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Background: Treatment options for the subgroup of people who develop long-lasting
symptoms following mild traumatic brain injury are limited. Transcranial pulsating
low-frequency electromagnetic stimulation (T-PEMF) in other patient groups has
shown promising results in several studies with proposed neuroprotective and antiinflammatory effects.
Objective: The present pilot study was conducted to access feasibility and tolerability of T-PEMF in treating post-concussion syndrome.
Methods: Seven patients with post-concussion syndrome received 5 weeks of daily
30 minutes T-PEMF treatment with evaluation after 2 and 5 weeks and 3 months
after ending treatment.
Results: Compliance was high as all subject completed the full treatment. Two patients however experienced a worsening of their concussion symptoms during the
course of treatment. The remaining patients had some discomfort in relation to treatment, mainly headache, but passing and less for each treatment. The majority (n = 5)
had a reduction in symptoms overall, up to 61% (2%-61%) based on the Rivermead
Post-Concussion Symptoms Questionnaire.
Conclusion: Further studies on T-PEMF as a treatment option for post-concussion
syndrome are warranted.
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1 | I NTRO D U C TI O N

symptoms over 3 months following a non-penetrating direct or indirect blow to the head accompanied by loss of consciousness or

A small but significant number of mild traumatic brain injuries (mTBI)

alterations in mental state for <30 minutes.1

result in development of persistent prolonged symptoms, including

Current management of PCS consists of a multidisciplinary

cognitive deficits, headaches, and mental fatigue.1 Such symptoms

approach of pharmaceutical treatment, vestibular and vision re-

are called post-concussion syndrome (PCS), usually diagnosed ac-

habilitation, cognitive behavioral therapy and physical therapy. A

cording to the International Classification of Disease (ICD)-10 or

meta-analysis from 2018 of PCS intervention, however, found evi-

the Diagnostic and Statistical Manual of Mental Disorder (DSM)-IV.

dence of concussion treatment limited. 2

However, the concept of PCS as one unique syndrome is debated,

Treatment with low-frequency pulsating electromagnetic fields

and it remains unclear clear why and who develops PCS. 2 The ma-

(PEMF) is a non-invasive, self-administered method best known from

jority of studies use the term PCS to describe persistent concussion

treatment of non-union long bone fractures where accelerated bone
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healing process has been well-established.3 Low-frequency elec-

2.2 | Participants

tromagnetic field therapy has since evolved to include transcranial
application based on in vitro and experimental in vivo findings of neu-

Eight patients were recruited. One was however excluded after in-

roprotective effects including cell proliferation and differentiation,4,5

clusion, but prior to treatment, due to questionnaire inconsistencies

enhanced neurite outgrowth,6 reduced apoptosis,5 increased angiogen-

(Figure 1).

7

esis, and increased microvascular perfusion and tissue oxygenation.

8

Inclusion criteria were as follows: (a) Post-concussion syndrome

The effects of transcranial pulsed electromagnetic field stimula-

defined by The International Classification of Diseases (ICD-10) or/

tion (T-PEMF) have been demonstrated on otherwise treatment-re-

and Diagnostic and Statistical Manual of Mental Disorder, edition

sistant patients with depression in several studies.9-11 Furthermore, a

5 (DSM-V) from a mild traumatic brain injury (mTBI) defined by

recent study in patients with Parkinson's disease indicates a positive

Head Injury Severity Scale (HISS) and symptoms within 7 days post-

effect after 8 weeks of daily T-PEMF treatment on motor function,

trauma; (b) Time from concussion to study inclusion between three

though only significant in patients treated early in disease progres-

and 18 months; (c) Age 18-50; (d) Ability to transport themselves or

sion.12 To our knowledge, no studies have to date looked at T-PEMF

arrange for transportation to and from study inclusion and follow-up

as a treatment option for post-concussion syndrome.

appointments; (e) Danish speaking; (f) Rivermead Post-Concussion

The purpose of the present pilot study was to assess the feasibil-

Symptoms Questionnaire (RPQ) score at inclusion of 21 or more.

ity and tolerability of T-PEMF treatment in patients with post-con-

Patients were excluded based on (a) Prior mTBI; (b) History of

cussion syndrome. The primary hypothesis is that this patient group

chronic headache and/or substance abuse; (c) Prior or ongoing psy-

will tolerate treatment as observed in studies of depressed patients

chiatric illness including moderate/severe depression defined as

where no significant side effects were reported.10 Furthermore, we

HAM-D17 score ≥ 18; (d) Overuse of over-the-counter analgesics

hypothesized that short-term daily T-PEMF treatment can have a

defined by more than 14 days a month of paracetamol, aspirin, co-

cerebral effect that translate to a lasting reduction in chronic symp-

deine and/or NSAID; (e) Overuse of migraine medication defined

toms from concussion.

by more than 9 days a month of sumatriptan and/or rizatriptan; (f)
Change in medication 1 month prior to inclusion; (g) Any contraindi-

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Study design

cation to magnetic stimulation including pregnancy, medicine pump
implants, cochlea implants, nerve stimulators; pacemaker and cerebral stents; (h) Previous or ongoing diagnosis of malignancy.
At inclusion, patient questionnaires were re-assessed to assure
they fulfilled inclusion criteria. Baseline data furthermore included

The study was set up as an eight-person pilot study to determine

years of education; social status; current medication and dosage in-

proof-of-concept prior to a potential larger randomized controlled

cluding over-the-counter supplements; Hamilton Depression Rating

trial. Recruitment was done through the Danish Concussion

Scale score (HAM-D17); CT or MRI scans as part of concussion work

Patient Union (Hjernerystelsesforeningen) by postings on their

-up; Current concussion treatment, for example, physiotherapy, vi-

website, their social media platforms, flyers at their classes and

sion and vestibular rehabilitation, osteopathy, craniosacral therapy,

seminars and through their newsletter. Patients were screened

chiropractor, cognitive behavioral therapy, and public service con-

with a questionnaire over e-mail and follow-up questions on

cussion programs. Plans on upcoming pregnancy were assessed in

the phone and/or in person prior to inclusion. Patient assess-

female subjects and a urinary pregnancy test required as was ongo-

ments occurred at the Neurology Department of Rigshospitalet,

ing use of contraception.

Copenhagen, Denmark.

Data at 2- and 5-week follow-ups were mainly focused on the

The patients received 5 weeks of daily 30 minutes T-PEMF treat-

Rivermead Post-Concussion Symptoms Questionnaire (RPQ) and

ment as described below. Primary outcome was tolerability. Patients

Symptom Diary, but also included any practical problems with use of

were given a diary to fill daily. They were instructed to note time and

T-PEMF device; change in medication and/or supplements; change

duration of treatment along with any new symptom or change in ex-

in concussion treatment and “Free conversation” were patients were

cising symptoms. The diary was explored together with the patient

asked about any current stressors such as remodeling of house, new

at 2 and 5 weeks of treatment.

baby, problems with receiving government sick leave payments, and

Secondary outcome was tendency of effects using Rivermead Post-

changes in activity levels both professionally (changes in hours of

concussion Symptoms Questionnaire (RPQ) measured at baseline, after

work per week) and at home (eg, change in duration of time able to

2 and 5 weeks of treatment, and 3 months after ending treatment.

participate in social events or gain/loss of function such as able to

The study was approved by The Ethics committee of the capital region of Denmark (H-16029349S-2017031884) and The Danish

drive car, screen time) Relevant comments from “Free Conversation”
are included as personal statements (Table S1).

Medicines Agency (2017031884) and was conducted in accordance

Data at 3 months following end of treatment included RPSQ;

with the Declaration of Helsinki. All participants provided written

HAM-D17 score; current medication and dosage including supple-

informed consent prior to participation.

ments and “Free conversation”.
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FIGURE 1

Study flowchart

(A)

FIGURE 2
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(B)

(C)

The helmet in use. A, Dorsal view (B) Posterior view (C) Side view

2.3 | T-PEMF treatment

A personal chip card was inserted into the pulse generator recording
all T-PEMF device use.

The participants received 30 minutes self-administered T-PEMF at

The T-PEMF device used (Re5 NTS Post-concussion Syndrome

home once daily for five consecutive weeks (35 treatments in total).

Treatment System, Re5, Frederiksberg, Denmark) consisted of a

600
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pulse generator and head applicator with seven coils located cen-
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3.1 | Demographics

tro-occipital (one), fronto-parietal (two), anterio-temporal (two), and
posterior temporal region (two) (Figure 2).
The principle behind T-PEMF is stimulation with pulsating
electromagnetic fields with the same form and frequency as the

Mean age at inclusion was 34 years, mixed female and male subjects
with a mean of 17 years education and no or few subscribed medications or other illnesses (Table 1).

spontaneous electrical potentials (E-field), surrounding a single
neuron.13 (Figure 3). As described in the figure the principle for
treatment is to mimic the naturally occurring E-Fields outside ex-

3.2 | Discomfort and headache

citable tissue.
At week two, all but one reported a transient worsening of pretreat-

2.4 | The Rivermead Post-concussion Symptoms
Questionnaire

ment headache (n = 4) and/or de novo headache type (n = 2) during treatment and a few hours after treatment. De novo headaches
were described as “jabs from neck and up” and “warm sensation
of forehead.” Three patients had accompanying nausea with their

The Rivermead Post-Concussion Symptoms Questionnaire (RPQ)

headache, which subsided after treatment. Pretreatment photo- and

is a 16-item survey that assesses the severity of the most common

phono-sensitivity was worsened in two patients, but mainly during

post-concussion symptoms on a scale of 0 to 4, with a total score

and a few hours after treatment. Two patients experienced respec-

range from 0 to 64 (least to greatest symptom severity).

tively “redness of eyes” and “vibrating sensation of fingers,” which
was described as a passing symptom only occurring on treatment

3 | R E S U LT S

days one to three.
At week five, the same six patients still experienced headaches
when using the device, though less pronounced and for shorter du-

All 7 patients investigated completed the full 5 weeks of daily

rations. Two patients continued to experience worsening of nausea

30 minutes of T-PEMF treatment, verified by the T-PEMF recording

during and a few hours after treatment, but less over time (Table 2).

device. Patient 3 had problems with device turning off at 20 minutes
instead of the scheduled 30 minutes but completed treatment by
turning device back on and timing 10 minutes himself.

3.3 | General outcome of PCS
Five of the seven included patients (Pt.1, Pt.3, Pt.4, Pt.5, Pt.6) felt
subjective improvements during the course of the treatment, corresponding to a decrease in RPQ score, ranging from 2% to 61%
(Table 3). Patient 4 had improved at the 2-week follow-up but had
a bad cold on her 5-week follow-up which due to the nature of RPQ
scoring could explain the change in score of her otherwise subjective
improvement in PCS symptoms. She had an eye and sinus infection
and her RPQ scores were increased in the categories: blurred vision,
photosensitivity; dizziness; headache, fatigue, and nausea. Two patients (Pt.2, Pt.7) however worsened during and after treatment and
had an increase in RPQ scores. (Tables 3 and S2).
Patient 2 and 7 got worse during and in Pt.7’s case also after
ending T-PEMF treatment. Pt.2 began vision therapy 4 days after
inclusion. Somatic symptoms that worsened included blurred vision,

F I G U R E 3 Shape of electric fields imposed on the brain tissue.
The pulses are composed such that they in shape, frequency,
and amplitude mimic pulses recorded from neurons seen with an
externally placed electrode recording action potential propagation
(A). B, is the current in the T-PEMF coils with 50 Hz pulses applied
by alternating ± 50 Volts. C, is a measurement of the electric field
in a sense coil adjacent to the coil. It can also be calculated as:
E-field = dB/dt ⋅ k where B is the magnetic field, t is time, and k is
a constant. C, is thus the electric fields imposed on brain tissue
at 50 Hz. Note that, they are similar to the field in (A) measured
outside a neuron. The E-field is considered to be active up to 8 cm
from the coild. The 7 coils will thus affect the brain globally

photosensitivity, and sleep disturbances. Despite the increase in
RPQ score over the course of treatment with T-PEMF, Pt.2 stated a
reduction in over-the-counter pain medication during the study and
a “head lightness” at week five that persisted at 3-month follow-up.
Pt.7 experienced an overall worsening during the T-PEMF treatment
which continued following treatment. Thus, during the treatment
(up to week 5) RPQ scores increased from 32 to 40, and noticeably
the RPQ scores increased further from 40 to 45 during the 3 months
following T-PEMF treatment. Especially, headache, nausea, sensitivity to light, and sleep disturbances were affected. The patient was
asked at 2-week follow-up if he wished to discontinue treatment but

|
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Demographics

Age at inclusion
(years)

Pt.1

Pt.2

Pt.3

Pt.4

Pt.5

Pt.6

Pt.7

Mean

29

28

34

42

33

41

30

34

Gender

M

F

F

F

M

F

M

N/A

Years of
education

17

14

16

18

18

18

18

17

Medication
including
supplements

Tabl.
Gabapentin
750 mg daily
Tabl.
Multivitamin
daily

Tabl. Panadul
1 g 1-2 times
per month
Tabl. Vitamin D
10 mcg daily

Tabl.
Pamol
1 g, 6
times
monthly

Tabl.
Pamol
1 g twice
monthly

Tabl. Panodil
1 g, 1-2 times
per week
Tabl. Ipren
400 mg 1-2
times per
week

Tabl. Panodil 1 g
and
Tabl. Ipren
200 mg 9 times
monthly
Magnesium
350 mg daily
Fish oil

Tabl.
Panodul
1 g 2-3
times
monthly

N/A

Co-morbidities

Backpain
Restless leg
syndrome

No

No

No

No

Pollen allergy

Colon
irritable

N/A

Time since
mTBI to study
enrollment
(months)

5

11

14

4

15

10

16

11 mo

Imaging (normal/
abnormal)

No

No

No

MRI
(normal)

MRI (normal)

No

MRI and
CT (both
normal)

N/A

declined. The month after ending T-PEMF intervention (last treat-

Previous studies have not found any statistically significant

ment 28th of November), the patient describes concussion symp-

treatment-related side effects using T-PEMF including a sham-con-

toms returning to the same level as prior to study enrollment. In

trolled double-blind study with 50 patients that compared 5 weeks

January, the patient started a public service concussion intervention

of active or sham T-PEMF in patients with treatment-resistant major

program (BOMI) consisting of occupational-, cognitive-, physio-, and

depression.10

vision therapy and rehabilitation. During January and February up

The proposed effect of T-PEMF on post-concussion syndrome

to the 3-month follow-up (27th of February), the patient describes a

is based on the theory of persistent low-grade neuroinflammation

relapse in symptoms.

as a driving force of ongoing cognitive deficits following mTBI and

For patients 2, 5, and 6, there was feedback of decrease in over-

on T-PEMF’s potential in exerting several neuroprotective effects.

the-counter (OTC) pain medication, and one patient (Pt.1) was able to

Thus, rodent studies have repeatedly demonstrated an inflamma-

reduce tablet gabapentin from 750 to 250 mg during and after treat-

tory response following mTBI with acute and delayed activation

ment (Table S1). Patient 7 had an increase in OTC pain medication.

of microglia and astrocytes and an increased cytokine production
both systemically and within the brain.14 Recently, the first study in

4 | D I S CU S S I O N

humans using molecular imaging demonstrated neuroinflammation
after mTBI was published, with findings indicating neuroinflammation of deeper brain regions 3-4 months after mTBI, and with cor-

The present pilot study was important in order to record tolerably

relation to presence of post-concussion symptoms.15

and compliance prior to a potential larger randomized clinical trial.

T-PEMF is the newest in a long line of non-invasive brain stim-

All patients completed full treatment according to the protocol. Two

ulation (NIBS) devices, including repetitive transcranial magnetic

(Pt.2 and Pt.7) of the seven patients enrolled experienced a worsen-

stimulation (rTMS) and transcranial direct current stimulation (tDCS).

ing of PCS symptoms during the study. Patient 2’s commencement of

NIBS is found to affect neural excitability, but with great variability

vision therapy at the same time as starting T-PEMF treatment made

in terms of spatial distribution, strength, and variation of the pro-

it difficult to properly assess whether her decline was due to nega-

duced electromagnetic field. T-PEMF differs in its diffuse multifocal

tive effects of T-PEMF treatment or vision therapy. As to patient 7,

stimulation of several cortical regions.

we struggled to explain his worsening in symptoms, especially since

The signaling pathways underlying T-PEMFs effect on neuronal

they continued to worsen 3 months after ending treatment. The re-

tissue are complex and not fully understood. The pulses have shown

maining five patients experienced up to 61% reduction (2%-61%) in

to active the Src kinase13 leading to its phosphorylation on the ac-

symptoms during the 5 weeks of T-PEMF treatment that persisted

tivation site and dephosphorylation on its inactivation site. This

3 months following treatment.

in turn causes an upregulation of mRNA for, that is, brain-derived
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TA B L E 2 Reported side effects from
T-PEMF treatment at two and 5 wks

Two-week follow-up

Five-week follow-up

Pt.1

None

None

Pt.2

Transient nausea and tension type headache
during and a few hours after treatment. Less
each week. Headache type familiar to patient.

No specific symptoms during
treatment

Pt.3

Worsening of headache and other concussion
symptoms especially sound- and light
sensitivity during and 1-2 h after treatment.
Headache type familiar to patient.

Same side effects as at 2 wks,
however less severe and faster
to resolve.

Pt.4

During the first few treatments reports of a
“feeling of vibration” in fingers. One treatment
session gave the patient a “warm sensation of
forehead” followed by temple pain (de novo
headache type)

Worsening of symptoms in
general (headache, dizziness,
abdominal pain, eye infection,
nausea, fatigue) the last
1-2 wks. No symptoms are
specifically changed during or
immediately after treatment.

Pt.5

Nausea and headache during and hours after
treatment (especially on day two). Headache
type familiar to patient.

Gradual improvement in severity
and time to resolution of
nausea and headache during
treatment

Pt.6

Redness of eyes after first treatment and
fogginess similar to after alcohol intake.
ne episode of stabbing pain in the head on day
12 that only lasted a few minutes (“jabs from
the neck and up”)

Prickling sensation in head
during and 30-60 min after
treatment. Headache type new
to patient.

Pt.7

Increase in headache, dizziness, fatigue, photoand phono-sensitivity.
Onset of nausea not previously known to
the patient. The other symptoms similar to
symptoms the patients regularly experienced
after concussion.
Symptoms occurring during and hours after
treatment but improving with each treatment.

Unchanged from 2-week
follow-up.

Pt.1
Time from mTBI to
inclusion (months)

Pt.2
5

11

1. Baseline

48

21

2. At 2 wks of treatment

30

27

3. At end of treatment
after 5 wks

25

39

4. At tree months
follow-up

22

37

Change from 1 to 3

−48%

+86%

Change from 3 to 4

−12%

−5%

Pt.3
14

Pt.4

Pt.5

Pt.6

Pt.7

4

15

10

41

53

31

28

32

34

34

24

15

40

32

52

19

11

36

37

33

17

11

45

−22%

−2%

−39%

−61%

+13%

+14%

−37%

−11%

0%

+25%

TA B L E 3 RPQ scores at baseline,
during and following treatment

16

RPQ scores\Patient

Note: Green = percentage of reduction in symptom scores. Red = percentage of increase in
symptom scores.

neurotrophic factor (BDNF) and fibroblast growth factor receptor 1

options available to post-concussion syndrome19; the effects hereof

(FGFR1) in neurons.13,16,17 The authors of a study on depression and

might be caused by the increased BDNF. However, exercise does

T-PEMF proposed this effect as one of the main reasons behind the

prove difficult for several PCS patient's due to autonomic distur-

effects of treatment.11 BNDF is involved in memory, learning, and

bances leading to difficulties regulating cerebral blood flow properly

higher thinking and is clinically known to significantly increase with

causing exacerbation of symptoms, 20 and other options of increasing

exercise.18 Exercise is currently one of the most effective treatment

BNDP are therefore desirable. PEMFs anti-inflammatory properties

|
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are proposed to be partly due to its effect in significantly reducing

C O N FL I C T O F I N T E R E S T

IL-1β, a possible biomarker for cerebral inflammation and seen as

While the study was conducted Steen Dissing (SD) had a 0.6% own-

an important contributing factor in neuroinflammatory response to

ership of the Re5 Company producing the T-PEMF device. The other

head trauma.16

authors, Claire Prener Miller (CPM), Martin Prener (MP) and Olaf B.

Arguably the effects of T-PEMF could be more pronounced in the

Paulson (OBP), have nothing to declare.

acute phases following mTBI. Though we did not see a correlation
between improvement and time from mTBI in this small selection of

AU T H O R S C O N T R I B U T I O N S

patients, a study treating PCS using repetitive transcranial magnetic

CPM took the initiative to the study, participated in planning the

stimulation (rTMS), a different non-invasive brain stimulation device,

study and subject recruitment, had main responsibility for the data

found that patients that were within a year of their head trauma had

analysis and drafting the manuscript. MP was responsible for acqui-

a significant effect of treatment compared to those receiving sham

sition of data, revising of article and final approval. SD participated

treatment and those over 12 months post-trauma. 21

in conception of study design, revising of the manuscript and final
approval. OBP supervised all parts of the study and participated in

4.1 | Study limitations and strengths

planning, writing the manuscript, and final approval.
AC K N OW L E D G E M E N T

Strengths included consistency in scoring of all patients by one of

We are grateful to Hørslev Fonden, Copenhagen, Denmark for fi-

the authors (MP) and ability to confirm compliance of treatment, due

nancial support.

to the personalized chip card in the device.
There were several limitations of this study. Recruitment of

ORCID

patients was done mainly through the Concussion Patient Union

Claire Prener Miller

https://orcid.org/0000-0001-6719-9219

(Hjernerystelsesforeningen). This could have led to a selection bias

Martin Prener

https://orcid.org/0000-0003-1680-8090

in patients. It is possible patients that use the Concussion Patient

Steen Dissing

https://orcid.org/0000-0002-0741-907X

Union's services are younger and have had post-concussion syn-

Olaf B. Paulson

https://orcid.org/0000-0001-7712-8596

drome for longer time.
Interference from other treatments during the specific treatment window was problematic. We did however not find it ethical to
deny the patients seeking alternative non-medical treatments such
as visual and physical rehabilitation during the intervention.
The study solely relayed on self-reported measures (eg, RPQ
scoring, Symptom Diary) and though three patients had received imaging as part of their concussion work-up (Table 1) expanding future
studies to include objective measures such a neurocognitive testing
would provide a better insight into the effects of T-PEMF treatment,
positive and negative.

5 | CO N C LU S I O N S
Due to the nature of the study, it cannot form the basis for justifying an effectiveness of T-PEMF treatment for post-concussion
syndrome, nor does it include enough patients to determine safety.
However, the treatment shows promise and feasibility criteria for
compliance and tolerability were meet. Therefore, further studies
are justified to confirm effectiveness. Modifications in a potential
future study should include expansion of eligibility criteria, change in
methods of recruitment, and addition of objective testing. Objective
testing could help better capture the subjective changes in life quality described by the majority of the patients and provide understanding to the reasons behind the patients that worsened under
treatment.
The data that support the findings of this study are available
from the corresponding author upon request.
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