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THEORETICAL FRAMEWORK FOR CLINICAL APPLICATIONS
OF MOLLII
Gaia Valentina Pennati, MD, PhD student at Karolinska Institutet, Department of Clinical
Sciences, Danderyd Hospital, Division of Rehabilitation Medicine

Introduction
Sensory information from receptors of muscles and tendons (e.g. the head, trunk or limb position
from proprioceptive sensors) and of the skin (from tactile, pressure, temperature and pain sensors)
are essential for both voluntary and reflex mediated movements (1). There is a vast literature
demonstrating that therapy aiming to modulate such sensory input after injury may reduce
unwanted muscle activity, facilitate voluntary muscle activity and reduce pain that may interfere
with motor function. This is the background of the Mollii concept. Experiences from clinical
applications of Mollii indicate that the Mollii method may impact on both spasticity and other
components of the Upper Motor Neuron Syndrome (UMNS), dystonic phenomena and pain.
Studies to refine the application of Mollii are ongoing.

Electrical stimulation by use of the Mollii method
The Mollii method is an innovative approach for non-invasive,
electrical stimulation that enables stimulation with multiple
electrodes incorporated in a whole-body suit (Fig. 1). Mollii was
primarily designed to reduce disabling spasticity and improve
motor function in persons with a lesion in the central nervous
system but may also reduce various forms of dystonia and pain.
The suggested key mechanism of action to reduce spasticity,
refers primarily to reciprocal inhibition elicited by stimulating
the antagonist of a spastic muscle as further described below.
However, other mechanisms related to a broad range of sensory
input may play a role for effects both on spasticity, dystonia and
on pain (see further below), which may occur in parallel in
patients at focus. Thus, while some effects of Mollii treatment

Figure 1. Mollii
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are linked to a well-defined pathophysiologic mechanism allowing standardized design of the
stimulation, other effects may depend on several complex and interacting mechanisms and
therapeutic attempts are based on clinical experience and individually customized design.

Central paresis and the Upper Motor Neuron Syndrome
Central paresis refers to impaired central nervous system output directed to muscles when
attempting to generate force or movement. Central paresis is caused by a lesion in the brain or
spinal cord affecting the connections between the motor cortex in the brain and the lower motor
neurons in the spinal cord. It is often associated with spasticity and other phenomena and then often
referred to as the Upper Motor Neuron Syndrome (2).
The Upper Motor Neuron Syndrome (UMNS) is defined as a constellation of
symptoms and signs of 1) involuntary muscle activity, such as spasticity, spastic co-contraction,
associated movements and spastic dystonia, referred to as “positive components”, and 2) impaired
voluntary control of movements, such as reduced muscle strength, coordination of movements and
dexterity, referred to as “negative components”. The UMNS is often present in patients with stroke,
cerebral palsy, traumatic brain injury, spinal cord injury and multiple sclerosis. Other signs at
examination may be exaggerated cutaneous withdrawal (flexor, pain) reflexes and the Babinski
sign.

Spasticity
Spasticity is commonly defined as a motor disorder characterized by a velocity dependent increase
in the tonic stretch reflex (muscle tone) with exaggerated tendon jerks, resulting from
hyperexcitability of the stretch reflexes as one component of the upper motor neuron (UMN)
syndrome (3, 4).
In addition to spasticity per this strict definition, other “positive” components of the
UMNS are often included in a broader definition of spasticity (5). Specifically, “spastic dystonia”,
which refers to abnormal positions, e.g. of the hand or foot, is a commonly recognized phenomenon
in patients with moderate or severe paresis that is caused by ongoing, involuntary activation of a
spastic muscle. It may be associated with pain and contracture and cause significant disability (6).
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Assessment of spasticity
Most often spasticity is assessed by standardized passive stretch of the spastic muscles and
quantified by use of the Ashworth scale (7). This scale is an ordinal scale, which has some
documented reliability but also generally recognized limitations (8, 9). Notably, it does not allow
separate evaluation of increased resistance due to spasticity or due to stiffness of tissues.
Neurophysiological methods may be used to separate these components of increased resistance but
are not easy to apply in clinical routine (10–12). A new method, the NeuroFlexor method (13–15),
enables separation and quantification of genuine spasticity, i.e. the neural/reflex component, and
of mechanical components, i.e. viscoelastic / soft tissue components of the resistance, and has been
introduced in the evaluation of treatment with Mollii. When assessing muscle over activity in
spastic paresis, it is important to consider the potential variation related to internal and external
factors and to standardize the assessment with regard to time of day, stress level, external
temperature and any nociceptive factor. Further, measurement of spasticity only at rest will not
inform about its potential impact during movements.
By time, both negative and positive signs of the UMNS may induce significant
changes in muscle composition with shortening of muscles and limitation of the range of motion
(16). Then joints may become completely immobile and movements painful. Spasticity and soft
tissue changes may interact in a way that enhances spasticity. Further, soft tissue changes may
cause increased resistance to passive stretch that mimics the resistance due to spasticity and thus
interfere with the evaluation of spasticity.
Electrical stimulation in the treatment of spasticity
Electrical stimulation by use of surface electrodes is a non-invasive therapeutic method used in
patients with upper motor neuron lesion with the aim of improving voluntary motor control by
increasing muscle strength, reducing spasticity and pain and increasing passive range of motion
(17, 18).
Methods

applied

include

neuromuscular

electrical

stimulation

(NMES),

transcutaneous electrical nerve stimulation (TENS) and functional electrical stimulation (FES).
The term FES refers to the process of combining the stimulation with a functional task. There is
significant evidence in the literature that electrical stimulation triggered or in addition to voluntary
activated movements may be more effective than non-triggered stimulation in improving motor
recovery by adding a cognitive component (19, 20).
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In clinical practice, electrical stimulation can be applied directly to paretic muscles
to improve function or over antagonist muscles to reduce spasticity of the corresponding agonist
muscles by reciprocal inhibition (see further below) in subjects with central nervous system lesions.
Suggested mechanisms by which electrical stimulation may reduce spasticity include enhancement
of spinal inhibitory signaling (by disynaptic reciprocal Ia inhibition and presynaptic Ia inhibition
of alpha motor neurons) from the stimulated muscle groups or nerve to the reciprocal muscle
groups or nerve (21). The effects on spinal reflexes have been shown to be frequency-dependent.
Moreover, neuroplasticity changes within circuits of the spinal cord may be induced and play a
role for the therapeutic effects of electrical stimulation (22).
The literature reports a wide variety of therapeutic strategies in terms of stimulation
parameters, including frequency, intensity/amplitude, duty cycle, pulse width/duration and pattern
as well as methods for stimulation and duration of treatment. The application of different
stimulation settings evokes diverse responses (17, 19). Stimulation at low current intensity
generates a sensory input without any motor response and it is often used for treatment of pain and
spasticity, while a stimulation at a current intensity high enough to exceed motor threshold evokes
muscle contractions and may improve muscle function.
Notably, increasing current intensity increases the force of muscle contraction but
also the risk of side effects like pain and skin irritation. No specific recommendations for the
electrical stimulation parameters exist but the application should be customized for the therapeutic
goals (17). Frequency refers to the number of pulses per second during stimulation and varies in
the range of 20–50 Hz for motor stimulation and 1.7–100 Hz for sub-motor stimulation. A biphasic
waveform is preferred in motor stimulation while mono- or bi-phasic stimuli has been applied for
sub-motor stimulation. Pulse duration varies in the range of 0.2–0.5 ms for motor stimulation and
0.1–0.3 ms for sub-motor stimulation. Cycling pulses are usually described by the ratio between
on and off; ratios of 1:1 – 1:10 are used in clinical applications. Finally, the effect of an electrical
current on the underlying tissue is highly related to electrode size. Electrodes of 5 x 5 to 5 x 9 cm
are adequate depending on the muscle size while a diameter of 2.5–3 cm is suitable to stimulate a
nerve directly. Further, placement of the electrodes and conductivity of the skin-electrode interface
must be considered.
The Mollii method uses low frequencies and low intensities that evokes sensory input
but does not directly elicit muscle contractions.
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The selection of stimulation parameters influence the perception/comfort of the stimulation as well
as safety. Further, electrical stimulation may induce neuromuscular fatigue by alteration of the
normal motor unit recruitment order (18). Good compliance of the patient is therefore essential for
successful treatment and requires optimizing stimulation parameters.
Reciprocal inhibition
Movements over a joint are controlled by opposing sets of muscles, e.g. extensors and flexors,
which must work in synchrony to generate smooth movements. Reciprocal inhibition refers to the
deactivation of an antagonist muscle in response to Ia sensory input from a contracting agonist and
is mediated by Ia inhibitory interneurons in the spinal cord (Fig. 2). Thus, when an agonist muscle
is active, the opposing (antagonistic) muscle group is inhibited to prevent it from working against
the contraction of the agonist muscle. Reciprocal inhibition plays a fundamental role for the normal
performance of movements and may be utilized to reduce spasticity as well as other unwanted
muscle over activity and to improve voluntary muscle activation and movement control.
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Figure 2. Reciprocal inhibition. When a muscle (e.g. an elbow flexor) is stretched, this evokes sensory input
from muscle spindles passing in afferent nerve fibers (large diameter sensory fibers, called Ia afferents) that have
direct contact with lower motoneurons in the spinal cord and elicits impulses in efferent nerve fibers which
activates the same muscle and cause a reflex muscle contraction (the stretch reflex). In parallel, the sensory input
also inhibits antagonist muscles (in this case elbow extensor muscle) by activation of spinal interneurons in the
same spinal segment - reciprocal inhibition. This mechanism may be utilized to reduce spasticity in e.g. an elbow
flexor muscle by electrical stimulation of afferent nerve fibers of the opposing elbow extensor muscle that
activates inhibitory Ia interneurons and reduce the excitability of the flexor muscle motor neuron. Illustration
adapted from Principles of Neural Science, Fifth Edition (Fig 35-5, p. 798), by Kandel ER, et al. 2013.

Mollii application for spasticity
The principle mechanism targeted in the Mollii approach for treatment of spasticity is the activation
of the disynaptic reciprocal Ia inhibitory pathway illustrated in Fig. 3. Relaxation of the agonist
muscle is achieved by the electrical stimulation of the antagonist, thus enhancing contraction of the
agonist and voluntary movements.
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Figure 3. Example of a spastic/dystonic flexor position of the arm. Electrical stimulation is applied on the
antagonist (triceps brachii muscle) of the biceps muscle to reciprocal relax the spastic agonist elbow flexor. A
similar approach for therapeutic electrical stimulation can be applied in all limbs and body parts where spasticity
is present. Video frame adapted from Stora Designpriset: Inerventions Mollii suit, available from:
https://vimeo.com/126102361.

Dystonia
Dystonia is a disabling disorder characterized by sustained or intermittent muscle contractions
causing involuntary movements and/or abnormal postures (23, 24). Dystonia can be classified
clinically according to age of onset, body distribution, temporal pattern and associated features
(23). Anatomically, it can be focal (one body part involved, e.g. one hand), segmental (two or more
contiguous body parts), multifocal (two or more non-contiguous body parts) or generalized.
Dystonia can be also isolated, combined with another movement disorder or associated to other
neurological or systemic manifestations (defined as complex dystonia). The term focal dystonia
may refer both to specific independent movement diseases, e.g. cervical dystonia or torticollis (a
focal dystonia involving neck muscles), and to focal dystonic signs present in other disorders, such
as the spastic dystonia of the hand or foot arising after stroke.
The etiological classification of dystonia considers instead the evidence of nervous
system pathology, whether dystonia is inherited or acquired, and whether the underlying cause is
unknown (idiopathic) or not. The term primary dystonia refers to cases with no degenerative or
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structural lesions to the nervous system while secondary dystonia resulted from a broad range of
causes including genetic mutations, perinatal brain injury (dystonic cerebral palsy), vascular or
traumatic brain injury, infections and as a reaction to certain drugs.
The neural mechanism underlying dystonia involves many regions of the central
nervous system. The basal ganglia play a key role in many movement disorders and although the
role of sensory function in dystonia is far from fully understood, proprioceptive sensory input plays
a crucial part in the generation and coordination of movements (25).
Dystonic cerebral palsy
Dystonia in cerebral palsy (CP) presents with varying patterns of abnormal posture and involuntary
movements (26). Dystonic CP is the second most common type of cerebral palsy after the spastic
forms, presenting in one out of six patients with CP (27, 28). Even if typically related to disturbed
function in basal ganglia networks, the pathophysiology of this movement disorder is still largely
unknown and the rehabilitation strategies are typically multidisciplinary, including oral drugs and
neuromodulation interventions.

Mollii application for dystonia
Treatment trials with Mollii may be relevant for both focal, segmental and general dystonia
although controlled clinical trials are needed. Clinical experiences suggest that Mollii may reduce
dystonic symptoms and maintenance of optimal body posture. The sensory input provided by both
electrical stimulation and the dress itself may also have an impact on proprioceptive awareness,
which is essential not only for motor control in dynamic activity but also for maintaining position
and balance control. Coordination of movements (e.g. that muscular activity around the shoulder
joint is coordinated with muscular activity around the elbow to perform a successful reaching
movement) may also be disturbed by concomitant presence of ataxia, and be reduced by Mollii
treatment, see Figure 4.
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Figure 4. Example of favorable Mollii settings for dystonic symptoms. A large interindividual heterogeneity in
the clinical presentation must be considered for an appropriate electrical stimulation (e.g. in mixed cerebral palsy
(CP) that occurs when an individual exhibits traits of spastic, athetoid and ataxic CP, and accounts for 10% of
CP cases total).

Pain
Pain of both neuropathic and nociceptive origin is a common symptom in patients with a lesion in
the central nervous system and may contribute to reduced quality of life (29, 30). Neuropathic pain
is caused by damage to or dysfunction of the nervous system, while nociceptive pain is caused by
damage to non-neural tissue either musculoskeletal due to bone, joint, muscle trauma or
inflammation, mechanical instability or muscle spasm.
Transcutaneous electrical nerve stimulation (TENS) is a commonly used
nonpharmacological and noninvasive treatment for pain of various etiologies (31–33). TENS may
reduce pain through both central and peripheral mechanisms. In the central nervous system, the
activation of opioid, GABA, serotonin, and muscarinic receptors induced by TENS may reduce
pain related dorsal horn neuron activity (34). In peripheral nerves, opioid and α-2 noradrenergic
receptors are involved in TENS-induced analgesia at the site of stimulation.
Factors that play a role for the analgesic effect of TENS include stimulation
frequency and intensity and electrode placement. TENS can be applied with low frequencies (< 10
10

Hz) or high (> 50 Hz). As pointed out above, the Mollii method uses low frequencies and low
intensities that evokes sensory input but does not directly elicit muscle contractions. “Sensory
intensity” may be perceived as a clear tingling sensation without pain or motor contraction.
Different frequencies activate different opioid receptors to produce analgesia and have been shown
to provide analgesic effect specifically when applied at a strong, nonpainful intensity. Specifically,
low-frequency TENS activates μ-opioid receptors in the spinal cord and the brainstem leading to a
decreased sensation of pain. Spinal serotonin concentrations are also increased during and
immediately after treatment with low-frequency TENS (35, 36). Stimulation sites are not crucial
to get this effect while number of electrodes applied are important for spinal serotonin increase.
Increase in beta endorphin and met-enkephalin is also been reported with low-frequency electrical
stimulation.
Gate control theory of pain
Based on the axonal diameter and the conduction velocity, nerve fibers can be classified into three
types: A (with subgroups), B and C (37). Aβ-fibers are larger and have higher conduction velocity
when compared with A-delta fibers and C fibers, and conduct afferent nerve impulses related to
sensation for touch and pressure to the central nervous system. A-delta fibers and C fibers instead
conduct pain signals. A-delta fibers are faster than C fibers and conduct afferent nerve impulses
that evoke sharp pain while the slower C fibers conduct nerve impulses that evoke diffuse pain.
According to the gate control theory of pain postulated
by Melzack and Wall in 1965 (38), a “gate” function
consisting of excitatory and inhibitory synapses in the
dorsal horn of the spinal cord, can regulate the
transmission of pain stimuli via ascending spinal tracts
to the brain. This gate could be opened by nociceptive
Figure 5. Gate control theory of pain

stimuli conducted in pain afferents and could be closed

by non-noxious stimuli (e.g. touch, pressure and electrical currents) that excite low threshold large
diameter peripheral afferents. Therefore, low level electrical stimulation that selectively activates
non-noxious, afferent nerve fibers (Aβ-fibers), may stop transmission of pain impulses to the brain
and thus reduce pain.
Even though further studies have demonstrated that tactile-nociceptive interactions in the spinal
cord is not the only mechanism involved in the processing of nociceptive signaling (which also
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include the brain stem and higher levels), the model has inspired new treatment approaches such
as TENS (39).

Mollii application for pain
Programming of Mollii should primarily be designed to target whatever movement disorder is
present but, as outlined above, adding other sites of active electrodes to approach pain may be
considered. Thus, lower intensity stimulation that will not interfere with the activation/deactivation
of motor symptoms, may be added at multiple sites if pain is a major factor.
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