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The study of the pathophysiological mechanisms of spasticity continues, but its heterogeneity, combination and
mutual influence of various mechanisms in its development is already quite clear. Optimal management of patients depends
on understanding the underlying physiology of spasticity, understanding its natural course, assessing the impact on the

patient, and an integrated approach to minimizing this impact.
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Spasticity is one of the most common
syndromes in neurology, occupying a significant
share among the causes of disability, leading to
a significant limitation of not only labor, but also
daily activity, the ability to self-service, and as a
result, significantly affects the quality of life of
patients and their families. Spasticity is not an
independent problem of increased muscle tone,
but part of the problem of loss of motor control.
This disorder is detected in 40-80% of patients who
have had a stroke, and in more than 15% of cases
leads to severe disabling consequences [2,55,54].
Spasticity prevails in the picture of cerebral palsy -
78-88% of cases are associated with this pathology
[14]. Spinal cord injury is associated with spasticity
in 65% of cases, and muscle relaxant therapy is
required in 35% [15].

Up now, lots of the theoretical and
experimental studies, results of clinical researches
have been accumulated, which make it possible
to judge the causes and mechanisms of the
development of spasticity. There are also quite
a lot of recommendations on the diagnostic and
treatment decisions according to the patients with
this pathology management. In this regard, there is
a need to analyze and generalize the accumulated
information, which is reflected in this review.

Lance (1980) has defined spasticity as a
movement disorder characterized by a rate-
dependent increase in tonic stretch reflexes and
an increase in tendon reflexes resulting from
hyperexcitability of the stretch reflex, as one of the
components of the upper motor neuron syndrome
[24]. However, this definition has a number of
disadvantages, in the form of an exclusion of
the influence of the sensory component. In this
connection, within the framework of the SPASM
project (2005), spasticity was presented as “a
violation of sensory-motor control resulting from
damage to the upper motor neuron, manifested
as intermittent or sustained involuntary muscle
activation” [5]. In 2018, spasticity was broadly
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defined as “involuntary muscle hyperactivity in the
presence of central paresis” [7].

Spasticity is not specific syndrome for any
disease, while it has nosological, pathophysiological
and clinical heterogeneity, and it's observed in a
variety of organic lesions of the brain and spinal cord.

Spasticity is more commonly found in the
flexor muscles of the upper limb (flexors of the
fingers, wrist, and elbow) and in the extensor
muscles of the lower limb (extensors of the knee
and ankle joints) [51].

Pathophysiological basis of spasticity

The formation of spasticity is due to 2 levels
of influence: the spinal (areas of the brain and
spinal cord that control motor function) and the
supraspinal level. The cerebral motor cortex, as
well as the posterior parietal cortex and the primary
somatosensory cortex, provide the initial processing
and formation of command motor signals. At the
same time, spasticity does not develop in case of
an isolated lesion of these structures [9,31].

At the spinal level, pathological changes
can manifest themselves in the motor unit (a
motoneuron and its innervated muscules) and in
the structure of spinal cord reflexes (withdrawal
and stretch reflexes). In this case, a violation of the
activating and inhibitory mechanisms of influence
takes its place.

Activating spinal mechanisms of spasticity are:

1. Primary increased excitability of alpha
motor neurons based on the active properties of
membranes. Voltage-dependent constant internal
currents of Ca 2+ and Na + ions increase and
lengthen the response of motoneurons to synaptic
excitation. These internal currents are capable
of leading to prolonged depolarization (plateau
potentials).

2. Strengthening the flexion reflex, which is
due to disturbances in the work of the descending
reticulospinal tract and spinothalamic tract
reasoning the occure pathological pain reactions to
minor stimulies.[9,31]
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Spinal inhibitory mechanisms of spasticity
place a more significant clinical role.

Monosynaptic excitation Ia, which underlies
the dynamic and tonic components of the stretch
reflex, can be inhibited by various reflex pathways,
both at the supraspinal level and due to secondary
intracellular changes in the spinal cord below the
level of the lesion. Presynaptic inhibition of afferent
type Ia-endings, through axo-axon GABAergic
synapses, can cause spasticity in multiple sclerosis,
with spinal cord injury, thou in the pathogenesis of
stroke it" s role is quiet small. In the case of a stroke,
damage to the descending tract results in a decrease
in the control of inhibition in the spinal cord, causing
an increase in the stretch reflex, which indicates the
development of spasticity as a facilitating adaptive
mechanism. [13,28]. Type Ia disynaptic reciprocal
inhibition, the imbalance of which causes reflex-
induced joint contraction of antagonist muscle
groups, is another spinal mechanism of spasticity.
Clinically, it manifests as spastic weakness, usually
observed via amyotrophic lateral sclerosis [9,31].

When the differential control of spinal neurons
is disturbed by a descending monoaminergic
impulse from the brain stem, the change of effect
on the anterior and posterior horns of the spinal
cord takes place. It causes next effects: In the
acute phase of traumatic myelopathy, inhibitions
of monoaminergic excitation dont activate long-
term reflexes. In the chronic stages of damage,
motor neurons become highly sensitive to residual
monoamines available below the level of the lesion,
leading to the development of spasticity.

The effect on these mechanisms underlies
the action of the «baclofen», which partially acts
on motor neurons and suppresses their excitability
by reducing Ca 2+ and shortens the duration of
monosynaptic excitatory postsynaptic potentials. [8]

Spinal cord neuroplasticity in the form of
receptor hypersensitivity against the background
of axonal outgrowth or morphological changes in
denervated receptors can also play a role in the
development of motor spastic symptoms [8,9,31].

Disorders of the corticospinal, reticulospinal
and vestibulospinal pathways are recognized as
the most important in the pathophysiology of the
development of spasticity. It has been established
that an isolated pyramidal lesion does not affect the
pathology of tone, since the ipsilateral accessory
motor and premotor areas and the contralateral
motor cortex can take over part of the pyramidal
tract functions and prevent the development of
spasticity.

Muscle tone is maintained by a balance of the
inhibitory influence of the corticospinal and dorsal
reticulospinal tracts, and the activating influence
of the medial reticulospinal and vestibulospinal
tracts. In partial myelopathy involving the lateral
cord (like while early phase of the multiple
sclerosis), spasticity may occur predominantly in
the extensor muscles, but spasticity may also occur
in the flexors. Severe myelopathy extending to all
four descending pathways results less spasticity
compared to the isolated involvement of the lateral
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funiculus. At the same time, an isolated dorsal lesion
of the reticulospinal tract with preservation of the
corticospinal tract causes significant spasticity and
spasms against a background of shallow paresis.
With an isolated lesion of the anterior spinal
cord, only hyperreflexia with normal tone can be
observed. [8,9,31]

Variations in the severity of spasticity that
occur in practice are most often associated with the
degree of involvement of the dynamic and static
components of the stretch reflex (“phase” and
“tonic” spasticity).

“The Jackknife Phenomenon”

This phenomenon is manifested in a sudden
decrease in tone after primary hypertonicity. The
reverse stretch reflex mediated by the Golgi tendon
organ is activated when the muscle is stretched
sustainably, resulting in a sudden relaxation of the
muscle. This speed-dependent increase in stretch
reflexes is associated with increased muscle spindle
excitability and velocity sensitivity of spindle type-
Ia afferents, resulting in over-activation of spinal
cord alpha motor neurons. [9,31,38]

Rigidity

Unlike spasticity, it does not depend on the
speed of the movement, is detected both in the
flexor and extensor muscles, and the phenomenon
of “lead pipe” or “gear wheel” is typical during the
examination [9]. Rigidity is pathognomonic for such
pathologies as Parkinson’s disease, progressive
supranuclear  palsy, neuroleptic  malignant
syndrome, and others [3,9].

Chart 1 — Modified Ashworth Spasticity Scale

Instructions for Using the Modified Ashworth Scale
(MAS)

- The patient should lie on his back;

- for examining the flexor muscle, give the limb the
position of maximum flexion and extend it as much as
possible in 1 second;

- for examining the extensor muscle, give the limb the
position of maximum extension and bend it as much
as possible in 1 second;

- determine points using the rules below.

Determination of points (according to R.W.Bohannon,
M.B.Smith, 1987):

0 [Muscle tone is not increased.

A slight increase of tone in the form of short-
term tension and rapid relaxation of the muscle
or minimal resistance at the end of passive flexion
or extension.

1+ | A slight increase of tone in the form of short-term
muscle tension with minimal resistance while
continuing passive movement (less than half the
amplitude).

2 | A more pronounced increase of muscle tone, felt
during almost the entire passive movement; while
the affected(e) segment(s) of the limb is easily
amenable to movement.

3 | A significant increase of muscle tone, passive
movements are difficult.

4 |The affected segment(s) are immobile when
flexed or extended.
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Diagnostic Spasticity Scales

The following scales are mainly used to assess
the state of the muscles: modified Ashworth scale
(MAS) and its validated Russian version - spasticity
scale of the Scientific Center of Neurology (2015)
[46], as well as the modified Tardieu Scale (MTS),
which brings the possibility of both scoring the
degree of muscle response and using the Tardieu
index [22].

Chart 2 — Spasticity Scale of the Scientific Center
of Neurology of the Russian Academy of Medical
Sciences (Kadykov A.S., Manvelov L.S., 2015)

Score Movement characteristic
0 |The tone is normal
1 | Slight increasinge (minor resistance)

2 |Moderate increase (although the tone is
increased, but the resistance is not difficult to
overcome)

3 |Pronounced increase (during the study, it is
difficult to overcome muscle resistance)

4 |Rapid increasing (dynamic contracture, passive
movement limited)

5 [Highly severe increasing (passive movements
are almost impossible)

Chart 3 — Assessment of muscle response
according to the modified Tardieu scale

Score Interpretation

0 |Does not resist during passive movements

1 |Slight resistance when moving passively,
absence of a clear at a certain angle
2 |An accurate interrupting passive movement

stop at a certain angle, followed by continuation
of movement

3 |Decaying clonus less than 10 s, provoked by
stretching of the tendon and occurring at a
certain angle

4 | Continuous clonus for more than 10 seconds,
provoked by stretching of the tendon and
occurring at a certain angle

5 |Fixed joint

Treatment methods of spasticity

Methods for the treatment of spasticity
have been developed and dynamically changed
over decades, and therefore there is a fairly rich
experience in the field of tactics for correcting
muscle tone disorders, depending on its etiology,
time of occurrence, concomitant diseases, and
treatment goals. A stepwise approach is needed
in clinical management, starting with more
conservative methods and progressing to more
invasive surgical procedures [16,39].

Correction of spasticity-provoking
factors. Spasticity is often the result of
hypersensitivity to pain stimuli, therefore, at the first
stage, it is necessary to identify obvious and possible
provoking factors. In patients with the development
of spasticity after spinal cord injury, the following
factors are considered: pregnancy, uncomfortable
posture, low temperature, circadian rhythms, skin
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lesions, bowel and bladder function problems, a
phase of the menstrual cycle, psychological stress,
deep vein thrombosis, systemic infection [34].

Systemic pharmacotherapy with muscle
relaxants. Baclofen is a central-acting muscle
relaxant, an agonist of gamma-aminobutyric acid
receptors (GABAB receptors), which inhibits the
transmission of excitation at the level of mono-
and polysynaptic reflexes in the spinal cord [40].
Baclofen is the only FDA-approved gamma-
aminobutyric acid agonist [19]. Currently, there is
a lot of research on the use of baclofen not to treat
spasticity, but to achieve and maintain abstinence
or reduce alcohol consumption in alcohol dependent
individuals [10,30].

Sudden withdrawal of baclofen, regardless of
the route of ingestion, can cause an activation of
the autonomic system due to the loss of inhibition
of the monoamine pathway, and is accompanied
by various neuropsychiatric manifestations [25].
The clinical picture of the withdrawal syndrome can
mimic various pathologies, such as delirium, severe
sepsis, meningitis, neuroleptic malignant syndrome,
convulsive disorder, or alcohol withdrawal syndrome
[20]. On average, continuous 5 months of using
baclofen can lead to delirium on withdrawal [40].

An alternative to oral baclofen is intrathecal
applying of baclofen through a spinal catheter and
an implanted pump. This method has been used
since the 80s of the 20th century, and is currently
widely used in the treatment of severe disabling
spasticity via cerebral palsy, stroke, spinal cord and
brain injuries. The main advantages of this form
of applying are a reduction in the effective dose of
the drug, and a decrease in cognitive side effects
[12,44,53].

Tizanidine hydrochloride is an imidazoline
alpha-2-adrenergic agonist with activity both at the
spinal and supraspinal levels [6,18]. The drug is
effective for the treatment of spasticity caused by
multiple sclerosis, acquired brain injury or spinal
cord injury [18]. The monotherapy with tizanidine
is as effective as baclofen or diazepam, while
being better tolerated. In some cases, combination
therapy of tizanidine + baclofen can be used to
increase the management of spasticity [1].

An overdose of tizanidine can lead to mental
status disorders, nephropathy, bradycardia and
arterial hypotension [4,27,42]. The drug can be
used in various dosage forms: solid oral, liquid
dosage form for parenteral, intranasal and oral
administration, buccal and transdermal [17,41].

Tolperisone hydrochloride is a central-acting
muscle relaxant that inhibits voltage-gated Na+
and, to a lesser extent, N-type Ca2+ ions channels.
The drug inhibits spinal reflexes, and weakens
the conduction of excitation along the descending
reticulo-spinal pathways. The development and
research of tolperisone has been carried out
since 1956, but its full pharmacodynamics is not
completely clear [35,49].

Compared with baclofen, tolperisone is slightly
less effective or has an equal muscle relaxant
effect, but provides a greater improvement of daily

7



O030psI IUTEpPATYPHI

activity, causes fewer side effects associated with
muscle weakness and drowsiness [1,26,29,43].

Dantrolene is a peripherally-acting muscle
relaxant, a peripherally acting ryanodine receptor-1
antagonist that inhibits the release of calcium from
the sarcoplasmic reticulum of skeletal muscles,
which leads to muscle relaxation [48]. It is
indicated for the treatment of spasticity, malignant
hyperthermia, and has a neuroprotective effect
[21,32,45,52]. It is possible to take dantrolene
orally, intravenously and intranasally [45,52].
Side effects are manifested mainly in the form of
weakness of the skeletal and respiratory muscles,
in rare cases, respiratory arrest is possible, as well
as neuropsychiatric disorders (drowsiness and
confusion), liver dysfunction [23].

Other drugs. Gabapentin is an anticonvulsant
drug which can also be used in the treatment of
neuropathic pain. Gabapentin reduces spasticity in
patients with spinal cord injury, but the mechanism
of action is still not all clear. This effect may be due
to the inhibition of presynaptic release of glutamate
[36,37].

Diazepam is a drug from the group of
benzodiazepines with sedative, hypnotic, anxiolytic,
anticonvulsant and muscle relaxant effects. The
mechanism of its action in spasticity is mainly
associated with interaction with BNZ2 receptors
and an increase in the affinity of GABA for GABA-
receptors, increasing the total inhibition of neuronal
excitation, thus inhibiting monosynaptic and
polysynaptic pathways, and directly inhibiting the
functions of motor nerves, enhancing their function
to relax skeletal muscle spasticity [33]. Diazepam
is considered one of the first-line drugs for the
treatment of spasticity in patients with cerebral
palsy, however, due to the many side effects, its
short-term use is currently preferred [11,33,50].

In addition to systemic drugs in the treatment
of spasticity, targeted impact is possible - neurolysis,
chemodenervation, blockade of nerves and motor
points (by using lidocaine, naropine), cryoablation,
chemiodenervation with botulinum toxin, and the
intrathecal applying of baclofen. These procedures
are predominantly used to treat focal spasticity or
when the systemic effects of drugs are unacceptable
at the required therapeutic doses [16,39,47].

In the management of spasticity, the need of
abandoning passive expectant tactics becomes clear.

Up to the moment, despite the advances made
in the pathophysiology of spasticity, there are still
many unclear points. Researches into the medical
treatment of spasticity still do not include a high-
level evidence base. Well-designed and sufficiently
powerful studies with using functional outcome
measures are needed to test interventions used in
clinical practice.
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