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Introduction 

A European Thematic Network to Develop Stand-
ardised Measures of Spasticity suggested the following 
definition: “Spasticity is an interrupted or constant hy-
peractivity of the skeletal muscles, caused by lesions 

of the upper motor neuron” [1]. It is characterized by 
tight or stiff muscles and an inability to control their 
contractions. In addition, reflex contraction may persist 
for too long and may be too strong. Spasticity is a 
physiological result of brain and/or spinal cord injury, 
which can be life treatening or lead to severe disabil-
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Summary
Introduction. Spasticity is an interrrupted or constant hyperactivity 
of the sceletal muscles, caused by lesion of the upper motor neuron. 
The aim of this article was to gather scientifically and clinically im-
portant data about spasticity. Morpho-functional basis on which 
spasticity originates. The spasm is motoric disorder in which an in-
creased muscle tone is present (especially of antigravity muscles), with 
slower movements and tendency of appearing moderate atrophy and 
contractures. Etiology. Spasticity may be caused by stroke; demyeli-
nating diseases (sclerosis multiplex, amyotrophic lateral sclerosis); 
cerebral palsy; tumors; brain and spinal cord damage (trauma, 
ischemia, surgical intervention); other neurodegenerative diseases. 
Symptoms. There are a number of symptoms: increased muscle tone, 
joint stiffness, overactive reflexes, involuntary jerky movements, 
which may include spasms and clonus, pain, decreased functional 
abilities and delayed motor development, difficulty with care and hy-
giene, unusual posture, abnormal positioning of fingers, wrists, arms, 
or shoulders, contractures or muscle tightness. Management of spas-
ticity- therapeutic treatment: physical therapy and rehabilitation, 
medicamentous and surgical treatment. Conclusion. Spasticity is a 
complex phenomenon with constant hyperactivity of the sceletal mus-
cles, it is one component of upper motoneuron syndrome and many 
neurological diseases and disorders. Therapeutic treatment of spastic-
ity should be highly specific, individualized, multidisciplinar and 
conducted carefully, controlled with the purpose of functional im-
provement and pain relief. It is significant to know that sometimes 
spasticity is useful and should not be removed. There is a need for 
standardized protocols for ‘best practice’ in management of spasticity.
Key words: Muscle Spasticity; Muscle, Skeletal; Motor Neuron 
Disease; Muscle Hypertonia; Risk Factors; Signs and Symptoms; 
Therapeutics

Sažetak
Uvod. Spasticitet je isprekidana ili konstantna hiperaktivnost 
skeletnih mišića, prouzrokovana lezijom gornjeg motornog neu-
rona. Cilj ovog članka bio je da se sakupe naučno i klinički 
značajni podaci o spasticitetu. Morfo-funkcionalna osnova na 
kojoj je baziran spasticitet. Spazam je motorni poremećaj u 
kojem je povišen mišićni tonus (posebno antigravitacionih 
mišića), sa usporenim pokretima i tendencijom nastanka atrofije 
i kontraktura. Etiologija. Spasticitet može da nastane zbog 
moždanog udara, demijelinizacionih bolesti (sclerosis multiplex, 
amyotrophic lateral sclerosis), dečje paralize, tumora, oštećenja 
mozga ili kičmene moždine (trauma, ishemija, hirurška interven-
cija); drugih degenerativnih bolesti. Simptomi. Može da ima 
razne simptome: povišen tonus mišića, ukočenost zglobova, 
živahne reflekse, nevoljne pokrete, koji mogu da uključuju spa-
zam i klonus, bol, snižene funkcionalne sposobnosti i usporen 
motorički razvoj, teškoće u aktivnostima svakodnevnog života; 
neuobičajena postura, abnormalno pozicioniranje prstiju, šake, 
ruke, ili ramena, kontrakture ili mišićna stegnutost. Kreiranje  
terapijskog tretmana spasticiteta: fizikalna terapija sa rehabil-
itacijom, medikamentni i hirurški tretman. Zaključak. Spasticitet 
je kompleksan fenomen, sa konstantnom hiperaktivnošću skelet-
nih mišića; komponenta je sindroma gornjeg motornog neurona 
i mnogih neuroloških bolesti i poremećaja. Terapijski tretman 
spasticiteta je veoma specifičan; mora da se sprovodi pažljivo, 
kontrolisano, a sa ciljem funkcionalnog poboljšanja i uklanjanja 
bola. Značajno je da se ima u vidu da je ponekad spasticitet koristan 
i ne treba ga uklanjati.
Ključne reči: mišićni spasticitet; skeletni mišić; oboljenje mo-
tornog neurona; mišićni hipertonus; znaci i simptomi; terapija
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ity. It is a component of the upper motor neuron syn-
drome (UMNS). The aim of this article is to survey 
some data important for morpho-functional basis and 
management possibilities of spasticity.

Morpho-Functional Basis of Spasticity 

The motor system consists of neurons and pathways 
whose integrated activity ensures posture and move-
ments of the body and its individual parts. The upper 
motor neuron (UMN) controls the speed, strength and 
direction of the voluntary movements. The cell body 
(soma) is in the cerebral cortex and its axon extends to 
the spinal cord (SC) and all the injuries in this section 
of the pathway are called supranuclear lesions, while 
the injuries of soma of the lower motor neuron are 
nuclear lesions [2]. The injuries of axons of the lower 
motor neuron are called  infranuclear lesions. The 
lower motor neurons of medulla spinalis are involved 
in many reflex mechanisms. 

Of clinical significance for motor activity are myo-
tatic reflex, inverse myotatic reflex and gamma loop 
reflex, which provide appropriate muscular speed and 
efficacy [2]. Myotatic reflex is a contraction that occurs 
in response to stretching within the muscle. Basically, 
these are annulospiral stretch receptors with Ia afferent 
fibers, synapse in the SC and an efferent axon of  lower 
α motor neuron that causes muscle contraction. The in-
verse myotatic reflex starts from the Golgi tendon organs 
which register an increased tone, with Ib afferent fibers 
which cause excitation of spinal interneurons causing 
inhibition or inactivation of Ia fibers. Gamma  motor 
neurons innervate intrafusal muscle fibers and provide 
the maintenance of sensitivity of the muscle spindle at 
the time when muscle is shortened during the contraction. 

The muscle tone is permanent, basic muscle ten-
sion, which constantly exists but varies in intensity due 
to muscle activity, action of sensory stimuli of differ-
ent modality and of current emotional state. It is phys-
iologically controlled by excitatory presynaptic poten-
tials of Ia afferent fibers and inhibitory postsynaptic 
potentials from muscle spindles of antagonistic mus-
cles. Tonus may be altered by hypotonia or hypertonia. 
The hypertonia in UMNS can be a condition of in-
creased muscle tone (especially of antigravity muscu-
lature) that occurs due to the damage or disease of 
UMN mediated by the strech reflex or intrinsic, non 
reflex hypertonia, due to contracture. If the muscle 
tone is increased due to the lesion of the pyramidal 
tract, it is called a spasm, and if it occurs due to the 
damage of extrapyramidal tract, a rigor.

A spasm is a motoric disorder in which an in-
creased muscle tone (especially of antigravity mus-
cles), with slower movements has a tendency of atro-

phy and/or contractures. It always involves groups of 
muscles. In spasm, there is an elastic resistance to 
passive stretching of the muscles and upon the termi-
nation of stretching, part of the body returns to its 
initial position. Sometimes a clonus may occur. 

In rigidity, an increased muscle tone is much weak-
er than in spasm, but the muscles are partly constant-
ly under contraction (especially the antagonists of 
antigravity muscles). Movements are slow, hypertonia 
is constant throughout the whole movement, and after 
the stretching the extremity remains in this newly-
established position, i.e. it does not return to its initial 
position, as with spasm. It involves just one muscle. 

The upper motor neuron syndrome represents the 
lesion of upper motor neuron which leads to the ab-
sence of inhibition and to disorder of the reflex arc 
with spasm. Spasticity, i.e. the hyperactivity of myo-
tatic reflex can be caused by lowering the threshold 
of excitation of muscle spindles or an abnormal 
processing of sensory inputs in SC.

Two balanced descending systems are controlling 
stretch reflex activity: the inhibitory dorsal reticulos-
pinal tract and facilitatory medial reticulospinal tract 
and vestibulospinal tract. Only the ventromedial bulbar 
reticular formation, originating from the dorsal reticu-
lospinal tract is under cortical control. Brain damage 
causes spasticity due to the disruption of facilitatory 
corticobulbar fibers and causes inhibition of ventrome-
dial reticular formation [3].  Spasticity appears to be 
caused by loss of reduced excitability of both postsyn-
aptic (decreased reciprocal Ia or Ib inhibition, recurrent 
inhibition) and presynaptic inhibitory circuits (gamma-
aminobutyric acid - GABA-ergic), which control the 
stretch reflex, postactivation depression decreases at 
spinal level (independent of the cortex) [4]. 

Spasticity may be caused by the plasticity of the 
nervous system. Plasticity of the nervous system is an 
attempt to restore the function. This tends to promote 
the formation of new neronal circuits that allow the 
formation of new movement patterns by axonal growth 
and sprouting and an increase in the number of post-
synaptic membrane receptors [2, 3]. But the ultimate 
effect can be excessive, inadequate muscle reflex re-
sponse to any peripheral stimulation. The overall result 
is reduced muscle tone and weaker tendon response 
which is a reason why there is no relaxation and muscle 
being in constant spasm. New branches toward ves-
tibular, rubrospinal and reticulospinal tract are less 
selective than pyramidal tract, leading to overactivity. 
Furthermore, muscle fibrosis and other components of 
muscle contracture might even increase spasticity.

Spasticity is more often found in flexor muscles of 
the upper limbs, and in extensor muscles of the lower 
limbs [1, 3].

There are different degrees of spasticity (depend-
ing on velocity and length): the clasp knife phenom-
enon: increased resistance is present only at the begin-
ning or at the end of the movement; stiffness with 
resistance throuhout the whole passive movement; 
stiffness with an intermittent resistance to the passive 
movement [2, 4].

Abbreviations
UMNS – upper motor neuron syndrome
UMN – upper motor neuron
SC – spinal cord
MS – medulla spinalis
GABA – gamma-aminobutyric acid
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Spasticity can be caused by pain: sensory distur-
bances, excessive stress on joint and muscles when they 
are stretched, disruption of some muscle fibers occur 
and release substances which influence nociceptors. 
Vs. pain increases spasticity. 

The lesion of the lower motor neuron can be caused 
by trauma or metabolic disorder (alcoholism, diabetes 
mellitus). A flaccid paralysis appears, hypotonia, pro-
nounced atrophy (70–80%) and only a segment mus-
cles inervated by the damaged alpha motor neuron are 
affected [2].

Combined upper and lower motor neuron lesions 
cause so-called alternating hemiplegia, because the 
deficit of upper motor neuron is manifested contralater-
ally while of the lower motor neuron - ipsilaterally. This 
often happens if the lesions are in the brainstem. If the 
lesions of upper and lower motor neuron are at the level 
of SC, the symptoms are manifested ipsilaterally [2, 4]. 

Etiology

Spasticity may be caused by stroke; demyelinating 
diseases (multiple sclerosis, amyotrophic lateral scle-
rosis); cerebral palsy; tumors; brain and SC injury 
(trauma, ischemia, surgical intervention); other neuro-
degenerative diseases [2–4].

Symptoms

In the UMNS, immediately after the stroke or a 
trauma, ”negative“ symptoms appear: weakness, early 
hypotonia; loss of deep tendon reflexes; loss of dexter-
ity; paresis and paralysis; increased fatigue; pain. Lat-
er, other ”positive“ signs appear: muscle hyperactivity; 
spasticity; hyper-reflection; atetosis; spastic dystonia; 
clonus (series of fast involuntary contractions); cocon-
traction; abnormal posture, contractures (permanent 
contraction of the muscle and tendon due to severe 
persistent stiffness and spasms) and bone and joint de-
formities. A positive Babinski sign tends to appear soon 
after the lesion and persists [1–3].

 
Management of Spasticity: Therapeutic 
Modalities 

Before the treatment begins, it should be considered 
whether a patient needs a treatment and to what pur-
pose? It is necessary to establish the cause, the degree 
and distrubution of spasticity; localization of injury; 
comorbidity (contractures, cognitive decline ...); clinical 
course of the disease; cognitive status of the patient; 
potential adverse effects; support of the family and 
community; passive mobility, presence of clonus, re-
flexes, tonus estimation and active mobility; electromy-
oneurography; quantitative analysis of walking; spastic-
ity estimation using the Ashworth scale, spasm scale, 
Wartenberg pendulum test, and Tardieu scale [5, 6]. 

Sometimes spasticity may also be useful, since it 
may be: a warning mechanism; preservation of muscle 
mass; prevention of osteoporosis to a certain extent; 
maintenance of limb circulation; assistance in reha-

bilitation process; sometimes ensures stability in cases 
of muscle weakness – especially for walking; facilitates 
standing position, transfers and moving with the help 
of orthoses and aids.

The therapy is justified only if it is associated with 
intensive pain; with sleep disorders; significantly lim-
ited functional capacity of patients; limited capabilities 
of positioning and orthotising; in prevention of contrac-
tures. In patients with UMNS, mobilization of the af-
fected limbs and prevention of prolonged shortened 
position of affected muscles are probably the most im-
portant things to do in order to prevent and treat mus-
cle hypertonia. In this case, physiotherapy is of utmost 
importance, providing regular and individualized 
stretching program, along with correct positioning of 
limbs and application of splints and casts [4].

A multidisciplinary spasticity management in-
cludes:

– Prevention: nurture, proper positioning, regular 
skin inspection and bladder and intestinal program, 
stretching to maintain the amplitude of movement, 
prevention of complications such as decubitus, urinary 
retention, constipation, infection and pain.

– Therapy: physical procedures, work therapy, po-
sitioning/orthoses, medications, surgical interventions 
[3, 5, 6].

The objectives of rehabilitation in spasticity are to 
reduce muscle tone, maintain or improve the amplitude 
of movements, increase strength and coordination and 
improve quality of life; rehabilitation to improve daily 
life activities; alleviating pain and muscle spasms; uti-
lization of orthoses/splints/trolleys ...; prevention of 
drug abuse; delay or avoid surgical interventions [7]. 
Physical therapy and rehabilitation includes kinesi-
therapy: controlled stretching, muscle strenthening (1h 
per day, 5 times per week), hydrotherapy, underwater 
massage, parafango, cryomassage, vibrations, thermo-
therapeutic modalities, functional electrical stimula-
tion/biofeedback, hippotherapy, neuromuscular facili-
tation according to the Bobath concept [7–9]. Neuro-
modulation is also used with the aim of reducing the 
intensity of neuropathic pain, spasm and spastic pain 
by: low frequency direct current or injections of med-
ications in the spinal subdural space [3, 10]. Nintendo 
Wii remote may serve as a convenient and cost-effi-
cient tool for the assessment of spasticity [11].

Medications in the therapy of spasticity may be 
administered orally, transdermally, via an intrathecal 
pump, and chemodenervation (blockage). Drugs that 
are usually used are: medications acting on GABA 
system: benzodiazepines (diazepam and clon-
azepam); baclofen; dantrolene sodium; gabapentin; 
alpha-adrenergic and serotonergic agents (noradren-
ergic pathways modulate the presynaptic inhibition 
of afferent spinal neurons): tizanidine; clonidine; 
dexmedetomidine; cyproheptadine; central myore-
laxants: cyclobenzaprine, carisoprodol, methocar-
bamol, metaxalone, chlorzoxazone, chlorphenesin, 
chlorpromazine; and cannabis and cannabinoid-like 
substances (dronabilon, nabilone). Some medications 
can be used as mesotherapy [12, 13]. 
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Surgical treatment of spasticity is based on neu-
rolysis, i. e. neurotoxins cause chemodenervation. Lo-
cal anesthetics can also be used in the removal of spas-
ticity symptoms. Parenteral administration includes: 
phenol, botulinum toxin, alcohol, lidocaine. The meth-
ods of administration are intrathecal drug application 
or dorsal rhizotomy of lumbar and sacral afferent nerve 
roots [3, 6, 14].

Conclusion

Spasticity is a complex phenomenon with con-
stant hyperactivity of the skeletal muscles. It is part 

of the upper motor neuron syndrome and many neu-
rological diseases and disorders. Therapeutic treat-
ment of spasticity should be highly specific, indi-
vidualized, multidisciplinary and conducted care-
fully, as well as controlled with the purpose of 
functional improvement and pain relief. It is of ut-
most importance to know that sometimes spasticity 
is useful and should not be removed. There is a need 
for standardized protocols for ‘good clinical prac-
tice’ in the management of spasticity.


