Neurological Applications of
Applied Kinesiology

AKS| A HEN S8

The Pyramidal Pattern

S ER]

Seoul, South Korea
2014

Richard Belli, DC, DACNB, FABNN, CFMP



This Sums It UP

29

“With few exceptions, all activities of the CNS, receiving,
processing, and integrating information, ultimately

finds expression in contraction of a muscle.”
HIHX| O 2| E N lot, x4 dAH S S (FWEE Y=, AL,
S0l 82 EE)2 =Nl E 2] 522 HUELL]
Color Atlas of Physiology, A. Despopoulos, S. Silberange, Year
Book Medical Publishers, Georg Thieme Verlag

*The motor system is a window into the functional output of the
central nervous system
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Ventral Horn Theory and

Manual Muscle Testing
HEHMZo|E21 25 HA

All muscle testing ultimately tests the central
integrative state of the Ventral horn

DE O AL ZAXMOoZ M2 MZto| ZXKX ESH AE|E

AALSH= A 0|LCt.

— Determined by sum total effect of synaptic activity
both excitatory and inhibitory
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“The Final Common Pathway”, Sherrington
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Deafferentiation
T4 2 Xt

* The loss of normal expected sensory barrage
X2 MY oo 4 Eo| &4
Functional deafferentiation:
7168 F4l= Kt
— Due to loss of normal joint range of motion
o 2 E 25 HR7FE01F0 7| Qs 8¢
 Effect on joint mechanoreceptors, muscle spindles, GTO,

skin receptors etc.
SHO| 7| AXM A48T, 2=, A, D8 427 S0

dg= Ol
s of i neurological activation or synaptic input

— Los
AMZASHE 20| X S| HLE A|HAS| M Q20| AAlE




Pyramidal VS. Extrapyramidal

THZ O FH 2

* The pyramidal system originates in the sensory-
motor cortex FHzE= ZZU2SEF(TE)Z 2H 7|1t

— Responsible for all voluntary movement with the
exception of eye movement
ol 2 YUS Mt 2= o/ S US YL

— —

* The extrapyramidal system is basically everything
else FHQzE 7|20z BE Fut HBHEICE

— Modifies motor control and is involved in higher order
cognitive aspects of motor control
MO E 2Ee EO ot 2, eIX|H SHO| 2 O &2 THA 2f
2= O] QUCE.

— Planning and execution of complex strategies as well
as voluntary eye movement
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Brain Based AK

|0 7|8 =S &

 The brain is the control
center for all major

physiological functions
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* Very difficult to fix
physiology without
fixing the brain
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New Concepts in IRT
IRT(Injury recall technique)2| M| 2-& 7| &

* Brain IRT

* Brain stem IRT

* Spinal cord IRT




Brain VRP’s Correspond to Functional Areas
| ©| VRP(visceral referred pain) 42t X| &
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Spinal Cord and Brain Stem IRT Areas

240} | 740] IRT /%]

* Brain stem: |7t

— Located between external occipital protuberance and C-1
S ZO|EOPRt AF1H AO| XA

* Spinal cord: x=

— Located between T-1 and T-3, T-10 and T-12
F1HTF ZF3H ALO|, 210 1 ZF 12 ALO| X| A




Brain Stem VRP




Spinal Cord VRP’s




Gait Testing =

Gait testing both lying and standing is an
important component of the Neuro Apps
protocol
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Normal gait |nh|b|t|on and facilitation

patterns are disrupted by positive therapy
localization

S B O EH(TAE SO TS =2 T,

MELQWI)% X=X HE(TLof 2fsh 2ol 2hA| = Cf.

Under many therapy localization

circumstances gait testing is more :

sensitive than the neutral position {
M2 X2 S A =0 SE XM ECH=E &
KEMIO| M & = (2FS0]) Of| 2ISEA| LIEFFCE.

Gait testing is more sensitive because it
accesses primitive nuclei

Ol EHAAO| N = Of 25t O] 7= (2| A Of HiX| =) = =X 2l A Z0f
aAMSE7| O] 20|LCt.
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e Gait is generated by pattern
generators in the
mesencephalon, pontine and
medullary reticular formations
as well as the spinal cord
HA I EH2 M g4 Sk, &l &
A Ao EXot= I EH Y-S SF0|
|5l 44 d ElCt.

e Gait patterns are coordinated in
the mesencephalon

HALEHS S0 M =3t 2T

* Gait is modulated by the basal
ganglia, cerebellum and spinal
cord

HATEHES 7| XaH, Ak, M0 =F EICH
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Visceral Referred Pain Area Challenges
VRP S Z A}

Pinching (nociception) or cold creates sympathetic

response M AHLHEZQu) A of0 mZAZHo| B2

QustC}

Rubbing (touch-pressure) or warm creates a
parasympathetic response
SX| 2 LHOHR| AL} =2 0) MpSEahA| 10 2 n A Ho| Hre S

SestC}.

— We can see pinching and rubbing have opposite
effects
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* If pinching VRP area facilitates
VRPEHE A A St XI=ICHH
— Suggests need for increased sympathetic activity
O|7-| o 7Uk|7=| QI-EQ 57|—A|5" J.L|_9_7|. |:|.I— O||]|O||_'_|-

* If rubbing VRP area facilitates
VRPE Y S E R M &2 EICHH

— Suggests need for increased parasympathetic
activity

O|A=2 FuHHE &35= S7tAIZ 2871 ACt= 2[0| 0|t




Organ needs more sympathetic activity

=8 70 ngtlEolgdss S/t ZE BRI /U= 87

— Pinching VRP facilitates vrRPE mZlg2 o2 M &XIE|D
— Rubbing VRP inhibits VRPE EX|E2Z A M| =ICt.

Organ needs more parasympathetic activity
S8 7|0 Rugdildel gdss S E ER7 U= 8%

— Rubbing VRP facilitates VRPE ZX|EC2ZM & XIE|1
— Pinching VRP inhibits VRPE X202 M A H|=IC.

To create a net sympathetic effect IRT to Chapman’s reflex (or
Set Point Technique)

ASHA MZHAIZ Z0H0HS QIBHe 7.2 k§ Ok HEARE (NL)O|| IRTE A|S4BECT,
To create a net parasympathetic effect rub Chapman’s reflex
XA ERnZAA Ft0S Q8= Ao K=ok HEAFE(NL S 2X|2C}
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Reciprocal Inhibition

AS o

Reciprocal inhibition important for:
MSR e SEI LS S0 5GSBS}
— Respiration &=

— Locomotion Z=7 Hl= A S22

* Walking, running




If You Have Normal Reciprocal Inhibition

A AS OIN| 7} R ESH= A2
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Loss of Normal Reciprocal Inhibition

BEH Y2HN7t 24 E BR




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

MBS N Ko F2HE I A SEOSYEY o] 2Tl A4S EZo|Ct

Interneurons

Efferent

Afferent fibers

fiber

Extensor
inhibited Flexor
inhibited
Extensor
stimulated

S
g\e"e /— Arm movements j

Flexor
stimulated

o 35
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Key:

+ Excitatory synapse Right arm Left arm (site of

— Inhibitory synapse (site of stimulus) reciprocal activation)

Copynight @ 2004 Pearson Education, Inc.. publishing as Benjamin Cummings




> Afferent path: Action potential
 travels through sensory neuron

Stimulus:
Tap to tendon
stretches muscle

leg
S \ reciprocal inhidition) The patellar tendon (knee jerk) reflex
K o illustrates a monosynaptic stretch
2" i er reflex and reciprocal inhibition of the
- antagonistic muscle.



Reciprocal inhibition is
A

Of| A =2 EICt.
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Renshaw Cells
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Descending Spinal Cord Nerves
Regulate Renshaw Cells Via Pattern Generators

ol M M= MA L2 0l E generatorE Sl Al 2l & MEZZE ZHBHC}

Descending command




Summary of Reciprocal Inhibition NT’s

Primitive reflexes are modulated at the spinal cord and

brain stem by GABA, glycine, acetylcholine and serotonin
IA|HEALE B =, | 7H0| A GABA, glycine, ach, serotonin

SO0fl o3 M =FE &l T

— Renshaw cells are modulated by glycine

— la inhibitory interneurons are GABAergic

At the supraspinal level by serotonin and norepinephrine

Supraspinal level | Al = serotonin2} norepinephrine |
OIS A =A EIC.

Modulatory neurotransmitters are under the influence

physiological factors such as, hormones, prostaglandins,
interleukins, cytokines, ATP, and insulin
Modulatory neurotransmitter = @ 22, T 2 AEIZEIE

-_ Ll — - L

interleukins, ATP, insulin | ggf= Bh =L}




Interneurons and Inflammation

e Spinal cord interneurons are very sensitive to
inflammatory mediators such as:
A =9| interneuron 2 G5 -d Of7H 21 A+0f| Of % Of| Bl oL
— Prostaglandins
— Leukotrienes
— NF-kB
— |L-6
— TNFa
— IL-1




Reciprocal Inhibition Indicator Test

SN S| A& =5 FA

* Indicated by contralateral upper and lower body
flexor inhibition when tested simultaneously

[H=2 X2 oK 2525 SA0 AARS I s 2ICt.

— Quadriceps and opposite pec-clavicular

CHE| Ar=2 0t BT S T8 2 2l =X




Autogenic InhibitionX} 7} 2 K| :
Golgi tendon organ function

Golgi tendon organs

are the receptors Golgi
_ tendon
for a systematic reflex organ
commonly referred muscle
to as autogenic ondulated <x¢ [fbers
. collagen ity
Inhibition (Al) o

GTO= A7 M| Of
tHOSt=
=~ 21| O| C}. tendon

ramifications
between
collagen
fibers



GTO receptors are
not stretch
receptors

GTOL= AIARFA

- L- O O

=&X| 7 OfLLCt.

GTO receptors are
pressure receptors
that are the
functional part of
a mechanism to
detect stretch

GTo= M=
Aot
2 =& M O|CF.
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Golgi Tendon Organ Signal Transmission
GTOO| A S Xt

The GTO transmit signals both in local areas of the cord and
through long fiber pathways such as the spinocerebellar tracts into
the cerebellum

GTOE H4-0| A 29| 0} OfL|3} M| 20t 2 7]
MARE B8 AR5 ASE MY}
Additionally, some of the information generated by the GTO

reaches the cerebral cortex via the dorsal column-medial lemniscal
system

GTOY A ME L= NE = S M F2 9| medial lemniscal
system(L|S g7 ) S SolM O[T 22 HEEICH
— Contributing to conscious awareness of posture, body, and limb
movement in space

(Ol2{et 2 =) SZEL RHA, &, AKX 2] S8 ™ S0 2tet
oM X QI eIX|of 7] ek




High Velocity Low Amplitude Manipulation

and Autogenic Inhibition
& XTI FLet Xp7HefH|

One function of high velocity osseous manipulation is
fast stretch of the Golgi tendon organ of the involved
hypertonic muscle inducing autogenic inhibition
1129] osseous manipulation2 GTOE 2 A AMEFA|F A
oS == Ot =0 X7t M E 22710

— When adequate velocity is achieved during manipulation, the
Al mechanism shuts the hypertonic muscles off and apparently
resets the baseline tone of the hypertonic muscles resulting in a

return of normal motion to the involved segment
X ':FOF(HH}E) =L O] manlpulatlon2 XU}O*Xﬂ 7|7< 2 ESM

*Iﬂ—’.f—'if




Golgi Tendon Organ Testing Procedure
GTO Z A} ditd

Apply 2-3 pounds (1 Kg.) of pressure to the musculotendinous
junction of a strong indicator muscle then immediately test it

Yo B2 GO 2 MEHR0| O 2302 E0 32

tet F, HIZ2 oY &== A AeHLt.

The muscle should demonstrate neurological inhibition for
one contraction only

offd 2=2 AN (E22H)e 82N QXS LEtHLCY.

If the muscle demonstrates a pattern other than neurological
inhibition for only one contraction, correction is indicated

2L Ol 2ot T EH Ol EA|H K| BHSOf LHEfLEA]
=CtH, O[of Cigt W §0[ ERSIL}.

LS —




Golgi Tendon Organ Challenge-Autogenic
Inhibition Procedure

* Pinching GTO normally inhibits for one contraction and
facilitates antagonist

GTO= pinching ot H F& N O X7 A 2SS4 271 2220
& = L

* If normal pattern does not take place check:
Ol2{ot & A7t M| BtS 0| YO LEX| Bi= 8% =I5 0F of= &
— HP-endocrine axis(A|A-S 2 2 =)
— Vagal activity (vagal anti-inflammatory activity)
(ROZ ES-20Y SRS E5)
— Insulin metabolism(@l= 2| CHA})
— Neurotransmitter activity(A X e =& 2t 5)
— Brain IRT(| O] &=Atg|AFH)




Pyramidal Pattern of Inhibition
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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)

=Z=9| PMRF(pontomedullary reticular formaion) 2 S} M E L =

CHi| T2 2d =2 Motz QIo)A| LiEfL = A T H

 The PMRF normally inhibits upper body flexors above T-6 and
lower body extensors below T-6 ipsilaterally
PMRFE HAH O 2 825 68 0| 40| 221t B 64

O|5te| ¢l 25 Aot

* 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{gt & 82 =22 o2 AT 20| oot "ab A 7 L O LEX]
FeCOtH, 5 A2 5T =520 Ciet &= AN 7t
LOLrA = CF.




Figure:

| Heart Rate qb >

| 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
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Not a pyramidal distribution of weakness
Mz 220 OE (2=2) skt OtL 1

— Pyramidal distribution of reciprocal inhibition
TNz 2420 OE (MBI s AM = EWHIHES
Or hyperpolarization of the extrapyramidal tract which has lost its
ability to perform its requisite inhibitory function which modulates

pyramidal influences
E=FAA2l 22 s FHAZ20 F=H=2E A Eot=0
LAXol AN BB AMGHE A2 T8

Therefore the pyramidal distribution is the result of decreased
descending corticospinal projections into the pontomedullary

reticular formation
B2 =HE 2E=PMRFZ Jt= otet B & E=22 J|s

& 22 20| L.




Summary of Normal Descending Cortical Activity
HAEOQI 58 CIIE &5 9

* Increase general muscle tone ipsilaterally
S5O MEt 255 &de oot
* Increase extensor tone above T-6

T6 22 fFo M2 s &dst

* Increase flexor tone below T-6

T6 =2 OIiZ 0| =125 &8t
* Increase PMRF ipsilaterally

S5O PMRFE 2hd 2}
* Decrease IML ipsilaterally

SS9l uatlEdE AH|

* Increase parasympathetic activity ipsilaterally

== o & re)
S5 Fugelds gde)




Pyramidal Reciprocal Inhibition Pattern
=20 A5 HE

The pontomedullary reticular formation inhibits upper

body flexors above T-6 and lower body extensors below
T-6

Loss of PMRF inhibition leads to hyper facilitation of
flexors above T-6 and extensors below T-6

— Leading to reciprocal inhibition of upper body extensors above
T-6 and flexors below T-6

Simply: ipsilateral upper body extensor inhibition and
lower body flexor inhibition is the pyramidal pattern

Pyramidal pattern & 5= AMX| 9] AMKE 29| Ck5l9l S=

_ O ™M

5tx|0| 2320| ofstE HolLt.




Why Do We Need the Pyramidal System?

AN =M= AAEO 2R8I

* Increase ipsilateral antigravity support

= dTET s 28ttt

* Increase BP and fuel delivery to opposite or working side

50 et HAB IS FA|BCH

* Example:

* Right arm moves when left brain fires
S b|7} AIS 2 HLYD Q= To| XQICt

* Increased descending activity to ipsilateral side to increase muscular
support and parasympathetic activity
SSZF)2 =9l st s S7te 2=AX Rud 59
stlg Yozich

* Increase IML activity to contralateral side shunting fuel in that direction
(SCHAEQ BHS IML 25 d4ld) 222 2 (4, Y E)
£ 11 ZoZ HUC}




Why is The Pyramidal Inhibition

Pattern Clinically Important?
f =HZO AN MEO YMNROZ2 ZR5HI}?

* Because the pyramidal pattern is associated to
function of:

* Cortex

* Basal ganglia

* Thalamus

* Hypothalamus

* Brainstem nuclei

Spinal cord interneurons




90% of Brain Output is Through

the Pontomedullary Reticular Formation
Ll £32 90%Jt PMRFE S8t}

Cortex drives the PMRF T/ LI| & 2 PMRFE Ml ({6t 1!

* PMRF controls the autonomic nervous system
PMRF= X2 AI A S ZASIC}

* PMRF inhibits the IML decreasing sympathetic output
PMRF= W44 8= [T}

Only 10% of crossed fibers are associated to fine motor

movement and meaningful distal extremity activity

CHX] 10%2] 2 30| Ch=2| D[ Aot 24 it |2 F

ALK o] & Of 2O BHCt.




The PMREF inhibits flexors and extensors for postural
integrity and resisting gravity

PMRF= XA Q| 7 X[ 2 &8 & =0 2t otLt.
Results in a general increase in all ipsilateral muscle

tone as well as increase in tone of upper body
extensors and lower body flexors

BN O R S50 4R MM SR ZZ2E
&8} o 0t ofL|2L Mgt Ol 250 £
SIPAIZICE




PMRF Has Four Basic Outputs

Inhibition of nociception at the dorsal horn of the spinal
cord ipsilaterally

S = M0l M S8 H(EZ)RHD S ARSHCL.

Activates all ventral horn cells ipsilaterally by inhibiting
inhibition

%éO{LM AN M X2 E AR Al Z S 2 M ventral horn
cells &-J2totLt.

Inhibit IML ipsilaterally

SS9 i E = AH S

Inhibit anterior compartment muscles above T-6 and
inhibit posterior compartment muscles below T-6

ipsilaterally
== AN EF6YH 0| AE 252 S oL,
EF 6 0lotUlAM & 255 G AMletht




The PMREF is Parasympathetic in Nature

PMRF= S Zb-dek=S X[ L.

 The dorsal root motor nucleus of vagus, nucleus

tractus solitarius, superior and inferior salivatory
nucleus

0| MZEO| S= 28, D22, Ar5lO| Efoi st

* The PMRF fires caudally and ipsilaterally to the IML
of the entire spinal cord with an inhibitory effect

PMRF= =202 MZIAIALS sl 228

- ~1 0 =2
st




IML is Inhibited by the PMRF

IMLE PMRFO]| |8} 2 H|=IC}.

* The IML from T-1 to L-2 is the source of primary sympathetic

nervous system activity for the entire body
ST1-2F2HA0|Q] IMLE ST Of CHet w2 4A1E 2d o] LXHA

— O L o = =
== O|Ct.

e Activation of a hemisphere results in PS activity originating in
PMRF and an inhibition of sympathetic activity ipsilaterally

throughout the entire body or an overall parasympathetic
effect ipsilaterally

I Bt o] 2 gt 5T M 0| A PMRFO A ReliSte FUHMEESS
2or|n sFfuPlES JHoiM, YMH 2= 559 Fug

giS 22710t




Figure:

| Heart Rate
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1 Peristalsis Spinal Afferents

1 Lacrimation and salivation
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1 Respiratory Rate
1 Pupilodilation & lid retraction
| Peristalsis

1 Peristalsis | Bowel / Bladder

T Bowel / Bladder 1 Ejaculation (w/ arousal)
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Example of Decreased PMRF or

Brain Stem Deficiency
PMRF(7|5)& &L X[ ZH7| S) X512 of

Increased sympathetic tone ipsilaterally

=<
= DPAEO| B7tE ES

— Increased sweating 2¥St= 7}
— Increased blood pressure & 2F=7}
— Increased vein to artery ratio
SHCHE| SOl (FH7[)S7t
— |psilateral migraines, claudication, varicosities
SXHES IMESAY) HUR
— Decreased arm swing ipsilaterally
SX T 2X|Qo| UA(EEA)
— Lean to contralateral side BIC{EZO 2 7|2
— |psilateral pyramidal pattern
== pyramidal pattern




— Decreased skin temperature
MR T Za

— Arrhythmias (Lt.-AV node) Tachycardia (Rt.-SA node)
27408 (Lt.-AV) HISH (Rt.-SA)

— Large pupil
=3 2%

— lpsilateral pain syndromes

EXxX ExX XS
O 1 OO0 O T L

— Global ipsilateral decrease in muscle tone

HHAQ 552 25 U8 42

— Flexion deformity of upper extremity
XIS 23 Y

— Extension deformity of lower extremity
SHX|o A1 B




Brain Controls the Immune System by Two Different

Mechanisms
e FIQ| CIE 7|M o 2 HHYAH E ZH oLt

* First: Direct effect via the autonomic system with

innervation of lymphoid tissue

KR XIS A ZAZE ESF 2T XX X20|| 2= XE X Q|

IEOP

— Thymus, spleen, bone marrow, lymph nodes
SMOH|A 2 2oH

* Second: Indirect by neuroendocrine connections under
the hypothalamus and immune feedback loops

=M A|JotR e HIEA E|H Y2 29| A ESI0f| U= AE-22=
AZAO olor 7HE A Ol = 1
— HPA axis hormones and their inhibitory effect
HPA =O| 2 E &1} 11 X 218




Hemisphericity, Cortisol, and Immunity
W= 7| SXNoHERE 2vd), ZEIE, HY

Excess cortisol can reduce immune response and result in

chronic colds, infections, and other conditions of viral and
bacterial invasions
WSt TEIE2 HAESS A4aAZE = A0 0 a0tz gigd 47|,
¢, 2| 02 Hio|HAL MO YUY = A= o H0| A d=ICt
Too little cortisol can lead to autoimmune diseases, such as
allergies , asthma, and psoriasis
ESHA M2 ZEIES2 YA, M4, AL

o
) - 11— L E X|-7
= A
=== QUL

_

ool gl

[tok

2
=

Too much or too little cortisol may be associated with right
hemisphere dysfunction

WESIAL ZHE DE[EZ S EH 2| 7|[sF T aF AH 20| RULE.
— Too little cortisol is almost always is a right brain deficit

ot FE|IE s e R&ZEHEO|L




Hemisphericity and Defensive

Immune Response
HE 7| sXoH (X8 Svd)ur SO Aol HIHrS

Immune response can be asymmetrically localized to

the left side of the brain
HAHLZ 2 H|IO| A XN o 2 XF L0 =3oHE o= QUL

L- 1 L-O

Resistance to tumors from Nk cell activity and T-cell

activity is greater in the left hemisphere
NKMZLFT M= 2de = Qo 240 Chot A2 Zhe| Bt 0| A AL

Damage to the left hemisphere as well as functional
lesions results in depression of NK cells and T-cells

Tt HEO| (SR SHA) E0|L 7|5 HH2 NKYZELF TH 22
7| SX5tE ¥27ICt.




Hemisphericity and Pain

HE |7l sX ot (Z2E 2vd)l ST

Failure of normal PMRF activity causes high firing
sympathetics promoting release of catecholamines
which makes small diameter afferents more sensitive
or may even cause them fire spontaneously

WA Z0| 2dote[0f, 212 2 E o g 1 E0| BHBHX| 2
AA R EISIE| 7| = SHC
— Plasticity caused by this sensitization makes pain
perception even more efficient
Ol BlZ4-d0 oot M E7Iad(HAE) 2 &F A= HF oot
OF =Lt




Figure:
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The Brain and Survival
|9} M=

The right brain is more involved with responses that are
key to survival and coping with stress and emotional
situations

Srl= dEN QoA AAL1, 2AEY AL AEY 20 HSot=
At ™S

The right brain also regulates arousal

Skl = ot M E ZHEGHC

The left brain appears to be most important in defenses
against invading viruses and bacteria

Ztik|= HEO|2{ A, Ml 22] E Yol cliet ojo 2ot A2 HICt.
Right brain: survival and TH2

Fx|; ME D} TH2

Left brain: immune and TH1
Ztk|; HE D} TH




Cortically Mediated Adrenal Fatigue

CHic| o] & af AEE f4la =

With good cortical function IML is inhibited until needed
for survival
O x| I 2ol 7| &0 ZL T IMLE &0 E M 7HX[= X = Ct.

S — - — O 1_

With failure of either hemisphere there is a loss of IML
inhibition leading to increased BP, sweating,
catecholamine release etc.

ASo| iL|Eh7 7| SO A| IMLOY| CHot A S22 dR s, 2T,
7IH|Z Ot 2l ZH| S 0| O L.

This constant barrage eventually exhausts the adrenal
glands
Ol A X|&HE[= (IMLY| 2feh HE sM7F 2= F4& 1 &EA

— Cortically mediated adrenal fatigue
Cf | | & o &2t =l B4lI| 2

ry

—_




Areas of Dysfunction

HE | 7| sXotH(E?E =) 2l S9

Cortex Cjj || =
Basal Ganglia 7| x|t
 Thalamus A| At

e Cerebellum 2k
Spinal Cord &2~

* Lesion does not necessarily mean damage
HEHO| HIEA| (S FEH Q) =45 2|0|5HX| = =L
— Shift towards potassium equilibrium potential
ZEEY M2 X[RH(5f;action potentialOf 717710 7+ AHEH,
= oH°d &EH)




Areas of Dysfunction

Cortex

I Thalamus

Basal ganglia Cerebellum

Spinal cord




Causes of Dysfunction

Deafferentation
Inflammation
Autoimmunity

Neurotransmitter
dysfunction

Hormonal dysfunction
Blood sugar issues
Lack of activation
Decreased oxygen

Normal Brain Function

LEFT RIGHT
BRAIN BRAIN

MESENCEPHALON

MEDULLA




Subluxations-Offensive vs. Defensive

ObEr - A I} wof N

e Offensive subluxations cause hemisphericity
SAN Ot = 2R 2nd S €270

* Defensive subluxations try to correct hemisphericity
HO| A O = Rk =S wdse 3ot}

* If correcting hemisphericity by other means makes

subluxation go away, it is cortically maintained
(OFEr =t X| =7t Ot ) CHE B Of| of3H Rk =7 O0| w7 &[0
OfEf T 7F AR MCHH, (O F =) | T EH 2 2 KX &|0{ T A O|Ct.




Increased Relative Mesencephalon

(EHxl7lS #20) tleh) SoiXQl Skl 7| 537t

* Leads to increased red
nucleus and rubrospinal tract
tone

Red nucleus2} rubrospinal
tract| ZIXE S22 Lo

* Hypertonic pectoralis

Midbrain

minor .
—_ Hindbrain Cerebellum =
i%egl J_—l|-l7_| %)I- {Medulla =\

* Autogenic inhibition
will not inhibit
K24 A7 L O LEX] Q=
* Increased TMJ muscle
tone



Typical Pyramidal Muscle Tests

ME Ol B Ol 87 7| S K 8}

= 2}olste S A}

Ipsilateral finger abductors
== &71E 9 X 2
-1 L= =1 L -

Ipsilateral wrist extensors
EXEAR AN

O 71 - 71 - - L

Ipsilateral shoulder abductors
S5 07l e[

Ipsilateral hip flexors
sEI1AE =52

Ipsilateral great toe dorsiflexors
S5 X Z7tE =2

Ipsilateral supraspinatus

X A
O 1 71 O L




Pyramidal Dysfunction Summary

HS x| 7| SXHERE 2vd) 2

muscles




Primary Cortex Dysfunction
UK} O | W] & 7|5 0] 4

Delicate balance between excitatory and

inhibitory neurotransmitters
S=d0 A MBHE S 2 Ao|e] dAet 7+

o L O

— Primarily Glutamate and GABA
Z=2 Glutamate 2} GABA
Easy affected by immune activity, stress

hormones, reproductive hormones

HA gtS, 2AEYASEE, U2 EE0| /A SRS
Inflammation ¢z

Neurotransmitter dysfunction AlA@xcEx

Deafferentiation JAlAxjct

\d



Refined to the Most Basic Element...

M 71288 242 N ZoHA (2 etCtH)...

e Glutamate neurons mediate neurotransmission and
GABA keeps glutamate from causing neurons to over
fire

Glutamate =22 MZAXEZ 047|510, GABA = glutamate”Z}
FEOMNEE L EESH= 2

L

 All other neurons and transmitters are modulators

and act by integrating the GABA and glutamate
neurons

Che ®MA G20 AZHE 252 X HMXL0| 1, GABAL} glutamate
20| ejRoR2 M KHESIC

—_—




The Basal Ganglia

* The Basal Ganglia are a
group of nuclei situated
deep in the brain at the
junction of the

telencephalon and

diencephalon
7| M2 S| 2F 7t 9

=
Sies

-89 50|,

7IO_T'_
:|:|:|_A

£ K|t

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

J|MsHe Q=7

=1 L— |_O

=Ltet &

HZE| O R

\C}.

fqﬂﬂ%

Globulus palidus

Putamen Thatamus

Head of caudate nucieus

O Tail of caudate

Amygdala \ nucieus




The Basal Ganglia is Made Up of Five nuclei

7| X2

e Globus Pallidus
XFHH SH
O 1/

e Caudate
0| At

* Putamen
7z 7| &

* Substantia Nigra

oAHII
/ 1

. Subthalamus Nucleus
of Luis

N4 20|

5708 B = g =Lt

putamen
globus pallidus

substantia

nigra

caudate nucleus

thalamus

- hypothalamus

subthalamic
nucleus




The Basal Ganglia
are a loop of Fiber
Connections From
the Cerebral Cortex
and Back to the
Cerebral Cortex
through the
Thalamus

7| XM= 2 CH | m| & o
A= Soll CHA|

O | O & 2 Th=
S5 HE9| 12|t

CEREBRAL
CORTEX @
*“‘GLU
+ GLU
STRIATUM + (D1)
> @
DA e
—
_ *GABA, ENK
SUBSTANTIA & EXTERNAL
NIGRA, ® paLLiDUM
PARS COMPACTA
—_— GABA, SP
— lGABA v
SUBTHALAMIC g 'P'\)'Ji'fgl'j‘hh °
NUCLEUS

@ THALAMUS <

+JrGLU

GABA



The BG is Divided into the Neo and Paleostriatum
72 M, F+ MENE LEIC

1 — L—

e Paleo consists of Globus
Palladus derived from
diencephalon

TMEH = Z7H=[0f A
LA Ao 2
&0 ULF.
 Neostriatum consists of
caudate nucleus and

putamen derived from
Telencephalon

HEUZN = S ERE
2ot O] &f <t}
Z7HH[AHC 2 g &[0
oI}

AN .




Basal Ganglia Input and Output Circuits

Caudate nucleus and
putamen are the
input nuclei of BG

O 2 <h 1}
Bl

7| M=ol 4 HO|C}

Globus Palladus and
Substantia Nigra are
the output nuclei of
BG

Arssi I S MK O]
7| x#o] 2 o|ct

R
CEREBRAL
CORTEX @
4“‘GLU ‘l
+ GLU
STRIATUM  + (1)
> @
DA
—_ *GABA ENK
SUBSTANTIA & EXTERNAL
NIGRA, ® ralLiDum
PARS COMPACTA
—_ GABA, SP
— l GABA v
INTERNAL
SUBTHALAMIC
ELEIE ® PALLIDUM @

@® THALAMUS

+T GLU

GABA



Major Output of BG Projects to the Thalamus

AACE QAR L I Ko Fa FB

Here the BG may
gate sensory input to
thalamus and thus
cortex influencing
behavioral responses
BG= EHZX 9]

4 HE S 2OA
thalamus& H 7 A
cortex® M =S|
behavioral response0||
sk 0|,

CEREBRAL
CORTEX ’
4“‘GLU
+ GLU
STRIATUM + (D1)
> @
DA o
4
._‘tGABkENK
SUBSTANTIA & EXTERNAL
NIGRA, ® pnLiDuM
PARS COMPAGTA
— 1 GABA spP
— w GABA v
SUBTHALAMIC g 'F[j'a\ﬁ'f[g\'@hh °
NUCLEUS

@ THALAMUS

+1lGLU

GABA



The Substantia Nigra also Connects to the Superior Colliculus Through Non-
dopaminergic Axons That Form an Essential Link to Voluntary Eye Movement

S 22 non dopaminergic axon= = 9| sup. Colliculus£ HZAZ|0{ Q11 0|2t

G142 ool $o|xHof WK el @ 2| o|Ct

Neostriatum

Superior
colliculus

Substantia nigra
pars compacta)

Substantia nigra
(pars reticulata)

GABA

Posterior
parietal cortex

Supplementary
eye fields

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-=Z= 1| 7}-2} 9| &AM A A)
 Through Connections to the thalamus (A|Atoto] o1 Z)

 Through Connections to frontal and prefrontal cortex
(MEGut T F=Gute| HE)

— All of which have reciprocal connections to the basal
ganglia(0] 2 =742 basal ganglia2l M S 7IHZAHE|E 2t =C})
— Also the basal ganglia can also influence the cerebellum
and muscle tone through the same pathways
(EEOt basal ganglia 2~ k[0f| S FOM L2 2SS &9
o= ZE =0 s =)




Basal Ganglia and Limbic System

Cerebrum

The ventral striatum 7 \
is related to limbic  corpus ’%f i o
Callosum =

NN

function therefore =" N
Basal : f"“
affecting autonomic °°"°' LN
function \\ > ‘ : §
Thalamus = x )
(ventral striatum = o ) }f
limbic J__ll' 7|%&|| S '

—_—
0| AN N '
a8 7]s0
k= 0L

o

-l
Hypothalamus N
3>

Amygdala

Hippocampus

Cerebellum

@2005 HowStuffworks



Dopamine Modulates the Major Input and

OutputNeurotransmitters GABA and Glutamate
ZQAETYEEN ML ZRNE

CEREBRAL
CORTEX @
-+ ‘ GLU
-+ GLU
STRIATUM + (D)
> @
DA (D2)
—
_ *GABA, ENK
SUBSTANTIA & EXTERNAL
NIGRA . ® oaliDuM
PARS COMPACTA
—_ GABA, SP
— & GABA v
SUBTHALAMIC g 'P"LTLEL'TE';'SIG ®
NUCLEUS
+T GLU

@® THALAMUS

GABA




Striatal Loops

Lateral Arbital
frontafcortex

Limbic Prefrontal

loop loop
Neostfiatum atum
Thalgmus j Thalgmus
A /
/ /\ /
Ner, 4 4 e







The Basal Ganglia Balances Excitation and Inhibition of the

Cortex Through Direct and Indirect Basal Ganglia Pathways

basal ganglia.= direct indirect pathwayS S5l A{ cortex2| =21 A X| O]
O:|o|;° |:||7C||:|—

==




Movement Disorders

Motor Cortex

Direct Indirect

* Hyperkinetic disorders are thought to be mainly loss of
GABA activity leading to increased Glu leading to
increased activity of premotor and supplemental motor
cortex (IIE2=M &2=2t2 GABAZIA E 9| ZtA 2 OIS premotorlt
supplemental motor cortex0| Al glutamate Q| 1} = F =HAd 1} A 2= C}

* Hypokinetic disorders are associated to decreased DA
niagostriatal stimulation from substantia nigra to stratum

leading to decreased output from the frontal cortex
(DAL EM Mot MEHSME o] ZhA QL HAHE(H 0| = SR 0f A

M KXﬂE O| O-|X|— mgrostrlatal pathway 9| dopammerglc SMT



Neostriatum is
involved in
posture

regulation

(41 M = H|-caudate nu.
& putamen-=
KEM| Z=Z0f| ofetrt)

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?} 2 ¢t-& =1 Bl 0} o| Zhed A

T H L= O

* 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 ganglial} premotor supplemental motor cortex2}2| HZA 2

3 o] B ES| 20| BEE|0| SO BEH L
251 AT oM F 23 A SCh




Putting the Basal Ganglia Test Together

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

(Cte 229 S Y a AlZlettte A2 FE|7F SAI0 F7HX]
oS4 ArS olfOFetCt= 2[0| S 7HLIC)

— To involve the neostriatal motor loop means eye laterality

should be part of the test (neostriatal motor loopS £ 7| 9|5l
eye lateralityS H|AE S| B}OFStL})

— To involve the limbic loop means that an emotional thought
should be part of the test (limbic loop= & 7| $|5l emotional

thought [ = 2|0 2 ZAAS S| EIOfFStL})

— To involve the prefrontal loop means that a visualization of
physical effort should be part of the test (prefrontal loopS
H {23l physical effortE A| 4 2HSZ A A S A0t HAASH=
Z10[ E 50




Basal Ganglia Challenge Test

e Simultaneously testing ipsilateral hip flexor and
pectoralis clavicular with

(S5 n#E =320 82 =X E A0 AASHHA]
OF237} K| = challengedl| 2 C})

— Eye laterality

— Visualization of effort

— Emotional thought

would sufficiently challenge the basal ganglia to
reveal dysfunction

(7|52t 7t Qo™ 88| =0 223 Z{0|C}



Thalamus

intralaminar nuclei
in the white matter D
of the thalamus - Ve / cerebelium




The Thalamus Acts as a Switch Board for

Incoming Signals to the Cerebral Cortex
A2 A2 HE S 2H0rA T | Hof| T E 5= Al Fel5 othh

O - -

Translates impulses from appropriate receptors into

crude sensations of pain, temperature, and touch
(HLTE8N=ERH MM S 222 =24 SO HEE
M7 842 = H2lokO})

Participates in associating sensory impulses with pleasant
and unpleasant feelings
ZOTIMAELE EX| QS ZEHAENQF Ol BHE| ZEZEN H o] E5}3HCY

S L_ O OO LIS T

Participates in the arousal mechanisms of the body
(MAHe] 28 2t HEI R Z0f 2t BHC}

Participates in the mechanisms that produce complex
reflex movements
(SETHEIAEIS & TS0 L= 7T O 20 ot




Nearly the Entire Cortex is Interconnected with

Thalamocortical Loops
Mol 2= HEO| AMI|H 2t mXp A X0 QUL

SVYSTEMATISATION
Vwes externes. Vves externes. Vues internes.

PULVINAR et C.6.L.

PULVINAR et C.6.1.




The Thalamus, Basal Ganglia and Cerebral
Cortex Form a Highly Integrated System

A&, 71 K=t T

The thalamus,

basal ganglia, and
cortex evolved
together to allow

human
intelligence

(Al 7] K=t T k| T = =
oIZkel X| 8= 7tsotH

AL

(| I 22 D=SHA|LES F ot

Muscle

Fibers Y

Midline

Cerebellum &

A

Cerebral
Cortex




® Figure 10-4 Sensory pathways All pathways
except the olfactory pathway pass through
the thalamus.

Primary somatic
sensory cortex

Visual
cortex

o s

Olfactory pathways from
the nose project to the
olfactory cortex.

mwwm««

e Most sensory pathways
project to the thalamus.
% The thalamus modifies
. and relays information
§ to cortlcal centers.




All pathways
conducting sensory
information from
receptors to the cortex
are synaptically
interrupted by the
thalamus

(T =8 0 A
el 2= HEE=
BELLEEE
pathway= A| 0] 2|5
synaptically interruption
=T

Cortex

' : pyramidal
cortical
g neuron
B
@
axon of
thalamocortical
reticular

——c nucleus

cholinergic
fibres




Thalamic Nuclei Have Strong Reciprocal Connections
With the Cerebral Cortex

Aol A2 i uza det =2 Ed= Z=0t

Forming thalamo-cortico-thalamic circuits that are

believed to be involved with consciousness
(Al &-O E-A| &2 2= oA S Bt=0{U =0
2O ot
— Several nuclei in the thalamus depend on
cortical activation (A|AfQ| HEH =2
ojaghd =0 S =Lt
— The cortex depends on thalamic activation
(CHe| T HE Aol g0 k=L
The medial nuclei of the thalamus form reciprocal
projections with the hypothalamus, the frontal

cortex, amygdala, and the reticular formation as
well

X

Cortex

V" pyramidal
cortical
o neuron

axon of
thalamocortical

neuron thalamic

reticular
w‘t\\ucleus

"J cholinergic

fibres

sensory o L
thalamus | )
|

ey

I

S




The Thalamus is Believed to Both Process Sensory

Information as well as Relay it
NE2 ALY EE He[st=7|s1t 0| & IHHY K| H ASt= 7| 52 oot

—

Cortex
Dysfunction of the medullary nuclei results

3 V" pyramidal
. . . . rtical
in the complex changes in motivational R o< oots

( meuron
drive, problem solving, and emotional P =
stability, indicating the importance of

thalamus in information processing

(Al &o] LB E 0| 7| 5R-E S thalamocortca
O =3HOo|o| =7|HFAH LA e thalamic
zad?2 S7|Ed1HE, e
X X2
zHoids, GMH 8 SHl =X E ——
" thalamus | )
ZASIH Ol = FE X 2|0 A A0 \ |
S8t 22 8S Y5t 2400




There are Two Types of Thalamic Nuclei

Gating
Reticular

A<l

SHO
= — T

71X] typeO| L}

Cortex

— excitation

—0 inhthilon

Nuclei

primary afferent = = =
cortical layers



* Large relay neurons and
smaller interneurons are

the principal cell types of
the major thalamic nuclei

(2 relay neuronO|L} = H 2F2
interneuron= 0| A|AtSHO| == Q S
M| EJO| C})

— Relay neurons form
reciprocal thalamocortical
and corticothalamo
projections or loops

(O] 2{ 3t relay neuron= 0|
AMYEOHEGEL O EA|MEE
& d3iCh

Cortex

Y
/

5

)
b
\

axon of
thalamocortical

neuron

sensory _K,

thalamus |

(@

)
-,
- <
/'-‘\
h A

pyramidal
cortical
neuron

thalamic
reticular

nucleus
w“

cholinergic
fibres

o
S



The Fundamental Circuit That Makes up the Thalamus
is a Gate That is Either Open or Closed

Mo Fdote 7282 2| 2= oA L H|4ot= 2-=2<HO|Cf

—_ - - 1

Cortex
Gating type nuclei form [ i
. . . Ve neuron
r‘ECIproca| connections with .
the cortex via large relay
neurons
(gate typel| A AU =2 s A
neuron : thal ic
OF2 relay neuron== fficilar
' — o = \/_—nucleus
o OH A-l J'Ll XEIJ_'—|- é:)l-2 sensory  /, ,&j_’_‘;. &)
E 7E:I El E.|') thalamus : @ \ Y
— o) ®)
\*J .‘ cholinergic
o fibres
//'\/

Ve
>



Reticular Nuclei do not Project to the Cortex

YAl IR ABE K| QL

Lol_

* Neurons of the reticular nucleus
make extensive reciprocal
connections with the nuclei of the
dorsal thalamus, but do not
project to the cerebral
cortex(TRN((thalamic reticular

nucleus-ventral 0 | X|&H)<

thalamus dorsal 2| nl
SR o HAS SIARUSLY
TRNO| X% CH ]
oizex| £ g

— LS 1=

* Thalamcortical projections and
reciprocal corticothalamo
projections for all the thalamic
nuclei pass through the reticular
nucleus

(A|AI-E|XI§9|. —|XIA|)\|-§|_ E_llz_
TRNS 485l Al X|LEZECH

neocortex

—

|l
=2 ol

S S G SR S S . — —

W S — —— — — — — —

C



The Primary Function of the Reticular Nucleus is to

Close the Gate and Disable the Thalamocortical Loop
dsclio| 22X Q| 7|52 gate= EH1l thalamocortical 2| 2=
At 2| = A O| L.
* The nucleus reticularis exerts
inhibitory control over literally
every thalamocortical loop that

binds the thalamus and cortex

together

=K 2 k|StHN 2t [T EH =
A4ol= 2 A= 2=
thalamocortical 2| EEAX|H O 2
2ASICE.

neocortex

-—

* The nucleus reticularis selects
which thalamocortical loops are
signaling the strongest and
inhibits the rest
1 =3HE thalamocortical 2| 27}
MESt= 7t& Lot =5 MEiSt
LI X| = 2| S

S . G SR S S ——

W S — w— w— — — — — —

C



NT’s and Corticothalamo and

Thalamocortical Loops
MBS EHN LAY, Al 3|2

Glutamate and Aspartate are the NT’s in the
corticothalamic loops

corticothalamic 2| 22| A ANME = A2 Glutamatedf
Aspartate O|C}.

Histamine is probably the NT in the thalamocortical
loops

thalamocortical 2| 22| M A M E =A 2 HistamineO| L},




NT’s and Reticular Nuclei

:LEOH O| A|7=| I—l IZEI- %Jé!

* The reticular thalamic nuclei are all GABAergic
A&l A= o MEEE 2 25 GABAO|LCY.

* The reticular nuclei also have a high concentration of

nicotinic receptors making them very sensitive to
acetylcholine

=3 0]|= nicotinic =2 X| 7} 20} A acetylcholine0f| BIZ+S}CF.




Thalamus Modulates Consciousness

and Alertness

A2 oMt 8= TS

* 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

AlAS Ol TR A AE S0 FukH ol 20| A0l ¥ske 0|4 A
ofAl7t ZtM+Z0|E HEHS ALt

* The thalamus also plays an important role in

regulating states of sleep and wakefulness
AALS st 20T 2 MBS XMSL=O| =23t sHS st

-1 = [




The Neurons of the Reticular Nucleus Monitor the
Level of Activity in Both the

Thalamus and Cerebral Cortex
OA=HO| MAMES2 A LT Ee| =Y =& 2L E{DIC}

* The reticular thalamic nucleus influences the activity of
the thalamocortical relay neurons, thus influencing the
activity of the cerebral cortex

A2 D=2 M Y-THx|T| =S HZ

16
=
OX| 22, chx|m & o 2d0 Sg= =C

t= dBM=Ze &80 =
i

* This activity probably is more important in the
regulation of both thalamic arousal level and
information from thalamus to cortex then in the
processing of sensorimotor information

O|H =2 OOt L2 HEL| Ma|2S L= Al AZHd A El <f

L =2 O

AMSOM THel T 22 7t= SEE =85t &30 2% 20|LCt




PAG, Basal Ganglia Reticular Nuclei, and Cortical Arousal
PAG, 7| XM D =sH 0} Cf x| m| & ZtA

* The reticular nucleus receives
afferents from the mesencephalic
reticular formation and has
reciprocal connections with the
PAG ( among other things
influencing signals from
nociceptors)

dA=9l2 ko TJH = FH

S MZS 8D, PAGS

A A EITHOI B 7LR| F0f

S 2t 870 Y B AT
Me o)

* Direct and reciprocal basal ganglia
fibers have collaterals which
terminate in the reticular nuclei

(CHcl2) A O|HA &= 740

AZSH= 7|X Y Hos 18I
222 AZAE[O QUL

Thalamus
Cortical activation
+* Sleep spindle
\, EEG synchronization

Circadian clock and control

. : o 3 : 5
Hypothalamus**" B o
SCN K‘ W\\ REM sleep activation

*oa
SW " Medulla
Ascending reticular
activating system (ARAS)



Mi

~
Su2 s

*Functionally and anatomically the
interlaminar nuclei are a diencephalic
extension of the brain stem reticular
formation

LA =2 7|55,

ASH7F e 2 oy E A

=
o 51 5 o

o= k|7t

*Histamine in interlaminar nuclei appears to

be involved in wakefulness and arousal in
the thalamus

THALO] 84 0| Histamine 2 A| A0 A 2t S 1
o1 2hEI O},

*Pain pathways end up in a number of
interlaminar nuclei
EZ=ZHZ L OF71o| THALO| S Of| Ao B LFC}.
— The pain afferents are from both the
direct spinothalamic tract and the

diffuse multisynaptic ascending
reticular formation

EZO RMEO| MEA|MBQF SEA|W
o A2 2E| Soj2C.

A

09—to

o:l%

dline or Interlaminar Nuclei

Mediate Central Arousal
o AO| SHE

o] ZAE|= ZtMS =

To=2 & ot

—_

7

C}

. Internal
TO prefrontal Intralaminar medullary
nuclei /Iamina
y Anterior
Dorsomedia

nuclei
nucle
Internal ‘
medullary
lamina S¢& LP i
TO A1 . &
Pulvinar
TO motor
Medial cortices
geniculate centrum
medium Q
Late_ralI ; S R
eniculate > .
g TO posterior
TO V1

association areas



The Pulvinar Receives Sight and Sound

A SHI7H= Al A0t 22| F =82

*The pulvinar receives

jecti . Internal
projections from the vopietrortal Wislamingy.  temal
medial and lateral nuclei /lamina

geniculate bodies as well . * Anterior
. . . &

as direct projections from ALl g

retinal cells of the optic seduliary ‘ '

A|Zt 29| Yotz &0t OfL| 2t

LHZ, 2|F S &M 7} A EHIZHE 16 A N

E AL=EICE TO motor
Medial ° cortices

projects to the temporal, L doral medium  TO s1

geniculate

*The pulvinar reciprocally geniculate \ centrum

occipital, and parietal
cortices

MNSHH= 55 25, $c*>
| O 22 o2 FAREICE

TO posterior
TO V1 association areas



Thalamic Nuclei are Very Sensitive to:

A== O QL SHL}

Decreased mechanoreceptor activity
Az 7| A =84l &

Immune and autoimmune dysfunction
HAW X7HHG 7|5 & 0f

Decreased oxidative phosphorylation
74 Rt Il el 25 el Rl el

Neurotransmitter dysfunction
MNENE = EO 7| 5E0)

Hormones




Cerebellum
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" Cerebellum

Cerebellum helps provide
smooth, coordinated
body movement
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The Cerebellum Can be Broken Down

Into Four Basic Functions
AL|= 47K 7| B 7|52 DR 2 9l0}

Balance

1 &

([N e]

Coordination and movement
I 25

Posture
REA|

Cognition

QI




The Cerebellum Contains Three Areas that

Perform as Three Distinct Neural Output Centers
Ak|= 3710 Fotot ME EHMEE JHEICEH

* Archicerebellum gA|AL]
— Phylogenetically the oldest
SMStM o 2 JHE Q= A

— Flocculnodular lobe, vestibulocerebellum

* Paleocerebellum T4k
— Spinocerebellum
— Vermis (worm)

* Neocerebellum AlAk]
— Phylogenetically newest
SASHE o 2 TP A A
— Cerebrocerebellum
— Pontocerebellum




Brain stem Spinocerebellum

Regutation of
muscie tone,
Cerebrocerebellum oasdiioit e o
~ skiled voluntary

movernemt

Planning and
modulation
voluntary activity,
< storage of procedural
memories

Maintenance of
Vestibulocerebellum ssmem st

of oye movements



Loss of Cerebellar Cortical Inhibition

22O O O 2 AN e &<

Results in bilateral patterns of upper body flexor
inhibition and lower body extensor inhibition

ASHo = ol =229 X<t stukilo| M 2| AKX E
OF7| ke,

— Loss of cerebellar cortical inhibition on cerebellar nuclei
A-Ir| SHOf| O ot A~ 2| Of O | I & X2 &~
e Results in excess upper body extensor tone and
reciprocal inhibition of upper body flexors and lower
body extensors
SHEAof MM 2o EO| D ESHA S7tot &M e =221t
Skl M™Zo| = A7t LIEFC.




Cerebellar Effects on Tone and
Movement are Mainly Ipsilateral

oS =0t 250 tiet 219

Ipsilateral effects
are from deep
cerebellar nuclei
and vestibular
nuclei

(=R L
Hgez B H
S5d 217t
LFEFLICE.

-

OX

= ExAMo0|C}

o 1 O

Central connections of the vestibular system

To cerebral
corex

Thalamus
(VPM nucleus)

Medial
longitudinal
fasciculus

'

. ( \ Oculomotor
:
1

@?

Medial lemniscus

Ascending component

: hVE STIBULAR
:l/ NUCLE|

Descending component

nucleus

Trochlear
nucleus

Abducent
nucleus

To cerebellum
(through its
inferior
peduncle)

\

Wastibular ganglion

ﬂb

' : +¢ Vestibulospinal tract




Cerebellar Afferents (Input)

At|o] SAIH

* Afferent (mPUt) _Vla I’T]OSSV to thalamus and red nucleus
fibers and climbing fibers corticopontine
from: mossy2} climbing &S £ fibers superior cerebellar

peduncle

- — o
SotSAMEE

cerebellum

* Motor cortex

%% El Jél pons
* Proprioceptors, especially
from skeletal myscles, _ D[;inﬁﬁr{; — dentate
tendons, and joints Y interposed
Es|mg, A, BHEE HEQ mucdie
HJoAQ7 cerebellar
TrTE7| pedunclé

 Vestibular (equilibrium)
organs-H7g(Ed)7| &

* Brain stem nuclei | _
o climbing fibers >— proprnioceptive
LZtelE S E28H S0 200 from infcricﬁ olive " information from
spinocerebellar tract

(mossy fibers)

inferior cerebellar
p-:!d uncle




Muscle Spindle and Golgi Tendon Organ Input
Via Spinocerebellar Tracts

MeA22 S8 2F0 BI|HSEH O SN

Vi 7 Cerebellum

NSy ) Cerebellum

Anterior Posterior
spinocerebellar tract spinocerebellar tract

? [

~~  Spindle afferent fiber \

\
‘Ib fiber

|
|
Anterior Posterior
sninocerebellar tract spinccerebellar tract
-
|
. !

Golgi tendon organ

Homonymous
a motor fiber




Cerebellar Efferent (output)

*Fastigial, globose,
emboliform to: -0 A

—Motor cortex by way
of thalamus A AS
B57ot0 EsOEE,

—Brain stem motor
centers-red nucleus
and descending
reticular formation

— L|7to] 2E5 30l
AMAHSH L Sl A=A,
—Vestibular nuclei -

RSkl

S = Lt7ZtC}

At|o] A

to thalamus and red nucleus
corticopontine

fibers superior cerebellar
peduncle

cerebellum

pons

pontine —_
mossy fibers

middle

dentate
\interposed

inferior cerebellar
Fl-:!d uncle

climbing fibers J>— proprioceptive
from inferior olive information from
spinocerebellar tract

(mossy fibers)




Corticocerebellar loop

CH | | &-A k| T3]

Cerebral
cortex

Ventrolateral
nucleus
/
Dentate
nucleus

Corticopontine —
fibers
Purkinje cell
axon
Basilar
pons
Pontocerebellar
fibers
Corticospinal

tract



Functional Divisions of The Cerebellum

240 7|5 25

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

*Cerebrocerebellum -CH | A& kK




Archicerebellum-Vestibulocerebellum
A2k 2 1]

Oldest and located at the bottom of the cerebellum
Jt% Qe s aa, A | O] HEEof| [ K]

Interacts with vestibular nuclei in the brain stem to
control balance and equilibrium during head and body
movement

L 7HO Rl M8 0 42 A E5H0 HE|Qt == A Y M XtA| <t
.LL=| o=| O XI—l

The Purkinje neurons in this area project their axons
directly to the vestibular nuclei

O] @FO| purkinje M AMZO[ ZA2 THHC 2 HZ FAFEICH
The only area where cerebellar output from other than

cerebellar nuclei
2k 0|2o| X|F9 e 2 Li7t= A k[F2| ot LO|LC.




Paleocerebellum-Spinocerebellum
Pok|-E 2 A

* Located at the top of the cerebellum
2| Of He o f1K|

* Proprioceptive input from the entire body is received here
=252 17440 7|2 +=&EICt.

* Provides output to brain stem nuclei for unconscious skeletal

control
FolM™Moz 2AZ ZH0H| {dl K|t 2 ‘g FO0| LEZICT

* Involved with propulsive, stereotyped movements (swimming,
walking)

e

A =2300 2Ho oL

T Oy o E




Neocerebellum-Cerebrocerebellum
Al |- Cf b A

e Occupies the large middle portion of the cerebellum
25| 0| 7tz 0|l 2 F&5 ArXA| et}

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

AMd= Sot0 ML Ee 25 BAFE2E FALEILL

o o 1T 1™

* Interacts with the motor cortex to control learned voluntary
movement
st Fo|H 23S 2 E0HY| /5 2021 &2 A&

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

Cr2| k| 2F ot 7 Sk & 7ot i Z 2| outputs B=LF.

* Coordination of fine movement, especially with hands
59| & &2 0[Mot 255 ZFTHT
* Also plays a role in cognitive function

-t — o
31 OIX| 7|50 T HY




Cerebellar Nuclei
/\_|]:| oH = ':

* 4 pairs: fastigial, globose, emboliform, dentate
44 9| B X|H, S, i 7| SH, X|Of=h

= S - —1»

* Function as main output from cerebellum
k[ FE FHOZ 7| ST

* Project to thalamus and vestibular nuclei, red nuclei,
brainstem nuclei

A4, g, M Mol | 7t 5 2 F AFEICE
* Receive information from XEZ gH=C},

— Collaterals from cerebellar afferents
2 k|o] EMEL| 2IIHK|E

— Axons of Purkinje cells
purkinjeA| 29| =4Al=




Each Nucleus Controls a Different Type of Movement

oH© = O3 o o
2t NHMR CHE YO 252 X F

Fastigial: stance, gait -A{ 7|, 2. @— controls muscles in modes
of sitting, standing, walking -gt7|, M7|, Z7| EEO|A 282 =H
Interposed -77| Qs (S 2 e f M 7| SH 2 SHXI 7). assist segmental
reflexes (stability) -OIC|YtAIE B X (9tH M); speeds initiation of
movements triggered by somatosensory cues —X|8H Zzt M 2
Zdtp| = S XH0| A|AH2 =X damp unwanted movements -2 X|
ot =xk2 o151 (delayed check/rebound, abnormal RAM’s,

on tremor, impaired finger-to-nose) —( X| ¥ &| AL}, Bts £ 1,
INDS|

3o S| L A A
SoHe Ze2sits, 258 E, &g &7t 3)

Dentate: assists tasks needing fine dexterity; -0/ A3t IF=
Q2 8= 922 1 x.delays in initiating/terminating
movements, intention tremor; finger movements -2t

2AHSHAL BE0| X[, 258 E, &7 25




Cerebellar Cortex 24wmz

3 distinct layers (as opposed to 6 in the cerebral cortex)

CHEl IIE 0l 62 E2fe Hite Btz (A=) 32 &2 =2
= & CF.

5 neuron types in the cortex:

ALIOEN= CHS2l 50HKl B9l w20 QUL

— Purkinje cells

— Granule cells

— Golgi cells

— Basket cells

— Stellate cells

M2 & HEs, =AS, F=2210 3
Granular layer: granule cells (billions) and some Golgi cells
Molecular layer: stellate and basket cells

Purkinje layer: Purkinje cells




ex

Deep

cerebellar

nuclei and

vestibular

nuclei

Mossy Climbing

@ fibers fibers
\ ~ > 4 S ~— ™
Cerebellar Cerebellar
outputs inputs

Figure 15.5 Schematic Diagram of
Cerebellar Input and Output
Pathways



Cerebellar Summary

259 Jls Y

 Without an archicerebellum you have trouble

standing
2 Al Al (archicerebellum)Jt S X2 MUAD|DF &S0 &ICH

* Without a paleocerebellum you have trouble walking

2A Y (paleocerebellum)dt S ™ M Z 20|10t &0 &L

* Without a neocerebellum you can’t play the piano
bl Akl (neocerebellum) It 12 ™ 02 XDt &= &IC.

(L R I




Cerebellum Dysfunction-Lesions
o] JISEONS

e Dysfunctions reflect the particular region or regions of the
cerebellum involved

IISHE 240 SH 22 22 A4g o
2 0[ Ct.
e Unlike other portions of the motor system, damage to the

cerebellum does not produce paralysis or paresis

SESHO CE E2ll= UEH A% 9 £4'2 0l (paralysis)Lt &
=0Hd|(paresis) S |FY6tXl=s =0

=

Ol

e

s R —— O )
%l T = El'cc);'

* Cerebellar damage primarily results in a loss of muscle
synergy
A0 a2 2 289 AUX(4SEIE Holsis 2DE
2 StCY




H X =
o T

—

Signs of Cerebellar Lesions 44 &

*Cerebellar lesions will usually result in abnormalities
gtS=S 20ICt

*Earliest signs are found in ocular dysfunction, saccadic
&gt
02 LIEFHCE

ipsilaterally
Ao HHE S84 SE=Z HIFA

dysmetria
A5 B8 x| X9 25 &= saccadic dysmetria(=S
ChEMd S2S(HIE Za))e 22 o2 D)
S AN B
) =

I =0l A
*Deficits apparent only upon movement

EPE
St il ot 2

=
= E

F =

A4] HEIO HB= (1Sl Y20 A K
—Difficulty maintaining equilibrium (Romberg’s
— Staggering ataxic gait ARM ol

SAES FHg M
— Bradykinesia (difficulty with alternating movements)

— Intention tremor :=
— Atonia, hyporeflexia, pendular response to DTR
SEALK oF, &I S HBEAFOI A &AL

Ol

22U

— Past pointing




Midline Lesions ==& 9t

 Midline lesions do not cause ataxia, but will lead to
posture and balance problems as well as scoliosis

s 382 2548 FEotAes HAIL S0tsi 22 XAl

ot oo =HE 2210
* Lesions of vestibulospinal cerebellum and spinal
cerebellum respond well to adjustments, eye

exercises and spins

NEX AL HeAL2 HEH2 22 3|8 S2| ZF0l EtSsth.

5
— Eyes up and out or down and away on side of lesion

— Spins to side of lesion
— Adjustments on side of lesion




Lateral Lesions

=Y B
/| O

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

S YH2 UBIHO 2 ALK LEHOUA FAH 32 8le 25X
A HEE =0, et 3488 X0 BHESotXl &=L
Lateral lesions are primarily neocerebellar

S2YHHE2 =2 MM A &S

Lateral lesions respond to feedback mechanisms
Z=2HH2 ZYHO|(I=8) | M0 BHSSHCE.

— Treatment involving fine motor control such as playing

musical instrument, finger to thumb activity etc.
XNEge LIE UREALL finger to thumb activity (IS
el g2 80l 23)% &2 Jdust 20 2 S0




Fastigial Nucleus Fires to Vestibular Nuclei

MFsO| MEARH BE XS

/| O

Fastbga

Decreased inhibition ~ nucleus
of cortex on fastigial » ",{ | >
nucleus leads to [A |
increased firing to ) N\
vestibular nucleus [ \\
leading to increased
extensor tone and N
reciprocal inhibition \
of upper body flexors

and lower body VIR
extensors '

VostiDulars

APOAAUS



Cerebellum and Autonomic Function
A k| QF RFE A 7|5

The cerebellum is an extension of the pons,
dysfunction of the cerebellum will often lead to
autonomic dysfunction

e Hul 23z = = Aell, 22 JIsE3liiec &5 A=
%ﬁlol s =8

StCE.

—

— Alterations in vagal function [0|=AlZ(2m2) J|
— Alterations in IML function  mL(m2H D




Dysmetria of Thought 120 #ol4t

o

Damage to the anterior lobe of the cerebellum results in
dysmetric movement

il el S42 L0IM(SEE Y6l ALK R&NE RuHT.

Damage to the posterior lobe results in dysmetria of thought
25 S5EO &2 4242 AH0|4ES FEetL.

— The same way the cerebellum regulates rate, rhythm, force and
accuracy of movement so does it regulate speed, consistency, capacity,
and appropriateness of mental or cognitive processes

22 2s2 5k, ds, dk, =k s AEotx FAH oAH
I = =
WEO £, g4, E.8gd sk £ EetHL

— Mounting evidence suggests that cerebellar pathways may be

associated with alterations principally in mental function rather than

motor performance
e =5 :|_C] _J|\__IT_|_O—| /\|D:|§

— O

rir

= 20 85 ]

O

oI

I




Cerebellum and Immune Function

AL 2 HAIS

Influences differentiation of thymocytes into mature
immune cells

SHANZEL Z2t0 &= 0l &L

Modulates T-cells, B-cells, and natural killer cells
THNIZ, BAIE, NKAI£E S E Bt

Modulates secretion of cytokines by bone marrow
and thymus

=2 8642 Soll AIOIETIRIS Z2HIE £ &

rol

Ct.




Muscle Inhibition Patterns are the Result of

Reciprocal Inhibition
SN O EH2 A5 AN O] ZAO|Ct

L1 O

* Interpositus nucleus fires to contralateral rubrospinal
tract S2RAXH=2 =2 HENH =25 S &A|2IL

— Facilitates flexors opposite side of cerebellum
A5 BHIHE =222 & AIZIC

T_e=2 O

— Inhibits extensors opposite side of cerebellum
A5 BHIHE MM 2SS L MAIZIC

L - L2

e Dysfunction leads to reciprocal inhibition of extensors
from facilitation of flexors on the cerebellar side
MOt Eds 35 L2 S=52 =2 &8 2 M2
AME REE = UL




Muscle Inhibition Summary

Decreased nuclear activity results in decreased
extensor tone ipsilaterally

Shol 240l E0HAH s= 422 I E0HAIL

Decreased cortical activity results in increased
extensor tone and concomitant flexor inhibition

bilaterally

&2 240l E0AY &= 22 dIF SItoll,
ohd &2 HH=E =229 = ZAaetlt,




Cerebellum Challenges

2| R ZAL

* Spinocerebellar/fastigium: eyes down and out to
opposite side

OIE Ol R B =02
* Vestibular cerebellum/flocculonodular: eyes up and
to the same side

oInE 92 =507




Correction Modalities

» Bilateral K27 TL facilitates indicates segmental dysfunction
* Correct with segmental IRT or manipulation

 Thymus TL at upper sternum facilitates indicates immune
* T-reg or B-reg facilitates indicates autoimmune
* T-reg or B-reg does not facilitate indicates inflammation
e Correct with IRT to immune CR that facilitates
* PTI facilitates indicates one of the following

 Gonad CR TL indicates hormone involvement
e Correct by rubbing or IRT to involved CR

* Pancreas CR TL indicates dysglycemia
* Correct by rubbing or IRT of involved CR

* Thyroid CR TL indicates thyroid involvement
e Correct by rubbing or IRT to involved CR

e Cofactors for CAC
e Correct with brain IRT

 Head point TL indicates neurotransmitter dysfunction
e Correct by treating head point




The Non-Canalized Nervous System

Primary motor -
area of cerebral ~

corlex
~Thalamus
P
nteenal ——
'.J[":h(‘. '
{
)
Medulla
oblongata
s Pyramid
Anterior Lateral
corticospinal corticospinal
tract tract

h
Lumbar \ \ Skeletal
spinal | B\ muscle
cord
> |

F?}‘,Ul'e 8.25 Descending corticospinal (pyramidal) motor
traces. These tracts contain axons that pass from the precentral gvrus

cerebral cortex down the spinal cord to make synapses with

interneurons and lower motor neurons




Glial Cells in the CNS

SO Z A2 Oruw Al

Oligodendrocytes sA=J0tRME
— Wrap axons in myelin OtOIZEI A SAS WD QUL
Ependymal cells wjaorg=

— Line ventricles wlalotoll ZXH5I0, CSFE M AHEHCY
— Produce cerebrospinal fluid

Astrocytes H4&NE: BBB(LE@HEH)2 w22 RIS,
— Blood brain barrier and neuron maintenance

Microglia OIMIOIRAIZ: T2 B H 0l GHSHSHCT

— Immune system of brain




Glial Cells Deserve More Respect

A B Ot Al

* There are ten glial cells for every neuron
E= =E0tCH 100HE] Ot Al It EXH L.

* Fifty percent of brain mass is made up by glial cells
o 222 Bt2 Ot Al JF RFXIStCY.

* Glial cells are not just “glue”, they deserve more
respect

Ot ML= G
otH £ 0t0F &t

& SR A E

O
Ct.

= 22'0| OtLIL, = =
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Our Focus is Primarily Microglia
and Astrocytes

* Astrocytes saNz=
— Blood brain barrier wsaizs a4
— Regulate synaptic communication AjgA

0

— Neuronal repair sz 2 2=

— Contribute to control or circadian rhythms
2 Z=J| 2 =(circadian rhythm) ZZ 0l 2104

* Microglia  gjgornm=

— Immune o«

— Neuronal repair =z 24 2=

— Modulate synaptic activity

— Affect brain signaling o mexog 9
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Astrocyte Physiology

* Astrocytes are star shaped glial cells in the brain and spinal
cord that form the BBB with endothelial cells

MAREE L9 M0 ENols 22U MEZ2A WIIAHEZSY
7 BBBE &4 &+,

* Astrocytes are metabolically very active, they provide

adjacent neurons with nutrients such as glucose and ATP

ddME= WAHZESO0| IfS 220otl, 21Ee =E0l =F2 2%

— ==0 = T 1L -
ATP 22 2 =E2= S=otl.

0

ol

* Astrocytes are very important for neuronal repair

HANEE 529 e 220 P SR8 o

0
ol

Ct.
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Astrocytes Have the Ability to Secrete NT’s Such
as Glutamate and GABA, Regulating Mood

HAMEZE JIES ZHGE S2EHN0IES Jitiel 22 AFAY

O O = I_OI_E%
2= =ZdlotHole s JHAl L UL

glutamate
synthase
glutamine glutamate
. synthetase decarboxylase
Glutamine Glutamate ——— GABA
Vitamin B6
glutamate Vitamin B6 4??;2:,,&;?;};?;9
synthase
gggc Succinate
Cvdl cwcenate Semialdehyde
ycie semialdehyde

dehydrogenase



Astrocytes release ATP and regulatory proteins necessary

for myelination
HAMZ= =28 (myelination)dll 228 XA SHBHA N ATPE 2H|SHCH

Astrocytes have insulin receptors

S4ME= l=el =22 &L
Astrocytes regulate what substances from the blood reach
neurons

HAMNE=E 2HOZRH RELZ e 2& == MO etlt.
Astrocytes promote neuron survival and production after
injury

HANZE w29 MES 20

— o

A
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Ct.
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Astrocytes support Iearnmg and memory
d&8ANE=E stsdt J|d9s =L

Astrocytes help control blood flow

daMiZe g5 LE8S s=0h




Astrocytes Also Regulate Synaptic
Communication Among Neurons

Cell body
* Astrocytes ensheathe /&, ‘bi{g‘f{?‘z}gfnﬁ&? \\, Y
iy R ¢ Synthesis of smaller
the syn apse | \ O \ et s::symmk
regulating synaptic n \ L s
activity ' -

* Astrocytes regulate | °( /'m
synaptic WA

development and iyl

. transmitter or to presynaptic

f un Ct lon cell’s own transmitter.
— (© Reuptake of

M AFMH| I = LH A O| HICHT) neuro-

o o k” | — Al = — _’l == J’|— transmitter () Postsynaptic cell releases

== PSR by transporter  ret transmitters that
j | o= E = C&I- |' pz'otelnspo slw;;u“g'?tdheer release from

presynaptic cell



Astrocytes Regulate the Brain Cells
involved in Sleepiness

* During waking hours astrocytes continually release
NT adenosine which is a byproduct of the CAC

MAHARU= Al2set da ML= HSH2= CACS F4t=0!
Otdl=&l= Zdl gt

 Adenosine builds up in the brain and causes sleep
pressure by binding to adenosine receptor sites

Tl OlA OOl 4lE MAGHD, Ot =4l =ZD[2F Z&0t¢

A
+=H= 7ol




BBB is a “Neurovascular Unit”

|- 7 % 2 (BBB) 2 “A ZE T £ 0|}

* Scientists have adopted the term
“neurovascular unit” to better
describe what they see: not just a wall
made up of endothelial cells but a
vital organ of sorts, one that consists
of many different cell types, including
those surrounding the vessels.

WekXE2 AHE0| 2HETE A
(=)= M=ct7] 25k
MNZAE B 9 et 80|15

K ENS

L

— - =
Ct: neurovascular unit2
CHX| LT M| =2 S Ml ZHE O]
OfL|1 = F7[et &2 TFO|H,
S SEME call2 ZTSI 2
C}2FSE brain cell typeg 2 T+ £ O
ULE.

Mok [

—_—

=R

=0

Cerebrospinal fluid Blood-brain-  Capillary

* The vasculature of the BBB is over xor i b i boiar O

400 miles long(BBBE O| F = a2
400012 O] 52| £0|= 7HElCt)



The BBB is a Dynamic System

BBB= E XM Ql A|AHIO|Ct

When a given cluster of neurons
is stimulated, the surrounding
blood vessels increase in
diameter, thus delivering more
blood and nutrients to those
neurons at the exact time that
the neurons start firing. If the
neurons slow down the vessels
constrict.

£ 7 neurond] tHO| 2 ot | X

neurons = c{Mr= & 29|

B0 HAMM -> 7F=0| 2dz}t

= HiZ2 T 0 & F2Ft

YLYS=0| BOFRICE !

SICH 2 neuronO| slow downk| ™ cerebrospinal fluid Blood-brair-  Capillary
_7|<__(|D_| OE:I_E|.0| _J|\_g<_l_El_| |___|.. in brain tissue barrier blood



Astrocyte

Pericyte

Structural Composition of the
Blood Brain Barrier
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*The structural composition of
the BBB easily allows entry of
oxygen, CO2, fatty acids,
ethanol and steroid hormones.
BBBO| 71 @ A= 02, Co2, fatty
acid, &3 =, steroid H.2| = ¢! 0|
tsE= S| =0

*Certain amino acids and sugars
may also cross the BBB

necessary for energy
metabolism and NT synthesis.

£ Of0| .o A1} sugarS EESL
BBBE &1}5t0] Of| L X[CHAF2F
NT(AMZBHESH) -0
A& EICH

*NT’s do not cross the BBB with
the exception of NE and
Epinephrine at the
hypothalamus.
NE(norepinephrine),
Epinephrine= X| 2| ot CIE
NTS 2 BBBE E 151X 23tHCt




Blood Brain Barrier and Infiltration
BBBR} Xl E

* Loss of BBB integrity may lead to a neuro-
inflammatory response by infiltration of

— Environmental compounds (haptens)

— Dietary proteins

— Pathogenic organisms (antigens)

BBBO| &M 3tO| &~ AFE|H haptens, Proteins,
antigens=0| brain@ 2 M EL|(§

neuro-inflammatory response”7| & O L},




Blood Brain Barrier and Inflammation
BBBR} ¥ =

e Activation of GALT(gut associated lymphoid tissue) or
BALT(brain associated lymphoid tissue) by pathogenic
organisms or large environmental compounds from a

leaky gut or lung syndrome will create a systemic
inflammatory response

leaky gut or lung syndrome@ 2 QIS0 AMMO 2= =02 £
A A antigenO| L} haptenO| B LHEZ E0{ | &| H GALT2}
BALTZ| 2 d2tE|1 O| 2 2I5 H4ld ESEtS0| 7 &= L.
— The inflammatory response may change the tone of the entire

immune system and promote inflammation that may degrade
the BBB

HS A U2 S A DGO ZUBES HHAIAN B T
SR

72 AI7|2 2= 8BBS Y/FEL| A 2Lt




Hormonal Control of the Blood Brain Barrier
BBBOJ| i3l S 2 20| XA

The BBB is under hormonal control of the HPA axis
BBB—= HPA axis®| hormonal control= Bf=L}.

The BBB looses it’s integrity during times of stress as a
consequence of cortisol, cytokines and other stress physiology
messengers

BBB2| 2Tt 2 stressd 2510 =0|H = &5l XIC}

Studies show that dampening of HPA axis restores BBB
HPA axis@| =tz X S}7} BBBE 3| EA|7ICH= A7} QICF.

Therefore modulation of HPA axis is important for BBB integrity
12482 2 HPA axis®| =& 0| BBB integrity0|| =2 S} LC}.




Blood Brain Barrier Compromise and Pathology
BBB =41t 2|

* New imaging studies demonstrate that the BBB is always
compromised preceding MS(multiple sclerosis) attacks, letting
too many white cells in that attack myelin
CrEd dot5 28 BBB7t &4 &[0 7 FHESHD
ME =20 AR = A0 HAZ[RUCE

— Now scientists believe that MS is a BBB disease
Cherd 4252 8BBE 2H0[2f 1 2O T,

e Scientists have also demonstrated that a compromised BBB
precedes seizures

BBB &f2 8T = wEAIZIL

* Cytokines alter MHC1
cytokines2 MHC1= B3 A| ZICH
— MHC1 modulates synaptic pruning
MHC12 A ™R 0| 7HX[X| 7| & == oLt
— Excess synaptic pruning can lead to neurodegenerative disease
WrESH MAFE R VXXV = B E[> - EetS OF7| oLt

—




Blood Brain Barrier

DEGRADE

ENHANCE

Elevated Homocysteine
Increased Oxidative Stress

Physiological Stress
Response

HPA Axis Dysregulation
Alcohol
Glycosylated End Products

Methylation Physiology
Modulate Stress Physiology
HPA Axis Regulation
Alpha-Lipoic Acid
Glutathione

Antioxidants

Brain Neuronal Activity
Prostaglandin Balance




Microglia are

the Immune System of the Brain
A M Z(NENE) = k[ HY XA O|Ct




Microglia Function

* Scavenging(& )

* Phagocytosis
(AAMEEE

* Cytotoxicity
(MEZ=4)

* Antigen Presentation
(& o4l

* Synaptic Stripping
(ATEEA HMIA)

* Extracellular Signaling
(HIZ 2 Al 1Y)

* Promoting Repair
(2l =)




Microglia Physiology

Microglia account for 20% of the total glial cell population
within the brain

Microglia(£ 10 M| 22 )= total glial cell®| 20% 0| C}

Macrophages in the peripheral NS and microglia in the brain
are very similar in function

microglia+= brainLj OJ| Al macrophage2} S Aot 7| 5= oLt
They are both used to identify antigens and use phagocyte
and cytotoxic mechanisms to destroy foreign material

S B antigenS QIA/S}0] Al F AR U BN

L1 8O = foreign £ 2 S Lt1[oHC}

Microglia are constantly circulating throughout the CNS

surveying and scavenging for immunological opportunities
microglia= &4 CNSE ZHA| S0 HASH=E 93 otCt

—




* B cells do not cross the BBB so protection by microglia is
critical

B cell BBBE S 1}6}X| =<tC}. 1212 2 brain0f| A{ microglial|
HaX20| £E5| = 209}LC}.

* Microglia cell activation occurs when there is a potential
threat to the safety of neural tissue
HANA 2 =0 microgliaZt E-dote| 1 B XA S QHHSHA|

| - L
Sh.

* Since the brain is so sensitive to injury microglia cells

must account for both active and immediate immune
responses

brain &= 4H0]| Bl Z4SHE 2 microglia&= active and immediate
HA HZ B FOo|AM S 25}




* Inflammatory responses in the peripheral immune
system (especially Gl and respiratory tract ) may promote
and trigger microglial inflammatory responses
Hu HAA 2] @SS (59| 2317|Lt 2 57| S )2 brainL{ Q]
microglia®| €= U2 3 S 7} A| 71}

— Compounds such as cytokines, T-cells, and
lipopolysaccharides all cross the BBB
cytokines, T-cells, and lipopolysaccharides= BBBES S 11t otLC}.
* Therefore up regulation of the immune system outside

the CNS has potential to increase the activation of
microglia in the CNS

A HAA 7 2t 3| H CNSLH 2| microgliaQ|
2t5d0| S7}H=ICY




Excitotoxic properties of microglia are used to
destroy bacteria and infected neurons

microglia®| excitotoxicot M &2 bacteria?}
infected neurons= L} 1| ol=0| O| & =l LC}.

— However microglia excitotoxic activity produces
severe amounts of collateral damage to surrounding

neurons
12{Lt O[ 243t microglia®| =8 &2 Q22 H2
CHE neurons EEOF &=4HA|7ZICE




Microglia Glia are Associated With

Mood Disorders
ANMEBELDMEE 7| 2E0)QF 2 QULCE

* Neuro-inflammation is now considered one of the main
causes of depression

Neuro-inflammation- Al AAHZ 2 S X L =5 9|
ShLt2 A 24E|of ZICH

* Inflammation alters NT synthesis and metabolization
HZ2 NTO| M AT CHAO] LH2 Ferg njict

OO L—

H2l S

* Inflamed neurons in frontal cortex and limbic have
decreased conduction velocities independent of NT effect,
resulting in depression
MEA HAAH 9| infected neuron= NTL| conduction velocity-

HeHE = oA otd R8s w2 AT




Inflammation and Tryptophan

When Inflammation is Present

Eat protein containing food

Digestive system breaks protein
cgown into amino acids

Upregulated during
inflammation
e4. chrone
pan, digeshve

Tryptophan

problems. athnto

Yooy Bgia viruses
idecnons \

1Y e el
Kynurenine SHTP

Pathway
Excesswve produchon can be
neiwrotaxs by 4 free radecal

proccbon T ghotamate (man )
EACHIONY Neurotranamitter) "1 Sefoton n

Leads 1o mentd headth probdems Depression, anvety




Summary of Pathways
We Need to Address

23|7} 2} 0F S AL R 9F

ATP

Insulin

Homocysteine

Hormones

EFA metabolism

Cortisol

Gut and lung barriers
Neurogenic inflammation




Important Roles of ATP in the

Central Nervous System
ST AAA0M ATPO| SR Ao

* ATP provides high energy phosphate bonds for cellular energy
ATP= M ZL{ 0| of| 4 X| F S = ¢tCt

* ATP modulates communication among neurons and between
neurons and glia
ATP= neuronZt?|, neuroni} gliaA}0| 2] communication=
T

e ATP and its breakdown product adenosine is also involved in
sleep, memory, learning, and movement

ATPO| 25| A= €l adenosine-= sleep, memory, learning,
and movementOf| 20 StLC}.

e ATP is the primary NT that glial cells communicate with
ATP= glial cell communication®| 7} &t = Q St NTO|C}.




Common Disruptors of Mitochondria
HHAE Ol O| EZ E 2| OF2| JHof{ K}

O
= - 1 L—

* Disruptors of the mitochondria include anemia, inflammation,
oxidative stress, depletion of GSH and SOD

mitochondria= anemia, inflammation, oxidative stress,
depletion of GSH(Z FEIX|2 ZAE!) and SOD(ZH A AFA) O

Oloff &ofl & &=Lt

* Nitric oxide from inflammatory process combines with H202 to
form peroxynitrate, which causes dysfunction of CAC and ETC

AZS L O A LEEFLSEF NO= H2022F A 2SO CAC(Krebs cycle,
T AP 2)t ETC(H X EH A)) 2| 7| S H S =+ 2 2O

* |Insufficient cofactors such as Iron, B-complex, manganese,
lipoic acid, magnesium, and Q10 disrupts CAC activity
Iron, B-complex, manganese, lipoic acid, magnesium, and Q10 =1}
22 cofactor/ 252 o1H cAC 2z A 0| gl Bt =T},

—




STAGE |

‘F DIGESTION & ‘

STAGE I

INTERMEDIARY METABOLISM

STAGE Il

’ ELECTRON TRANSPORT AND ‘

ASSIMILATION

OXIDATIVE PHOSPHORYLATION

FATS CARBOHYDRATES PROTEINS

Fatty Acids, Glycerol Glucose & Other Sugars Amino Acids
Cholesterol 1 /
> Keto Acids

. Pyruvate == Lactate
M 1
--="( carnitine ] [ B1. B2, B3, Bs, Lipoate ) ( 81, B2, B3, Bs, Lipoate )

Adipate
Suberate ™

Ethylmalonate \ l /

Acetyl CoA

m—> Oxaloacetate Citrate

Citric Acid Cycle _; . _ " :ioie

e

Isocitrate

\~NADH

\
\
\

\

Fumarate
NADH

o-ketoglutarate

~—

~apr ( Bi, Bz, B3, Bs, Lipoate )

> B-Hydroxybutyrate

Succinate / Succinyl-CoA

l

NADH
Dehydrogenase

FADH>

ADP + P;

[Coenzynﬂe Qjo ]

-
“\X\e';\: - ‘v 1
$-\o’>‘4‘ e®
o= Cytochromes —
~ X\ —

Hydroxymethylglutarate (HMG) O H20

energy

(Muscle, nerve function, maintenance, repair)



Heavy Metals Block CAC

oS0l g 225 B0t

= "1 L=

* Heavy metals bond to any available sulphur group including lipoic

acid, making lipoic acid unavailable for CAC, which is the source of
heavy metal fatigue

=222 |ipoic acid0f| 4250 CACLH| A lipoic acid@| Hat=
Z 8 A SECE. -> heavy metal fatigue

e Glutathione metabolism dysfunction results in heavy metal retention
=FEX| 29| LA 0= 5% == OF/|etLt.

L o0 o=

e “Glutathione (GSH), provides the major intracellular defense against
mercury- induced neurotoxicity.”
= 2 EX|- 22 mercury-induced neurotoxicity=2 S E{ M| L}
%%Wsﬂﬂﬁg%iﬁh

— “Thimerosal-induced cytotoxicity was associated with depletion of

intracellular GSH in both cell lines.” Neurotoxicology.2005 Jan;26(1):1-8.
PMID: 15527868below




Immune Chemicals Block the CAC
HAZISI = 0| LA 2| 2 S B =L}

= "1 L—

* In the presence of immune

stress and/or toxicity,
cytokines (IL-2, TNFa)
increase nitric oxide
immune stess@} toxicity
S0 A LEELE=
cytokine=2 NO=
S7tAI 71T

NO inhibits cis-aconitate
enzyme in CAC and
uncouples oxidative
phosphorylation

NO-= CACOH{| A
cis-aconitate enzyme=
A A7, £h2pA

Ol Mzt QIohATP HEZ
S5y BiCY.

Isocitrate

cis-Aconitate

{intermediate molecule)

. a-Ketoglutarate

Citrate

gOA Succinyl-CoA
Citric Acid Cycle
{molecules)

Acetyl
CoA

Oxaloacetate Succinate

Malate Fumarate




Prostaglandin Balance

* Increased pro-inflammatory prostaglandins cause loss of BBB integrity
increasing inflammatory cytokine response promoting dysregulation of
microglia
pro-inflammatory prostaglandins@| = 7}= BBB integrity= looseS} 4|5} 1,
S7H=l A= M cytokineF-2 © 2 microglia®| 7| Z& 0| {24 % RILC}.

* Decreased insulin leads to deceased D-6-D activity decreasing
conversion of linoleic acid to GLA and EPA resulting in loss of
membrane integrity
insulin®] LA = D-6-DEA°| &= M= XSIA|Z| 1D O] linoleic acid | A
GLAQ} EPAZ O| XM 3tS AKX A|FHA A AII™ © 2 membraine integrity =
2FStA| St

* Increased insulin activity leads to increased D-5-D shifting FFA’s to
arachidonic acid leading to increased inflammation and uncoupling of
complexes | & Il of the ETC

"7|- | insulin 52 D-5-DE =7} A|7{ A FFAO|| A arachidonic acid 2 9|
Het2 250 Z= 0| ESHEE S7tAM 7| HXHZ AN 22X =
o7ic}.
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Advanced Glycation End Products

Lol et 2T A=

* Ages are destructive and inflammatory to many tissues,
but especially to vascular epithelium in the brain leading
to compromise of the BBB
Ages B2 T 0| P52 Y07| 1 DA ZIC. 3] braintfo
R SZI”*OHH A7t Z 45t H BBBY =of 5 B =L

— When serum glucose levels are abnormally high and cannot be
taken into the cell effectively as in diabetes or insulin resistance
conditions, the glucose in the blood stream becomes oxidized

by free radicals and produces an extremely inflammatory
compound called advanced glycation end products or AGES

o or Q=8 MES0| A= AR M= D FLHO| B2
SOl EMEY = =5t MZUOM= F0| 2lHe =
AMEE| X =0t HEL 2 TH2 free radical0f 2|5}
MR =M e = kel il o8 2&lE

AGESZ} 11 3}HC},




Elevated Homocysteine Increases the
Brain Immune Response in Two Ways
HHAH o2 £O0 T SRAAHQIL £ 7K F22 & B g e
=7tAlZICH

First it promotes loss of integrity of the BBB that
leads to potential crossing of pathogenic organisms
and haptens into the CNS

SR, BBBS| 2GS LAlofAM HRE O
haptenO| SFHF A2 S Ttsd= 72

Secondly, elevated Homocysteine itself has been

shown to promote an immune response due to

inflammatory properties

SN, HEJdHLE 20T 2 B A|A
[ -

L—
ASA SN 20| HAWS S X7




Altered Methylation and

Neurodegenerative Disease
OFGHAI B0l Mt A EIB N RS

ATP Pi + PP
- Y Methionine S-Adenosyl-
THa=  Folate methionine R

Methionine

f
synthase Methyftransferase

r'——’A
- Vitamin Bu L

<

S-Methyl TH: = | Folate | Homocysteine S-Adenosyl- Methyl-X
h & homocysteine
Vatamln 85
Adenosine
Cystathionine

T\;itamin q.jj

Cysleine




Nutrients to Lower Homocysteine

SZAIAHCE EHF= 24

Folic Acid (& AF) .
B-12 .
Choline .
Trimethlyglycine .

MSM (H S AOIKEH ||
Beet Root (H| E,AIESR)

Betaine
Magnesium
Vitamin C
Vitamin B6
Vitamin E




Hormone-Brain Effects

s22-4Ag

Hormones are so powerful they change brain morphology
2= 02 BE6HA o] JEE BHetA[FICT

—_ e -

Hormones promote modulatory effects on neurogenesis
S22 MAMAN e YRS =X

1 2 "Moo =2 /M

Modulate neuronal inflammation

MBME E5= ZE6L

Modulate neuronal degeneration
MBANE s L&kl

Modulate neuronal migration
MBANE Olss & et




Modulate neurotransmission
AM2AMSS XASHT}

L O

Modulate synaptogenesis
ANEALMMS S E L

Cause cycle-dependent plasticity
MOIZ22E&H Itads 27210

Progesterone has many noted influences on the brain, including

microglia activation and neuronal signaling

SHHES222 S0 ol A DIK SHeH YSS =0,

microglia(2A WA ) EA SHLF Al E M L2t ANeNMUS T et

Progesterone has brain anti-inflammatory effects
Mz =2=2 2[0f Chet S ES 2047t UL
Testosterone supports neuro-regeneration
LtMS 2RO AAT|M S ==L},

—_— e L




Beyond

Classical C
HPA axis

HPA axis

Activated
Microglia

q

~
Psychiatric
Symptoms ?
(Anxiety, Fear, etc.)

\
\
N

\
N

- .

Adrenal gland Glucocorticoids
(Glucocorticoids)




To Bring the BBB and Glial Cells Back to Health We Need
to: BBBR2} Glial cellS ALSHA S| EA|7|=0| Zast A=

* Normalize mitochondrial function and ATP production
OJEZEC|0F 7|54 ATP 4 £H0] F et 3t

* Fix gut and lung barriers 2r1} | ©| barrier 2=2|

* Fix essential fatty acid metabolism & Z=X| gt AL CHAF Z=2]

* Optimize Homocysteine levels @ &2 A|AH| QI & &l x| X 3}

e Regulate hormones @ 2= XA

* Normalize B-12/folic acid B-122} G At M AlS}

e Control cortisol D E|Z Et2]

* Regulate insulin and glucose metabolism
Clgglit 2T ChAF =E

Control neurogenic inflammation M ZERIH HZ 22|




Non-Canalized System Inhibition Pattern

For the most part canalized system dysfunction

presents unilaterally resulting in unilateral inhibition

patterns
[ E & 9| canalized system 7| sE M2 =40 =
LIEILIE 2 A= AKX I S S OF7| Bt

—

Therefore bilateral inhibition of supraspinatus leaves
us with non-canalized system dysfunction

A8 2 =M ITAA0| AK|= non-canalized

system 7| SE S L7IC},




Brain Reflexes
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Heart Neurolymphatic
2"d intercostal space near sternum
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Chapman’s Reflexes (& VRPs) for the Immune System

Thymus VRP Spleen VRP

Thymus
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Regulatory B Cells
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Evaluating the Extra Thalamic Cortical

Modulating System
A|M9| Elm X x1|74|9| E47|:

* The ETCMS is a group of sub cortical nuclei that have projections to
virtually all cortical neurons

ETCME 70| BE DI & 2 EARSHE T 3} 8 120|C.

* The Extra Thalamic Cortical Modulating System is actually made up of six
systems arising from small nuclei or regions of the brain stem and forebrain
which project neurons directly to the cerebral cortex without first
synapsing in the thalamus

ETCM A| A2 |7k} F | ] X+2 SHO|L} H2[0f A L= 67)
ANAR 02 TANE=O AJAO R HMSHK| 1 28 x| 2
£ AbBHL}.

* All six of these extra thalamic projection systems appear to modulate
cortical activity, hence, the term ~extra thalamic cortical modulating
system”

O M70e| ETCMe E& L& &35 2 85te A2 = HQIC}.
A2 22 Ao O ZZEH A2 ot




The ETCMS Provides Chemical Modulation of the Cortex, in Contrast, The Reticular
Activating System Provides Sensory Modulation Through the Thalamus
ETCMO| CH k|| = of 3lstd Z=HE N S5t HHHO|| RASE Al H S STt 2424
TES Hsetct

Figure 5.28

5

3 Location of the reticular activating system
% Reticular activating

5 system

= i\

Visual

§ g impulses /

E el <

= Reticular — Btraln Auditory impulses
o5 formation o ~— Spinal cord
%2 Ascending 4

&5

sensory tracts ~ Descending motor tracts




(a) © Norepinephrine (b) ® Serotonin




The Nuclei of the ETCMS are Major Production Areas

of the Involved Neurotransmitters
ECTMO| el 2 AtHA MATEZEHO| &l M4t 2 2|0|Ct

—

 Raphe nuclei (serotonin) B-1
* Locus ceruleus (norepinephrine) SI-19

 Mesencephalic ventral tegmental area (dopamine)
GV-27

e Basal nucleus (acetylcholine) GB-1

* Ventral posterior hypothalamus (histamine) ST-1

e Caudal hypothalamus (GABA) LI-20




Beginning and End Points

BEGINNING AND END POINTS




Indicator for Extra Thalamic Cortical Modulating System

Involvement
ETCM 2+ 2H|0f LSt K| B 28 Z AL

Unilateral supraspinatus inhibition without pyramidal
pattern

pyramidal pattern §10| =M F A1 S5}

Unilateral supraspinatus inhibition that facilitates
with TL to multiple B&E points on the head

=g =dT e F5 7IMEX 20

TLol| A Z3}=




Voluntary Lateral Eye Movements

or Saccades Disrupts Gait
20| MO| ZHIOIQ EQ|L} CIEQ 0| HEi 7| M2 il

—

o

7 O Lo T TN )

*Voluntary lateral eye movement
involves cortical activity
especially in the frontal eye fields

+o|x0l W IR 52 [k

(LN o Y.

Fronto

o) &l =t= E 35| frontal eye e
fieldsQ} 22 EIC} LRM o
*Repeated lateral eye movement /r Il nucleus
increases cortical activity enough a> ) IV nucleus
to challenge cortical modulation ] T MLF

H._l'%&ll El é':c';o._l':rL%%% VI nucleus
El jél tﬂﬂ'% %%*5F04 Vi nerve PPRF

o 2dgss S7HA 710

*Lateral eye movement challenge
disrupts gait



TL to One Set of Head Points Will Normalize Gait Disrupted by
Lateral Eye Movement
StMES| &8 B0 TIoHH SYeH 252 = AdllEl E-A7|HE
B2t AZAAO|C}

* Therapy localization indicates the single set of head
points that need to be treated to clear TL to all of the
head B&E points and normalize gait disrupted by
lateral eye movement

SEAAME ZE 772 7|A[SA Hof| Ciet TL=
[ SRRSO 2 Polel 2V |[H=
P

|_

Uy N
N

oL | I o
9|5 X| 27t LBt St EO
LFEFECF.




Hippocampus

*The hippocampus is a functional
part of the limbic system folded
into the medial temporal lobe of
the cortex
SO #eI7|o] YR 2 AN LY
SS ¢ otof Hef Y

*Because of extensive afferent and
efferent connections, the
hippocampus has been associated
with a variety of autonomic,
endocrine and behavioral
functions
SR Aod #
HAAM =0 ofj0f=
HE=H d57ls &

—

Ol 2l Cf

L—

Cingulate
gyrus

Fornix

Pineal'gland

Mammillary

Thalamus body

Pituitary gland

Hypothalamus
Amygdala
Hippocampus




The Most Common Functional Pathology From Chronic Stress
is Loss of Adrenal Circadian Rhythms

O AER |AE O| 5}t 7|-II-
=785

-0 —

* The Hippocampus is vital for
memory formation and recall
o Of= 7| &-d 4t X4 Of
S8 0O}Lt

* A common complaint of
patients that have
hippocampal dysfunction is
loss of short term memory and
unstable and unpredictable
adrenal patterns

SHor~ IS$E 2tXro| 2ot

LS CHI| 7| AbAl T}

_TI_ == PNPsle]

|-7| '—I—I I:I=IE| L l=iA|O| 24A|7|-
o| )\I-Mo||:|-

PVN Hippocampus
Hippocampus — ) e <&

CRF Amygdala

Glucocorticoids
Dexamethasone AcTH

-

~  Adrenal
cortex



The hippocampus

modulates adrenal HPA
circadian rhythms and AXIS ATk
dampens activity of the [AMYGOALA) (m ” AMPUJ

hypothalamus and ¢
pituitary gland when it i == _ A

is exposed to cortisol,
creating a feedback

PVN

\

| |

| |

| |

| |
loop : :
goo|7| JjHoe |
6HD'7' —_T-'—ElzéS% | l
2| 8101 2419 | :
24A|7F Bl E= | l
XAESID A|ASHEQ} ' |
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The Hippocampal Challenge Technique is Designed to Help
Identify and Correct Circadian Rhythm

and Memory Dysfunction
o OF R EAAN 7| B2 24A[2E7| 2[5 7| HO0ll & LOrLf 2
w’dot7| 2ol 2= 0 [Tk

|dentified by global bilateral extensor inhibition when
tested simultaneously

S AJOf AL ) FUHE O QP2 AT 2 O

The technique is simply challenging the patient with a
memory task and testing the integrity of the
supraspinatus muscle

2EXrO Al 2RO 71 HK| & 2 A AL S8 22
SEIS AArett

Counting back from 100 by 7’s or recall of a dream
1000f| A 724 B HA M AL &= 25|




P.L.U.S. and Smooth Pursuit

* The P.L.U.S. pattern most likely examines function of the
Fastigial, and Globos nuclei
PLUSIH E1-2 (A | O]) Fastigial 2} Globos nucleil| 7| 5= AALSHZ| O
ARSI E N
—The Globos fires to proximal intermediate structures (shoulders and hips)

globos = O{7HL} T3 2+2 298 GIADRZ WS BuC)

* The Fastigial Nucleus receives afferents from midline structures
(ocular and vertebral systems) maintaining cranial nerves 3,4,6,
and 12 as well as ventral horn cell activity of the transversari,
multifides, and rotatores muscles
Fastigial Nucleus= =1} MFH| 5 42 AN X2 HH
+AME M2 & B =0 LM F 3,4,6,12 1} transversari, multifides,
and rotatores muscles 0| 2= = X|H|ol= MMM EQtE
A4 =T




The Voluntary Saccades Circuit

Posterior parietal cortex
Frontal eye field

Caudate
nucleus
+ Superior
2 colliculus
Substanﬁa Pafamedian
nigra " / pontine
reticular

Vertical gaze center formation

The Smooth Pursuit Circuit

Frontal eye field

Dorsolateral
pontine nuclei

Temporal eye field

Extrastriate
cortex

C—/

I?_‘
g
‘5
- — !
— -

Striate cortex

erebellum

: (flocculus

Vestibular nuclel

& vermis)



P.L.U.S. Muscle Inhibition

PLUS. 28 AR

* Anachronism named after muscles that are normally
inhibited when the spine is flexed or extended
(P.LU.S. ) M=o m =1 0|Lt MTA| HEH L = AN k| =
—4=0 Ofct Xl Ol E0|7|Ct(t; E& 2| O|F=
HSHI H| & AFE O AFEH O] CH&FO| 5 g SiTh

O O 1 L—

— Right Piriformis $= O| A2
— Left Latissimus 2.5}* Ll L




P.L.U.S. Procedure

* In the seated or standing position have the patient perform several
cycles of smooth pursuit with the eyes

HALE A SEHOM =22 A =T 23S Aot

ro Loe= T

* Bend forward or backwards approximately 20 degrees and test
P.L.U.S. muscles

YOZL FE20E HE 52 7|2 Q! | PLU.S. muscles=
AACCE

* If the normal inhibition pattern does not take place correct
segmentally

HAPH Ol of N T E0| LIEFLIX| Q=T 2 EN o2 mH3L
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* Locate involved segments with TL
TLE 2tH segmentE & OFHLCH




Interlimb Reflex
AFX|ZF HEAL

* Humans have a neural connection between upper limbs and lower
limbs that coordinate muscle activation patterns during loco motor
tasks

ol

ClZt2 23Al0| 250 =2t 85 € = U= ot A
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* Limbs move at integral frequency ratios that preserve interlimb
coordination

MR o] Z3HE R ARSI, 442 AHX|= S8X 2l 22
ngi o7(IO |:|-

* Arm swing may also facilitate lower limb muscle activation via neural

coupling
Zo| 3E[Q0| Al X2 St X2 28 5L X
NEESgJ

— (exercise and sport science review July 2006)




Brain Areas Involved With the Interlimb Reflex
ALX|ZF SEARO] RHEE ] 2

* Supplementary motor area (SMA)

* Cingulate motor cortex (CMC)

* Premotor cortex (PMC)

* Primary sensorimotor cortex (M1/S1)
* Cerebellum

* All exceeded the sum of the activations observed during
the isolated limb movements

(719 & F217h AXI7F 44 S M0 AN 2d=) =
S Hot AELCHH BO| 2d=tE




Analysis of the Brain’s Default Mode System
| o] 7] = AVEN H|H off T3t 54

* The human brain is basically a system
of functional networks
Ol7ko| k| = 2B HO 2 7|5 X
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HEST A AEO|CE

* One of the most important, well-
connected networks of all is called the
default mode network
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* The default mode network is
responsible for what the brain does
when itis doing nothing in particular
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The Default Mode is the Hardest Working

System in the Brain
Default Mode= Y| A 7|2 D AlS| QA= A|AHEIO|C}

The Brain’ s default mode network is
a series of connected areas that work
hardest when most of the brain is at
rest

| | Default Mode I E&| A=
GO R HAAE Z2IZ M k|o
W= 20| A5t /IS Mf 7+
E ool g€ot= £LO|L}

The default mode is so hard working
that reading or other routine tasks
require minimal additional energy, no
more than 5 percent

Default ModeZ7} S A15| &S|7|
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Neuroscientists Have Long Thought That the Brain’s
Circuits are Turned Off When a Person is at Rest
MBSRE2 AHEO| | L JUSM = & 2| 27FHHA RJACH
o= = M2ts) St

* Recent imaging experiments have shown that there is a
persistent level of background activity when the brain is at
rest
2ol gy Moz

H

@)
= O—
1M &S0l UES 2

I FAMAM =R X HE=
7B}

st

—

* When the brain is at rest there are a series of slow waves that
are coordinated fluctuations in activity that slightly stimulates
neurons when they aren‘t active

w| 7} FAISHD U ), 41D QU AF MES 47
A} FoBIA TS EH WSO Yo =2l x|Tk7} Qlct




Scientists Believe That the Default Network
Has Two Major Hubs: Posterior Cingulate and Medial

Prefrontal cortex
NetAt=2 7|8 2E HEAO & 24|el 537t Qo B Ut

When you switch off, a distinctive network of brain areas not involved in focused attention bursts into action
@ Default network @ Areas involved in focused visual attention
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Slow Wave Channels

* Normal DFM waves




The Default Mode Keeps the Brain in Sync
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* Because the brain is not a free-for-all among independent
systems but a federation of independent components the
default mode acts as a conductor
e 44 SEAQ ALl FE AT Ef 7L OrL 11 At
20 7|2 ZET} X|$|AtE "*RQEF

—Keeps signals from different systems from interfering with each
other

CrE MAZFH 2 27t N2 Soflopk| B E=of TCt

* These syncopations or slow waves continue even while people
are asleep, under anesthesia or in comas
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Evidence Suggests That a Malfunctioning Network

is Involved With Many Diseases and Disorders
2 BEO| 7|5 B2 B2 E2tO|Lt Fojef & 0] QlCt

e Default mode system activation may lead to day-dreaming and mind-
wandering while performing mundane tasks

= REolEdets 2N LS Y Mo HLSO|Lt

SJ2 = 0|0 & 5= ULt

* If the default mode system is dysfunctional, it can lead to problems
with attention

7|2 BEQ| 7|5 £HO| QUCHY, FOY TS 277 A2
e

* Others include chronic pain, Alzheimer's, autism, depression, post-
traumatic stress disorder, Toq‘rette syndrome, attentic’),n-
deficit/hyperactive disorder, “and maybe may others
e S5, YO0, A, 2, /o= Hof, el S22,
ADHD, 1 90| CH2 2R|7F MZ 4 QICt

AN




Mind Wandering Increases Activity
(Or=

Sd(0rsE R0 E)0| (V|2 2E)Zss S7HAIZIN

* Scientists found that having subjects let their mind wander with
their eyes closed increased activity in the default mode system
+= 21 mind wanderingS St 2 L} FCIH 7| E R E
AMAHEO| &50| Fotets ZASHRLT

* Bilateral supraspinatus inhibition often occurred when patients were
asked to close their eyes and let their mind wander for a few seconds

RE S &= 41 mind wandering= StH &% =4 20|
AX El= 7 ULt

— Bilateral supraspinatus inhibition after quiet mind wandering
indicates dysfunction of the default mode system

02 € 1 23| St mind wandering $F 0| & 2 A2
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Bilateral Supraspinatus Inhibition Pattern Associated
to Default Mode Dysfunction

FE =SS AN MES 7= ZE 7|5 FH0 2HHE QUL

* Does not show up without provocation
FEoX| o™ LIEFLLX| Q¥ =L}

— Provocation or exposure of default mode dysfunction is
easily done by having the patient simply close their eyes
and let their mind wander
7|2 BE 7|5 RO QUto|Lt 5012 SRS Thad|

T= &1 mind wanderA|Z 2 2 M & A & 5= QUC}

— |If there is default mode dysfunction approximately 20
seconds of quiet mind wandering will result in bilateral
supraspinatus inhibition
OroF 7| sE X 0| QCHH, 20X & = O] mind wanderingO|
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Gait Disruption and Default Mode Activity

B3 A ARl 2 BE BE

* When the appropriate mental task is performed, not only
will the supraspinatus muscle remain inhibited it will also
disrupt normal gait inhibition and facilitation patterns
X 2ot mind wandering2 0f| = =&f 22| || FE 2 OfL| 2} H A 2l
HAo| AN, &L 7|sE S1E = ULCT

* Providing a tool to evaluate and correct default mode
dysfunction

|2 REO[V|SE0E B7tot Wdors YE2

—Performing a simple math problem will disrupt gait if the default
mode is too active
20

712 RETL R 2 gt QUICHH, ZHESE =5F X[ &
HATHEHO| F LA TICE

—Thinking of past or ancient history or a moral dilemma will disrupt
gait if the default mode is functioning at too low a level
WAL GAL 22| H 0l 2|0 d4ct 20 228 o H O
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Suprachiasmatic Nucleus/Peripheral
Oscillator Mismatch
A Xpat o /2= TS KHA[A) = L X

By some estimates more
than half of the

population in

industrialized societies

may have circadian —

rhythms that are out of Km,,.w.,,w..,.”ﬂ

phase with the daily Sy ——1 .
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In mammals
circadian cycles
are directed by a
master clock in the
hypothalamus
called the
suprachiasmatic
nucleus
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Science Has Demonstrated that the Body Has
Peripheral Circadian Oscillators
in Tissues Outside the SCN
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* Peripheral clocks receive input from the SCN
UZEA|ZE SN R R E| 22 g e
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* The SCN receives information from the retina about
light and coordinates rhythmic cycling of gene
expression in the rest of the brain and body through
neural signaling and hormones
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The SCN and the Peripheral Oscillators Get Out of Synch or
Mismatched From Inappropriate Daily Habits and Injury or

Disease of the Involved Tissue
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* Circadian rhythms are known to affect the most basic of
metabolic pathways, including protein synthesis, glycolysis
and fatty-acid metabolism

27| d ele2 7t 782 At 20| k= 0| Tt
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* Research and cell culture studies suggest that raised
cancer risk could be because cells start to divide at the
wrong time and run amok resulting in genetic damage
MNZS[ AlZt EL0| EXE =M & EHF0] 575k,
(AlZH A 2lo]) @R 2 M SFH 2 AH0| AL =
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Neurotransmitters and the SCN
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* Between afferent and efferent projections there are at
least nineteen different NT’s involved
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— NO: crucial, blocking NO disrupts light transmission
— 5HT: modulates pacemaker response to light

— Melatonin: highest density of receptors in SCN

— Ach: involved in light pathways

— GABA: main player, excitatory during day and
inhibitory at night

— And many others




