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Motorik 

= Gesamtheit aller Steuerungs- und Funktionsprozesse, welche der Haltung und 
Bewegung zugrunde liegen
• Motorische Fähigkeiten = alle Strukturen und Funktionen, die für den Erwerb und das 

Zustandekommen von Bewegungen verantwortlich sind (Ausdauer, Kraft, 
Geschwindigkeit und Koordination)

• Motorische Fertigkeiten = sichtbare und komplexe Bewegungshandlungen (Laufen, 
Springen oder Werfen

• Neuromotorik = neurologische Funktionsabläufe des Bewegungsverhalten 
(Reflexverhalten, Haltungskontrolle, eigentliche Fortbewegung, Greiffunktionen, 
adaptive motorische Funktionen wie Schreiben) 



Gliederung/Aufbau

1. Grundlagen der Anatomie und Physiologie --> 
Sensomotorik

2. Die motorische Entwicklung im Verlauf der Kindheit
3. Störungsbilder und deren Pathophysiologie
4. Interventionen mit Patientenbeispiel



1. Grundlagen der Anatomie 
und Physiologie

-Sensomotorik im Überblick-



Motorisches System im Überblick

• Motor. Impulse meist im Gyrus praecentralis des Frontallappens 
und angrenzenden Kortexarealen generiert à 1. motorisches 
Neuron
• Impulsweiterleitung über den Hirnstamm zum Rückenmark à

Interneurone à auf 2.motorisches Neuron
• Impulse über Nervenplexus und periphere Nerven zur Muskulatur
à Reizübertragung an motor. Endplatte 



Somatomotorik im Überblick

Rosa = Handlungsantrieb; grün = Handlungsstrategie; Orange = Programmierung; Gelb = Durchführung

1. Anfang steht Absicht/ innere Motivation best. Ziel zu 
erreichen 

2. präfrontaler Kortex, posteriorer parietaler Kortex à
entwickeln Handlungsstrategie

3. Konkrete Planung der Abfolge

4. modulieren Bewegungspläne und stimmen sie fein ab

5. Moduliertes Bewegungsprogramm über Thalamus, 
besonders dem Motorkortex zugeleitet à veranlasst 
Ausführung

6. Ausführung über Efferenzen, den Pyramidenbahnen à
Weiterleitung zu Motoneuronen in Hirnstamm und 
Rückenmark 

7. Axone übermitteln Impulse an die entsprechenden 
Skelettmuskeln in Peripherie 

8. Pyramidenbahn sendet über Kollateralen Kopie der 
Informationen an Kleinhirn à kann korrigierend 
einwirken

9. ständige sensorische Rückmeldungen aus Peripherie, auf 
alle Strukturen rückwirken

1. Limbisches System

2. Assoziationsfelder

3. motorische Sekundärfelder

4. Kleinhirn 4. Basalganglien

5. Thalamus

5. Motorkortex

6. Rückenmark

7. Muskel

6. Hirnstamm

8. Pyramidenbahnen

9.
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Anhand eines Beispiels: „Ich habe Durst!?“

- Was muss ich tun, um das Ziel zu erreichen? à
Ich muss das volle Glas greifen

- Wie muss ich das tun? 
• Wo befindet sich das Glas? 
• Wie schwer ist es wohl? 
• Welche Muskeln und in welchem Ausmaß benötige ich, 

um das Glas zu anzuheben und zu mir zu führen? 

- Auftrag an entsprechende Skelettmuskulatur in 
der Peripherie àKontraktion von Arm- und 
Handmuskulatur, um das Glas zu greifen 

- Inhalt im Glas schwankt; Windstoß kommt von 
der Seite; Berührung einer anderen Person etc. 

Baumann et al. 2018



2. Die motorische 
Entwicklung im Verlauf der 

Kindheit



Wachstum und Entwicklung im Allgemeinen

• Kindliche Entwicklung anhand der folgenden 3 Prozesse charakterisiert:
• Wachstum: quantitative Zunahme, 

z.B.: Körpergröße, Muskelkraft oder Wortschatz
• Differenzierung: qualitative Zunahme, morphologisch und funktionell

z.B. Ausbildung Greiffunktion
• Spezifizierung: Festlegung Funktionen durch Anpassung an Umwelt 

(in Pubertät weitgehend abgeschlossen)
z.B. die Motorik beim Aneignen des Schreibens

• à Kinder entwickeln sich ganzheitlich, Teilbereiche wie Motorik oder Sprache oder 
Kognition oder visuelles System… stehen in einer ständigen Wechselwirkung 
miteinander



Neuronale Entwicklung

• Rückenmark und Hirnstamm bei Geburt vollständig 
organisiert

• Visuelle Systeme reifen rascher als motorische oder 
frontale Kortex

• Zum Zeitpunkt Geburt: sensorische Funktionen wie Sehen, 
Hören und Tasten weitestgehend entwickelt

• Motorische und höhere kognitive Funktionen noch nicht 
ausgereift

• Synaptogenese zuerst in posterioren Anteilen des Kortex 
und später in frontalen Arealen

• In später Adoleszens Synapsenelimination in 
Kortexbereiche, für komplexe kognitive Leistungen 
verantwortlich (Gedächtnis, Gefühlsregulation oder 
logisches Denken) 

• Myelinisierung Axone ist protrahierter Prozess mit versch. 
Entwicklungsschüben im Alter von 2,8 - 12 Jahren 

Lentze et al. 2014



Maturation pre-, 
peri- and postnatally

• Eyre, J. A. (2003). Developmental plasticity of the corticospinal system. Plasticity in the Human 
Nervous System. S. Boniface and U. Ziemann. Cambridge, Cambridge University Press: 235-249.

• Eyre, J. A., S. Miller, et al. (2000). "Functional corticospinal projections are established prenatally 
in the human foetus permitting involvement in the development of spinal motor centres." Brain 123 
(Pt 1): 51-64.

• Eyre, J. A., S. Miller, et al. (1991). "Constancy of central conduction delays during development in 
man: investigation of motor and somatosensory pathways." J Physiol 434: 441-52.



Maturation peri-natally
• Rapid decrease of CMCD around birth

• Myelinisation

• Increase in axon diameter



Maturation post-natally

• Linear relationship between
Conduction velocity & Age

• Axon diameter & Height



Development – Connectivity of the 
pyramidal tract

Heinen...Berweck et al. 1998
Fietzek...Berweck et al. 2000

• Maturation at preschool age



Wachstum und Entwicklung

• Zunahme des Axon-Durchmessers und Myelinisierung sorgen für Konstanz im System, Anpassung an 

zunehmende Körpergröße

• Es kommt zunächst zu einem Neuronen-Überschuss, dann zu zunehmender Differenzierung und 

Spezifizierung („Pruning“, 2.-4. LJ und 14.-16 LJ)

• Aktivitätsabhängig bildet so ein individuell-effizientes System aus. Genetische Faktoren und 

Umweltfaktoren spielen dabei eine wichtige Rolle

• Beispiel für zunehmende Differenzierung und Spezifizierung sind das allmähliche Verschwinden von 

Spiegelbewegungen und zunehmende Differenziertheit und Geschwindigkeit bei alternierenden 

Bewegungen („Hubschrauber“) im Vorschul- und Schulalter



3. Störungsbilder und 
deren Pathophysiologie



Kind mit bilateral spastischer CP

• Alter 5 Jahre

• Ätiologie: PVL 

• Bilateral spastische Cerebralparese links > rechts
• Körpermotorische Fähigkeiten nach GMFCS III
• Handmotorische Fähigkeiten nach Mini MACS I
• Kommunikative Fähigkeiten nach CFCS I

• Allgemeine Entwicklungsverzögerung 

• Hüftampel gelb 

• V.a. Gesichtsfelddefekt bds. nach unten mit konsekutiver Kopfschiefhaltung



Video



Video

Video



Cerebrales Läsionsmuster: 
Periventrikuläre Leukomalazie (PVL)

• Leukomalazien = weiße, narbige Veränderungen des Hirngewebes
• Bis zur 35. SSW ist das periventrikuläre Marklager ein hochaktives Proliferations- und 

Migrationsgebiet
• Reich vaskularisiert da hoher Energieverbrauch
• Vulnerabel da nur von provisorischer Qualität: nach Ende der Migration bildet sich das 

Gefäßsystem wieder zurück



Cerebrales Läsionsmuster: 
Periventrikuläre Leukomalazie (PVL)

Niemann et al. 2010



Folgen für das 
Nervensystem

• Polysynaptische Innervation auf spinaler Ebene

• Wahrscheinlich Ausbleiben der Reduktion auf eine 
monosynaptische Innervation von Muskelfasern

• Selektive Willkürkontrolle beeinträchtigt

• Gestörte Makro- und Mikroarchitektur des Muskels

Graham et al. 2016



Folgen für das Skelettsystem

gait biomechanics and weakness resulting in reduced 
activity158,159. Reducing hypertonia using oral medica-
tions, injections of BoNT-A and intrathecal baclofen 
have minimal effects on the progression of fixed muscle 
contractures, even when combined with optimal physi-
cal therapy. Surgery for fixed contractures and skeletal 
malformations can be delayed but not prevented.

Contractures. Cerebral palsy has historically been called 
‘short muscle disease’ owing to the prevalence of contrac-
tures158,160. Shortening is at first ‘dynamic’ — secondary to 
hypertonia. Normal length is present under anaesthesia, 
and management is focused on non-surgical interven-
tions. With time, fixed contractures develop. These are 
still present under anaesthesia and surgical lengthening 
may be required.

Muscle–tendon units in children with cerebral palsy 
rarely shorten, they simply fail to lengthen enough 
to keep up with the growth of the neighbouring long 
bone158. With time and with the growth of the long 
bones, progressive contractures develop. In the Swedish 
longitudinal study of a population of children with cere-
bral palsy, spasticity increased until 4 years of age and 
then decreased each year until 12 years of age161. As chil-
dren with cerebral palsy grow, the Swedish programme 
reported a steady decrease in the range of motion of 
joints from 2 years of age until 14 years of age as fixed 
contractures develop162.

Muscles that cross two joints are more prone to con-
tractures than muscles that cross a single joint. This obser-
vation forms the basis for standard physical examin ation 
techniques, for example, measuring the range of ankle 
dorsiflexion with the knee flexed and then extended160,163. 
Some surgical procedures are designed to recess or 
transfer two-joint muscles to make them  function as 
one-joint muscles164–167.

Spastic contractures are reversible under conditions of 
relaxation and include postures such as equinus. These 
contractures may respond to non-operative management, 
including casting and splinting, or intramuscular injec-
tions of BoNT-A in younger children168. However, 
 injections of BoNT-A result in reduced muscle torque 
(the tendency of a force to rotate an object), weakness 
and atrophy of skeletal muscle169,170 and atrophy of the 
underlying bone171. More information is required from 
both animal studies and long-term clinical studies to fully 
assess the benefits and risks of BoNT-A therapy172.

Fixed contractures are managed by lengthening of the 
muscle–tendon unit by the technique that delivers the saf-
est and most effective ‘surgical dose’ (that is, the surgical 
technique that gives the appropriate amount of length-
ening of the muscle for the child in question)165,173. Many 
surgical techniques are available and different clinical out-
comes can be expected in terms of both overcorrection 
and undercorrection. Precise lengthening of the con-
tracted muscle–tendon unit has been shown to achieve 
correction of deformity and to improve gait and function-
ing in both the short term and the long term173,174. Surgical 
techniques should be tailored to the cerebral palsy sub-
type, and long-term follow-up studies with gait analysis, 
measures of activity, participation and health- related qual-
ity of life (QOL) are required to determine outcomes175,176. 
Orthopaedic surgery for contractures is rarely required 
before 6 years of age and outcomes are more predictable 
after this age. Strategies to try to prevent fixed deformities 
including positioning (that is, sleep systems, night braces 
and various forms of orthotic devices), casting and splint-
ing are widely practised. Outcome  studies are difficult to 
design and the evidence base is poor.

Nature Reviews | Disease Primers

CNS pathology

Loss of inhibition 
of LMNs

Loss of connections to LMNs
(and other pathways)

Positive features
of UMN syndrome

Negative features
of UMN syndrome

Neural Non-neural

Upper limb Spine/pelvis Hips Lower limbs Lower limbs

• Spasticity
• Hyper-re exia
• Clonus
• Co-contraction

• Weakness
• Impaired selective
 motor control
• Poor coordination
• Sensory de cits

Posture/
contractures

Scoliosis Hip displacement Contractures Bony torsion

Figure 9 | Upper motor neuron syndrome. In cerebral palsy, the injury to the upper motor 
neurons (UMNs) results in two kinds of effects. The predominant and most important effect 
results from loss of corticospinal tract connections to lower motor neurons (LMNs) and 
hence to skeletal muscles. This causes paresis or partial paralysis, which is usually more 
pronounced for distal muscles than proximal muscles. By contrast, hypertonia is 
hypothesized to be caused by the loss of inhibitory descending input to the LMNs, which 
keeps the stretch reflex in the peripheral neuromuscular system from being overactive. 
This results in hypertonia and hyper-reflexia. The effects of the brain lesion in children with 
cerebral palsy may extend to all parts of the musculoskeletal system, particularly in 
children with more-severe motor impairment. Some of the typical postures and deformities 
in the upper limbs, the spine and pelvis, the hips and the lower limbs (contractures and long 
bone torsion) are shown. In general, the effects of the UMN syndrome can be considered 
as a group of ‘positive’ features (for example, too much tone) and as a group of ‘negative’ 
features (including too little selective motor control and strength). Traditionally, 
the positive features and their amelioration by intervention strategies have been 
overemphasized. By contrast, the negative features have received much less attention until 
recently. For example, hip displacement has largely been attributed to adductor spasticity 
and contracture, but management based on alleviating these features has little effect. 
Recent studies that report a linear relationship between the prevalence of hip 
displacement and Gross Motor Function Classification System level strongly suggest 
that it is the negative features that are more important. CNS, central nervous system.

PR IMER

NATURE REVIEWS | DISEASE PRIMERS  VOLUME 2 | 2016 | 15

© 2016 Macmillan Publishers Limited. All rights reserved

Graham et al. 2016



Anhand eines Beispiels: „Ich habe Durst!?“

- Was muss ich tun, um das Ziel zu erreichen? à
Ich muss das volle Glas greifen

- Wie muss ich das tun? 
• Wo befindet sich das Glas? 
• Wie schwer ist es wohl? 
• Welche Muskeln und in welchem Ausmaß benötige ich, 

um das Glas zu anzuheben und zu mir zu führen? 

- Auftrag an entsprechende Skelettmuskulatur in 
der Peripherie àKontraktion von Arm- und 
Handmuskulatur, um das Glas zu greifen 

- Inhalt im Glas schwankt; Windstoß kommt von 
der Seite; Berührung einer anderen Person etc. 

Baumann et al. 2018



4.Interventionen 



Auf das Gehirn 
einwirkende 
Verfahren: 
Nichtinvasive 
Hirnstimulation (NIBS)

determine the best target for neuromodulatory interventions,
e.g., the ventral premotor cortex or the cerebellum (Koch et al.,
2018; Wessel and Hummel, 2018) (please see also Figure 2),
and will allow prediction of a patient’s responsiveness to the
intervention.
For developments toward the use of brain stimulation as a

‘‘neuroprosthesis’’ to interfere directly with motor processing
and motor control, important aspects, such as the electrical
and functional status of the brain during stimulation, have to be
considered, analyzed, and used to determine stimulation param-
eters and timing in a state-dependent/closed-loop fashion. NIBS
techniques provide the advantage of high temporal resolution. In
addition, recently, EEG combined with TMS has provided a new
direction toward ‘‘closed-loop NIBS’’ (Kraus et al., 2016; Raco
et al., 2016), which offers a novel and exciting method of neuro-
modulation to restore impaired functions. Treatment innovations
based on these closed-loop concepts have been recently
demonstrated to be successful regardingmotor impairment after
SCI (Wagner et al., 2018).
Taken together, neuromodulation by brain stimulation is still

a promising intervention; however, based on the recent evi-
dence, the underlying concepts need to be further clarified,
and NIBS-based approaches, such as personalized, multifocal,
or closed-loop-based NIBS, need to be further developed. The
underlying mechanisms of the NIBS modulation of macro- and
microcircuit activity and connectivity in target networks and its
contributions to plasticity-based reorganization and functional
recovery need to be understood before new techniques can be
developed.
Clearly, transcranial stimulation is only one component in the

field of neuromodulation that is used to improve motor impair-
ment after stroke. Non-focal approaches, such as pharmacolog-
ical neuromodulation to enhance functional recovery after
stroke, have also been evaluated in the last 20–30 years. These
studies revealed rather heterogeneous and inconsistent evi-
dence. Themost prominent agent, fluoxetine, was demonstrated
to be effective in the FLAME trial (Chollet et al., 2011). However, a
recent large clinical trial did not show comparable results (Dennis

et al., 2019). Additionally, for other promising agents in the field,
such as L-dopa or amphetamine, no homogeneous evidence is
currently available (Cramer, 2015; Goldstein et al., 2018;
Scheidtmann et al., 2001; Viale et al., 2018).
Peripheral Stimulation
The idea for rehabilitation treatments based on peripheral
training began by focusing on the motor symptoms of post-
stroke disability, but as we have gained more knowledge about
neuroplasticity, peripheral functional training has assumed a
central role in the remapping of functions in the brain. From
this specific perspective, we focus our review on some technol-
ogies explicitly studied for their impact on brain plasticity: neuro-
muscular electrical stimulation (NMES) and robotics.
NMES was proposed more than 30 years ago and was intro-

duced to the field as a neurorehabilitative technology for patients
suffering from hemiparesis. In recent clinical trials, the method
has been enriched; it has been combined with complex, multi-
muscle, coordinated tasks (such as NMES-based cycling) and
physiological ‘‘controllers,’’ such as control based on muscular
activities (electromyography, EMG) and brain-computer inter-
faces (BCIs), to strengthen the convergence of the brain motor
commandswith the peripheral effectors’ afferent signals. Further
state-dependent stimulation protocols, e.g., protocols for the
detection and stimulation of motor synergies to restore physio-
logical patterns of muscle activation, have been developed (Laf-
font et al., 2014; Ferrante et al., 2016; Ambrosini et al., 2011;
Crema et al., 2018). In most of the current approaches, NMES
is used to trigger muscle activity; however, in a few trials, periph-
eral electric stimulation was used solely as an afferent input to
the brain (Wilson et al., 2016). The use of multielectrode systems
is becoming increasingly common to address all the issues
related to the positioning of the electrodes, which are very rele-
vant for fine and complex movements of the hand (Figure 3).
The use of hardware and software filters to extract the voli-

tional components of muscular activity during stimulation has
allowed the combination of residual volitional control and stimu-
lation to be performed, allowing the advancement of the EMG-
controlled paradigm, which has been demonstrated to have a

Figure 2. Novel Strategies for Noninvasive
Brain Stimulation to Enhance Motor
Recovery
(A) Patient-tailored targets based on the degree of
structural damage. The cortical spinal tract (CST) is
the main outflow tract from the motor system. The
more damaged the CST is, the more impaired
patients are (Lindenberg et al., 2010; Peckham et
al., 2001). Current evidence indicates that patients
with mild CST damage respond well to NIBS
applied to M1; in contrast, patients with severe
CST damage do not respond to M1 stimulation
(Lindenberg et al., 2012). Recent animal and hu-
man imaging work highlight the ventral premotor

cortex (PMv) as one of the key areas involved inmotor recovery. Further evidence suggests that the functional role of the PMv in recovery depends significantly on
the degree of damage to the CST, i.e., themore damaged the CST is, the more important the PMv is (Schulz et al., 2017b). Based on this knowledge, the following
patient-tailored selection for NIBS can be proposed. Patients with mild damage of the CST do not rely on the PMv andwill well respond toM1 NIBS (left). Patients
with severe damage of the CSTwill not respond onM1NIBS, and the PMv plays a relevant role inmotor recovery in these patients with severe damage of the CST;
thus, these patients should receive NIBS to the PMv (right).
(B) Multifocal NIBS to enhance motor recovery. The brain relies strongly on interregional interactions for optimal implementation of behavior. Recent functional
and structural imaging studies clearly demonstrated that interactions between primary and secondary motor areas are crucial for successful motor recovery.
Thus, novel, innovative NIBS-based treatment strategies should focus on supporting several network hubs in parallel and on enhancing the interactions between
relevant network hubs to support functional recovery. Multifocal NIBS, e.g., the simultaneous stimulation of M1 and PMv, will have synergistic effects on motor
recovery.

Neuron 105, February 19, 2020 607

Neuron

Review

Micera et al. 2020



Repetitive transkranielle 
Magnetstimulation 
(rTMS)
Transkranielle 
Gleichstrombehandlung 
(tDCS)

234  Stroke  February 2019

The predominant model of dysfunction after perinatal 
stroke centers on atypical corticospinal tract (CST) connec-
tivity, as depicted in Figure [A]. CST projections from the 
motor cortex are bilateral at birth, with most activity-depen-
dent pruning of ipsilateral projections occurring by the age 
of 2 years in typically developing children.16 The introduc-
tion of unilateral injury seems to result in a decreased ability 
of descending ipsilesional CST projections to compete with 
projections from the opposite hemisphere to maintain or form 
synapses with the muscle-innervating lower motor neurons in 
the anterior horn. This often results in abnormal preservation 
of ipsilateral CST connections from the contralesional motor 
cortex to the affected limb. Such ipsilateral control is gener-
ally associated with poorer motor function.17,18 The negative 
clinical implications of contralesional control of bilateral 
limbs is increasingly understood.19

However, the story is almost certainly more complex. For 
example, recent evidence suggests that interhemispheric in-
hibition (IHI) between the 2 motor cortices is altered after 
perinatal stroke.20 Previous assumptions built on the IHI 
imbalance model derived from adult stroke, which posits 
that decreased inhibition from the lesioned to unlesioned 
hemisphere is detrimental to motor outcomes. This model 
has driven much of the noninvasive neuromodulation trials 
in adult stroke,21 yet may not be valid in perinatal stroke.20 
Emerging developmental IHI profiles in typically developing 
children22 provide a basis for advancing understanding of 
atypical transcallosal activity.

The complexities of motor function and dysfunction after 
perinatal stroke are further heightened by minimal under-
standing of potential alterations in many other components 
of the sensorimotor system, including the basal ganglia, thal-
amus, cerebellum, and sensory networks.23 Overall, the motor 

cortex, and how it changes with both development and thera-
peutic interventions, is a logical starting point as a rehabilita-
tion and neuromodulation target in hemiparetic CP secondary 
to perinatal stroke.

Manual Therapies
Intensive manual training can lead to lasting improve-
ment in motor function in children with hemiparetic CP.24–26 
Mechanisms of functional improvement are not completely 
understood. Commensurate with the models above, improve-
ments may be associated with a shift toward contralat-
eral control in the preserved motor cortex of the lesioned 
hemisphere.27,28

Evidence of efficacy is the strongest for 2 therapies: 
constraint-induced movement therapy (CIMT) and bimanual 
training.29 CIMT involves casting or immobilization of the 
less-affected upper extremity to compel use of the more-
affected limb, such as eliciting a lateral pinch by picking 
up puzzle pieces with the more-affected hand. In contrast, 
bimanual training incorporates the more-affected arm into 
skilled bimanual activities. For example, the less-affected 
hand may use scissors while the more-affected hand holds and 
orients thick paper. Both interventions are based on princi-
ples of motor learning and include structured and progressive 
practice of skilled and task-oriented movements. CIMT and 
bimanual training demonstrate comparable effect sizes on 
the group level, but heterogeneous individual responses are 
evident.30 To capitalize on benefits of each therapy, various 
hybrid protocols have emerged.26 The most common protocol 
involves a period of CIMT followed by bimanual training 
without constraint.31,32

These interventions are costly and time intensive. In 
1 study, 60 hours of CIMT resulted in objective motor 

Figure. Perinatal stroke: models and modu-
lation. A, CST Organization. B, NIBS Modali-
ties. CST indicates corticospinal tract; NIBS, 
noninvasive brain stimulation; rTMS, repetitive 
transcranial magnetic stimulation; and tDCS, 
transcranial direct current stimulation.

D
ow

nloaded from
 http://ahajournals.org by on January 19, 2020

Hilderley et al. 2019



BoNT Injektion 

https://www.der-querschnitt.de/archive/7778/shutterstock_104298341-blamb-
nervensystem

• Wirkt an der motorischen 
Endplatte im Muskel

Naumann 1998



Baumann et al. 2018

Efferenz / Muskel / Ia Afferez: Botulinumtoxin A
• Wirkung: Blockiert Übertragung von Signalen zwischen Nerv und Zielmuskel à Ein Übermäßige Versteifung 

der Muskulatur nimmt ab

• Zusätzliche Blockade an der an der Muskelspindel: afferente Signale zum Rückenmark nehmen ab 

• Nachteil: Kann Muskelatrophie indizieren, insbesondere in Kombination mit Gipsen oder übermäßiger Orthetik 

• Abnahme der Spastizität à Muskel kann besser willkürlich bewegt (und leichter gedehnt) werden à
Reduktion von Fehlhaltungen und spastischen Bewegunsstörungen wie Spitzfuß oder Überkreuzen der Beine

• Wirkung lässt innerhalb ca. 3 Monaten nach

• Wirkung abhängig von Schweregrad der Spastik, Alter des Kindes, Intensität anschließender Therapie



Patientenbeispiel: • BoNT Injektionen mit Xeomin 02/2020

Muskeln bds.

M. iliacus

M. tensor fasciae latae

M. rectus femoris

M. Adductor longus

M. gracilis

M. semitendinosus

M. semimembranosus

Video 2 Tage nach BoNT

Video



Muskelfaszie und Muskel:
Perkutane Myofasziotomie nach Ulzibat/Nazarov
àBisher keine Literatur zur Methode, Erfahrungen:
• Geringer postoperativer Schmerz
• Leichtere Mobilisierung
• Sehr gute Akzeptanz durch Patienten/Angehörige
• Sehr gute anatomische Kenntnisse erforderlich
• Kombinationsmöglichkeit mit aufwändig knöchernen Korrekturen
• Bereicherung für Untersuchung und Behandlungsspektrum

•J Pediatr Orthop 2008;28:324-9.
•Deutlich verbesserte Kniestreckung beim Auftritt in Ganganalyse nach perkutaner Kniebeugerverlängerung bei Mehrfacheingriff, keine Vergleichsgruppe mit 
offener OP

Gordon AB, Baitd GO, McMulkin ML, Caskey PM, Fergusen PL.

•Kürzere OP-Zeit, weniger Blutverlust, schnellere Mobilisation, weniger Kraftverlust, gleiche Gangverbesserung  bei perkutaner Operation im Vergleich zu offener 
OP

Thompson,N, Stebbins J, Seniorou M. Wainwright AM, Newham DJ, Theologis TN. JBJS (Br) 



Myofasziotomie

https://www.der-querschnitt.de/archive/7778/shutterstock_104298341-blamb-
nervensystem



Patientenbeispiel nach Myofasziotomie und 
11 Wochen Reha
• Myofasziotomie 07.2020

Dezember 2020

Muskeln UEX Muskeln OEX

M. gastrosoleus bds. M. biceps brachii links

M. tensor fasciae latae bds. M. pronator teres links

M. adductor longus bds.

M. gracilis bds.

M. semitendinosus bds.

M. semimembranosus bds.

M. gluteus medius links

Video



Ganganalyse Post Myofasziotomie

Video

Video



Patientenbeispiel Treppe steigen

Video



Hinterwurzel / afferenz und 
interspinale Konnektivität 

Selektive dorsale 
Rhizotomie (SDR)

• Mikrochirurgischer Eingriff
• Selektive Durchtrennung der 

motorischen Anteile der 
dorsalen Wurzeln 
(Afferenzen) 

• Reflexbogen, der zur Spastik 
führt, reduzieren

• Kinder zwischen 6 und 10 
Jahren 

Baumann et al. 2018



Selektive Dorsale 
Rhizotomie

https://www.der-querschnitt.de/archive/7778/shutterstock_104298341-blamb-
nervensystem

© Dr. A. Bevot, Universitätskinderklinik Tübingen
Selektive dorsale Rhizotomie Prinzip



SDR



SDR



SDR



Patientenbeispiel nach SDR

• SDR 03/2021 der 
Wurzeln L1-S2

Anfang April 2021

Mitte Mai 2021

Video
Video



Video



Video

Video



Repetitive periphere Magnetstimulation

• Prinzip der elektromagnetischen Induktion
• Stimulationspuls ruft im leitfähigen Gewebe ein elektrisches Feld hervor (gedachte 

Leiterschleife)
• Entstehen von Stromflüssen in physiologischer Größenordnung 

à Depolarisation & Aktionspotenzial an Nervenfasern
à Rekrutierung ausreichende Anzahl motorischer Einheiten

à Kontraktion der Muskelfaser
• Direkte Stimulation: Motoneurone vor/ im Endplattenbereich (Efferenzen)
• Indirekte Stimulation: Muskelspindeln, H-reflex,  Mechanorezeptoren durch 

Muskelkontraktion (Afferenzen)



Repetitive periphere 
Magnetstimulation

https://www.der-querschnitt.de/archive/7778/shutterstock_104298341-blamb-
nervensystem

Behrens et al, IEEE Medicine an Biology AIC; 2006



Patientenbeispiel: Gluteus Stimulation bei Kind mit bilat. Spast. CP, GMFCS II

Video



Therapie

Baumann et al.2018



Aktivitätbasierte und zielorientierte Therapie

• Grundprinzipien:
• Repetition mit Variation
• Aufgabenspezifisch
• Handlungsorientiert
• Aktive Partizipation 
• Enriched Enviroment

• Interdisziplinäre Zusammenarbeit im Team (Physio, Ergo, Logo, Psych, Arzt, Pflege) 
• Orientierung an den Ebenen der ICF à Funktion, Aktivität, Partizipation, Umweltfaktoren, 

Personenbezogene Faktoren
• Gemeinsame Zielfindung mit dem Patienten

à Goal Attainment Scaling (GAS), SMART
• Übergreifende Ziele: Motorische Entwicklungsförderung, Erhalt der Strukturen, Verhinderung 

Deformitäten, Verbesserung der Mobilität 



Unterstützung durch Robotik, Virtual Rehab, UK

• Lokomat
• Armeo
• Unterstütze 

Kommunikation
• Serious Gaming



GMFM 66 03.2021 05.2021

Punkte 51,1 55,4

Verbesserung freihändig stehen, Einbeinstand mit festhalten, kontrolliert auf den Boden setzen, Hocke, Gegenstand 
aufheben, 10 Schritte an Hand gehalten

10MWT 08.2020 08.2020 03.2021 05.2021

langsam 14:38 sek. /24 Schritte 14:78 sek. / 24 Schritte 22,23 Sek 22,16

schnell 15:21 sek / 25 Schritte Fehlende Compliance 22,16 sek 9,30

Hilfsmittel Rollator PW PW, Unterschenkelorthesen 
+ Orthesenschuhe

PW, Unterschenkelorthesen + 
Orthesenschuhe

Messwerte während Verlauf
Patientenbeispiel



Messwerte während Verlauf Patientenbeispiel
Functional Mobility 
Scale

Prä-OP Myofasziotomie Post-OP 
Myofasziotomie

Post-OP SDR

Aufnahme 22N 1NN 211

Entlassung 222 322

5m
50m
500m 



Remo frei stehen

• Video



Zusammenfassung

• Verständnis ist Voraussetzung für sinnvolle Therapie

• Hoher Bedarf für Forschung zu Ursachen und 
Therapie bleibt bestehen



Kontakt Vogtareuth

• Zentrales Belegungsmanagement:
• Telefon 08038 90 1411
• Vog.zbm@schoen-klinik.de

mailto:Vog.zbm@schoen-klinik.de

