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Human Movement

What a piece of work isman,
how noble in reason, how
infinite in faculty, inform and
moving how express and
admirable, imaction how like an
angel, inapprehension how like
agod, thebeauty of thevorld,
theparagon ofinimals.

Shakespeare, 160Hamlet,IlI:2

GuillaumeCoté

The dancer i s Guill aume Cot® from the Nati ona
part of the speech iIis the idea that human bei
admirabl e. o

This is a clip fLroosm tihme dMNootueTounbeed vbiyd eBoen Shi rin
composed by James LaVall e. I n form and moving
attention in class yol. wilét bes atbd e .4 oc @lamicel

https:// www. vout ubh2Raea®fE8 wat ch?v=40R



https://www.youtube.com/watch?v=4OR-n3Rg6E8

Picton Sessior2 Moving to the Music
Brain and Mind: Course Outline
1. Introduction. Brain anatomy. 5. Learning and Memory.Synaptic
Stroke Neurons. ExcitationAction changes. Motor skills. Priming.
potentials. Synaptic transmission.. Episodic vs semantic memory.
Body sensation®raille. Amnesia. Al zhei me
2. Moving to the Music.Muscles. 6. Languageand Emotion. Language.
Stretch reflexes. Basal ganglia. Humans vs chimps. Aphasia. Dyslexia
Cer ebel | umDiseBsa.r k i n Basicenstions. Autonomic Nervous
Balance. Hearing. Speech and music  System. Love and Hate. Music.
3. Sensation and PerceptiorTaste 7. Thought andWill. Executive
and smell. Hunger and satiety. Vision  functions PsychopathyBrain
Visual fields.Motion. Recognizing networks (attention and default).
faces and objects. lllusions. Determinism. Free will.
4. ConsciousnessSleep, meditation, 8. Madness and WisdomPsychiatric
coma, epilepsy. Lockeith syndrome diagnosis. Anxiety. Schizophrenia.
Attention. Consciousness. Theory of  Depression. Addiction. Maturation of
mind. Split-brainstudies interpreter. brain. Mental speed. Ageing. Wisdom.
Neuromuscular Junction
Axon .
Myelin
Axonal '\\ /\ Synaptic
Terminal s Vesicles
S Containing
Acetylcholine
Endplate —
m §E | Acetylcholine
Receptors
.~ [~Mitochondrion
Myofibril — — ?
We begin our study of the motor
of syinmapsemerve terminals make
neur on.
When tvhee treermi nal i s activated, t
acetylcholine. This activates
The muscle cell contains multiple
myofibrils.
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Brain and Mind
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Muscle Activation

1. Axon potential travels along alpha motor
neuron to its terminal

2. Release of transmitter (acetylcholine) from
synaptic vesicles

S 3. Acetylcholine binds with the receptors on thg
A muscle endplate

*%e 4. Sodium channels open and a muscle action

' ' potential is generated
5. This travels throughout the muscle, releasin
Na+ calcium from network

6. Calcium causes the myosin molecules to att
to the actin molecules

7. Flexion of the myosin neck causes the myog
filaments to slide along the actin filaments

8. Muscle fibrils shorten in length
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https://www.youtube.com/watch?v=0kFmbrRJq4w
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Spinal Cord

Spinous Process

Epidural
Space Pia mater
Arachnoid
Subdural
Dura mater
Space

D | Transverse
Rgz)sta process
N A —— = 3 S~ /. Dorsal Root
Ventral g/ __, CEnE
Root ; .' g .- BN ) Vertebral
o f« j { Body
This cross section shows the spinal cord with
The spinal cord has tihpei as ameet ecro,v earri ancghsn oaisd tahnec
space between the bone and the dura is where a
On each side of the cord are two spinal ner ve
information into the cord and itome went rtal trheer
The cel |l bodies of the dorsal nerve root are
nerve root exits the spinal canal
The cel |l bodies of the ventral nerve root are
Spinal Cord CrossSection
Cell Stain 5 Fiber Stain
orsal
Columns
Dorsal Dorsal Nerve
Horn

White Matter Pyramidal
(fibers) Tract in
) S Lateral Column|
g _—
Gray Matter LN ;“y’ A Spinothalamic
(neurons) e o : \ ’ Tract
Ventral \ Ventral Nerve
Horn Rootlets
This slide i1illustrates the contents of the sp
The cell bodies of the neurons are | ocated 1in
matter. The white matter is white because of
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The grayimadedri nsodthe dorsal horn which has
incoming sensory fibers, and the ventral horn
the muscl es.

The fibers in the spinal cord go up and down

Thmain connections are the

A dorsal columns which carry fine touch sensa:

A pyramidal tracts which carry motor instruct:
horn

A lateral spinothalamic trmetsewhsahi carupesonpt

Stretch Reflex

Dorsal root  Spinal
ganglion cord

Stretch Muscle
receptor  innervation

Quadriceps

Patella

Ventral
Hamstrings root neuron

Tibia
1. Tap activates stretch receptors in muscle spindles.

2. Sensory neurons synapse with motor neurons in spinal cord.
3. Motor neurons activate muscle fibers causing contraction.

The patellar reflex (knee jerk) is a simple r
Tapping the tendon briefly I engthens the musc
fibers in t.he muscle (blue)

The stretch information is conducted to the s
The sensory fibers synapse with the motor neu
ventr al horn of the gray matter in the spina
The motor neurompel sesdwbuch activate the quad
contimakt ng the | ower | eg (tibia) swing forwar
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Reciprocal Innervation
Dorsal root ~ Spinal
ganglion cord
Stretch Muscle
receptor  innervation
Quadriceps
Patella
Tendon
tap Ventral
Hamstrings root Interneuron
Femur
Tibia
1. Sensory neurons also synapse with inhibitory interneuron.
2. Interneuron inhibits activity of antagonistic motor neurons.
3. Muscle opposing the action of stretch reflex relaxes.
As wel | as evoking the monosynaptic reflex ca
receptors also connect to inhibitory interneu
going to the hamstrings. Thed whsuUueeshehgtuath
contract
The main purpose of the stretch reflex is to
standing i f the @quaditiheegkneet sttagsttsotmowelbaxd t
evokes a reflex contraction in the quadriceps

Patell ar Refl ex (n

Patient suffered a stroke (cerebrovascular accident) involving the left cere
hemisphere and now has weakness on the right side.

ncreased reflexes on the | eft are charac

The i
https://www. youtube. com/ watch?v=)] KOJS20svKA



https://www.youtube.com/watch?v=jK0JS2OsvKA
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Movement Prefrontal Cortices
Control (PEE) Supplementary
Motor Area
(Initiation)
. N2 @re &
(Speech) Frontal Eye
Field
Primary Motor
Cortex
Premotor
PrimarySomate Cortex
sensory Cortex y (Programming)
Central Sulcu Parietal Cortices
(Spatial Control)
The muscles are at one end of the motor syste
The front al cortex has areas that act to plan
and program (premotor cortex) movements.
The fronthaas |sopbeec iadlsor egi ons that control spee
movements (both hemispheres).
The final common pathway for muscle activatio
precentral gyrus down to thleespymnami dalk dt vaat
because it crosses over in the medulla in a s
two senses. The cell bodies for the axons in
motor cortex.
Organization of Motor Cortex
As instomg ssemtex, the area of cortex devoted
of the movements. The hands and | ips take up
You can tell trhaattha®rhtihsd isse ntsho&r ywmohtoerusnicaid usf t h
Thesaeve a | arge sensory input but very I|little
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Cortical Columns in S
eac
Motor Cortex TG
EXW E)AS
(3 W,
Grasp DI o
W, S S
DS S)WESAD ~—_
w70 Defense
E st
\uJ
=
3L
D ¢ Digit 1 @
W ¢ Wrist q
E ¢ Elbow
S ¢ Shoulder J
Like other areas of cortex, the primary motor
col umns.
Groups of columns are concerned with types of
action of a | ocalized set of muscl es
Upper and Lower Motor ) [
Cortex \ =g
Motor Neurons ) 2§;
Internal g ‘
Capsule
. Cerebral
Lesion Upper Lower Peduncle
Weakness Movement Muscle
Tone Increased  Decreased Pyramid
Decussation
Twitches No Yes
. Pyramidal
Wasting No Yes Tract
Reflexes Increased Decreased
Lower Motor
Plantar Abnormal Normal Neuron
The main motor pathway to theitmues cdempsen hrmotedro
neuron in the motor cortex and the | ower moto
Lesions to the motor pathway cause weakness.
upper or | ower motor neuron i s damaged. (Or b
The weakness in an upper motor neuron | esion
neuron | esisard espacaief iad fract ed.
Tone and reflexes are generally increased in
Twitches and wasting are characteristic of | o



Picton Sessior2 Moving to the Music Brain and Mind

The plantar reflex is abnor mal i n upper motor

Plantar Responses

The plantlaircirtedd elxy imso»xi ous stimulation to t he
Normally the big toe goes down. Wi th an upper
abnor mal refl ex also goes by the name Babins
Sl°tri re hospital in Paris.

https:// www. youtube.com/ watch?v=y4RFNz8t XI| 0

Elicitation ofstihbh&tedbitsebher eqoi pasnful or the
refl eaxqg ewmfrt here will be no refl ex. Il n Engl ar
BentlJl(eA neur ol ogirdt ac 8Brendndley afff she is very g

Amyotrophic Lateral Sclerosis

Al so known as Lou Gehrigds Diseas
player (192339). ALS is a degenerative disease that affects both upper an
|l ower mot AAmyotmophyor comesa.n sfi wasti ng of

il ateral sclerosiso refers to the
lateral columns of the spinal cord. The disease is characterized by progre
weakness, increased r ef | efasisulationda) s

Amyotrophic | ateral sclerosis is a degenerati
mot or neurons.


https://www.youtube.com/watch?v=y4RFNz8tXl0
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Motor Control

Movements are very difficult to control, especially when the mover must
adapt to an unknown environment. Despite the movies, robots cannot yet
perform much better than a human toddler. Robotic failures are similar to
what happens in diseases of the motor sys$téaiils, tremors, inattention,
inability to do two things at once.

Movement requires:
feedbackroutines to correct for errors.
feedforward programs to anticipate what will happen.
Human movement involves complex interactions between
cerebral cortex (plans, visual control)
basal ganglia(movement in space, learned programs)
cerebellum (error correction, sequencing, learned programs)

vestibular system(body position)

v 9 -
‘ﬁ_ou rtesyDARPAS

-

These videos are from the competition held by
Agency.

The competition is to determine which robot b
battlefield or emergency situation.

The robot xcoamrteaimetd.s eflhfey are operated by huma

transmits 1 nstiroucctoinonnesc ttihornosuugh r ad
More fiepic failso are at
https:// www. youtube. com/ watch?v=I12Ql wil 1NmRc
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https://www.youtube.com/watch?v=l2Qlwl1NmRc
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Feedback Disturbance
Effector l Action
Intention " I?ror
Feedforward @_ Disturbance
Intention4»<>
Eﬁe@ Action
mot or system uses feedback to perform
ually measured and the movement compens
goed sgesemealforward to predict and c
bance.
human brain these feedback and feedfor
rebel | um.
Par ki nsondés Disease

Pathology: degeneration of dopamine cells in the
substantianigra, with abnormal accumulation of a
protein calledsynucleinin the form of Lewy
bodies.

Cause:in most patients causetsknown; some
cases are hereditary; some are caused by toxins
some follow encephalitis.

Presentation: resting tremor; rigidity; slowness of
movement; instability; stooped posture; shuffling
gait; lack of facial expression.

Associated Symptomsdepression; difficulty
making decisions; in some cases dementia.

Progression:slow deterioration over many years

di sease
affects

sono6s
sease

was

1% o

11

d e stchre bfiesdh abkyi nlga npeasl sPyao
f people over 60 year



Picton

Sessior2 Moving to the Music

Brain and Mind

Treat ment of Par ki nson

Drugs: L-DOPA (dihydroxyphenylalanineis administered orally in high

doses. This crosses into the brain and is converted to the neurotransmitte
dopamine. Other drugs are sometimes used to counteract its unwanted si
effects. LDOPA works well against the rigidity and slowness of movement
but is not as effective against the trem~~

Deep Brain Stimulation: Electrical
stimulation via an electrode inserted in
the basal ganglia (often near the
subthalamiaucleus) can reduce
tremor. This has replaced the older
surgical approaches that made lesions
in the basal ganglia.

This video demonstrates the dr amat.
The video I s avail abl e at
https:/ / www. yhouvt =unbh@3 G6oi Ml pwaG oc
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https://www.youtube.com/watch?v=mO3C6iTpSGo
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Cerebellar Disease

The cerebellum is especially important for the correction of movement erro|
and in the sequencing of movements. Cerebellar disorders are generally ¢
ataxia:

(i) inability to move finger smoothly to nose, intention tremor
(ii) wide-based and staggering gait, difficulty walking heetoe
(iii) slowness in rapid alternating movements, irregular speech

(iv) attention problems (especially multitasking)

MRI showing atrophy of the
cerebellum (left) compared
with normal (right)

Cerebell ar disease reéeqtlaks ain(dwsohoetedr mev ®

of a patient

eo -bheswd Bahd wldmsy gait
WWW. Yyoutube. com/ watch?v=yhgUOY2o0hUE
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https://www.youtube.com/watch?v=yhgUOY2ohUE
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Sense of
Balance

Semicircular Canals
Lateral Posterior Anterior

Vestibular

/ Nerve

o
7 ".:ﬂ\ Auditory
3

Nerve

Cochlea

Vestibule

(containing Saccule
and Utricle)

mot or con
t

s mediated through
rcul ar canal s.
ghth crani al ner ve
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r
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Vestibulo-Ocular
Reflex

Compensatory Eye Movement

As the head turns, the eyes turn
in the opposite direction

maintain the same visual input.

If the rotation continues, the eyes
keep flicking b
to pick up another focus of gaze.
This reflex involves the semi
circular canals, the vestibular
nucleus, and the cranial nerves
controlling the muscles that
move the eyes. The reflex is
calibrated under the control of
the cerebellum.

Head Rotation
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This video shows nystagmus that is caused by
The nystagmus opteartsiiosnt ss taofptse rb etchaeusre t he f 1l ui d
rotating (inertia).
The goggles serve two purposes:
w they magnify the eyes and make the nystagmu:
w they prevent the subject from s-eedag anyt hi |
nystagmus.
Video is available at
https://www. youtube.com/watch?v=RYTYTy 5Xn0i d:¢
Control of
Movement
Vestibulospinat Posture and Balance
Movement is controlled by many different brai
The corticospinal system exerts voluntary con
The rubrospinal system is controlled by the ¢
The reticular system organizes basic rhythmic

15


https://www.youtube.com/watch?v=RYTYTy_5Xn0ide

neur

cochl

lweays,

av

squid

n

B

t hhr ou

n

w a

Picton Sessior2 Moving to the Music Brain and Mind
The vestibulospinal systemasnakiers hdhey nnmcess a( (
through space.
All of these systems project down to the
Hearing
The shaking air rattled Lord
E d w a mehfbanaympan; the
interlocked malleus, incus and stirru
bones were set in motion so as to
agitate the membrane of the oval
window and raise an infinitesimal
storm in the fluid of the labyrinth.
The hairy endings of the auditory
nerve shuddered like weeds in a
rough sea: a vast number of obscurg
miracles were performed in the
brain, and Lord Edward ecstatically
Sensory Hairs in Mammalian Cochleawh i s perle@ o(Balcdto y
(Scanning Electron Microscope)  Point Counter Point1928)
The il lustration shows the hairs in the
The quotation is from Al-8oos$fhBHBAaikdreeyw HHex
much | ater studied action potentials in
The music is Bacho Orchestral Suite #2
Sound
Sound is an oscillation in
the displacement or
pressure of particles
propagated in an elastic
medium. The intensity of
a sound is the amplitude
of the compression wave.
The frequency of a sound
is how rapidly the waves
occur. Sound travels in air
at a velocity of 343 m/s.
The lowest intensity we can hear is causedibynoleculeamoving overa
distance smaller than the size of an atom of hydrogen. The highest intens
ten million times greaterNormal human beings are able to hear sounds wit|
frequencies between 20 and 20,000 cycles per second.
When sound i s made, imdleg/c ulhesn aerxe anmamparneds sceodnp
mol ecul es furthemnawaphwef icmunild s$oaveés
movies there is no sound in spacsolbred autsreau édles
12&0M/ hr 1 n air. It travels more quickly
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