®

The Inerventions Method

- follow up and long term use of a new possible therapy for patients with spasticity
Mimi Olofsson Westerlund PhD, Emma Sjéberg, Jorgen Sandell, Christian Sandstrém,

Hanne Kine Lauritsen and Fredrik Lundqvist

Please address any questions to info@inerventions.se

Facts about the Inerventions method

- The principle of the method is based on reciprocal inhibition.

- It reduces muscle tonus and improves locomotion in patients with spasticity.

- It is effective in relieving spasticity caused by cerebral paresis, stroke, multiple
sclerosis as well as other forms of brain injury.

- 100% of the patients in the present study experienced improvements of
function or quality of life and 90% were overall positive to the therapy.

- Only few and mild side effects have been reported.

Introduction

Spasticity is a sign of upper motor neuron
dysfunction caused by brain injury and it re-
sults in paresis, immobilization and adaptive
shortening of joints and muscles (Gracies,
2005). The chronic disuse of paretic mus-
cles is accompanied by long-term adjusting
rearrangements of the central and peripheral
nervous systems. For patients with spasticity,
the physical limitations caused by the condi-
tion often have severe impact on daily living
and it will result in high societal costs due
to sickleave and expensive treatments. Ho-
wever, a paretic limb may in some cases also
be beneficial for the patient since it facilitates
activities such as standing or walking which
in turn protects against formation of deep

venous thrombosis.

Electrical stimulation has previously been
shown to be effective in reducing spasticity
and increasing mobility (Robertson et al.,
2006). Based on this finding, the Inerven-
tions method was developed as a new and
refined strategy for treating patients with
spasticity. The principle of the method is ba-
sed on reciprocal inhibition, i.e. upon cont-
raction of a muscle, the antagonistic muscle
will relax to not counteract the movement.
Through stimulation of antagonistic muscles,
the Inerventions method will hence reduce
tonus of the spastic muscles. The majority
of patients using the Inerventions method
today have been diagnosed with spastic or
dyskinetic cerebral palsy, however, it has also
been used to successfully reduce spasticity in
patients with multiple sclerosis, spinocerebel-
lar ataxia, dystonia, stroke and other forms of
acquired brain injury. The device is easy to

apply and can readily be used

at home, at care centers or at work as well

as during physical exercise or rehabilitation.
To obtain optimal effect, the recommended
use of the Inerventions method is approx-
imately 60-90 min every other day which in
most patients will result in reduced spasticity

and improved locomotion for up to 48 hours.

Materials and Methods

The Inerventions method

The Inerventions method is used to sti-
mulate skeletal muscles (antagonistic to the
spastic muscles) at a frequency of 20 Hz, and
a pulse width of 30 ps. The electrodes cover
both the upper and lower part of the body.
The selection of stimulation sites is depen-
dent on clinical diagnosis and the voltage
applied to the electrodes is adjusted to suit
every patient individually. A map of repre-
sentative electrode positions is shown in Fig
1. The recommended use of the Inerventions
method is 60- 90 minutes/day, 3-4 times a
week, and 80% of the patients has used it
weekly during the study period (Fig 2A). For
optimal effect, the method can be used in
combination with conventional physiothera-
py and it may continue as long as a positive
effect of the method is obtained.
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Fig 1. Representative map of the electrode
positions used by the Inerventions method.

Reported use of
the Inerventions method
Daily |
3-4 times/w
1-2 times/w

<once/w

Have quit using )

Diagnoses 0 50 %

CP-spastic

CP-dyskinetic ’

CP-atactic |

Stroke/aquired brain injury ’ -
Multiple Sclerosis

Dystonia ’

Other |

50 1(I)0
% of patients
Fig24,B. A) Reported use of the Inerventions
method by the subjects participating in the study.
B) Diagnoses included in the study.
The data is presented as percentage of the total
number of patients (n=117). w=weeks.



Study group

We evaluated the use of the Inerventions
method in 117 male and female subjects with
different neurological diagnoses covering ce-
rebral palsy (79%), acquired brain injury or
stroke (8%), and other diagnoses (13%) such
as dystonia and multiple sclerosis (Fig 2B).
The majority of the subjects participating in
the study were children or young adults, ho-
wever, some subjects above the age of 50 were
included (Fig 3). All included subjects have
used the method 6-24 months at the time of
the survey (average 12-15 months) also in-
cluded. The patient’s physical condition at
the start of the therapy was defined as base-
line level and all positive and negative chan-
ges observed thereafter were registered. The
survey was completed by the Inerventions
method users themselves or when necessary,

by an assisting caregiver.
Results

Based on the finding that low frequency
electrcial stimulation can reduce spasticity,
we evaluated the use of the Inerventions
method in patients with spasticity. The re-
sults from the study showed an overall im-
provement of the general condition in 90% of
the patients. Studying individual parameters
(Fig. 5), the most pronounced effect was seen
on locomotion which improved in 61% of the
patients, while general spasticity was reduced
in 60%. The ability to straighten the hand/
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32% of the patients had planned spasticity
treatments at baseline, and 90% of these pa-
tients could cancel these treatments due to
improvement (fig 4A-B & 4D). 24% of the
patients could stop using one or more assis-
tive devices, such as wheelchair and walker
(fig 4C and 4E). Interestingly, 100% of the
patients participating in the study reported
some form of improvements on either phy-
sical function or quality of life after being
treated with the method. Only as little as 4%
reported negative effects on digestion, mobi-
lity, spasticity and/or pain. In summary, the
results from the present study showed that
90% of the patients were positive to therapy
with the Inerventions method, whereas only

3% were negative and 7% were neutral (Fig 4).
Discussion

The Inerventions method offers a new
strategy for treating patients with spasticity
caused by brain injury. By applying low fre-
quency electrical stimulation to antagonistic
muscles, the tonus of a spastic muscle can be
reduced. The method can be used as single
therapy or in combination with other forms
of treatments such as conventional physioth-
erapy. Several beneficial effects of the method
have been reported such as improved mobi-
lity, reduced muscle tonus and pain as well as
higher quality of life. The primary effects of
the therapy may also be accompanied by se-

condary effects such as less need of personal

assistance, medication and surgery as well as

lower societal costs.

The strategies commonly used for treating
spasticity today involve different forms of
medication, surgery, botulinum toxin injec-
tions and physiotherapy. These treatments
may be effective in reducing spasticity, but
they all have limitations and are associated
with negative side effects. Baclofen for ex-
ample, modulates pain by binding to gam-
ma-aminobutyric acid (GABA) receptors
however, an undesirable side effect of the tre-
atment is muscular weakness, sedation and
respiratory problems and not all patient be-
nefit from the treatment (Jrsnes et al., 2000).
Moreover, the drug has limited capacity to
cross the blood-brain barrier and has to be
administered through intratechtal injection
into the cerebrospinal fluid to reach high
concentrations. Tizanidine on the other hand
acts as an alpha-2 adrenergic receptor agonist
and has been shown to exert positive effects
on spasticity in patients with stroke (Milanov
et al., 1994). It is easy to use since it can be
administered orally however, like baclofen,
tizanidine is associated with undesirable side
effects such as sedation, dry mouth and pro-
longed QT interval and in some cases also
hallucinations (Brashear et al., 2008; Mon-
tane et al., 2004). Botulinum toxin injection
is another form of treatment commonly used
in patients with spasticity. It causes inhibition

of acetylcholine release at the neuromuscular
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Fig3. Age distribution of the subjects
participating in the study evaluating the
Inerventions method. The data is presented
as percentage of the total number of patients
(n=117).

Fig 4A4-E. A Percentage of patients with planned spasticity treatments, B Percentage of
patients with one or more cancelled spasticity treatments, C Percentage of patients with
one or more removed assistive devices, D Type of treatment cancelled, E Type of assitive
device removed.
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Fig 5. Reported effects of the Inerventions method. Blue bars represent the percentage
of patients reporting positive effects of the therapy whereas red bars represent patients

reporting negative effects.

junction and a reversible block of synaptic
transmission. The therapeutic effect is most
pronounced two months after injection and
the procedure has to be repeated as the effect
wears off. Moreover, long-term treatment
with the toxin may also result in formation of

antibodies (Miiller et al., 2009).

The Inerventions method has been shown
to have several beneficial effects in patients
with spasticity and at the same time, it is as-
sociated with relatively few side effects. The
effects of the therapy are evident already af-
ter 5-20 minutes which gives a direct qua-
lity control of the method. It is also highly
motivating for the patient to observe such an
instant effect of the therapy. Since the degree
of spasticity may vary between patients de-
pending on the clinical diagnosis as well as
in a patient over time, it is important to treat
every subject individually and adjust the de-
vice accordingly. The effect of the Inerven-
tions method usually lasts for 24-48 h (range

4-72 h) after which it gradually wears off. To
obtain optimal effect, the therapy should be
repeated 3-4 times/ week. The Inerventions
method is not exclusive. It can be used in pa-
rallel with other treatments such as medica-
tion or botulinum toxin injections. It can also
be used in combination with physiotherapy
and physical exercise to reduce the activity of
the -motor neurons in the spinal cord (Gra-
cies, 2001). Since the Inerventions method
was introduced in 2009 only few and relati-
vely mild side effects such as urticaria around
the site of the electrodes have been reported.
Attention should be given to patients with
different forms of heart conditions and it is
not recommended to use the therapy in pa-

tients with heart failure or a pacemaker.

The mechanisms responsible for the di-
rect effects of the Inerventions method may
partly be explained by reciprocal inhibition
and possibly also by other reflex mecha-

nisms. Preliminary unpublished data from
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our studies have also indicated long-term
effects of the therapy. By following the pa-
tients for several months, a gradual impro-
vement of mobility has been observed. The
underlying mechanism of this effect is still
unknown, however it has been suggested that
synchronized firing of neurons can result in
increased synaptic strength according to the
Hebbian theory (‘cells that fire together, wire
together’).

In conclusion, the Inerventions method
has been shown to be successful in reducing
spasticity, particularly when used in combi-
nation with physical activity. This can result
in increased mobility, reduced pain and an
overall improved quality of life for the pa-
tients. Based on the many positive effects
and the relatively few side effects, we suggest
the Inerventions method as a new possible

therapy for patients with spasticity.
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Inerventions is a company in the field of medical technology that has developed
a new and unique assistive device for people with spasticity, inmobility and increased
muscle tension.

Mollii provides electrical stimulation trough a specially designed garment and helps
the body to relaxation, increased movement through activity.

Mollii is an assistive device for people with spasticity and increased muscle tension due
to cerebral palsy, stroke, Multiple Sclerosis, Parkinson’s disease, spinal impairment or
other neurological impairment. Mollii can also be used for rehabilitation in pain management.
Mollii previously called Elektrodress.

Throughout out the development of Mollii, Inerventions has worked together with
researchers at CTMH, Centre of Medical Technology and Health, Smart Textiles,
MedTech West.

CTMH Centre is a collaboration between the Karolinska Institutet, Kungliga Tekniska
Hégskolan and Stockholms ldns landsting.

Smart Textiles is a center of expertise on textile inovation and textile solutions.

MedTechWest is a collaboration between Chalmers Tekniska Hégskola,
Sahlgrenska Universitets sjukhuset and Vistra Gotalandsregionen.
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