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Task-specific Training & Brain Plasticity WEYAdel EI5iE Holok,

Task—specific training is the repetitive practice of task that

Kim, Jong-Man
(PhD, PT, OT)
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Task oriented training improves function and
changes cortical activation. i 3
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® Make it more real!

Practice with real objects
significantly improves
reaching kinematics.
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® Transfer of practice
Practice conditions need to match the real life situation

as close as possible to facilitate daily tasks.
3




Motor cortical areas are organizes
, ...somatotopically.

sulcus g

Recent anatomical and physiological
experiments (Kandel, 2000)

¢ pycomidal

fract neurons

The terminal
distributions of
individual corticospinal
axons diverge to
motor neurons
innervating more tha
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M1 is a map of the body’s movement
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one in the thumb

muscle motor neurons

A single muscle can be activated by a colony of
columns.This is because a single muscle may be a
synergist in a variety of different movements. &



Columnar organization

* Cells in the same column influence common
synergistic muscles, muscles that act
together/cooperate in a movement
— Eg., the fingers required to hold a cup. 9

Corticomotor neuron "

Cortical neurons that govern finger
movements are distributed
throughout the hand-control area
of M1

Each digit and wrist are a
different color; diameter of
sphere is proportional to the
neuron’s activity.

Neurons active for a
particular digit or wrist
are not grouped together

~ What Do Motor Maps Represent?

Central sulcus

Hand-to-mouth

Defensive

Central space/manipulation
Reach

Other outward arm movements
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°

Climbing/leaping
x  No movement

Initially thought to simply control individual muscles — on
finer scale different regions code different repertoire of
purposeful movement (Graziano -, 2005)
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Microstimulation of M1

Purposeful movements mapped in the M1

(A) ®) ©

Purposeful
Purposefu| hand movements to
to mouth actions manipulate objects

Individual neurons in PMv (F4) fire
during specific hand actions only
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CM neurons are preferentially recruited for
tasks requiring topographical precision
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Brain Plasticity

B Somatotopic arrangement after Tth nerve transection
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~ Functional Reorganization of Cerebral Cortex

_ Plasticity from normal experience
(A) Owl monkey brain _

Functional expansion of a cortical representation by
a repetitive behavioral task (Jenkins et al, 1990)

(B) ©
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(B) Normal hand _ (C) Hand representation
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Before differential
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After differential
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Practice and learning of finger sequence can
alter motor representations in M1

20 min/1 day, 3 weeks
e _;1—3

Control Trained

Examples of Neuronal Plasticity in Human Motor Cortex: Expansion of
Cortical Representation of Fingers after Training (Karni et. al.; 1995, 1998)

Brain Plasticity
The ability of the brain to respond to
intrinsic or extrinsic stimuli by reorganizing
its structure, function and connections.

Lesion Unmasking  Sprouting

Contralateral
LCST
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Structural changes in gray matter and
white matter after reduced sensory
and motor Input (10-20 yrs old)

* Limb immobilization caused reduced nerve
fiber density and cortical thickness in the brain

Timepaint 1 Timepoint 2

With practice, accuracy increases, movement
paths are straighter and less variable
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Experience modifies
representations

Randolph J. Nudo

Nudo et al., 1992, 1996
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B 5 months post lesion
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A PRE-INFARCT

Infarct

Infarct

RESPONSES AT THRESHOLD
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B digit
[ wrist/forearm
[ digit+wifa
B wifa+proximal
EH proximal

I no response
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3 months post lesion

} scope of ICMS

Nudo & Milliken, J Neurophys 1996
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Preinfarct

Postinfarct and
rehabilitative therapy

Infarct

Bl Digit [ pigit + wrist-forearm [ No response
Bl wrist-forearm [ Proximal
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Nudo et al. Science 1996



Results of Nudo et al., 1996

* The results emphasizes the importance of
practice in sensorimotor tasks for
rehabilitation following stroke and other
focal brain damage.

* Remember: voluntary movements improve
with practice. This may be associated with
cortical reorganization(see Karni et al.,1995).

W ess 0 4] o 283l 2

¢ Left Hemiparesis with TBI

e serial finger movements, 2 hr, 5 days
31
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Use it or lose it? (vudo, 2003)
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fMRI during ankle
dorsiflexion in subject with chronic stroke
(Dobkin et al. Strategies for stroke rehabilitation. Lancet Neurol 2004)

« practice—induced representational plasticity
associated with gains in speed, motor control, and
kinematics for walking.



Representational Plasticity in M1—
Use-Dependent or Learning-Dependent!?
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Plautz EJ, etal. Neurobiology of Learning and
5 Memory 74, 27-55 (2000)

Repetitive activity is not enoughudo, 2003)
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Representational Plasticity in M1—
Use-Dependent or Learning-Dependent?

M Digit M wrist/forearm Digit, wrist, and forearm
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Task-oriented rehabilitation (®ayona &, zo05)

Rehabilitation outcomes are more successful when the tasks are

meaningful to the patlem.> 5“”“6'&% 77\'%— %’1 l—'%% 1 i"%’;; FHI %L’DH

Repetition and consistent practice play important roles in inducing
and maintaining cortical changes acquired in therapy.

Task-specific training results in long-lasting cortical reorganization
of the corresponding areas being used. .
RGNL3AL T Babedordol YAl 0 Tabogedol LI
Low-intensity task-specific programs also produce cortical
reorganiz:ltio_,n ;md\fugcgiona improvements. o z
—_— vf’ﬂ‘“%ﬁiz ‘L’i IexAZAELnS 1|7'£ Zalalajck!
Specific treatment of visual neglect and perceptual disorders result
in significant improvement in functional outcomes.

Bayona NA et al. The Role of Task-Specific Training in Rehabilitation

Therapies. Top Stroke Rehabil 2005;12(3):58-65
36



Bernstein in Latash and L tash 1994
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(Taub & Berman, 1968)

Constraint-Induced Movement Therapy

learned non-use syndrome& 355t7| 2I3Hl ¢HF

- Forced Use: 4% TS #4511, 5 T £22

ASHYU WA HES SH=F 7 (Fritz et al. 2005).
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Intensive
Rehab Therapy
: = ) of the
Restraint ‘ Y= involved UE

of the

uninvolved
UE
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Outcomes from CIMT for Chronic Stroke Patients

255
[
0
=
E ===Cl| Therapy
< 151 \/\z\
== Placebo
Control
0.5
Past Day2 Day 5 Day Wk-2 Wk-4 Yr-2
Year 10

Intervention Follow-up

Taub E, et al. Arch Phys Med Rehabil 1993
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Constraint-lInduced Movement Therapy Motor Cortical

(Wolf, 2006) .- Reorganization
® Repetitive Task Practice
® Shaping (adapted task practice)
® motor objectives are approached in small steps

® By making the task more difficult in accordance with the
pt’s motor capabilities

®  Provide specific KR (feedback) a

'

bout a pt's performance

o

Liepert et al., 1998

Remodeling the Brain Constraint-induced movement therapy

Plastic structural brain changes produced by different

Th ffected i ined for 8 h day, 12
motor therapies after stroke (Gauthier ‘5, 2008) € unafiected arm Is restrained for & hours a day

days. During this period, the affected arm is trained.

5 12 days of therapy
——

After treatment,
the muscle output
area size in the
affected
hemisphere was
significantly
enlarged.

on the use of affected arm

Motor Activity Score

5 6
Al ‘" *o"%oi|A1Q-| *°|'Z| 2 weeks 1 day 1 day 4 weeks 6 months
before before after after after

48 Liepert, J. et al. Stroke 2000
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Motor Cortex Plasticity in Ischemic Perinatal Stroke Reviews on the effectiveness of CIMT
CIMT induces neur0p|astic changes on the S)’naPtiC level, (Taub & Morris, 2001, Barecca et 2003, Hakkennes & Keating 2006)

detected as increased excitability and increased task-related
brain activation (10~20 yrs old, 5 pts)

« Evidence that it works! (moderate for acute
5 s strokes, strong for subacute and chronic) — for
1 patients with some active wrist and hand

E 2
1 ¢ minimum 10 degrees wrist ext,
o 10 degrees thumb abd/ext,
0 10 degrees extension MCP/IP

=

&% E_ in 2 other joints
Before CIMT

After 12 days of CIMT TMS (pick up washcloth)

Walther M, Jueger H, Kuhnke N, et al: Motor cortex plasticity in ischemic
perinatal stroke: a transcranial magnetic stimulation and functional MRI study.
49 Pediatr Neurol 41:171-178,2009
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Evidence for CIMT Stroke for the U/E

There are 60 RCTs examing the use of CIMT post stroke
as of 2015.

* Mean number of subjects was 46; mean PEDro of 5.9;
only 35% had concealed allocation and 15% blinded
assessment of outcomes.

- 15, task-specific trainingO|
2 YT 253ES
c>Elga"}\l:-l'(classen S, 1998, Butefisch S,

8 1995).

- modified CIMT (30£X3¥X103

ZYHLZ 0|8SH IpA| =, S5A[ZH

Y A= = HA|E o HOol

ALESH| s}, 7|52 S2UAl
ziq'(Page 5. 2008).

* Acute stage: There is strong evidence of benefit of
mCIMT in comparison to traditional therapies in the
acute stage of stroke.

* Chronic stage: There is strong evidence of benefit for
CIMT and mCIMT in comparison to traditional

therapies in the chronic stage of stroke. o
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Modified CIMT in Chronic Stroke:

Results of a Single-Blinded Randomized Controlled Trial
(Page 5, 2008)
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MCIMT (task-specific training, 30 min/day)
increases more affected arm use and
function!

g F3

d '41;/~/

/ :

Kim, Jongman, phD, PT, OT

paulkjm66@hanmailnet

http://neuropt.com
http://facebook.com/paulkjm
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