a proposal to start with a higher pulse
frequency and decrease over time [21]. One study found a
frequency-dependent increase in cortical excitability, and
emphasized that each individual seemed to have his/her fre-
quency tuning curve with substantial inter-individual vari-
ability [42]. We also observed this in one patient for whom
20Hz was somewhat pro-algesic, but 10Hz was analgesic.



Fig. 7 ROC-curves for scale variables assessed before rTMS for predicting the treatment outcome.
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Since the 10Hz protocol containing fewer pulses was
superior to 20Hz containing more pulses, our results suggest
that an increase in stimulation frequency or the number of
pulses may not yield more beneficial results. However, both
protocols contained a higher number of pulses than are con-
ventionally used [35, 21, 56], which together with the longer
stimulation duration, has been suggested to produce cumu-
lative and longer-lasting pain modulation [25]. Moreover,
pulses up to 5050 per session have been applied [48]. Halawa
and co-workers (2018) provided some evidence that ITIs lon-
ger than 20 s are superior to shorter duration ITIs. They sug-
gested that 50 s between trains would be the most effective
for pain and depression, and that conduction failure may be
a reason for treatment failure. In a recent study on post-
stroke pain this ITI was used [48], but the effect of M1 stimu-
lation was not superior to sham stimulation. Conversely, in
healthy volunteers, no influence of ITI was found between
ITIs 4 to 32 s, but short ITIs caused greater disinhibitory
effects [8]. A study on train duration showed opposite
effects of 5 s trains (inhibitory) compared to those of 1.5 s
(excitatory) [31]. Theoretically, the longer train duration
could be a possible factor causing pain aggravation. Session
breaks may turn a facilitatory effect into an inhibitory one,
which is stronger but develops more slowly. This may be cru-
cial in determining the direction of the induced neuroplastic
changes [54]. Stimulation intensity was set to subthreshold
to the lower of APB or lower face muscle, for safety reasons.
In some subjects this might have been too low, which could
explain the poorer efficacy compared to previous studies.
Nonetheless, the depth of facial motor cortex exhibits high
variance [11], which means that the stimulation may be
unnecessarily high in some individuals.

NRS, PGIC and PainDETECTas treatment response
measures

NRS has obvious limitations although it is a straightforward
and quantitative measure. Day-to-day variation due to
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environmental factors has been previously described [50,
43]. The weekly mean is usually better than a random
momentary assessment but may give a misleading result due
to the varying pain profile. In this study, one patient
described an excellent but short-lasting effect (NRS change
11%). Conversely, one patient with a 30% NRS decrease
reported ‘slightly better, but no noticeable change’ in PGIC.
In addition to pain intensity, pain interference could be
worth assessing [48]. The characteristic pain intensity was
found to be the best at predicting the effect of treatment.
Pain attacks disappeared in some patients, which is consid-
ered successful analgesia [25]. In some patients even a small
reduction in pain could lead to greatly increased enjoyment
of life [22]. Two patients emphasized that eating had pro-
voked pain leading to an inability to enjoy meals, but rTMS
improved this. Specific symptom scores in PainDETECT
showed statistically non-significant improvements suggest-
ing that rTMS targeted to M1 influenced these neuropathic
symptoms. However, a trend towards aggravation in electric
like shocks, typical of trigeminal neuralgia, was observed.
Although the PainDETECT questionnaire was originally vali-
dated for back pain, it was found suitable, easy to assess
and cost-effective in this patient population.

Psychological measures of depression and anxiety

Depression and anxiety improved slightly but non-signifi-
cantly after rTMS; a similar trend to that reported in some,
but not all, previous studies [20]. We found a moderate cor-
relation between the decrease in pain intensity and allevia-
tion of depressive symptoms, similar to previous studies [29,
13]. Depression, anxiety and pain most likely share common
pathophysiological pathways; mood and anxiety disorders
increase the odds of disabling and severely limiting pain
[12]. rTMS may act similarly to novel anticonvulsants which
not only reduce pain, but also improve sleep and reduce anx-
iety and depression [3]. In some patients, the enjoyment of
being free of pain may have been hindered by fear of
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recurring pain or a pain attack. On the other hand, in this
study all patients using SNRI or SSRI medication (n=5)
benefited from the rTMS treatment. It has been previously
shown that serotonergic enhancement modulates neuroplas-
ticity of motor cortex and effects of transcranial direct cur-
rent stimulation (tDCS) [44]. The possible synergistic effects
of SSRI/SNRI drugs and rTMS treatment in chronic pain have
not been previously studied.

Tolerance, side effects and aggravating of pain

Both protocols were safe; side effects were usually mild, as
reported earlier [47, 28, 46, 48]. Several patients reported
tiredness, which could last for several days. Occasionally
somnolence was manifested as a need to have a nap and con-
sidered positive. The positive effect on sleep of rTMS tar-
geted to the sensorimotor cortex has been previously
reported [40]. We had some indication of poorer tolerability
of the 20Hz protocol i.e. tiredness seemed to be more pro-
nounced. In three of four patients in whom rTMS aggravated
pain, the starting frequency was 20Hz. Transient increases
in pain and hyperalgesia have been reported with rTMS [39,
46]. No common denominator for worsening of pain could be
identified. Electric fields induced at the cortex were quite
similar or slightly higher than recently reported [48]. In one
patient, the target was changed from face M1 to hand M1
due to poor tolerability. In the literature, the hand motor
area, which is also easier to target, yielded better results
than the face motor area [2, 28]. Other targets such as dor-
solateral prefrontal cortex could be better tolerated when
simultaneously treating somatic pain and depressive mood
disorders [49]. It may be worth monitoring the daily NRS-
should pain intensify, the rTMS treatment could be paused
to avoid harmful effects.

Predicting the rTMS effect

Pain relief that appeared soon after initiating the treatment
predicted positive long-term response, whereas aggravation
or no change suggested a poor outcome, in line with [51]. In
our study, the mean duration of symptoms was 6 years, range
1 to 17 years. Those with a shorter pain duration showed a
trend towards a positive outcome, and chronicity negatively
correlated with PGIC, favoring an early rTMS intervention.
None of the patients scoring less than 10 points in PainDE-
TECT benefited from the treatment. Similarly, a high charac-
teristic pain intensity and high disability were predictors of a
beneficial response. Moreover, our data suggest that the eti-
ology and the somatotopic localization of pain may play a
significant role. In our cohort patients having post-traumatic
trigeminal neuropathic pain were most likely to benefit. On
the other hand, patients having pain localized to the area of
the I trigeminal branch had the least favorable outcome.
However, the study population is too small to draw stronger
conclusions.

Females seemed to respond better to rTMS, as has been
observed in depression [32] and in a recent neural network
analysis in which predictive variables of implantable motor
cortex stimulation in various pain conditions were examined
[23]. The trend detected in our study of more satisfaction
with treatment in patients with less anxiety at baseline is in
line with a previous study in which patients with severe
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anxio-depressive symptoms had a less favorable response to
rTMS [26].

Maintenance treatment

Eight patients (40%) were willing to continue with mainte-
nance treatment. Due to the lack of clear maintenance ther-
apy guidance at the time of the trial, our center opted for
continuation using a complete 5-day 10Hz protocol repeated
every 2-3 months. Although this was best suited to our
patient population, taking into account factors such as dis-
tance to the hospital, it is likely that in the long run the
maintenance protocol needs to be reviewed. Quesada et al
have reported that after at least 4-5 consecutive single rTMS
sessions, scheduled according to the individual need, an
overall analgesic effect might be sufficient for long-term
analgesia [52]. There is also an increasing body of evidence
that the gradual down-titration of rTMS sessions and contin-
uation weekly or bi-monthly over 5 months after the induc-
tion phase is beneficial for significant pain reduction [25, 26,
45]. Moreover, the economic aspects and, currently, the lim-
ited availability of rTMS equipment must be taken into
account.

Strengths and limitations

This study is representative of the typical clinical setting,
which includes patients with chronic orofacial pain with mul-
tiple distinct causes, and a highly variable psychological
load. The results are thus well generalizable. Validated
patient-reported outcomes were used in this study, although
most assessed endpoints were of subjective nature. Navi-
gated rTMS was used for accurate targeting of the stimula-
tion. The participants were highly motivated to participate
and completed the questionnaires carefully.

As limitations, this was a single-center study, of open-
label study nature without a sham arm, and therefore it was
not controlled for a placebo effect that may be strong [48].
Power calculations indicated 30 subjects as a sufficient num-
ber to detect differences between protocols. Since we were
not able to reach this, the study may be inadequately pow-
ered, and the results need to be considered as preliminary.
However, we continued with 10 more study patients with
conventional 3000 pulse 10Hz protocol, which strengthened
the overall findings in this study. There were several devia-
tions from the protocol, which may have led to bias in the
results. According to current guidelines, outcomes should be
monitored for at least 3 months [33] and appropriate multi-
dimensional pain-related quality-of-life measures were not
applied. Furthermore, our study did not adequately address
psychological health, considered as the most impaired
dimension [57]. Larger data sets examining the relationship
between symptom duration, related disability and treat-
ment outcomes are needed.
Conclusions

Our study indicated that navigated high frequency rTMS tar-
geted on the functional primary face motor area may be
effective and safe for chronic facial pain with a 40% response
rate. We have observed a clear cumulative effect of
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repeated 5-days rTMS treatments separated by 6 weeks. The
first treatment was able to potentiate the effect of the sec-
ond treatment. The 10Hz protocol was more effective when
administered after the 20Hz treatment, as if the 20Hz has a
priming effect. However, although subtle differences
between protocols were found regarding efficacy, the proto-
col with higher 20Hz frequency, longer duration and higher
number of pulses did not improve the outcome compared
with the conventional 10Hz protocol. Its tolerability was
also somewhat poorer based on protocol deviations and side
effects. We cannot unambiguously support somatotopic tar-
geting, and further studies are needed. In general, a strong
neuropathic component, female gender and high disability
predicted good treatment response, but occasionally
patients with a high PainDETECTscore experienced an aggra-
vation of pain. Our results suggest that rTMS has a clinically
significant role in multidisciplinary pain management, but
patient selection is crucial for improving the response rate.
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