CENTRAL NERVOUS
SYSTEM

. CENTRAL NERVOUS
Ganghion SYSTEM

Interneuwrons

Motor - ‘ @ )

neuron

CIRCUIT 2

Skeletal muscle

Skeletal muscle 2

(a) {b}

*FIGURE 13-14 Necural Organization and Simple Reflexes. (a) A monosynaptic reflex
involves a peripheral sensory neuron and a central motor neuron. In this example. stimulation of
the receptor will lead to a reflexive contraction in a skeletal muscle. (b) A polysynaptic reflex
involves a sensory neuron, interneurons, and motor neurons In this exampie, the stimulation of
the receptor leads to the coordinated contractions of two different skeletal muscles.
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Science and Art of Muscle
Testing in AK

. 2427t 2810 7|8Fst FICHE X}3(sensory
receptor based diagnostic challenge)dj| Cljiot 4
s T 25 GAIE d4(monitoring)st= A.

« Two windows to functional output of CNS
— Somatic window

« Muscle fascilitation and inhibition (conditional )
« Muscle balance, ROM, DTR

— Autonomic window
 Puplil light response, blood pressure, heart rate



Science and Art of Muscle
Testing

. ZFMAA Q| 2E XH(YHO| input,
processing, integrating) 2 da=Xo &
289 £=x0o 2 HH =L}

« A2 M= X ZHanterior horn cell)0f| A
L= 25382 X[HjF &=LC}.

- 2] HAME 4 Mo HBos SEA
(excitatory), 2 &|d(inhibitory) X}=29]
=39l CIS(central integrative state)&
AASt= A 0|L}.



« AF & Al net facilitation & inhibition on

AM

Ns

- 25 SY2| muscle spindle=z B+
2 =0| ZA[HL2 2 G5 H

muscle spindles 2O+

Al |
A>3 20| YAH 22 o3l
= H

*+ ol & Z== Altiot= AMNse| SEi S 8
tot= 7ty 7282 S E



Muscle test principles
287Ae| ¢¥

K| & Ol al(consistent pressure)= 7oL
QA ™ot & & (consistent timing) 2 &l =2 7fStL}.
A1tE 0| 551X RS2 =M HAS Hi AT
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Muscle Testing Protocol
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I\/Iuscle Test Findings
|_ - = A|- |-

* |Inhibited AMNs (muscle test weak)

* Normally facilitated AMNs(muscle test
strong and Al weakens)

* QOver facilitated AMNs(muscle tests strong
and Al doesn’t weaken)




Normal Functioning Muscle

Inhibited (Weak) Muscle

Strength in kgs

Time in Seconds

Tme in Seconds
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Deafferentation

AR HYE0{0fY 242 HEo| &

MOl LA 29| XEH(deafferentation)
Ol

S 232 7ts 82 a2

2tA O] mechanoreceptors, muscle spindles, GTO,
skin receptors

*Neurological activationO|L} synaptic input
o A4



IRT

+ 20 tiet F=etEl 7[99 DY UE Y4
« AAIM AlA X9 Cerebellar-cortlcal-
cerebellar loop 01| 9_| oF M2 N0 A, =4k
Of| CHgok Jc—*.%OI AEPLE|H Aol 70|
dRSE0] XPA| O| A, 28 220] A[ZHato]
of, Bl ol H3el S FETHLL.
— Ipsilateral cerebellar
adaptation>(dentatorubrothalamocortical

tract)->opposite
cortex>corticopontocerebellar pathway
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Galt test




Galt test

Muscles Inhibited

Forward Arm Forward Leg
Sternocleidomastoid Upper Trapezius

Latissimus Anterior Deltoid
Posterior Deltoid Pectoralis
Triceps Biceps

Psoas Gluteus Maximus
Rectus Femoris Hamstrings

Tibialis Anterior Gastrocnemius




VRP challenge

 VRP areas 1% A Lfg)intching, nociception) XtA| S}
M(cold) n &L E Htess FE ST
— VRP areaS pintchin%6HA1 HIS 0| =XIg|H, WWZhAlAd X
88 37t 27t UG
- ol 719 ud dlEe A8 g5 £ HSHAH
chapman’s reflex pointdj IRT SFC}.

« VRP areasS =X
()
H(warm) Fu 43 3= &l
— VRP areaS rubbingdf Al HFE0| =X, 2 2ZkAA Xt
aF
Zt

29 =73t Ul
o= O = =



VRP

THYMUS

‘' \\ LUNG / DIAPHRAGM
J
LIVER A SPLEEN LIVER

& G.B. \% 1 &G.B.
HEART kﬂ%u

STOMACH
PANCREAS '

SMALL INTESTINE .

OVARY

COLON

KIDNEY

APPENDIX

URINARY BLADDER

URETER



VRP

Liver Pancreatitis

Perforated duodenal
ulcer

Penetrating
duodenal ulcer

Heart
GERD

Biliary colic Peptic ulcer
Renal colic
Cholecystitis, Cholecystitis
pancreatitis,
duodenal ulcer Small intestine pain, Pancreatitis,
appendicitis renal colic
Appendicitis

Ureteral colic Rectal lesions

Colon pain



M= 4 Al(therapy localization)

e« 1974 Dr. Goodheart

. ojt]o] A7} YA S De )
cojwl EAQIA S e FA = Fae,
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= O
Telencephalg
F rosancephakon
{Torebrsan)
Criencephalon
kMesencaephEbon
{madbrsan)
Metencephalon Rhomibencephsdon
My elencephalon {Fersdbrzan)

Spinal cord



TELENCEPHALON
(CEREBRUM)

+ Conscious thought processes,
intellectual functions

« Memory storage and processing

« Conscious and subconscious regu-
lation of skeletal muscle contractions

THALAMUS

Relay and processing
centers for sensory
information

HYPOTHALAMUS

Centers controlling
emotions, autonomic
functions, and
hormone production

MESENCEPHALON
(MIDBRAIN)

« Processing of visual and

auditory data
« Generation of reflexive

somatic motor responses

« Maintenance of
consciousness

Longitudinal
fissure

f"
-
o
-

Cerebral

hemispheres

METENCEPHALON
(CEREBELLUM)

« Coordinates
complex somatic
motor patterns

« Adjusts output of
other somatic motor

centers in brain
and spinal cord

METENCEPHALON
(PONS)

- Relays sensory
information to cerebellum
and thalamus

+ Subconscious somatic

and visceral motor centers

MEDULLA OBLONGATA
(MYELENCEPHALON)

- Relays sensory information to
thalamus

« Autonomic centers for regula-
tion of visceral functions such
as cardiovascular, respiratory,
and digestive activities
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Al atals

Al
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Parietal lobe

Temporal lobe

Frontal lobe

FADAM.



Primary motor cortex Primary somatic
sensory cortex

s’ﬁzlseé‘;"e’ | Motor association area
o _(premotor cortex) Parietal lobe . gensory information
from skin,
Sensory musculoskeletal
association | system, viscera,
area _| and taste buds

Visual association
area

Occipital lobe | Vision

Frontal lobe l'
Prefrontal—

association Visual cortex
area
g;:r’ "gg;g;s oo Auditory association
other association 1, |Gustatory F Hearing
areas, controls cortex Auditory cortex
some behaviors - Temporal lobe
Smel/. Olfactory
cortex




primary .
secundary motor cortex Primary
motor area somatosensory cortex

posterior parietal cortex
spatial association area

secundary
somatosensory cortex

secundary
visual cortex

premotor area

angular

- gyrus
verbal
association
area

primary
visual cortex

Wernicke's

prefrontal cortex W
volitional association area “' area

gé ,‘

primary
secundary auditory cortex b7
auditory cortex inferior temporal lobe —

visual association area < }% :
sensory areas motor areas association areas gustatory cortex









Art awareness Analytic
thought
Creativity
Logic
Imagination
Language
Intuition
Reasoning
Insight
Science
Holistic and mat
thought
Written
Music
awareness Numbers
skills
3-D forms
Righy-hand
Left-hand control
control



Limbic System

Cingulate - " T
©/ Pinealgland

. Fornix
gyrus ; .

{ \ 4 i) ) ' _
N s —Mammillary

Thalamus™ 'dey

Pituitary gland /| ” W

Hypothalamus
Amygdala

: Putamen A4\
Hippocampus’ Caudate nucleus

The leblc System Amygdala {:&poral Hippocampus



Limbic system structures:
— Cingulate gyrus

— Parahippocampal gyrus
— Hippocampus

— Amygdala

— Hypothalamus

Reqgulates:
— BEmotion

— Memory
— Cognition



Cingulate cortex T - Fornix
Mamillary
body da
{/ Thalamus
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Hypothalamus



Bagal Ganglia

Caudate
Striatum< Nucleus

Putamen

Globus pallidus

Subthalamic \ \

nucleus

Biological Psychology 6e, Figure 11.18

nigra

Substantia

© 2010 Si

nnnnn



Head of

Thalamus
caudate nucleus

Lateral
geniculate

body
Putamen

Optic tract

Tail of caudate
Amygdaloid nucleus
nucleus



[A) h't_.ﬂu.ﬂ{ ‘-.-;I_ complex
0 Al2Imus
Basal Ganglia Comp unents

Cerebrum ,M,?\ ‘“- _-
Frimary motor -_,_._, \ H / / fx-.__l
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a8

cortex
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« The Basal Ganglia are
a group of nuclei -
situated deep in the
brain at the junction
of the telencephalon

and diencephalon
7| NS Si|et 7| o ot
2ol SIX|BH A1

Ho| Zl©

T — T A

so| JE0|Lt

« The Basal Ganglia is
involved in both motor
an cognitive function

« J| XS =T

1 — LO

= Lo}

AL R

The Basal Ganglia

Globulus palidus
utamen

Head of caudate nucieus

|- OI X| / | % Amygdala

ALt

7
7
/

Tail of caudate
NnUCeuUs




The Basal Ganglia is Made Up of Five nuclei

IS 5o MEMe R TAELE

Globus Pallidus
XFHH SH

O 17

Caudate

0| 48

Putamen

7 74|
Substantia Nigra

oAHIl
/| 1

Subthalamus

Nucleus of Luis

A4 eE 20| As

putamen

globus pallidus

substantia

nigra

caudate nucleus
thalamus
hypothalamus

subthalamic
nucleus




The Substantia Nigra also Connects to the Superior Colliculus Through Non-
dopaminergic Axons That Form an Essential Link to Voluntary Eye Movement
S Al 2 non dopaminergic axon= Ef sup. Colliculus2 A4 E|0{ Q10 0|25t
AL 2 to| =o|=E0| E=& 0l HZA10E|0[C}

Neostriatum

Superior GABA

colliculus

Substantia nigra
@ (Pars compacta)

Substantia nigra
(pars reticulata)

Supplementary Posterior
eye fields parietal cortex

Frontal
eye fields

Caudate
nucleus
Superior

colliculus

Substantia nigra _
pars reticulata Mesencephalic
and pontine reticular

formations




The Cerebellum Can Influence the Basal Ganglia Loop Through

Several Connections
2 k| = HIHK| A4 =2 S0l Abasal ganglia loop0f| A2F= O|XIC}

 Through Direct connections to VTA
(ventral tegmentum area-==I| 7||-2t°| 2 A 4)
* Through Connections to the thalamus (A|Atato| A1 A)

 Through Connections to frontal and prefrontal cortex
(ME=Gd M FGote| ¢4)

— All of which have reciprocal connections to the basal ganglia
(O] 2=2 2 basal ganglia?l 2 /IAEHENF A =LY)

— Also the basal ganglia can also influence the cerebellum and
muscle tone through the same pathways

(EE3t basal ganglia = £/ 0| &S FO{M 22 BRES &3 282
ZIZZof gek2 =L}

oo= 1




The ventral
striatum is related
to limbic function
therefore affecting
autonomic
function

(ventral striatum=

Basal Ganglia and Limbic System

Cerebrum

Corpus
Callosum

Hypothalamus

Amygdala
Hippocampus

Cerebellum

@2005 HowStuffworks



The Basal Ganglia Balances Excitation and Inhibition of the Cor
tex Through Direct and Indirect Basal Ganglia Pathways
basal ganglia&= direct indirect pathwayE &6l A| cortex?| S 21} A X 0
dets O[EICE

Frontal
Lobe

Thalamus

Neostriatum

e
O
o

Substantia

—_ nigra




Movement Disorders

Motor Cortex

Direct Indirect

* Hyperkinetic disorders are thought to be mainly loss of GABA a
ctivity leading to increased Glu leading to increased activity of p

remotor and supplemental motor cortex
(=2 2=t2 GABAZHE o ZrAZ Ol5|| premotorLf
supplemental motor cortexQ| A glutamateQ| 1} =t 2t} H =L}

. HyFokinetic disorders are associated to decreased DA niagostri
atal stimulation from substantia nigra to stratum leading to decr
eased output from the frontal cortex
(A REsd He2 TEESI Lo HAlp ML Ol SHOM MEX

Z 0| X| = nigrostriatal pathway?2| dopaminergic 2T NSHIYZO|LC}H)



Neostriatum is
involved in po
sture regulatio

n

(MM ZEH|-caudate nu.
& putamen-= XA
ZZ0| gofsich

Rigidity and
trembling of head

Forward tilt

of trunk

Reduced arm

swinging

Shuffling gait
with short
steps

Rigidity and
trembling of
extremities




Basal Ganglia and
Complex Movement Patterns

basal ganglia®t =gt ST B 1to| 2y

* The basal ganglia with its connections to the
supplemental and premotor cortex are important for
the planning phase of movement when several
single joint movements have to be put together to

produce a complex movement

(basal ganglia?l premotor supplemental motor cortex2}2|
AHZ2 3 Jfo| HEEC| SXY0| HtE|of MO T
=4 Y A= AN S HES oith




Putting the Basal Ganglia Test Together

« Multiple joint movement planning means that we have
to do two simultaneous muscle tests

(CtFet 2=l FX Y= A=ttt A2 227t SA|0 F=7HK]
o=aAS olfOFetCh= 2[0|F ZtEICt)

— To involve the neostriatal motor loop means eye laterality
should be part of the test

(neostriatal motor loopE £ 7| 2|5l eye lateralityS H|AE S{{EIOFSHL}
— To involve the limbic loop means that an emotional thou
ght should be part of the test
(limbic loop= 27|23l emotional thought [ =2|11 2B AIS Sl EIOf
otCh)
— To involve thefprefrontal loop means that a visualization
of physical effort should be part of the test
(prefrontal loopE E 7|2l physical effortE A|Z2HZEYS M2
St HArot= 0| E RSt




Basal Ganglia Challenge Test

 Simultaneously testing ipsilateral hip flexor and
pectoralis clavicular with

(5Z0| 12 222 B2 BRI E A0 ZAISHHA
Of2f37}X| £ challengedfi=L})

— Eye laterality

— Visualization of effort

— Emotional thought

would sufficiently challenge the basal ganglia
to reveal dysfunction

(7ISEoi7t A2 E Eio|=H = A0}




intralaminar nuclei
in the white matter
of the thalamus

Thalamus

Lateral ventricie (body)

Corpus callosum




TO prefrontal

Right Left cortex
Bandsof  Thalamus Thalamus . Internal
myelinated A medullary
s Cerebellum ~ Intralaminar lamina

‘ -‘»“A Anterior
Mediodorsal | 4 .

Hypothalamus Nucleus 53

Internal
medullary
lamina

TO auditory

conex ,

. Pulvinar

Medial\
Geniculate

Body Centrum

Lateral medianum 10 ”"‘” or
Geniculate cortices

Body
TO somatosensory
corex
10 visual

corntex TO posterior
associalion cortex






Lateral dorsal

nucleus .
Mediodorsal
nucleus

Anterior
nucleus

Centremedian
nucleus

Pulvinar

Lateral posterior
nucleus

Medial geniculate
nucleus

Lateral geniculate
nucleus




The Thalamus Acts as a Switch Board for Inco

ming Signals to the Cerebral Cortex
M2 A EEE OrA CHi[ T HO| M= Mot HoS bt

—

* Translates impulses from appropriate receptors into

crude sensations of pain, temperature, and touch
(HHTENZRH M2 4 24 =4 5o dE&E H7[HM=E
1 315}
e Participates in associating sensory impulses with

pleasant and unpleasant feelings

(F2ESJENLE EXNE2S G JEQt date 48229 Seetih

. Particiyates in the arousal mechanisms of the body
(MM Ql 2t nt A EIRZ0f 2H0iStT)

— = — 1

* Participates in the mechanisms that produce
complex reflex movements
(ST ghAEEE S BHS 0| = 7|0 2HoiStTh)




Thalamus Modulates Consciousness
and Alertness

Alg2 oA Z 8= ZECHhL

* The thalamus also has a decisive influence on
the general level of the neuronal activity of
the cerebral cortex and thus on the level of
consciousness and alertness

A& e TR AFE S| MUl
O A AT ZH S FO|E Fre ELt,

3
L)
1
o
=2
N
b

17X O

2852 3

0Ot

=

* The thalamus also plays an important role in
regulating states of sleep and wakefulness

A2 Eot =3 249 JEiS =2d5t=0 S 2t 92 oL




Midline or Interlaminar Nuclei
Mediate Central Arousal

Sl & TAOl AS0| SHE = 4d= SN
*Functionally and anatomically the

interlaminar nuclei are a diencephalic
extension of the brain stem reticular

formation
— - " o . Internal
oA =2 715X, st o 2 TO prefrontal Intralle_xmmar medullary
L Zb A2H|7F 7he| 2 SPRbE A o amins
Histamine in interlaminar nuclei appears Dorsoriadla gidaricr
to be involved in wakefulness an — nucle
arousal in the thalamus lmecjullary\‘
— o . . amina
OhALO| & 9| Histamine2 A|AFOj| A
2t St M BHEICE
Pain pathways end up in a number of  TO A1 U irar TO t
. . ! motor
|nt7(irlam|£1ar nuclel_ o . Medial | oo
EZS A2 = k70| TALO| sH=0f| A BLICt  geniculate centrum
medium TO S1
Lateral
— The pain afferents are from both the geiovinte TO posterior

direct spinothalamic tract and the TOV1  association areas
diffuse multisynaptic ascending

reticular formation

E52 NHHO HEAYRe} 55

ML 88 I=HZ2 FH S0{2L



The Pulvinar Receives Sight and Sound
AHIZh= A4t 22| 5 +&etC}

*The pulvinar receives

i i I " Internal
projections from the medla?I TO prefrontal Intralaminar me‘;l‘}"aw
and lateral geniculate bodies nuclei /lamina
as well as direct projections . Anterior
Dorsomedia nuclei

from retinal cells of the nucle |
tic tracts 'mnfa%rﬂl?éry ‘ iz
o
P lamina ¢ LP TVL

M=o TEM = FEE OfL 2t

LIS, 25 S&H7L MHHIZHZ
E ALEICE TO A1

Pulvinar TO\g .
. . motior

The pulvinar reciprocally  mediar cortices

. geniculate™® centrum
projects to the temporal, \ o

. . Lateral
oca!oltal, and parietal geniculate i vt
cortices TO V1 association areas
ANHIZIE SE, 32, 25
L o2 2 d= FArE L



Cerebellum

" Cerebellum

Cerebellum helps provide

Akl REED ;
MHlo| 2xlole smooth, coordinated

body movement

FADAM.




Dardrites peojecting
into the gray mattar
of the carebellum

N

Call bady of -
Purkinie os8 ™|

Axore of Purkinge
cells peogecting o S
the whete malter of
the carebellum

Suparior colculus
Aquaduct of rmdbran ¢ Mesencephsion
infarior colVculus

MamiVary

Antecior koba

Arbor vitas

corlex

Careballar Carabellar
nucked

(b} Sagittal section



Midsaggital section of cerebellum Superior view of an “unrolled” cerebellum

Hemisphere Vermis
|

Flocculonodular
lobe

=



Cerebelluim
Superior Surface

aonkerior cerebellar notch

Cluadrangular lobule [H 1W-4]

Central labule [I-11] oF superior wermi= Frimary Fissure

Culmen [I'V-W] of
Superion wermis

Horizontal Fissure

Simple labuls [H W]

Declive ['WI] of
SUpETior Yermi=
Fostlunate Fissure

Superior =emilunar [an=eriform]

Falium [Vl &] of lobule [H Wi A]

Superior wermis
InfFerior semilunar labule [H VIl B]

Fosterior cerebellar notch

Pl

mHauarti=



to thalamus and red nucleus

corticopontine

fibers superior cerebellar

peduncle

cerebellum

%%

dentate
211(L'x‘p05~L‘Cl

inferior cerebellar

uncle
climbing fibers - proprioceptive
from inferior olive information from
spinocerebellar tract

(mossy fibers)



Caudate nucleus

Putamen

Intermal capsule

Thalamus
F‘rimary figsure

Hemisphera

Dentate
nucleus

Embadiform
nucleus

Globose
nucleus
Fastigial
ruclews

Tonsil

Flocculonodular lobe;
Maodulus

Flocculus

Cerebellar peduncles:

Posterolateral
fissure

Culmen

Frimar:,r
fissure

Declive

Falium

Tuber

Posterolateral
fissure

Pyrarmis
Lhvula

Medulla



. . Region: Vermis

Region: Hemisphere (lateral) Principle input: Spinocerebellar
Principle input: Cerebrocerebellar /" Function: Axial equilibrium
Function: Peripheral coordination How to remember: It is located in the

and planning axis of cerebellum
How to remember: It’s location And looks like the

is around the spinal column
periphery of cerebellum

Region: Flocculonodular lobe
Principle input: Vestibulocerebellar
Function: Ear,eye, £
balance, body co-ordination.
How to remember: Pops out to the edges,
looks like bunny ears to me =P




The Cerebellum Can be Broken Down

Into Four Basic Functions
AklE 471K 7|2 7| sEE OF Y = Qlh}

e Balance

ITE et

O O
e Coordination and movement
T3 2F

e Posture
AEA|

« Cognition
PN




The Cerebellum Contains Three Areas that

Perform as Three Distinct Neural Output Centers
Ak|= 3710 Hetor 4lE EHMEE 7HEICh

* Archicerebellum SA|Ax]
— Phylogenetically the oldest

wasHoR JhE Qs A

— Flocculnodular lobe, vestibulocerebellum

« Paleocerebellum Ak
— Spinocerebellum
— Vermis (worm)

 Neocerebellum Alak]
— Phylogenetically newest

HtMStM o 2 JHA Al A
— Cerebrocerebellum
— Pontocerebellum




Brain stem

Cerebrocerebellum coosdination of

Vestibulocerebellum belance. control

Spinocerebellum

Regutation of
muscle tone,

— skilod voluntary
movernent

—(Unioldod)—-

Planning and
modulation
voluntary activity,
- storage of procedural
memories

Maintenance of

of oyo movemonts



Cerebellar Effects on Tone and
Movement are Mainly Ipsilateral

o= =0t 250 Cieh &9 F

Ipsilateral effects
are from deep
cerebellar nuclel
and vestibular
nuclel

S 7 LEEHECE

=~z Ex=Mo|C}

o 1 O

Central connections of the vestibular system

To cerebral
cortex

Thalamus
(VPM nucleus)

Medial lemniscus

Medial Ascending component
longitudinal
fasciculus Descending component

. ( \ Oculomotor
@i

=

nucleus

1
I
@ ' Trochlear
1
nucleus

Abducent
nucleus

To cerebellum
(through its
inferior

" peduncle)

(| W VESTIBULAR
NUCLEI

/
7

LA

{

Vastibular ganglion

' : *¢ Vestibulospinal tract




Cerebellar Afferents (Input)

« Afferent (input) via mossy

fibers and climbing fibers from:

mossy2t climbing (& &3t
AlZdo

=082
* Motor cortex
=s Oz
* Proprioceptors, especially
from skeletal muscles,
tendons, and joints

ES| oe, A AdEE 2HO9
87

* Vestibular (equilibrium) or
gans A7E(EH)7| 2

e Brain stem nuclei
L7t s SO 28 H S0 2L}

At|o] S

to thalamus and red nucleus
corticopontine

fibers superior cerebellar
peduncle

cerebellum

pons

pontine —_
mossy fibers

middle

dentate
interposed

Y inferior cerebellar
/ Pcd uncle
climbing fibers <J>— proprioceptive
from inferior olive information from

spinocerebellar tract
(mossy fibers)




Muscle Spindle and Golgi Tendon Organ

Input Via Spinocerebellar Tracts

HeaL2E 531 2WFe} BI|AS8HQ SAF

&y ) Cerebellum

Anterior Posterior Y Y
spinocerebellar tract spinocerebellar tract

1

~  Spindle afferent fiber




Cerebellar Efferent (output)

e Fastigial, globose, e
mboliform to: oA
— Motor cortex by
way of thalamus
N&E B0 2ELEE,
— Brain stem motor ce
nters-red nucleus an

d descending reticul

ar formation
L|Zt9| 255 F0l MAHSH
1t st A=A,

— Vestibular nuclei
Mg H

S22 LIZICL

At|o] A

to thalamus and red nucleus
corticopontine

fibers

climbing fibers

superior cerebellar
peduncle

cerebellum

dentate
interposed

inferior cerebellar
ch uncle

— proprioceptive

from inferior olive

information from
spinocerebellar tract
(mossy fibers)




Corticocerebellar loop

B BRI ES REAT S R

Cerebral
/':%rl cortex

4\

Ventrolateral
/nucleus
Dentate
nucleus
Corticopontine —< ‘
fibers /
/ /)
)) ...
X —Purkinje cell
) axon
Basilar A\ N
DI~
Pontocerebellar
fibers
<N/

o— Corticospinal
tract



Functional Divisions of The Cerebellum

240 7|5 25

*Vestibulocerebellum - & A k|
*Spinocerebellum -& = A k|

*Cerebrocerebellum -CH | A k|




Archicerebellum-Vestibulocerebellum
IA| Ao te|-F 2 i

e Oldest and located at the bottom of the cerebellum
t& @elisia, A x[of HEEH| 9K

* Interacts with vestibular nuclei in the brain stem to control
balance and equilibrium during head and body movement
L[ZH e T EEH I 2 42010 K2t a5 A & M XM LF

gdS 2 E
* The Purkinje neurons in this area project their

axons directly to the vestibular nuclei
O] SO purkinje M BMZEL| 412 MO 2 HEZ FALEICE

* The only area where cerebellar output from other than
cerebellar nuclei
A e84 0| OHLIGI & k| 20| 0| 20{X|= St 2O|C}




Paleocerebellum-Spinocerebellum

Rk A

 Located at the top of the cerebellum 1|9 HAtoy ¢ %]

* Proprioceptive input from the entire body is received

here 2 8o/ 1{zt2t0| 0f7|2 =& &ILCH.

* Provides output to brain stem nuclei for unconscious
skeletal control

FOUMHRA SARSS T 20| RS L[| Mo 2 EHE 55

Ok

b}

*Involved with propulsive, stereotyped movements

(swimming, walking)
=% HYL2 TR S, ASHE250] 2Bt

— T - O




Neocerebellum-Cerebrocerebellum
AL br| O b A i)

* Occupies the large middle portion of the cerebellum
2| 0| 7h2 O Q| B2 =& KX}

* Projects to the motor output portion of the cerebral cortex
through the thalamus

Md=s Sot0 L 22 23 BAF =2 = FASHLL

* Interacts with the motor cortex to control learned voluntary
movement

S5 E 2o|H 252 W 9ol 2 ST R M ST CY,

* Receives input from pontine nuclei and lower midbrain that
relay output from the entire cerebral cortex

CHE| k| e} ol F Skl & d7ot0] Ol I & 2| outputs =Lt
* Coordination of fine movement, especially with hands

S5 & 22 0|3 252 EHICE

* Also plays a role in cognitive function =3t OIX| 7| 52| 9&& HE




Cerebellar Nuclei

A ke[ S

4 pairs: fastigial, globose, emboliform, dentate

a0l BRI, S8, 47|, x| o

* Function as main output from cerebellum
Ak FE EHO Z 7| 53t

* Project to thalamus and vestibular nuclei, red nuclei,

brainstem nuclei
A|AH FIASH MAHSH | ZFSHE 2 E AFSIC

=1 1 1 |
* Receive information from oj7|M HEE gt=r}.
— Collaterals from cerebellar afferents Axjo| Sz Z27IxIE
— Axons of Purkinje cells purkinjed| Zo| ZAHS




Each Nucleus Controls a Different Type of Movement

2 AHHS 2 R0 258 £

Fastigial: stance, gait -A{ 7|, 23— controls muscles in modes
of sitting, standing, walking -2t7|, A{7|, Z7| REOM 282 =&
Interposed -77| Q18 (S 28l of W 7| &l 7). assist segmental
reflexes (stability) -OtC|HtALE 2 =(9HH A); speeds initiation of
movements triggered by somatosensory cues —f|A Zzt A2
=dtg| = Exto| A& =71, damp unwanted movements -9/ x| &=
2 231 (delayed check/rebound, abnormal RAM’s, action

mor, impaired finger-to-nose) —(X| ¥ &L}, BtE 5|1, H| A A Q|
SHIE SHEmMa| AAE| A JLEFR)

- =1

N = o J
M X

00t
r-|o

Dentate: assists tasks needing fine dexterity; -0| A3t X =2
Loz sl= 922 2x, delays in initiating/terminating

movements, intention tremor; flnger movements - 5%t
AMSHSI L HE0| K|, SHemEal 2712t

—_, =2 O =2 37 —




Cerebellar Summary
25075 /%

* Without an archicerebellum you have trouble
standing

S| A| A k| (archicerebellum)7F SO ™ HICHE A QU7| 7} &l S 0of RILC}.

* Without a paleocerebellum you have trouble walking
T A k| (paleocerebellum)ZF QS ™ XCHE A 7|7t & =0 RIC}.

* Without a neocerebellum you can’t play the piano
Al A | (neocerebellum)ZF @ © ™ T|O} = & K| 7|7} €l = O &IC}.




Cerebellum Dysfunction-Lesions
2|9 7| 502 HH

* Dysfunctions reflect the particular region or regions of

the cerebellum involved
s Ak EY EE B2 AL AHAtE 22 HHESH= AO|Ct

o O = O T =L /|- — 1 T

* Unlike other portions of the motor system, damage to
the cerebellum does not produce paralysis or paresis

=&AL CHE B2 10t= CHEA Ak| 9| &4H2 OtH|(paralysis)Lt =0}
H| (paresis) = 72 olX| = &=L}

* Cerebellar damage primarily results in a loss of muscle
synergy

k|9 282 FE 2R AYX|(YSrINE Moliol= 2alE 7E

O
L

i
g

C}.




Signs of Cerebellar Lesions
Al i

Al S
L. O

T

* Cerebellar lesions will usually result in abnormalities
ipsilaterally 4| o S EX02 H|HA IS S HOIC}
e Earliest signs are found in ocular dysfunction, saccadic
dysmetria
A | HEH XX 9| A= = saccadic dysmetria(== = EXMstHigio 2 =
He M =AM TS 23 (E BE)) 22 ¢+ 7|5 Eoll 2 LHEFHC}
* Deficits apparent only upon movement
k| FHO| S = L3o 8RN E S AU AM =
—Difficulty maintaining equilibrium (Romberg’s) Aa%&7| el &
—Staggering ataxic gait #|= Alx A H3H
—Intention tremor ;5% S Fg I 2| = 2, F2otH stefgd = Ao &
—Bradykinesia (difficulty with alternating movements)
—Atonia, hyporeflexia, pendular response to DTR
—Past pointing F7EZ, BtALM S A2 ZHHEALOA] ZIXFEES




 Midline lesions do not cause ataxia, but will lead to

posture and balance problems as well as scoliosis
S EHEZ RS HIE R 2o = AT STSr 22 XpA| L
oo M E €alct

* Lesions of vestibulospinal cerebellum and spinal cerebellum
respond well to adjustments, eye exercises and spins

HYHL Lol Mot B2 PR ED BIH S| ZHO| #HS Lt

| -

— Eyes up and out or down and away on side of lesion
— Spins to side of lesion

— Adjustments on side of lesion

S 9IL} O}2) 2 311 HHZE O 2 BUFASLE A

=T
HBZ0 2 3| HoH= Z P




Lateral Lesions =& g4

» Lateral lesions generally involve the dentate nucleus where
there are no afferents from the extremities and therefore will

not respond the same to midline treatments
ZE M2 OHY O 2 AK| UEHOIM AN HET gl Ak X el
Az =0, mretM S48 H X| 20| 2F35HX| Ri=Lt.

* Lateral lesions are primarily neocerebellar
ZRHHO 2 AA oA LSt

1T O L—

 Lateral lesions respond to feedback mechanisms
SR HH2 | (| =) 7| Mo g3 et}
— Treatment involving fine motor control such as playing
musical instrument, finger to thumb activity etc.
K2 27| = CHE ALY, finger to thumb activity(&= 7122 X1 £ Y X| &2

=40l 23)2 &2 duet 20 HHE L

- - O




Muscle Inhibition Patterns are the Result of

Reciprocal Inhibition
AN IfEH2 &2 AKX o Z1t0|C}

- - O

* Interpositus nucleus fires to contralateral rubrospinal
tract SURIXH2 SO HliX =25 2 TIA|ZICE
— Facilitates flexors opposite side of cerebellum

Ak BIT|Z 2T 2L BTIA|ZICE

— Inhibits extensors opposite side of cerebellum
A|o| HIC & AT 25 AX|A|ZICE.

1 - - = 1

* Dysfunction leads to reciprocal inhibition of extensors
from facilitation of flexors on the cerebellar side

SH7H LN e Aklot SXO BRI WW L AHD
H AL O

= =
RS Qe 4 ULk




Muscle Inhibition Summary

*Decreased nuclear activity results in decreased
extensor tone ipsilaterally

80| 20| WOIXI B S5 20| ZET x|,

« Decreased cortical activity results in increased

extensor tone and concomitant flexor inhibition
bilaterally

ojae| 2d0| BOX|H ¥F 2o =7t 716k, sifd &
i e e 222 Ze= G40




Cerebellum Challenges

2k 72 dA

« Spinocerebellar/fastigium: eyes down and out

to opposite side
OHrE Ol 2 B =2 2

e Vestibular cerebellum/flocculonodular:
eyes up and to the same side

or7Z 92 5502




Spinal Cord

Spinal Cord & Associated Tracts

Motor and descending (efferent) Sensory and ascending
- — (afferent) pathways
(blue)

pathways (red)
Dorsal Column Medial

Pyramidal tracts b
- Lateral corticospinal tract '
- Anterior corticospinal tract N ~ 4 OB IEUS Sy st
- » _ . \ Gracile fasciculus
\ - Cuneate fasciculus

Spinocerebellar Tracts
Posterior spinocerebellar tract

Extrapyramidal Tracts = s 1, L Ty 7
- Rubrospinal tract k \ NS e SN 1
0\ — : i I8 / ' Anterior spinocerebellar tract

- Reticulospinal tracts
Anterolateral System

y 4
- Olivospinal tract \\ : -
- Vestibulospinal tract \ ‘ ’4
& :
——0 y Latefal spn}nothalamx»c tract
A\ : . — Anterior spinothalamic tract
\_’/ Spino-oclivary fibers




Reciprocal Inhibition
At of |

* Reciprocal inhibition important for:
42 AN = 2 gl 25 S0 ST X&S oL}
— Respiration sz
— Locomotion
* Walking, running

He 7 El= 74 =0

s2| &2

=
o




If You Have Normal Reciprocal Inhibition

MAE AR B S AL

oo 1 O




Loss of Normal Reciprocal Inhibition

MAME MSAHAN| 7 AAME HL

o 71 O =1 OT




~ Afferent path: Action potential
 travels through sensory neuron

Tap to tendon
stretches muscle

The patellar tendon (knee jerk) reflex
/ 2 illustrates a monosynaptic stretch
S reflex and reciprocal inhibition of the
s antagonistic muscle.




Reciprocal Inhibition is a Complex Interplay of Spinal Cord
Interneurons and Descending Modulation

NBOHE M40l STH I (M9 SRS Y R 0| BerH ol 45 xBo|ch

Interneurons

~ - i . Efferent
Afferent | — Etterent € ' j g i fibers
fiber fibers USSP, PSS
Extensor
inhibited “,, Flexor
A *39 " ; inhibited
.
F:?xo: — S ?\0 i /_ rm movemenits ___‘\7,,—— Extensor
stimula - X stimulated
ViZ P ' 0%
Ny e'ﬁte
Key:
+ Excitatory synapse Right arm Left arm (site of
— Inhibitory synapse (site of stimulus) reciprocal activation)

Copyright © 2004 Pearson Education, Inc.. publishing as Benjamin Cummings




la Inhibitory Interneuron

Inhibitory interneuran

Homonymous
alpha motoneuron

Antagonist alpha
motoneuron

— Group la afferent fiber

—Group |b afferent fiber

o Motor neuron

the homonymous m 15 mhibdec >

1he INagornst M. contracls



Renshaw Cells

*Are inhibitory

interneurons found in
the gray matter of the

spinal cord

A 40| 3| A4 T 0| A

EX 5= 9IS

—

ERARNE-

*Inhibit inhibitory
interneurons by
releasing glycine

= 210[ A1 0f 2|35 A

OIR| 5t S BHC

Corticospinal
pathwiay

la afferent —

A |a inhibitory interneuron

hMuscle
spindle

Flexor
muscle

la inhibitory
interneuron

B Renshaw cell

Descending
pathways

la inhibitory
interneuran

Renshaw cell |
(intermnauron)

Flexor—_
muscle



Reciprocal Inhibition Indicator Test
ArS O o K| H 22 AHA

* Indicated by contralateral upper and lower body

flexor inhibition when tested simultaneously
S0 X2 SkK| =528 SAI0 dARE S Iff 2f 5 TIC.

— Quadriceps and opposite pec-clavicular

CHE[ At BT S T8 2 2l =X




Functional Neurology

Neuron Based

Physiologic and functional evaluation,
not to rule out pathology but to see the
exact integrity

Function is the product of multimodal
Integration centrally.

Segmental and suprasegmental
evaluation



Hemisphericity

« One side of cerebral cortex excites
ipsilateral pontomedaullary reticular
formation which inhibit the inhibitory
pathway to alpha and gamma ventral
horn cell that affect the reflex, posture,
muscle tone exp gain of the muscle
spindle.



90% of Brain Output is Through

the Pontomedullary Reticular Formation
Ll £22/90%Jt PMRFE S8tHCh

* Cortex drives the PMRF T/ II| & 2 PMRFE M| {5t 12
* PMRF controls the autonomic nervous system
PMRF= X841 4 S Z RS}
* PMRF inhibits the IML decreasing sympathetic output
PMRF= W &l B85 HX| Lt
* Only 10% of crossed fibers are associated to fine motor
movement and meaningful distal extremity activity
CHX| 10%2] == 0| L= 2| O| Mgt S22 4t &[5 ALX| 2

=2 &0l 20kt




Neocortical output

Monosynaptically synase
ontomedullary ‘reticular
ormation

Inhibit to inhibitory

paltlhways to ventral horn

ce

posture: inhibit ant m

above T6 and post muscle
below T6

autonomic control : caudal
medulla inhibit rostral IML
of cord.

Central modulation of
nociception

Decreaed cortical output--
organ systems fail...




What is the Pyramidal Pattern?

ST

e Adistribution of inhibition as the result of decreased descending
ipsilateral cortical activity into the pontomedullary reticular
formation (PMRF)
== 9| PMRF(pontomedullary reticular formaion) £ S}~ EH | = Clf
O & 24 o M3t2 QIS A LEEfLE= K| o &

 The PMRF normally inhibits upper body flexors above T-6 and
lower body extensors below T-6 ipsilaterally

PMRFE 4O 2 £ 6 0|40 2R 21 g2 6% 0|5}0
AUHZ = HHoHCt
* If normal inhibition of upper body flexors and lower body extensors

does not take place you get reciprocal inhibition of upper body

extensors and lower body flexors
Ol2|ct & F =24t ot A 20 Cheh Fof A 7t
LOLIA| R =ChH, &8 AF 20 oL 8 =520 Cist

&= AH|7F LO{LHA =Lt




Why Do We Need the Pyramidal System?

AN =M= AAEO 2R8I

* Increase ipsilateral antigravity support

SS dTET s 23ttt

* Increase BP and fuel delivery to opposite or working side

5o Hetl HAB IS FA|BHCH

* Example:

* Right arm moves when left brain fires
= I SE BEUHH 25 20| &I

* Increased descending activity to ipsilateral side to increase muscular support
and parasympathetic activity
SS(AF) el otetels Site 2sAAL Fud 2352 Sdls
2 2 21C}.

* Increase IML activity to contralateral side shunting fuel in that direction
(&HAC) B IMLE S(WZAE) S 2 (8, A E)E
1 EC 2 BUHL




Example of Decreased PMRF or Brain Stem Deficiency
PMRF(7|5)& 2Lt [ ZH7|5) XM5te| Of

* Increased sympathetic tone ipsilaterally
5= DZAMH0| Bt 3L
— Increased sweating

SIS}

— Increased blood pressure

=57t

— Increased vein to artery ratio
WOl (= 71)S 7t
— lIpsilateral migraines, claudication, varicosities
SXHEE, WM(HEAY), BUR
— Decreased arm swing ipsilaterally
S5 EH YU dAa(EAA)
— Lean to contralateral side
HI|ZC 2 7|18
— Ipsilateral pyramidal pattern
== pyramidal pattern




— Decreased skin temperature

— Arrhythmias (Lt.-AV node) Tachycardia (Rt.-SA node)
— Large pupil

— Ipsilateral pain syndromes

— Global ipsilateral decrease in muscle tone

— Flexion deformity of upper extremity

— Extension deformity of lower extremity
- Rz A

— BN (Lt.-AV) BIOH (Rt.-SA)

!

Ol O

% okl 0
fot
bl

1% o
oM 0

r2 1R off |y

e reg 4

b
i
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— )é)l-x'_
_ x|

0]
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Figure:

| Heart Rate
| Respiratory Rate
1 Peristalsis

1 Lacrimation and salivation

1 Peristalsis
1 Bowel / Bladder

1 Erection (w/ arousal)

Spinal Afferents

1 Heart Rate

1 Respiratory Rate

1 Pupilodilation & lid retraction
| Peristalsis

| Bowel / Bladder

1 Ejaculation (w/ arousal)

1 Sweat / piloerection



Hemisphericity Practicum

Blind spot
_id lag
Ptosis
Heterotropia
Anisocoria
Pupillary response
, Absent, Brisk, Sluggish, Fast fail,
Plastic




Hemisphericity Practicum

Faclal Paresis

Presence of spontaneous movement
Head Tilt

Soft Palate

Tongue Deviation




Hemisphericity Practicum

Standing Body tilt
Elbow Bend

Hand Placement
Thumb Strength
Big toe




Summary of Normal Descending Cortical Activity
™MAMO| 5t&F LTI & Bt= 0| Qo
O O T o L = 411 /M

Increase general muscle tone ipsilaterally
S25o| MEHY 252 ¥4} i
Increase extensor tone above T-6

T6 22 ¥ EZo| A2 &dst
Increase flexor tone below T-6

Te £ oj3i %ol 222 B3
Increase PMREF ipsilaterally

=Z=09| PMRFE 23}

Decrease IML ipsilaterally
S5 ugdlds oA

Increase parasympathetic activity ipsilaterally
S5O Fudilds gdzt




Typical Pyramidal Muscle Tests

ME Ol B Ol 87 7| S K 8}

= 2}olste S A}

Ipsilateral finger abductors
== &J1El QM2
i 1 | I

Ipsilateral wrist extensors

EX AL AN
O 1 - 71 - L -

Ipsilateral shoulder abductors
SS O H 2

Ipsilateral hip flexors

SS1HE =252
Ipsilateral great toe dorsiflexors
S5 X EotE =2

Ipsilateral supraspinatus

=X A
O 1 710 L




Areas of Dysfunction

Cortex

I Thalamus

Basal ganglia Cerebellum

Spinal cord




Area of Dysfunction




Areas of Dysfunction

« Cortical: eyes looking opposite pyramidal pattern
facilitates

« x| O A == pyramidal pattern
S22 = I (¢7] X7 2=]0]) 28y

 Basal Ganglia prefrontal loop: group muscle tests
(simultaneous ipsilateral hip flexors and
pectoralis major-clavicular) are inhibited after
visualizing walking up a steep flight of stairs

|t MHEYH 3|2 VMO E AHE SEte dd=

ot = 02 2= dAESAIY 55 HE=zs20 dsgd

=X HADAl AKX =l Tt




Areas of Dysfunction

« Thalamus: pectoralis major-sternal inhibition
contralateral to pyramidal pattern/psoas

iInhibition ipsilateral to pyramidal pattern (torque
or twisting pattern)

A4l pyramidal pattern BICHEHO| CHE2 S=X| AX|/
pyramidal pattern ZF2Ho| @ 2 X (torque or twisting
pattern)

e Cerebellum: extensor inhibition contralateral to
pyramidal pattern (latissimus and glut medius)

A k|: pyramidal pattern BFCjE O] AM 2 AX|(2Hi 21}

~c
S =




Areas of Dysfunction

 Spinal cord: Indicated by contralateral
upper and lower body flexor inhibition
when tested simultaneously (quadriceps
and opposite pectoralis major-clavicular)

B SAO| BAERS O BTjSo| X9
22 Zol) kK| 2R ARIALE 23} HITHS

EHBL -‘-H_I_Xl)
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Dr. Schmitt2l IRT
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2|0l B Sot= AHAl

C2lah A0l Ss5= @ Ilot)] flet AhAl=,

22 = 2= (Dorsiflexion)

2o AEEN B2 &2 HEK S S&
(cf. startle reflex)
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Spine 2| IRT

1. 252 0I1F(Coceyx)= EF A2HF
AL A

7

2. 29 LHXl HF== HZ(Talus)S O|=2&tCt.
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New Concepts in IRT

e Brain IRT
* Brain stem IRT

* Spinal cord IRT



Spinal Cord and Brain Stem IRT areas

Brainstem:
— Located between EOP and C-1

Spinal cord:

— Located between
T--land T--3,
T--10 and T--12



IRT

NSB

SET POINT
LQM

7—27. Yang beginning and ending points on the head.



BEZ|AM-EXIH AN
(Beginning & ending technique B & E technique)

o |:||-_T'_|-7=| EI-OI=A‘|
oo

* Tibialis ant/Peroneus tertius&ot== 0|
A O[T 2ol &
« UK = SBE=T|AH2
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« = — Supraspinatus
« CV1~CV24
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NSB(nociceptive stimulation blocking)
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7—27. Yang beginning and ending points on the head.
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Set point (touch & tap) technique

e (
&)

—

EXZ(CHER2)0 ESA X222 dsta

7= Al

et E=E JIASAF0l E=or AL

tapping Al 28t X| = 20| 2Fof X|

-

AEH S Xl (touch)dtHA A HE A tapping



« NSB(Nociceptor stimulation blocking
technique-+=2 g837|8%)
- I SS+EE= Aol X A=

« Set Point(Touch and Tap)Technique(=2 Gt

d353) 1 55+ B = oliX[= X



« Raphe nuclei(serotonin)BL-1+=2FE}H
 Locus ceruleus(norepinephrine)SI-19+# &
Er
» Mesencephalic ventral tegmental area
(dopamine)GV-27



 Basal nucleus (acetylcholine)GB-
1= FEHS

 Ventral posteriorhypothalamus(histamine)ST

14 UERY

« Caudal hypothalamus(GABA)LI-
203 HEMA



Neurotransmitter deficiency
and Excess

* Deficiency
e GB1: Acetylcholine

e TW23: Aspartate,
Glutamate

e B1: Serotonin

e |[20: GABA, Glycine,
Taurine

¢ SI19: Noradrenalin
e St1: Histamine
e CV24: Dopamine

¢ EXcess
e |\V14: Acetylcholine

e CX1: Glutamate,

Aspartate, Cysteine,
Homocysteine

e K27/: Serotonin

e Lul: GABA, Glycine,
Taurine

e Ht1l: Noradrenalin
® Sp21: Histamine
e GV2/: Dopamine
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Raphe nuclei (serotonin) B-1

Locus ceruleus (norepinephrine) SI-19

Mesencephalic ventral tegmental area (dopamine)
GV-27

Basal nucleus (acetylcholine) GB-1

Ventral posterior hypothalamus (histamine) ST-1

Caudal hypothalamus (GABA) LI-20
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7—27. Yang beginning and ending points on the head.















SI19-O 7} 5| =




TH23-E|LA 2H







-~
.""
—’
e A—



Toxic Metal B 1 Gv 20 Tw 23 Low Excitation, Low Thyroid

P l G 1  Fat Metabolism

S1 Underactive Immune System

High Dopamine/High Estrogen Gv 27
(Check out tor Tyramme)

Low Dopamine/LowEstrogen Cv 24

A Si19 Aller , Fungi, Parasite
Toxic Metal K 27 { 8y ¢

Hypoxia Lu 1 Li 20 Parasites
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Excess Noradrenalin H 1
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Quality of pain(somatosensory

cerebral cortex)




Memory of pain(temporal lobe)
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» Anterior lobe-paleocerebellum

 Truncal ataxia + upper extremity ataxia



 Flocculonodular lobe-archicerebellum

» Truncal ataxia + lower extremity ataxia
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TLR(Tonic Labyrinthic Reflex)
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LRy I e ey ' Kevnin o oy v Ay LA
b*‘ [

L] L)
L) " | -
I p— r,- ] —r £
I e s
! e v
Mamin ’ R
! ow b

N \ - B i}

BEE ' O ' l
Wanin . . ; : o . - "
I emetren v [T

- - '~9
Q=5 D= - (
mulm o & v < ol .". "i'“;d ' I ' 4
TNTJTG_—) = e 4 27Hi Eﬁ #‘ m;:—J £
| | ' I ' . ﬁ um—-- """’.‘ ' ' I ' (i
¢ |2 [ - | = 4
‘ | . YT Ty T

| ' AL

J

b

Compowradin U
) ' ™
L T

| wdda




~ @ S Y
.r.n.
















AHE QAL
o

2l /Electromagnetic stress

JIjd
=



