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Overview of the talk
• Basic principles of transcranial magnetic stimulation
(TMS)
• Human corticospinal tract development : evidence
from TMS studies
• Patterns of motor reorganisation in cerebral palsy:
implications for prognosis and treatment
• rTMS as therapeutic tool in CP : therapeutic window;
scientific rationale ; overview of hitherto published
studies

What is TMS?
•

Stimulation of the exposed brain with electric
current used routinely by neurosurgeons to
define areas that control movements, speech
and sensations

•

More difficult to stimulate the brain through
the intact skull and scalp because of the
high electrical resistance
TMS is a method of stimulating the brain
through the intact scalp (non-invasive) without
causing pain (painless)
The stimulator produce magnetic current that
penetrates the scalp and skull without
resistance and induces electrical currents in the
area of the brain beneath the coil
Magnetic field ‘carries’ the electrical stimulus
across the barrier of the skull and scalp into
the brain

•

•

•

TMS: What can we meassure?
•The induced electrical current
activates a mixture of neurons beneath
the coil ( trigger action potentials)
• Local and projection neurons
• Excitatory and inhibitory interneurons
and corticospinal neurons

• The final outcome of such
stimulation is complex and unlike
the natural motor behaviours

•But, different neurons have
different thresholds to
stimulation
•Using different TMS techniques
we can study corticospinal
excitability, intracortical
inhibition and facilitation,
connectivity

How do we monitor the response
to TMS?
EMG

FDG-PET

EEG

TMS TECHNIQUES
1. Single pulses : Corticospinal excitability
2. Paired pulse techniques: To study the function of interneurons,
which are responsible for processes of cortical inhibition and
facilitation
3. Repetitive TMS (rTMS) – to experimentally induce plasticity
changes and for therapeutic application of TMS
Conditioning
stimulus
Test stimulus

Single pulseMEP

Paired pulses: SICI

PLASTICITY: KEY CONCEPTS
• Plasticity is the ability of a system to
change in response to stimuli
• Plasticity underlies many important
physiological brain functions,
including memory and learning
• Important in functional recovery
following brain disease: adaptive (
compensatory), i.e. adult stroke or
maladaptive, i.e. cerebral palsy

rTMS as experimetally plasticity protocol

•Single pulses of TMS produce short responses that lasts
milliseconds
•Repeated pulses of rTMS have more prolonged effects on the
brain, up to 30–60 min
•Response to rTMS is consider to reflect brain plasticity
•The direction of after effect depends the type of protocol given
and the functional state of the stimulated brain
•Two main TMS plasticity protocols: inhibitory and excitatory

How do we monitor the response to
rTMS plasticity protocol?
•Excitatory protocol
•Increase in corticospinal excitability
•Inhibitory protocol over M1
•Decrease in corticospinal
excitability up to 60 minutes
•Inhibitory TMS over PMd
•Decrease in metabolism

TMS AS A THERAPEUTIC TOOL

•rTMS may cause behavioural changes: meaningful to
try to affect symptoms of disease
•The choice of the protocol depends on the functional
state of the target brain region
• The use of rTMS in therapeutic purposes is based on
the hypothesis that repeated sessions of rTMS induce
“build-up” effect that last days, weeks, months…

The development of CST
•
•
•

TMS has considerably contributed to our understanding of plastic reorganisation after perinatal
injury
To understand pattern of motor reorganisation in CSP we need to understand CST development
CST is not developed on birth, but has protracted postnatal development

1 month

> 2 months

Feline study

1. Prenatally and early
postnatally corticospinal
projections to the spinal cord
are both contralateral and
ipsilateral
2. Elimination of ipsilateral
terminations and
consolidation of contralateral
projections

Martin, 2005

CST development in humans: evidence from TMS studies

• Healthy neonates were recruited at birth,
studied longitudinally for 2 years
ipsilateral
contralateralal

• At birth: TMS induced ipsilateral and
contralateral responses of similar latencies,
thresholds and amplitudes
•From 3 months to 18 months : ipsilateral
responses become smaller, with higher
thresholds and longer latencies compared to
contralateral responses
•By 24 months contralateral responses
dominate
Eyre et al., 2001

CST development in humans:
evidence from TMS studies
• Both ipsilateral and contralateral CST projections are present
at the level of the spinal cord in the newborn and these have
similar properties.
• There is continuous activity driven competition between
contralateral and ipsilateral corticospinal projections to
establish synapses in the spinal cord, finally resulting in
contralateral domination and the withdrawal of ipsilateral
projections

The impact of injury on developing
CST:patterns of reorganisation
•Protracted period of CST development= protracted period of vulnerability
•Specific pattern of reorganisation follows perinatal injury
•Early unilateral lesion of the
brain hemisphere disrupts the
normal competition between
contralateral and ipsilateral
corticospinal projections, with
preferential strengthening
ipsilateral projections from the
unaffected hemisphere in
comparison to the contralateral
projections from the affected
hemisphere!
Martin, 2005

The impact of injury on developing CST:
patterns of reorganisation

Jaspers et al., 2016

Is Hemiplegic Cerebral Palsy Equivalent to
Amblyopia of the Corticospinal System?
14 children with
unilateral stroke

•Soon after birth, all babies had
contralateral MEPs after TMS of the
affected hemisphere ( in the potentially
affected arm) TMS was not initially
predictive of outcome
• At 2 years, the absence of MEPs after
TMS of the affected hemisphere in
contralateral muscles was significantly
associated with failure to develop a grasp

cont

ipsilat

•At 2 years, presence of fast ipsilateral
responses from the non-affected
hemisphere was significantly associated
with worse hand function
Eyre et al., 2007

Window of therapeutic
opportunity: first 2 years of life
• Facilitatory rTMS over the affected hemishere - to
enhance the competitive ability of a damaged
corticospinal system
• Inhibitory rTMS over the non-affected hemisphere
- to “supress” unaffected CST and allow affected CST
to compete for its place in spinal motor neuron
innervation

Knowledge gaps
• No studies in the first 2 years of life in CP
• What would be the consequences on the function of the nonaffected arm when inhibiting the healthy side of the brain?
• What would be the consequences of excitatory protocols over
the damaged hemisphere?

rTMS for motor rehabilitation in CP:
What do we intend to treat?
Which hemisphere to treat?
SPASTICITY

WEAK HAND

Trompetto et al. 2014.

Treat the affected
hemsiphere

The target hemisphere
depends on the pattern of
reorganisation

rTMS for spasticity in CP
•

•

Spasticity arises as a loss of corticospinal
inhibitory input on segmental spinal
excitabilityincreased alpha and gamma
motor neuron excitability
Facilitatory rTMS over M1increased CST
excitability increased inhibition of H
reflex

•
•
•
•
•
•

Valle et al, 2007
17 children with spastic CP and
tetraplegia
Double blind and sham controlled
1Hz TMS vs. 5 Hz TMS vs. Sham over
M1
5 conseutive days
Outcome: changes in passive
movements ( goniometer) and
Ashfort spasticity scale

rTMS for motor rehabilitation in CP:
What do we intend to treat?
Which hemisphere to treat?
SPASTICITY

WEAK HAND

Trompetto et al. 2014.

Jaspers et al., 2016

Treat the affected
hemsiphere

The target hemisphere
depends on the pattern of
innervation of the affected hand

rTMS for motor rehabilitation:
How do we know which hemisphere is controlling the affected arm?
•

•
•

Clinically: prominent mirror movements of the paretic hand when moving the unaffected
hand suggest that the contralesional hemisphere plays an important role in the motor
control of the paretic hand
TMS examination (Carr et al., 1993; Eyre et al., 2001; Staudt et al., 2002)
DTI may identify corticospinal tract projection patterns in children with unilateral spastic
cerebral palsy ( Kuo et al., 2016)

MIRROR MOVEMENTS

We can determine which hemisphere is
controlling the affected arm using TMS

FDI

APB

FDI

APB

Inhibitory rTMS over contralesional
motor cortex in CP
•19 subjects with congenital hemiparesis:
ischemic stroke or periventricular
leukomalacia
•Subjects were randomized to 1 of 2 groups:
either real rTMS plus mCIMT (n=10) or sham
rTMS plus mCIMT (n=9) over the
contralesional M1
•Main Outcome Measures: non-affected
hand function, cognitive function
•Results : inhibitory rTMS of unaffected
hemisphere did not affected cognitive
function and unaffected hand motor
measures
Conclusion: inhibitory rTMS over healthy
hemisphere is safe, but study tells us
nothing about affected hand

Kirton et al, 2016; Neurology

• Does addition inhibitory rTMS over the unaffected hemisphere and/or CIMT to
intensive therapy increases motor function in the affected hand in children with
perinatal stroke and hemiparesis
•Excellent study design, double-blinded, sham controlled
•Intervention 2 weeks, assessment at 1 w, 2 m and 6 m (AHA and COPM)
•Combination of rTMS and CIMT
improved AHA at 6 months follow-up
compared
•COTM improvement at 6 months
with rTMS or CIMT or both

•No decrease in function of unaffected hand !

CONCLUSIONS
• There is enough evidence to suggest rTMS may modulate
brain function , i.e. enhance recovery of motor function in
chronic adult stroke
• Despite greater brain plasticity in children and the fact that
disability of CP remains for life, interventional stimulation
studies in CP have are extremely limited

Thank you for your attention!

**
**

• rTMS is feasible and well tolerated in children
• Inhibitory, contralesional rTMS therapy enhanced motor function in the affected
hand that lasted 1 week after stimulation
• Function of the unaffected hand is unaltered by inhibitory rTMS of the unaffected
cortex

