Miuscles iInmovements
applied physiclogyto Infants and thelr clinical conaditiens

From brain to muscles, and vice vers:
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Concerneditems:
fliom fetalllive to 7 years

Muscularactivities tonus, posture, muscle contractinmetalbolicaspects,
generamoevementsarchaicreflexes paroxysmsconvulsions,

Developmentaaspects:
Thehealthymuscles
Theperturbedmuscleactivity
Somewordsaboutthe exerciseests
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Muscular activities: states, attitudesand movements

T 'hetonus:basic stateof contractioneadingto resistanceo stretchandthis
IS dependenof efferentinnervation.

neposture
nemuscle contraction

nemetabolicaspects
he generamOvementﬁsdescribeday thegroupof Greningen;
Jearchaicreflexes

Neparoxysmstonic, clonic, myoeclonic myokimy,
fasciculationgdystonia

Theconvulsions
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Developmentalaspectsand the «finall resulis»::
a strict distribution with: vertical hierachy and parallell connections

Associative cortex *

Motor cortex: UMI\[ *

Reflex motor prog
Premotor cort =
Cerebellum

Limbus Rostral midbrain: LMN *
Amygdala
thalamus

Basal ganglia *

.
Cranial nerve M nuclel

Alpha N( ant horn)

Muscles, and gamma N
* With precise arrangements
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Strict distribution

IR the moetor cotex:

with 6 layers from feetto mouth togethemith otherstructurenfi motorlearningor reflexesmotor
programs

In theinternalcapsula, 40 %f fibers arefrom somatosenserareas, 31 %rom motorcortex,and20 %
from pe-motorcortex;

In the cerebellun

with 3 layers, with lateral part for planing movementstermediate part for adjusting limb movements, with
central part for postural adjustment, with flocculoiseye movements

In the basal ganglia

these are the putamen ( 1 ) with the globus pallidusdi2hihg lenticular nucleus, and with caudate nucleus
(3) forming the striatum, the subthalamic nucleus ¢Hg,substantia nigra ( 5 ), the thalamus (6) wich is the
obligatory passage for all these pathways of modulaimhtreatments of cortical inputs/outputs

In the midbrain nuclei:
mainly the red nucleus, the locus coeruleus, the craeiale motor nuclei,
In the spine:

with anterior and posterior horn, and alpha MN togethién gamma MN to maitain possible the
stretching/destretching reflex

In the motor units:
with the fibers

Dr Oreste Battisti




Topographic anatomy
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Blood supply is mainly from
Heubner’ artery
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The histology of muscles

The motor unit= 1 LMN + severamusclefibers

3 kindsof muscles fiberg Redslow, Whitefast Intermediates|ow-fast)
andmetorunitsin all muscles butvith a variable distributiorntheaduli
patternis obtainedat 30 wafteran importandifferentiationfron 26 w;

Therecruitemenis made in ardersize CNShasmore control orthered
slowfibers

Themyotube or myocites) arethe resultsof fusionof myoblastsand
containmyoglobin contractilegproteins( actinewith tropining
tropomyosine myosinewith titinine, actimine myonesineproteinC;
desminedystrophine merosine proteictriad ), mitochondriaseveral
nucleusnearmembrane [ notthedifferencesvith myocardium|. These
cellsarefully doneat20weeksGA, andthe contractile systens presengt
16 weeksandendsits developmenafter40 w;

Innervationis presentt 10 w, firstly multi thenmonefiber at43 wi;
Collagencomponenis due tothe activity of myofibroblasts
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Developmentalaspects

Musclescellsdivision, fusionendedat 20weekstetal life;
Fibersdifferentiationanddistributionendedat 30 weekstl ;
Contractileandsarcotubulasystemendedat 43 weeks
Innervationfroma multl toramoneinnervationat43weeks
Before3:-4 monthsof age,motorbehavierdepensiiom glebus

pallidus

Afters 3-4 months motorbehavions dependingf motor
cortex +putamen+ caudateaucleus Hearningareas;

Full' controlof spinal motoneurones by locnmerandExtra
Pyramidal structureis obtainecat 3-4 years

Mental contrelandlearningprogramsds obtainecati5-6 years
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MUSCIEs contraction: relevaamatemy.
Adjacent structures

Basal ganglia
Bulbar reticular structure
cerebellum

+ |

Alpha / gamma motoneurons cf
\+A
muscles Muscles, tendons, bones,

peritoneum
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The socalled archaic reflexes

Begin

fully present

dippear weeks

withdrawal

< 28

< 286

&0

Palmargrasp

32

0

MORO

32

12-16

Recoll

33

10-12

Rooting

34

12-16

Traction

37

12-16

Stepping

37

12-16

Neckrighting

37

12-16
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Metaholic aspectsof muscles tissue

Biochemicalreactionsarethe glycolysis the Krel's cycle the
P-creatinecycle,the purine cycleghelipid oxydation,the
glucoesefaity acidscycle

At « rest»; mainly useofi FFA;

At <« exercise»; > 1 hr. glucose evenanaerebi@glycolysisit
Intense )withia shiit toglycogenolysiar neoglucogenes|s
butalseFFA;

= 1-3 hr: FFA;

= >40r: lipid ( betaandomega) oxydation
In fetusandtill 6 months massof muscless 22-24 %of body
weight
Excentriccontractions betterthanconcentriccontraction
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Activities: In non healthy muscles
(‘the Incidenceol neuromyopathiesis;iabout 0.3/100MIrths )

Evenil bloedflow canbeadaptedo efiiert, abnermalitiesn adaptatiercan

beobservediue todefects iIn metabolisnof glucose seeglycogen),
of lipids|( seebetaoxydation carnitine FA transport ).

[Defectsin contractileproteins
Defectsin contraction ( I espasticity);

Infection, fasting exercisg short or long ), colonarcosismight induce
abnormalities

If myoglobinuriathink-on disordersofi glycolysisor glycogenolysis

If' 3-5 fold increasan lactate, NH3andpyruvate think onlipid metabolism
( betaoxydation,carnitine FA transport )

Dr Oreste Battisti




Tlestingmuscles inspasticmuscles

Measuran ankles( goniemetryor radiology);
Specialclinical tests
Analysisof walk or movements

MusclésscalesAshworth Tardieu, Duncan Elcelectivemotorcontrol
test,Modofiedselectivemotorcontroel test;

Musclesechography
Othermethodsaremainly devotecto neuromyopathies EMG, VC,

biepsywith,enzymologyandmoerphometryIn this case think onimaking
studieson/liver, heartandbrain
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flesting thie musclesactivities durng| efferts: the ratienale

« Exercise »> localincreasef VO2 > inputfrom muscles tanotor
areaandrecticuleendotheliasystent> Increasaf heartrate,cardiac
outputandbloedpressure ANLCncreasef RR andtidal volume;

|_actic acidpreduction arrives If HR > 0.8 ( 220age inyears);

Excentriccontractionofi muscles (helengthof fiberschangeandthereis
amovemeni Is bettersupportedhanconcentriccontractionlessvVO2,
lower Cardiacoutput,lesslactic acidosis

However exagerate@xcentriccontractioneadsto of pain due toirelease
ofi ( from myocytes) hydroxylaseandmoreovemwhenmyofibroblastsare
stimulatedcollagenmight be excessivelysecreten

Stretchinganddestretchingeflex ( by gamma Mispindlewith alpha MN
) Is very important
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Tlesting the musclesactivities by « effierts »

Walking for 6-9-12' minutes or running for-20-12 minutes;
[Forearmexercisenith aerobicmode onschemicmode;

TThesemodes ard@lifficult to performbefere/ years but
Imaginative technigues abzingluilt up: teimprovemetnods

ofi effort, of bleodsampling
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Biochemicaldata in severaltissue

tissue O2/100g/min Glucoese Glucose/O2 ATP/O2 ratio Tissue/body
Mg/100g/min Molar ratio Weligthratio

drain 3 ¥/ 0.18 15 %
heart 23 16.3 0.16 0.4 %

kidneys 25. 1 0.15 1 %

liver : 7 0.19 4 %

Muscles 0.23 0.13 23 %
At rest

exercise : 25.7 0.18 23 %
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Definitions of severalmovements

Ataxia: Impairemenbfi smoothvoluntarnycoordinationof mevements
Athetosis slow flexion/extensiolnf faceandlimbs;
Choreafastmovementof face,shoulderor drop;

Convulsion:suddersustained tonic ) orbrief ( clonic) contractionof a or
severawholemuscles;

Dystonia extremesustaineae-contraction (@gonistsandantagonistsof
anybody part;;

Fasciculation: single-contracti@hione Motor Unit;
Myokimy: repetitivecotractionof oneMU in onemuscle;

Myoclonus brief andsuddencontractionof severaMU, in oneor several
muscles;

Other. tremor; tics,Synkinesisakinesis catalepsia
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Cerebral palsy 1n children:
anecessanmultidisciplinan/ appreach

We hope a as good as possible physical and mental
health for the children, future adults.
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Cerebral palsyinrchildren

Prevalence3-4. / 1000;

Clinical fierms following evidentmotor
Invelvemeni

= Spastic: diplegia;gquadriparesia;Hemiplegia
triplegia

= ataxic;

= dyskynelic: dystonic athetoig

sHYypotonic;
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EtielegIes o) circumstancesol Cerelral paisy

Leucomalacia
Meningitis/encephalitis
Asphyxia
Occlusivevascular
disorder

Malformation
unknown
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Muscles contraction (1 )i structures

= Interventions otfhe

pyramidaliand
extrapyramidatracts, ofthe
eyefunction, of thered
nucleus, othecerebellum
thecaudatesubthalamus
andputamemuclel all the
tractsmakingrelays

\ | betweerthesestructures,

andDOPAMINE;

Motor programs

or components and schematic connections involved in MerOT control. The cerebellum and basal ganglia partidpate n 10
primarily by influencing the output e and spinal cord, (These connectionsare
in Chapters 19 and 20.) Each also i s il (minor for the basal gangiy mote SUbE
{um). The bassl gangla receive inputs primarih of the basal gangla
s large qu i i incortical sources. AG
e, cercbellum; M, motor areas of cortex (primary Iotet ‘remotor, and supplementary mofor area
N, red nuclus SG,superior colliculus; VY, vesibular nuclef.
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Muscles contraction ( 2"): relevesmatomy
Adjacent structures

Basal ganglia
Bulbar reticular structure
cerebellum

+ |

Alpha / gamma motoneurons cf
\+A
muscles Muscles, tendons, bones,

peritoneum
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Muscles contractions (C Sinelecularaspects {

NENVEPErmetorunit, componef 3-15interlaceamusclesibersthatcanrit be
Inadividualized)

nicotin

D membrane Pot

Curare, Ach esterase
.

Release of Ac Cho

.
Na+ influx

SRECca++ efflux Troponin ( actin+myosin ) overlap=
Muscles contraction

N
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Clinicall presentation

= Vielor Invelvement: spasticity ataxig
dyskinesiahnypotonia

= \ViSieninpairement and disorder of
communication

Eeeding disorder

Epilepsy
Orthopedic diserder
Emetional and psychoelogical disturhbances
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Relevantmoetor Items, fior the practitioner

= An apility to pregressmoothlyfronm one
moevemento the nextin erderlysuccession (
IL.e. walking progress

= A cognitivecontrolof sequencest motor
pattern (from aboutoneto six years)

= A apbility to changahetiming andscale
Intensityof movements
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ferapeuticsin €k

Physiotherapy Increasan force

castings : :
2 CEstngsy Increasén dexterity
Botulinunmtexin

Intrathecabaclofen Bettermovements
Improvedaily life Betterequilibrum
function

Bettersell-concept
Mental pattern _
Selfesteem More independency

Nutrition
Pain
convulsions
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Cellular organisation:
from brain to muscles
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POINLS off action ferbix-a

s |Lossof balancaetween
muscles;

Neurotoxines Botuliques B Exce SS Ivactiv I ty Of
acetyicholine

s Blockingaction on
acetytcholinein muscle
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Cellular actionr of bix-a

Neuromuscular
Junction  Cholinergic

Nerve
Acetylcholine Terminal
Release
Acetylcholine
Vesicle

Collateral
Axonal Sprout

Light  Heavy ~.
Chain ~ Chain

=

Disulfide
Bond

New
[curomuscular
Junction
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Professionalsaround the child with
CP

Pediatrician, physiotherapist, orthopedist,
Social worker, family doctor, nurse,...
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Links betweenthe CNS andthe skeletalmusclesactivities

First look at muscles capacities
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Bot-texine-A: proceadures
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Musclesconcernedny the injections: example
for eneside..

lliopsoeas 2 sites;
Hamstrings4 sites;
Adductors 2 sites;
Gastrecnomiuss sites;
Tibialis anterior 2 sites;
Other:...
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Castings a complexword andwerld:...

= Maintaingeodankles
n Strechmuscles;
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nespitaliphase

Re-payattention;
Explainpaholegy;
Re-assessmeint
Makeinjections;
Initiate physiotherapy.

Recalibratenental of
Infant andfamily;

Prepardollew-up
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ASSessimenbeforelnjections

n [y]pe adseverityof palsy;
s MUsclestio be injectedandnumibberofi Units,
s \Walkinganalysis

Orthopedicanalysisand type okastings
Musclesanalysis quality andguantity;
Nutrition analysis
Psychologicaassessmeit
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e specialphysiotherapy progran aier the
Injections: 3 + 3wWeeks

= SpPecialcasting
= SpPecialphysiotherapy
= Specialdistribution efactivitiesdunngday;

s Stretchingmuscles;
= Reasondor all that..
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TThen nemmalipregram: off phaysiotherapy,

s But with anotherenengy
and motivation..

= More interaction
petweennfant, family,
physia doctor, friends
andschoo;
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fhe fellow-Up; program; after thelnjections

m Firstvisit after4-6 weeks
= [ henvisits eveny3-4 months
s Centereduponwalking, ankles muscles

health emotions

s Feecbackfrom infant, parents and
physiotherapist
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Specialliepesandimprovementsior theneai
future

Betteradministrativeprecedures

Betterinteractionpbetweerdifferentdisciplines
areundecerebrapalsy;

Bettercastingmethods
Specialandspecificpediatricrevalidatior;

Early in groupintegration( gardenand
elementanschool)
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Somewoerds anoutthe intra-thecalibaclofen
Injection

s \Whatls baclofen
= \Why/intrathecal

= [hISIS by neurosurgerandpediatrics

s [ hed differentphases: %election; 2.installing

catheterandfinding theright dosage; 3.installinthe pump
4. follow-up, Includingthe maintenance and replacementias

pump
= [hefollow-up
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Thisian exampleofthe efiect..
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This Isithe story ...
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