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Surgeries and physical interventions in the treatment

of cerebral palsy spasticity

Cirurgias e intervencdes fisicas no tratamento

da espasticidade na paralisia cerebral

Maria Matilde de Mello Sposito’

ABSTRACT

Although the espasticidade treatment in patients with cerebral palsy
is based essentially on cinesioterapia and drugs administrated as
chemical blockades infiltration or orally, there are situations where
such aid does not have the desired effect, either because of the
seriousness of the espasticidade or contra-indications and adverse
effects of the botulinum toxin. We can also see human musculoskeletal
apparatus deformities resulting from constant deforming stimulus
of espasticidade and amendment biomechanics that it imposes on
the member positioning during the gait, ortostatismo or other rest
positions. In this situation, are indicated surgical procedures which aim
at improving the condition of positioning biomechanics, adequacy

Apesar de o tratamento da espasticidade em pacientes com paralisia
fundamentar-se, cinesioterapia e
medicamentos administrados como infiltragbes ou por via oral, ocorrem

cerebral essencialmente, na
situagbes nas quais tais intervencbes ndo surtem os efeitos desejados,
seja em virtude da gravidade da espasticidade ou da contra-indicagéo
e efeitos adversos ao uso da toxina botulinica. Também podem ocorrer
distor¢oes do aparelho locomotor resultantes do constante estimulo
deformante da espasticidade e da alteragdo biomecdnica que ela impée
ao posicionamento de membros durante a marcha, ortostatismo ou
outras posi¢oes de repouso. Nestas ultimas situagdes, estdo indicados
procedimentos cirtrgicos que visam a melhoria da condigdo biomecanica,

and efficiency of movement in general. This review article has the aim
to provide alternative forms of drug administration for the control of
espasticidade, as baclofen bump that requires a chirurgical procedure
and othersindications and surgeries for the control of espasticidade and
its consequences as deformities. We will discuss also the indications for
physiotherapy procedures and ortheses indications with the indication
to reduce spasticity.

Keywords: Muscle Spasticity, Cerebral Palsy,
Botulinum Toxin Type A

adequagdo do posicionamento e maior eficiéncia da movimentagdo
em geral. Este artigo de revisdo tem por objetivo apresentar as formas
alternativas de administragdo de drogas para o controle da espasticidade,
como a bomba de baclofeno, cujo implante exige procedimento
cirdrgico, outras indicacées e intervengdes cirdrgicas para o controle da
espasticidade e de suas conseqliéncias como deformidades e alteragdo de
fungdo além de procedimentos fisioterdpicos e uso de drteses sempre com
o objetivo de reducéo dos quadros espdsticos.
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Intrathecal Baclofen Pump
The Intrathecal Baclofen pump was described
by FENN and associates in 1994 and approved
by the FDA for spasticity treatment in 1996."*
Baclofen is an agonist of GABA (gamma ami-
nobutyric acid) which minimizes the effects of
injured upper motor neurons, depressing the
transmission of monosynaptic and polysyn-
aptic reflexes in the spinal cord by stimulation
of GABA, receptors, without affecting neuro-
muscular transmission.**

The administration of intrathecal baclofen
significantly reduces the amount of medica-
tion when compared with usual oral doses, ap-
proximately 1% of those without side effects,
especially lethargy.>” This reduction is possible
because the drug is placed directly next to the
hyperactive synaptic spinal connections and
this also reduces the cognitive side effects that
limit the use of drug,® making the drug propor-
tionally more potent when compared to oral
administration and with an average life in the
cerebrospinal fluid of five hours.

Such administration is accomplished
through the use of an electronic pump, con-
nected to a subcutaneous reservoir, where
medication is stored, and a catheter that is
placed in the subarachnoid space at an appro-
priate spinal level,” normally at T11-T12. The
pump is remotely programmable to release the
drug and the reservoir contains an indicator of
the drug level. A percutaneous refill is usually
administered every 9-12 weeks and may reach
24 weeks.” Occasionally it is also necessary to
change the pump battery, which has average
life of 4-7 years.>'’

Inclusion criteria for the baclofen pump’s
protocol of Westmead Children’s Hospital
(Sydney, Australia) for the selection of pedi-
atric patients are: severe spasticity, families
identified with realistic goals of treatment, pa-
tients with at least 15kg of body weight,> who
previously used oral anti-spastic medication
and had success in the dose test - bolus (50-
100pg) - before implanting the pump.> Exclu-
sion criteria are: intracranial pressure greater
than 20mm of mercury."

The baclofen pump, in general, is indicated
for patients with severe spasticity, with the aim
of reducing or preventing muscle contractures,
increasing comfort, improving positioning and
facilitating care in non-functional patients when
other treatments have failed."> The criterion for
defining severe spasticity is the patient having
grade 3 or higher on the Ashworth scale, in-
dicating significant muscle hyperactivity. The
decrease in the Ashworth scale degree from the
beginning of treatment with pump will deter-
mine the therapeutic outcome related to the bo-

lus infusion of the medication. The pump also
allows dose titration during the day, a moment
of higher symptoms or increased activity.

The drug dose to be administered depends
on the effects and adverse reactions.® The typi-
cal dose is 50 micrograms administered under
monitoring, ranging from 25-100 micrograms
/ kg / day in a continuous infusion regime,
and total daily dose may reach 400-600 micro-
grams.'® The dose is adjusted on the first year
of use and usually increases during this pe-
riod.” The average life of the drug infused into
the cerebrospinal fluid is 5 hours.?

The use of baclofen pump can be com-
bined to other treatments such as chemical
blocks or surgery.” Usually patients with
lower limbs spasticity are candidates for this
treatment, but it has also been proven useful
for upper limbs spasticity.®’

For a successful implant a prior study of
patient response potential is required. Infu-
sion of a medication bolus through a spinal
tap serves as a therapeutic test,® although it is
not predictive.

The baclofen pump is contraindicated
when there is an infection near the implanta-
tion site, mental changes, respiratory com-
plications and allergy to oral baclofen."” The
presence of convulsions should be carefully
evaluated before indicating the pump,'® since
its use can trigger convulsive responses.

Due to the size of the pump its use in young
children may be limited,® although there are spe-
cial pumps for implantation in children younger
than 3 years or weighing more than 15kg.’

Controlled clinical studies with baclofen
pump show that this therapy can reduce mus-
cle hyperactivity and improve function for
prolonged periods,” moreover improvement
in motion range, musculoskeletal function and
speed in gait,> are described, although the ef-
fects on the gait are unpredictable. The pump
can also reduce the need for orthopedic sur-
gery in the lower limbs® and improve the func-
tion of upper limbs.”

Albright et al in 2001 showed 86% of im-
provement in the quality of life range and 33%
of improvement in gait velocity, surgical com-
plications occurred in 38% and 26% for drug
complications in a series of 77 children treated
with baclofen pump.'*

The problems related to the pump include:
surgery need for implantation, high cost, infec-
tion risk, risk overdose, pump dysfunction,
obstruction or displacement of the catheter.
Other complications include catheter infec-
tion, loss of cerebrospinal fluid, meningitis and
the risk of skin injury at the implant site.>%'

Moreover, we can face two situations:

medication abstinence and overdose. Absti-
nence-related symptoms include: itching,
dysphoria, irritability, increased spasticity,
tachycardia, fever and changes in blood pres-
sure.” Lack of treatment for these symptoms
may progress to: severe hyperthermia, con-
vulsions, rhabdomyolysis, disseminated in-
travascular coagulation, altered mental status,
psychomotor agitation followed by multiple
organ failure and death.” The treatment of
this condition includes high doses of oral
baclofen or infusion by lumbar puncture and
intravenous diazepam.

Symptoms related to overdose include se-
dation, nausea, hypotension, urinary and fecal
incontinence, convulsions, respiratory depres-
sion and coma.” Life risk by escaping the drug
(overdose) is a possibility and families should
be educated to recognize the symptoms, which
include weakness, fatigue, confusion, hypoto-
nia and lethargy. A baclofen overdose due to
an error in pump programming is also a pos-
sibility, which may lead to excessive sedation,
respiratory depression and coma.'

The cost of deploying and maintaining a ba-
clofen pump is high,' but a recent study of cost-
benefit analysis showed that in a period of five
years, despite an estimated cost increase of U.S.
$ 49,000 (forty nine thousand U.S. dollars),
there is an addition of 1.2 years adjusted to the
quality of life, which is considered a good cost-
benefit relation.” Other drugs such as Fentanyl
and Clonidine are being tested through this ad-
ministration route administration.®

In summary, intrathecal baclofen therapy
shows long term efficacy in patients with spas-
ticity, inducing a reduced need for orthopedic
interventions and promoting rehabilitation.
This is a reversible procedure that improves
the quality of life of patients and their fami-
lies and can also reduce the health care costs
by reducing the need for treating sequelae that
untreated severe spasticity can cause.*

According to the 2009 European Consen-
sus for spasticity treatment in children with
cerebral palsy update'® for the baclofen pump
we have:

Indication of treatment - from a GMFCS
of (Ill) -IVor V

Goal - spasticity reduction to achieve qual-
ity of life. The extent of side effects depends
on the experience of the centers where the
procedure is performed. Functional Improve:
improves the ability to stand, improves mobil-
ity and orthoses tolerance. Improves quality of
life: simplifies care, decreases pain, improves
sleep, reduces sedatives drugs doses, weight
gain. Prophylaxis: contractures, sub-disloca-
tion of hips and scoliosis.
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Principle - Agonist of the inhibitory GA-
BA-B neurotransmitter: Modulation of spinal
circuits. Intrathecal administration with a pro-
grammed pump via spinal catheter promotes
an effective treatment with doses 100-1000
times lower compared to oral administration.

Limitations and controversies - Technical
complications and infection. Probable nega-
tive influence on scoliosis.

Selective Dorsal

Rhizotomy (SDR)

The selective dorsal rhizotomy (SDR) is re-
served for a select group of children with spastic
diplegia who have significant lower limb spastic-
ity, good strength and selective motor control.””
Other authors also recommend that children
selected be able to walk, have pure spastic-
ity, age between 3-8 years, intact cognition and
good social structure,'"'® moreover it is recom-
mended III or IV degree in the GMFCS (Gross
Motor Function Classification System).?

The SDR is indicated to reduce spasticity
and improve functional gait, besides facilitat-
ing quadriplegics care." Ideally, the SDR should
be performed before the contracture becomes
fixed or that the child requires an extensive pro-
gram for the deformities correction within the
spasticity management. The SDR requires an
intensive rehabilitation program and many chil-
dren may have difficulties due to cognitive and
behavioral problems. Studies, controlled and
uncontrolled, have shown a permanent reduc-
tion of spasticity and improvement in gait after
the SDR procedure. On the other hand there
are some studies relating the SDR to spine, hips
and feet deformities;'” despite this, complica-
tions such as sensory modification, bladder and
bowel dysfunction, and low back pain are infre-
quent - roughly 10%.>%7

The reasoning which justifies physiological-
ly the making of a SDR is the neurophysiologi-
cal evidence that spasticity is the result of de-
creased inhibition from upper motor neuron in
the corticospinal tract and interneurons circuit.

The surgical procedure involves a lamino-
plasty with deafferentation of roots from L2-
S2 followed by electrical stimulation of indi-
vidual sensory roots. The selection of the roots
to be sectioned is based on lower extremity
muscle response to electrical stimulation.>”*

Between 25% and 50% of the dorsal roots
are cut, however, despite the sophisticated de-
tection and monitoring in experienced hands,
some uncertainties remain about the optimum
amount of roots to be operated;'" in addition
it is estimated that around 50% of the sensory
roots at the SDR level be also sectioned.?

After surgery, the spasticity reduction usually

reveals a muscular weakness and intense physical
therapy is needed to establish appropriate motor
patterns and strengthening programs.

A 2002 meta-analysis suggests that the
decision to do or not to do the SDR depends
on the comparison between the early score in
GMFM (Gross Motor Function Measurement)
with the estimated score after the procedure.
This last score must be at least four percentage
points above the estimated score for a non-
invasive procedure in order to justify the risks,
effort and time involved.'”?° This meta-analysis
suggests that SDR can result in strength, gait
speed, self- care and GMFM scores gains when
combined with physical therapy.

The SDR is followed by a spasticity re-
duction with a clear improvement in the mo-
tion arcs and dynamic function of the gait;
however this procedure does not affect the
selective movement control, balance nor the
fixed deformities, which may even worsen af-
ter the surgery. We must remember that the
spasticity, part of the upper motor neuron
syndrome, is not the most important factor
in determining the prognosis of children with
cerebral palsy; weakness and loss of move-
ment selective control are more important
and more difficult to manage.”'

Orthopedic Surgery

Selection, adjustments and procedures in or-
thopedic surgery have changed significantly
in recent years. Surgeries in the lower limbs
should now be deferred until maturity of the
gait, which occurs at around 6-10 years,6,7 the
results of surgeries performed before 8 years are
poor due to the existing growth potential.>*

The introduction of the GMFCS and the
FIM had a major impact on surgical indica-
tions. Thus, surgeries with functional gait
purpose should be performed in children
with GMFCS I and II while the surgeries
with pain relief purpose should be made
in levels IV and V.»* We know that children
with GMFCS V have 65% of chance to de-
velop hip dislocation.

The surgeries should be performed as a
single-event multilevel surgery - SEMLS ‘ie.,
surgery performed at a single time and at
multiple levels'"** involving derotational
osteotomy combined with stretching and
tendon transfer on hips, knees and ankles in
the same surgery. They are indicated for fixed
deformities that result in: motor progress in-
terruption, pain, orthoses use intolerance or
difficulties in care,* aiming at function im-
provement, deformities prevention, lessen
the pain arising from the sub-luxation or dis-
location of the hips, occurrence of pressure

ulcers prevention, positioning improvement,
cosmetic and hygiene conditions improve-
ment and facilitate the use of orthoses.>

The early and aggressive treatment of spas-
ticity by chemical blockage, botulinum toxin
type A and / or phenol, oral medications,
baclofen pump in combination with physical
rehabilitative programs and the use of orthot-
ics and adaptations, has avoided deformities
and delayed surgical indications to late child-
hood.*"** At this stage the three-dimensional
gait analysis helps to indicate the best surgical
procedure. Planning is essential and includes
rehabilitational multidisciplinary postopera-
tive programmes,” including the use of plaster,
bracing, oral antispasmodic medications, bot-
ulinum toxin or phenol blocks besides exercise
and functional stimulation.”

The orthopedic surgical options that
can influence lower limbs spasticity include
stretching of the muscle-tendon unities and
tendon transfers. The relief of tension in the
muscle-tendon unit decreases the stimulation
of muscle spindles, which reduces muscle
spasms and spasticity.**

The post-orthopedic surgery reduction of
spasticity is usually temporary and cannot be un-
derstood as a definitive procedure, it is more used
for the treatment of bone deformities and fixed
contractures as for the spasticity treatment.**

Orthopedic surgery intervention in the
spasticity treatment is limited to selected cas-
es. The surgical indications may include: im-
provement in function, deformities correction
or for cosmetic reasons.

The orthopedic surgical procedures can be
classified into four major categories: 1 - stretch-
ing the muscle and tendons or both 2 - tendon
transfers, 3 - osteotomies, 4 - arthrodesis.

Tenotomies are indicated to release the
tendons of severely spastic muscles, they can
be performed in patients without voluntary
movement and they have poor results and are
more suitable for adductor thigh. Stretching of
tendons is made to weaken spastic muscles and
position joints in as natural as possible angles.
Tendon transfers are used for those muscles
that maintain some residual function and can
produce useful movements. Stretching and
tendon transfers are very useful if the volunteer
movements are preserved.” These procedures
are more frequent in the lower extremities and
tend to improve the gait development.

Untreated spastic muscles lead to bone
deformities and changes in the joint mecha-
nisms. In these cases the osteotomy may occa-
sionally be indicated; in other cases the joint
fusion, arthrodesis, may be indicated to place
the joints in optimal position.”
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| - Stretching the muscle

and tendons or both

This procedure involves the stretching of the
muscle tendon units. A tendon can be length-
ened by zetaplasty (Fig.1) at the level of the
muscle-tendon union or through the fascia re-
cession (Fig. 2). At the tendon stretching there
is some spasticity reduction by the change in
Golgi receptors and in muscle spindles.”® We
must remember, however, that although the
tendon is stretched the muscle fibers may re-
main shortened, which continues to be del-
eterious for the muscle. The complications of
this procedure are usually iatrogenic including
over-stretching with loss of muscle strength.>

Il - Tendon Transfers

Lower limbs: a gait analysis and overall as-
sessment of a spastic child are particularly im-
portant when discussing the tendon transfer
surgical technique. When spasticity occurs in
a group of muscles, the joint responds by caus-
ing a flexion through the more active muscle.
Through the technique of tendon transfer, the
surgeon can relocate the isolated hyperactiv-
ity from a spastic muscle to where it can act as
an antagonist of another spastic muscle of the
same muscular group, adjusting the joint de-
spite the spasticity.”

The gait analysis guides the priorities for
intervention aimed at improving specific pa-
rameters of gait. For example, a gait analysis
can verify the dynamic response of the joint
kinematics and muscle activation in order to
plan the surgical options.

A quadriceps hyperactivity during the
swing phase of gait, resulting in a rigid mem-
ber, may indicate the need for transfering the
distal portion of the rectus femoris tendon to
the middle-posterior portion of the knee. The
rectus femoris will continue to have its spas-
tic nature but in this new position will act by
flexing the knee. This will help the knee flexor
muscles and will reduce the torque produced
by the internal residual quadriceps.?

The equinus foot deformity is commonly
seen in individuals with spastic diplegia in cere-
bral palsy. Spasticity in the gastrocnemius / so-
leus complex and tibialis posterior causes plantar
flexion and ankle inversion. To correct this de-
formity, the transfer of part of the posterior tibial
tendon is indicated in association with Achilles
tendon lengthening. By dividing the posterior
tibial tendon, the activity of the remaining tis-
sue is reduced. The other portion of the tendon
is attached to the distal Achilles, passed through
the interosseous membrane and attached to
the dorsal part the foot. The increase in tendon
length will reduce the tension produced by the

Figure 1 - Zetaplasty of the achilles tendon schematic
A - Intact tendon with surgery marking
B - Stretched and sutured tendon

Figure 2 - Procedure over the gastrocnemius-soleus
that only lengthens the highest portion of the tendon
of the gastrocnemius

gastrocnemius / soleus spastic complex and will
allow the joint dorsiflexion. The analysis of gait
after surgery shows a decrease in hyperactive
dynamic equinovarus deformity in both phases
of gait: support and balance.”®

This technique, however, may result in fail-
ure of the procedure in 10-60% of cases where
the primary problem is transformed into a
secondary deformity of the calcaneus or into a
valgus by overcorrection.”® Another technique
involves the division and transfer of half of the
tendon to the posterior tibia, reinserting it into
the peroneus brevis tendon level.

The procedure of the division and transfer
of the tibialis anterior tendon is indicated for the
correction of equines-varus posture, to help re-
duce excessive supination of the sub-talar joint.
In this procedure, the anterior tibial tendon dis-
tal division is tunneled to the cuboid and cunei-
form bones in order to create an eversion force.
This surgery is often combined with lengthen-
ing of the Achilles tendon.

Superior Members: The orthopedic proce-
dures for the upper extremities are more con-
troversial. The most typical hand deformity in
spastic patients is the palmed thumb. It can be
classified in four types:**

Type 1: weakness or paralysis of the
thumb’s long extensor. Surgical treatment
involves the transfer of the palmaris longus
tendon or the carpi radialis flexor to the long
extensor of the thumb.

Type 2: thumb abductor, flexor pollicis
and abductor pollicis brevis spasticity or con-
traction. Surgery to release the tenar muscle
and first dorsal interosseous is recommended
to allow forceps movement.

Type 3: abductor pollicis longus weakness
or paralysis. The surgery consists in the repo-
sitioning of the thumb’s long abductor muscle
around the flexor carpi radialis and advancing
distally its insertion.

Type 4: flexor thumb’s spasticity or con-
tracture. The surgery consists of a stretch on Z
shape of the thumb’s long flexor near the trans-
verse carpal ligament to improve the position
of the thumb.

The wrist imbalance is another major prob-
lem resulting in function loss of up to 60%. The
wrist may take three unnatural positions:

Flexion contracture of the wrist with hy-
perextension of metacarpophalangeal and
proximal interphalangeal flexion: this position
can be treated with the division of the flexor
carpi radialis tendon and transfer to the short
radial extensor.

Ulnar carpus deviation: In this condition
the radial carpal extensors are weak and the
extensor carpi ulnaris tendon is sub-dislocated
on the ulnar styloid process, causing the exten-
sor carpi ulnaris to behave as a functional wrist
flexor. This condition can be treated by tendon
transfer of extensor carpi ulnaris to the exten-
sor carpi radialis brevis.

Wrist in marked flexion with contraction
of all three flexor carpi. In this condition a Z-
lengthening is done on the radial, ulnar and
long carpal palmar flexor tendons.

We should note that the orthopedic proce-
dures involving the upper extremities are not
universally accepted as a tool for functional
improvement in patients. The complex actions
required by the fingers and hands can be signif-
icantly altered by these procedures. An over-
stretching, however small, on the fingers flex-
ors may result in a decrease in grip strength,
so the upper extremities complexity limits the
use of surgical transfers on the limb.”* A good
initial voluntary control can be a good predic-
tor for surgical outcome in upper limb.”

lll - Osteotomies

In some children who walk, rotational abnor-
malities (increase in the femoral anteversion
angle and tibial internal or external torsion)
may occur due to change in the lever arms.
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All children are born with an increase in the
femur’s anteversion angle, but normal ambula-
tion leads to a natural derrotation. This mecha-
nism can fail in a child with cerebral palsy and
change the biomechanical alignment and gait.
In these cases the osteotomy may be indicated.
In children unable to walk, the hips dislocation
can cause changes in sitting posture, arthritis
and pain; in these cases the osteotomy may be
indicated for the reduction of dislocation and
temoral head coverage. Multiple osteotomies
of the tibia, fibula and feet bones can be useful
in aligning the ankle and foot.”®

IV - Arthrodesis

In some situations the arthrodesis are indi-
cated to correct and maintain joint alignment.
Hip arthrodesis is a rare procedure because it
can lead to difficulty in sitting and standing
after surgery. Good results are obtained with
thumb to the wrist arthrodesis and the first
metatarsal to the hallux. Said extra-articular
arthrodesis Grice or Green type are still used
to stabilize the foot, despite the fact that os-
teotomy with calcaneus lengthening has been
more used for correction of foot valgus. Ver-
tebral arthrodeses are also widely used in chil-
dren with scoliosis.>

According to the update of the 2009 Euro-
pean Consensus for the treatment of spasticity
in children with cerebral palsy’® in relation to
orthopedic surgical treatments we have:

Treatment Indication - Established for each
severity degree. Surgery: as higher level of GM-
FCS is the earlier surgery should be considered.

Objective - To fix the misalignment in-
duced by spasticity involving one or more
joints (multilevel) to prevent secondary bone
deformities. In case of irreversible bone defor-
mities: reconstruction for functional improve-
ment and facilitating care by reducing the pos-
sibility of secondary lesions.

Principle - The experience of the pediatric
orthopedic surgeon is critical to the decision-
making of the team.

Limitations and controversies - Irrevers-
ibility, morbidity, repeated surgeries and lack
of scientific evidence.

Physical Interventions
The objectives of a physical training program
in the spasticity treatment include: maximize
function and minimize secondary complica-
tions such as muscle contractures, bone defor-
mities and painful muscle spasms during active
or passive movements.**?

The foundation of spasticity treatment
is rehabilitation. Without the family’s coop-
eration and an appropriate therapy program,

whether at home or in rehabilitation centers,
the best therapeutic techniques often fail.”

Usually physiotherapy and occupational
therapy begin at early treatment stages along
with a good household program done by par-
ents and or caregivers. Adding to the stretch-
ing program, parents should be instructed to
place children in positions that prevent defor-
mities and promote recovery, without trau-
matizing or giving noxious stimuli that could
stimulate spasticity.** An appropriate program
for positioning prevents trauma and preserves
the structure of the joints.*®

As important as the orientation described
above is the training of family members about
technical standards to inhibit synergistic pat-
terns that accompany hypertonicity and to fa-
cilitate normal patterns of movement. This can
help the child to follow the daily activities and
incorporate the affected extremities at work, in
games and activities for self-care.”®

Spasticity limits mobility. Managing tone
is one of the points raised in the understand-
ing of the overall treatment of patients with
cerebral palsy. The diagram on figure 3 shows
the relation between spasticity and other fac-
tors that affect mobility and independence in
patients with cerebral palsy.*!

We must remember that treatment with
botulinum toxin opens a therapeutical window
within the rehabilitational program where the
child with cerebral palsy will have an interval
of 3-4 months of drug-induced relaxation. The
therapeutic window must be used to its full-
est in order to maximize effects of botulinum
toxin, and for this one must intensify the phys-
iotherapy and occupational therapy programs
during this period. Assure to the patient this
opportunity is a fundamental condition that
must be discussed with family members prior
to the procedure of chemical blocking.**

The spasticity reduction after botuli-
num toxin injection associated with physical
therapy creates a possibility of acquiring new
functional patterns;* in addition, the biome-
chanical changes induced in muscle function
by botulinum toxin improves the conditions
for strengthening and stretching, and this pro-
vides an opportunity to strengthen the antago-
nistic muscles to the injected ones and thus
restore the balance between them.*

Passive stretching
In spastic patients was found that muscle
strength decreases progressively to the extent
that the member is mobilized. A system of
daily stretching is part of any program for the
comprehensive treatment of spastic patients.
A technique used to reduce spasticity is
the passive stretch where the muscle is mo-
bilized through an arc of motion that simu-
lates the normal range of movement. Another
technique is the passive strain used in the
treatment of patients with contractures; this
involves a sustained and prolonged stretch
in the desired positions to the point of maxi-
mum muscle stretching tolerance. These
techniques reduce spasticity by mechanisms
little known and for a few hours.%”* The pas-
sive stretching can also be obtained through
the use of orthoses

Muscular Strengthening
There are controversies about the value of
muscle strengthening in the spasticity treat-
ment. Several therapeutic techniques have
been suggested, isokinetic or through special
equipment, since it is known that the spastic
muscle is usually weak.

The “neuro behavioral” technique was de-
veloped after observation of neuro physiologi-
cal behavior in normal children. Bobath recom-

Comunicacao e educaciao

Mobilidade Assistida

Mobilidade

Terapia Fisica

Espasticidade
Manejo do tonus Distonia
Rigidez

Figure 3 - Relation between spasticity and other factors that affect independence and mobility
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mends that the techniques of normal movement
and posture correction are impossible in the
presence of an abnormal muscle tone and ex-
alted tonic reflexes; its therapeutic intervention
principles are based in tonic reflexes inhibition,
through inhibitory postures.>

Bobath in particular believes that the coun-
ter-resistance strengthening increases muscle
tone, which leads to a major objection to the
practice of strengthening exercises and exercis-
es with weights in patients with muscle spas-
ticity. In children with cerebral palsy, weight
training besides increasing spasticity does not
improve function because these patients usu-
ally have a lack of muscle selective control at
the target muscles. Moreover, despite weak-
ness presence, it does not necessarily contrib-
ute to the dysfunction.”

On the other hand, the Kabat and Knott
proprioceptive facilitation techniques en-
courage the training of weak muscles against a
therapist resistance with the aim to strength-
en muscle groups active in opposing the spas-
tic motion patterns. In spastic adolescents is
noted that the isokinetic training results in a
strengthening and improvement in gross mo-
tor functions. Muscle weakness is an upper
motor neuron syndrome component and a
strengthening program, encompassing vari-
ous muscle groups, can contribute to a func-
tional improvement in posture and transfers
converging to an overall performance im-
provement on these patients.”!$*

According to the 2009 European Consen-
sus for the treatment of spasticity in children
with cerebral palsy update'® in relation to ther-
apy and functional exercise we have:

Treatment Indication - Treatment con-
comitant to the spasticity treatment performed
by qualified therapist.

Objective - To assist the motor develop-
ment and prevent the development of defor-
mities resulting from spasticity.

Principle - Focusing on the problem
related to treatment depending on the dis-
order’s severity: defining goals and targets,
perform functional exercises, documenting
the changes. Muscle activation immediately
after botulinum toxin application, stretch
the paretic muscles not injected. Search the
muscular balance between agonists and an-
tagonists in all activities of daily life through
participation goals. Treatment for when
goals are achieved.

Limitations and controversies - Lack
of scientific evidence, the concept is only
partly based on scientific grounds, there
are trends in relation to traditional meth-
ods and ideologies.

Miscellaneous physical
interventions

Several techniques have been used over the years
in the spasticity treatment. Vibrations between
100-200Hz applied over the muscles tendons,
especially on spastic limbs antagonists, cause a
sustained interruption of afferent neurons. For
example, vibration applied over the wrist exten-
sors results in a passive contraction of muscles
opposing the habitual flexion posture.

The application of local cold and topical
anesthetics results in a decrease of spasticity
by a decrease in the sensitivitiy of cutaneous
sensory receptors and a decrease in nerve con-
duction velocity, leading to short periods of
increased motor function.

By clinical observation, patient positioning
also makes a difference in tone control. The use
of weights in the upper extremities in children
with cerebral palsy is associated with increased
ability to open the hand and standard handgrip
improvement. Cranial magnetic stimulation
and acupuncture are also described for reduc-
ing spasticity.”

Equine therapy

The rehabilitation technique based on the use
of horses as therapeutic means. It has been
proven useful in the spasticity treatment of
children with cerebral palsy,® by improving the
gross motor function, tone, range of motion,
stretching, coordination and balance, reduc-
ing the motor impairment degree. Moreover,
the equine therapy offers potential cognitive,
physical and emotional benefits.”

Electrostimulation

and Biofeedback

Electrostimulation has many uses in neurore-
habilitation. It can be used in diagnosis (elec-
tromyography) and therapy by reducing the
tone or as a form of functional electrical stimu-
lation for muscle contraction when applied on
the nerve or motor point.*

The electrical stimulation can also
make the effects of botulinum toxin injec-
tion more potent.*

The electrical stimulation therapy has been
used in reducing severe hypertonicity. The most
typical usage is the application on antagonistic
muscles, where the stimulation of afferent pat-
terns results in the inhibition of agonist muscles,
reducing its tone for a time that can vary from
15 minutes to 3 hours, on average one hour after
the procedure. The routine electrical stimulation
use is responsible for the contractures decrease
and increase in agonist muscles motor activity,
besides reducing tone of antagonistic muscles,
nonetheless these are short-term effects.

Electrostimulation may also be function-
ally and dynamically used in assisting muscle
strengthening and in the acquisition of func-
tional praxis (eg dorsiflexion stimulation dur-
ing gait through a functional electrical orthosis
~ figure 4). The equipment shown in figure 4
consists of a system for dorsiflexor muscle
stimulation and a sensor pad with a switch that
allows the identification of which moment in
gait cycle the member is. It performs a dorsi-
flexors stimulation during oscillation phase
of the gait, allowing easier passage of the limb
ahead the trunk; and it goes and off when the
calcaneus touches the sensor pad, allowing the
relaxation of this muscle group.

Biofeedback

Another form of stimulation that has been used
for over 20 years. This type of stimulation con-
sists in the electrical activity of spastic muscles
expansion by electronic systems, transform-
ing them into visual or audible signals, which
makes easier for the patient to understand the
results of contraction and relaxation measure-
ments done during the therapy session. This
technique allows an increase of body awareness
that results in better control of movement. The
positive aspects demonstrated through this
technique include improved body image; pa-
tients, using this technique, are able to predict
how the contraction of inactive muscles would
be, improving by that muscle training and pro-
viding a better involvement in the rehabilita-
tion program. This type of training, conducted
in a regular pattern, may reduce spasticity and
occasionally muscle spasms.>Furthermore the
involvement and understanding by the patient
for this technique is essential. Finally the elec-
trical stimulation (TENS) is a possible tool for
the spasticity treatment and for strengthening
weak agonist and antagonist muscles.'>**

Orthoses
Orthoses include all devices applied to mem-
bers externally that correct abnormal postures
caused by gravity or by spastic patterns.' There
are many reasons for the orthoses use. They
can be used simply to compensate paresis of a
follow-up member or may also prevent defor-
mities secondary to contractures and reduce
pain. Structurally, orthoses can control joint
instability; biomechanically, they can change
the limb loading to reach the velocity moment
below the threshold that must be achieved,
before the stretch reflex activity appears in the
antagonist muscles.”

The splints have multiple forms and ob-
jectives. They can be designed for active or
passive positioning, for inhibition of reflex
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Figure 4 - Functional Electrical Orthosis - FES system
with sensor pad

patterns, or to produce pressure on specific
muscles or tendons areas. They can be static
or dynamic. In upper limbs, especially in
the region of the wrist and fingers, they can
be for palmar or dorsal support. The palmar
support is used for positioning and should be
observed in order not to produce an increase
in flexor spasticity.'>*

The static orthoses are often effective in
keeping the length of the muscles involved, when
amuscle is passively stretched and in the elonga-
tion process occurs a decrease in sensitivity of
stretch reflex, with reduction of spasticity.'**

The musculature forced into a passive
stretching will undergo anatomical and phys-
iological changes, as an example the adding
of sarcomeres to muscle fibers and stretch of
the connective tissue elements. The spasticity
reduction induced by the use of splints may
extend for up to three hours after its removal,
allowing the use of the affected limb in func-
tional activities.”®

Dynamic orthoses are used to improve
the biomechanical aspects, besides helping in
stabilizing the posture allowing a functional
control of movement.”® This type of bracing
for wrist and hand, allows some freedom to the
joint. Usually the dynamic orthoses combine
palmar and dorsal aspects of the splints.”

The ostheses are commonly used on lower
extremities, especially for the needs required
in gait. The first short leg braces were made
of rigid materials, with a fixed ankle. The lat-
est guidance is that they be constructed with
lightweight materials and meet the needs of
individual patients according to their charac-
teristics of movement.”

The dynamic lower limb orthoses improve
function during gait by allowing some ankle
dorsiflexors mobility during different phases
of normal gait.'#?*

AFO (ankle-foot ortheses) that have floor
reaction are preferable to fixed apparatuses on
the approach of equinus foot posture, besides
facilitating the change from seated to standing

position in children at the pre-gait phase.”
According to the 2009 European Consensus
for the treatment of spasticity in children with ce-
rebral palsy update'® for ortheses we have:
Treatment Indication - depends on the na-
tional standards, interdisciplinary, continuous
cooperation with orthopedic surgeon and in-
fant child orthesist
Objective - To improve function and par-
ticipation, prevention and / or reduction of
muscle contractures (muscle and bone defor-
mities), decrease the incidence of surgery.
Principle - Limbs: functional improvement,
maintenance, optimization of the functional re-
serves. Body: stabilization and support.
Limitations and controversies - Lack of
scientific evidence, tack, without internation-
al standardization, variability between differ-
ent concepts in centers rehabilitation at the
same country.

Plaster
Plastic plasters can be considered an extension
of extremity splints. The theoretical basis for
the plaster use in spasticity treatment, lies in the
inhibitory response of autogenic Ib afferents
fibers from Golgi tendon organs. For example,
every time the plaster inhibits the flexor spastic
contraction of a region, it can decrease the area’s
flexor tone. Another theory is that the heat and
weight of the cast also contribute to the reduc-
tion of tone, however we must be careful with
the possibility of neurovascular compromise
in this procedure.” Plasters in spastic patients
promote a steady and prolonged muscle stretch
that can also be progressive, useful in patients
with large static spasticity component.'®

The plaster has been extensively used in
children with cerebral palsy as an adjunctive
treatment for spasticity. In this group, plaster is
used for maintaining the optimal positioning of
the joints, facilitating functionality and reducing
spasticity. Plasters that reduce the tone are ap-
plied to produce stretch in hypertonic muscles
while functionally positioning treated extremi-
ties.”® Serial casting, with exchange every 7-10
days and repeat S times, decrease muscle tone
and seem to be more effective in controlling soft
tissue contractures resulting from spasticity.>®

We must remember that some move-

ment control and spasticity degree decrease
should be observed during the use of casts,
otherwise the probability of maintaining
or improving range of motion afterwards,
by braces and splints, will be small. Befo-
re using plaster it is necessary to take into
account the patient’s cognitive function, as
well as his/hers skin condition and sensory
loss.** The plaster can also be used in con-

junction with chemical blocks, botulinum
toxin and / or phenol.’

-
CONCLUSION

Spasticity is a complex clinical manifesta-
tion that requires deep understanding of
intrinsic mechanisms and pathologies that
cause it. An extensive range of therapeutic
modalities for its treatment is available. The
treatment must be individualized depen-
ding on the location, severity and duration
of symptoms. The therapeutic goals must
be established before starting treatment and
must be understood and shared by patients
and their families.

On the other hand we must remember the
family members of our spastic patients that
despite the large range of procedures available
for spasticity treatment, the rehabilitational
program based in kinesiotherapy cannot be
dismissed. Patients who leave the rehabilitati-
ve programs do not enjoy the benefits of indi-
vidual treatments for spasticity control.

When we treat a child with cerebral pal-
sy we must ask ourselves what should and
should not be done in childhood in order to
preserve mobility and function in the stages
of adolescence and adulthood. It is critical
that individuals with cerebral palsy have
their physical capabilities preserved and
enhanced, through tone management, main-
tenance of motion range, posture correction
and judicious use of surgery strategies to
preserve muscle strength and incoming sen-
sory stimuli.

Moreover, the application of biomecha-
nical principles, physiological exercises and
motor control associated with the current
regeneration knowledge, neuronal restora-
tion and transformation changed interven-
tion strategies based on sound science. A
more accurate diagnosis and new preventive
approaches to primary and secondary aggra-
vating factors, combined with technological
advances in rehabilitative apparatus also
have great potential to improve the health
parameters and most importantly quality of
life in patients with cerebral palsy.

-
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