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Lecture: 5§

Motor and Sensory System Lesions

Dr. Eyad M. Hussein
MD, Ph.D of Neurology
Consultant in Neurology Department,
Nasser Hospital,

Assistant Professor,
Faculty of Medicine, Islamic University
Faculty of Dentistry, University of Palestine

The Pyramidal Tract | The Upper Motor Neuron System

» The pyramidal tract is a bundle of motor nerve fibers, (Corticospinal Tract)

» It begins in the cerebral cortex and ends in:
~ Function:

a. Anterior horn cells of the spinal cord

1. Initiation and control of voluntary motor activity.

(corticospinal tract).
b. Motor nuclei of the cranial nerves in the brain 2. Inhibition of muscles tone.

3. Inhibition of deep reflexes.

stem (corticonuclear or corticobulbar tract). .
» The pyramidal tract consists of> 4= }W”/‘WQ — UL wp Y wl wis
1. Corticospinal tracts (lateral & ventral), e lwmv#pmd

2. Corticonuclear or corticobulbar tracts (Lateral &
Medial).




1 s e

5 ~ Brainstem
Pathway of the Upper Motor Neuron Nt i

(Pyramidal or Corticospinal tract)

> From Betz cells in motor area 4 (in the upper 2/3
~ precentral gyrus of frontal lobe) — descends in the corona

radiata — pass in the posterior limb of the internal capsule

| — descends in midbrain, pons and medulla oblongata.

\ > In the medulla the pyramidal fibers collect to form the:
| pyramnd — pyramidal mcussatlon} NI P ST Y

Cross d&l ».c-yz‘s\(_';t\))
63 Sy

AHC A Gn Gw wdﬂ’“d”

-

»In the lower medulla:

a. 85 -90% of fibers decussate to descends — in the
lateral column of the opposite side of the spinal cord
(indirect or lateral crossed corticospinal tract)
and end in the anterior horns.

Ls i 10% goes down
F > <b.10 - 15% of fibers descend directly — in the anterior S the anterior CST

AN

lewet 1)
lfué/fﬂaraa‘c column of the same side (direct or anterior

corticospinal tract) then gives fibers for AHCs at the d'/’- A
segmental level in(Both sids) They descend in the spinal !

Anterio
orticospinal

cord until they disappear in the midthoracic region. ' ’ 192 2
A rti inal
both, "f‘/ O/urf' m e ‘J,—M-(l A” e ‘(‘f‘) co cos:;:zt

Innevudo-
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The Lower Motor Neuron System

(Spinomuscular Fibers)

Function:

. Stimulation of voluntary motor(aDthe level of the same

side.

2. Stimulation of muscles tone(aj the level of the same

side.

3. Stimulation of deep reflexes at the level of the

same side.

—_—

. CMwL (/}Jamyp (1:"/'4’)

The Corticospinal Tract

> The motor area of one side of cerebral hemisphere is

responsible for movement of the muscles of the lopposite

Y, of the body (mainly the limbs).

»The muscles of respiration are received fibers from both
cerebral hemispheres. This explain the absence of
respiratory paralysis in hemiplegic person.

: PR RV d
a4, F )mruf‘/'w sp Lo Nimbs ~=
2 /amf ~ e Yep om: A

Pathway of the Lower Motor Neuron System
(Spinomuscular fibers)

From of the spinal cord
— fibers exit from the spinal
cord as the anterior roots of
the same side — peripheral
nerves — motor end plate —

voluntary muscles.




Th@oniconuclear (Corticobulbar) Tract

& From Betz cells in motor area 4 ( in the lower 1/3 of
precentral gyrus of frontal lobe — the face region) —
descends in the corona radiata — pass in the genu (apex) of
the internal capsule — descends in midbrain, pons — some
fibers end around the motor nuclei of V and VII cranial
nerves — give fibers for motor nuclei of IX, X, XI and XII
cranial nerves in the medulla oblongata.

& Termination: the fibers of corticonuclear tract end in the
motor nuclei of [V, dorsal VIL, IX, X and XI)cranial nerves of
both side except the motor nuclei of fventral VII and XIL |
cranial nerves are receive fibers only from the opposite side.

< Function: Motor control of the head and neck.

. % From

- 1‘"\, 3 diata — pass in the genu (apex) of the i

The orticonuclear (Corticobulba

8 of the cerehl

frontal eye conjugate center) — descends

motor cells present 1t area

cortex (

corona ra
Sy e—+desoendsinn1idbram—>some e

capsul
r nuclei of 11T and 1V cranial ne

ing fibers descend to reach t w _

around moto

side — the remain

and end around motor nucleus of the VI cranial

both side.
& Function: responsible for the movement of |

Classification of the Motor Neuron Lesi

X 1. According to the location of the lesion:
et 1. Upper motor neuron lesion (spastic or central
ﬁ H" UJP) «— 2. Lower motor neuron lesion (flaccid or peripheral |
l] According to the affected limbs:

1 {Monoplegia(Rt. UL or LL, Lt. UL orLL) pmawm

} limb.
,_(,} e 2, @P@(Rt or Lt. sided): paralysis of one side
3 \Paraplegia) paralysis of both limbs.
4Triplegia) paralysis of three limbs (one upper and twe

limbs).

m(tetroplegla) paralysis of four limbs 3'
0“%2* é\G &\@S@ COMP% 8PIJ Cora/ nc/u@ 1

e
o




Causes of the Upper Motor Neuron Lesion

. 1. CVA.
- — 2. Multiple sclerosis.

+— 3. Brain and spinal cord tumors.

+ 4. Inflammatory: encephalitis, transverse myelitis.

5. Traumatic: head trauma, supdural hematoma, spinal cord
trauma.
Congenital: cerebral palsy, hereditary spastic paraplegia.
Degenerative: vertebral spondylosis and myelopathy.
Subacute combined degeneration.
Motor neuron disease.

& 0.
B

— 8.

~ 9.

Differential between the UMNL & LMNL

Causes of the Lower Motor Neuron Lesion

| 4~ 1. Anterior horn cells lesion: epiconus lesion, spinal muscular
: atrophy, poliomyelitis.
- 2. Peripheral nerve lesion: mononeuropathy, polyneuropathy.
+— 3. Motor end plate lesion: myasthenia.
4. Muscle disease: myopathy.
_i: 4~ 5. Lumbosacral disc protrusion.
Lo b e v 6. Cauda equina syndrome.

i ?4, 168

e - Causes of Cerebellar dysfunction
[Location of lesion From area 4 until AHCs From AHCs until muscles sv wekey “V“:i.‘ = o : ' i
Location of paralysis ?glt:)t:;l %\WM: Ipsilateral at the level of lesion st . Developmental: agenisis, Dandy-walker syndrome, Amold-chiari
ecussation) and olr[guwa] malformation,
 Paralysis Spastic o‘:ccl:nstral Flaccid or peripheral N - Demyelinative disease: MS, acute disseminated
S Lt LU R S encephalomayelitis (ADEM).

i

=3

Stéte of the muscles

Wasti ur: g_lz\l:tg ducto | Wastin urs ear * Degenerative “Hereditary”: cerebellar degeneration, multi-
disagslélg occurs very late due to (h;spo ng g}(}!}(!:) y ' Jols LMN eg : ry . gen
Muscle tone Hypertonia (spasticity) Hypotonia (flaccidity) St = system atrophy, spinocerebellar ataxia.
s Muscle fasciculati Absent May b t in the irritative 0 ad . ic: i
JEuucke u:cgngaz(;gr:l sen May be Fresent in the imitative o) 252 Neoplastic: astrocytoma, medulloblastoma, hemangioblastoma,
n3uscles group). o )F‘ ) metastasis.
- = re . \ 3 $ ..
b e ARG, el UZ‘P *  Paraneoplastic: subacute cerebellar degeneration
- Deep reflexes Hyporeflexia or areflexia PIA) . TS ,
: g',g';alg‘(Rhythmlcal wars | May be presen T ! il 9 Infectious: cerebellitis (viral), abcess. ATOSING
u"«g:nn)sue'?c"r:%mm:e ch{ﬁ v - * Metabolic: myxedema, hypoglycemia, vitamin B1 deficiency,
- Pathological reflexes | +ve (dorsiflexion of bigtoe + | Absent * Vascular: cerbellar hemorrhage, cerebellar infarction
(Babinski reflex) fanning of other toes

- Superficial reflexes Lost if lesion involve the

segmental supply of the reflex

e/

Lost if the lesion 1s tgbove
segmental supply of the reflex

Drug/Toxins: alcohol, phenytoin‘./: m baréu i
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Lesion of the Cerebellum

1. Ataxia: discoordination.

2. Muscle hypotonia.
3. Intention tremor: a tremor which increases as the limb

approaches its target (tremor during and maximal at the end
of movement). Absent at rest.

4. Dysmetria: (error in termination of movement).

5. Dysdiadochokinesia: a failure to perform a rapid alternating

movement. %‘.m s ¢ \,s’) s
6. Dysarthria: a type of slurred speech. Ay ]t U
7. Nystagmus. o 4)3‘ D

8. Rebound phenomen: ask the patient to flex elbow against '{;’
resistance. Sudden release may cause the hand strike Lhijb AR
face due delay in triceps contraction. a%y g o lo2s

. pul WPy K

Classification of th

The somatic sensations can be classified in two ways:
A. According to the Site of the Sensation:
1. Superficial (exteroceptive) sensations: the sensations from
the skin (pain, touch and temperature).
2. Deep sensations: the sensations from skeletal muscles,
tendons, joints, bones and ligaments:
a. Proprioceptive sensations: sense of position and the
sense of movement (kinesthetic sensation).
b. Pressure sense.
¢. Muscle tension sense.
d. Muscle sense.
Sometimes the vibration sense is included in this group.
3. Combined or synthetic senses: stereognosis , tactile
discrimination and vibration sense.
Syl + OQep &

SenSafivn

\

The Sensory System

The various sensations in the body include: |
1. Somatic sensation: from the skin and deep tissuese.o

muscles, joints and bones, conducted to CNS through the

somatic nerves.
2. Special senses: reaching the CNS through speciali

nerves:

a. Sense of the vision.  ophe ;

b. Sense of the hearing and equilibrium. \eshibulog—

¢. Sense of the smell. d&LL—'

d Sense of the taste.  Caziek 1 Glossopharry -

3. Visceral sensation: including all sensations from the
viscera and reaching the CNS through th

4. Organic sensations: e.g. hunger, thirst and sexual sens

i

B. According to the Modality (type) of the

(More common classification)

I. Mechanoreceptive sensations: these include the:

Touch sensations. o

Pressure sensations. i sl

Muscle tension sense. i
Vibration sensations.

Tickle and itch sensations.

6. Proprioceptive sensations.

II. Thermoreceptive sensations: heat and col

sensations.

I11. Pain sensation.

ST SN




The Sensory Pathway or Axis

“* A sensory pathway includes:

a. Receptors.
b. Afferent (sensory) nerve that transmits the signals

to the nervous system.
c. Transmitting tract to the higher centers.
d. Cortical sensory areas.
< All somatic sensation (superficial and deep), pass

through three order neurons, from receptors in the skin
and tendons, to reach the cortical sensory area.

8L o A OBEO&#C
Pathway of the Superficial Sensation

2. The second neuron:y,
Is the cell of Substantia Gelatinosa of Rolandi and its axon.
This axon crosses to the opposite side and ascends in the
lateral column of the SC as the lateral spinothalamic tract —
medulla oblongata — the pons — the mid brain — to relay
the sensory impulse at the thalamus.

3. The third order neuron: _
Starts in the cell of the posterolateral ventral nucleus -
(PLVN) of the thalamus, its axon ascends to pass through the
posterior limb of the internal capsule conducting the impulse
to the cortical somatic sensory area (1, 2, 3) in the postcentral
gyrus of the parietal lobe.

G‘\ 'H\L t_/}oss Pﬂin,-za"f 7 7

Pathway of the Superficial Sensation

Pathway of Pain and Temperature sensations
| ;'.;... o 1. The first order neuron: v . :
Is the cell of the posterior root ganglion and its axon. This
axon divided into lateral and medial branch.

» The lateral branch goes peripherally forming the afferent
sensory nerve (the ends of this nerve are receptors of the
skin).

* The medial branch enters the spinal cord through the
posterior root and relays in the cells of the Substantia
Gelatinosa of Rolandi (S.G.R.) in the posterior horn of the

(psi. £ matter. o> Fanglion s reot ,  Pest- horu
do s (b los senstin g2 duwge? sy Mo e P v
g Spincthalamic  #

)

Ach- Acetylcholine; NGF- Nerve Growth Factor: SHT- 5-hydroxytryptamine




Primary Somatosensory Cortex L"”_ ' "/ ‘) i
» N >
e o } .-‘ _— ol
i Lo (&} i ﬁmcw
B * " :’ o
P, S P 3
Somato o IR L RN :
sensory e . "Ventral posterior
cortex P R il 4, nuclear complex
e ’CQ of thalamus
g STy —midbrain
: \& I
Mechanosensory
afferent fiber ———— Medulla
Spinothalamic
R”me\ ™ spinal cord
1
, ending®  oin and temperatun

afferent fiber

lat- » Ventwld o

e pPin—

Pathway of the Touch S [95 Bl 5% A
' v 5 Yl

Pathway of Deep Sensation

S e eep sensations include: -
1. Crude Touch: has the same pathWi., g p

e Vibration sense.
temperature but ascends in the ventral column of the -« Jointsense (position and movment)

spinal cord as the Ventral Spinothalamic Tract. 4 *:Muscle senge.
~* Nerve sense.
1. The first order neuron:
2. Fine Touch: ascends in the Gracile and Cuneate Is the cell of the posterior root ganglion and its axon. This
& J
e it ik o l £the SC. with th A axon divided into lateral and medial branch.
racts within the posterior column oI the 5L, With the 3 « The lateral branch goes peripherally forming the afferent
fibers carrying deep sensation. ordoy sensory nerve (the ends of this nerve are receptors of the
L A tendon).
5 + The medial branch enters the SC and ascends directly in
) Jn = J (without relay) in the Gracile and Cuneate Tracts within |
g the posterior column on the same side to relay in the

‘6"‘5
Gracile and Cuneatg nuclei of the medulla '

V2 fowrs 4 1,







xon. This

> afferent
1S of the

rectly in
s within
 the

Pathway of Deep Sensation

2. The second neuron:
Is the cell of the Gracile and Cuneate nuclei in the

medulla— decussating (crossing) to the opposite side of the
medulla oblongata ascends with spinothalamic Tract as
Medial Lemniscus through — the pons — the mid brain — to
relay in the thalamus.

3. The third order neuron:

Starts in the cell of the posterolateral ventral nucleus

(PLVN) of the thalamus, its axon ascends to pass through the

posterior limb of the internal capsule conducting the impulse

to the cortical somatic sensory area (1, 2, 3) in the postcentral /
gyrus of the parietal lobe. + we

Somatosensory corte = S .
s 9 e ~ Lamination of the Gracile and Cuneate Tracts
s in ! I R )i
{ K & d e { k
N b o /,f kj s Cerebrum A : Y "
™ “n s . *¢ The Gracile Tract: lies more medially and received from
Somato- 2 ; "‘1 [ X ~ » the lower part of the body (the lower limbs and lower half of
sensory | f H _“Ventral posterior 2l = .
coftex | il "/ . nuclear complex the trunk).
i ST of thalamus :
{ < e Cuneate Tract: lies more laterally and received
< & & \ impulses from the upper part of the body (the upper limbs
A Medial leminiscus
Mechanosensory y J and upper half of the trunk). . A
ferent fber : ‘
affe oy . / ——— Medulla ov s :{. :
Spinothalamic tract o ; : o ';'
] < tfﬂ S
Receptor —"— Spinal cord R |
endings Pain and lamnrﬂuﬂ; e y “




Patterns of Sensory Loss TA I
4. Sensory level: AR

inal cord lesion.
1. Mononeura] : ¢ Spin
Single peripheral nerve lesion (e.g. median . _
Deuropathy). 5. Jacket sensory (superficial) loss with

2. Radicular loss: preserved deep sensation:

Rah s S e i Intramedulary lesion in the gray matter
(posterior horns) — syringomyelia (C5-T2).

3. Stock & glove:

Peripheral neuritis (polyneuropathy). ol
6. Deep sensory loss:

Lesion in the posterior columns: tabes
dorsalis, SCD., fust+ (ovd $

, Bl
8| Saddle loss}

/4 Conus medularis & cauda equina lesions

6. Dissociative sensory loss:

Brown-Sequard syndrome

_ 9. Crossed hemianesthesia:
(hemisection or hemicord lesion):

e i dpmare B ol . o Lesion in the brain stem (pons lesion):
. _ | B e ©.8. pontine infarction, pontine t
*Ipsilateral loss of deep sensation I g ) e
psilatera O deep sensation . \ : abjl*’y“l'wﬁo R dawedt  sengion on Gnte |'Ps'|ld~'
*Contralateral loss of Superfacial : "~ S i _ I . % ——

. B O Lo e
sensation e 4 Bavoge /ot , untnd il P st ’)10. Hemianesthesijq (Symmetrical
&\ ; e
SPwebalawaic - ! ’(:; hemianesthesia):
WShe ‘
allor OrosSiny i e gy Thalamus, Interng capsule, massive
eperae

Ls
" Postcentral gyrys Jegi
MM Py S esions,

bt & ) - S N ——



vaL-/
(s \0),» S avw ) u.fgaef Je a.,a;,,

A X chminat cQ Conrapd lwm‘ﬂ
11. Cortical sensory loss: j

Lesion in the postcentral gyrus (areas 1, 2,

3) of parietal lobe

» Lower or upper monoanesthesia,
asymmetrical hemianesthesia, astereognosis,
discrimination of single or multiple
stimulation in the contralateral limb.

» Symmetrical hemihypoesthesia in massive

postcentral gyrus lesion

3. Symptoms:

Adult low back pain radiating to right
posteriolateral surface of left lower limb,
pain radiating into foot, hypoesthesia,
right ankle reflex decreased, nght foot
paralysis d\mf Ont

Probable diagnosis:

Herniation of disc L5-S1 (Radiculopathy).

4. Symptoms:

Spastic paraplegia, hyperreflexia;

Muscle hypertonia,loss deep and superficial
sensation, double incontinence.

Probable diagnosis:

a. Total transection of spinal cord at T11
segment.

b. Midline tumor at the level of the central
sulcus.

Patterns of Motor Lesion

1. Symptoms:

Muscle atrophy; fasciculation, hyperreflexia,
+ ve Babinski reflex.

Probable diagnosis:

Motor neuron disease (Amyotrophic lateral
sclerosis).

2. Symptoms:

Right lower flaccid monoparesis, muscle
atrophy, muscle fasciculation, hyporeflexia.
Probable diagnosis:

Poliomyelitis infection of lumbar part of
spinal cord.

5. Symptoms:

Right: peripheral facial palsy.

Left: Spastic hemiparesis.

Probable diagnosis:

Right sided pontine lesion- Millard-Gubbler

Syndrome, Raymond-Foville syndrome (Pomme
tumor or pontine CVA).

6. Symptoms:

Left Memipar&sis, lower limb more than
upper limb, hyperreflexia.

Probable diagnosis:

Stroke of the right anterior cerebral artery.




[ B——

7. Symptoms:
Ascending flaccid symmetrical paraparesis,
decrease superficial and deep sensation.
Probable diagnosis: 10. Symptoms:
Guillian-Barre syndrome. Commonly ascends Right: hemihypoesthesia and sensitive Remnidtatia:
to upper limbs and face. Left: ptosis, dilated pupil, difficulty in adduction
8. €ye.
. Symptoms: . E
Rigl;t: (:entral facial palsy; spastic due fo dawwy Covice Pro.hable dlagn.os:s:.
hemiparesis."’_—_‘ M"W Lesion of left midbrain (tumors or CVA).
Left: ptosis, dilated pupil, difficulty in adductior
: eye. G i e
| Probable diagnosis: '
; a Lesion of left midbrain (Weber Syndrome). 3 W
; b. Stroke in left hemisphere (without Jomost 0 o (bt Wlf )
! oculomotor nerve paralysis). + Corfite xp/L__ s — )
s (Syuptome &m%sw,um) =

o daml‘v.h wottr vudews Y OCWJW llogm_i

Ad on-Organic Sense Loss
OI 0.}'5’ = | (Functional or Hysterical Sensory Loss)
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Lecture: 7

Motor Neuron Disease

Dy, Tyad H. Hussein

MD, Ph.D of Neurology
| ‘ Consultant & Head of Neurology Department,
¥ Nasser Hospital,

Assistant Professor,
Faculty of Medicine, Islamic University
Faculty of Dentistry, University of Palestine

- e Gprw qpld tuw d8
Case- M. In Gaza

3 » A 47-year old lady, well known case to have HTN,

& i i complaining of progressive since two years:

. " Speech difficulty “dysarthria, dysphonia with

nasal tone of speech”

»She was seen by Neurologist, initial diagnosis was
CVA.

»Brain CT was done twice: normal study

»CBC, Full blood chemistry, ANA, TFT were normal

»Medication was given: Aspirin, Lozartan, HCT,
atorvastatine, Vit. B-complex without improvement

o



Case- M. In Gaza During 2009-2011
CVA

Laryngitis

Myasthenia gravis

Hemangioma or AV
malformation of right frontal
lobe by brain MRI

» Referred to ENT speclallst wit
diagnesis: Laryngitis
@=—=) > Laryngoscopy was done: Normal

vocal cord,
» ENT- Free

| ~ LLEG: Bilateral paroxysmal brain
discharge

»~ Medication: Depakine,
Nootropil, Xanax, Motival,
Tegretol

Head CT and MRI were done

Final Diagnosis:
In Makassed Sphenoid tumor or infection
Very small right frontal angioma
Recommendation:
Neurosurgical management not
indicated
Needs ENT evaluation and
management.

Hospital

AT pista ‘_';patholog1cal ﬁndmg
Victoria Hospital |8 Q@mgnosls. sphenoiditis, trea,ted
“-,by anubacterlal and anti-

Case- M. In Gaza

Neurological ENT Neurosurgical Neurological ¥
consultation . consultation consultation . consultation
N m— T —
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Case- M. In Nasser Hospital Case- M. Brain MRI

> The patient was referred to our hospital for consultation. ;

~ She suffering from a gradually progressive dysarthria,
dysphonia with nasal speech.

~ Family history: no familial history of neural or muscular
disease ;

» On Examination:
% Normal cognitive function
“ Cranial nerves I-VIII intact ’
* Nasal tone of speech, dysarthria |
* Bilateral wasting and fasciculation of tongue muscles ;
< Decrease of palatal and gag reflexes

“ Absolutely there were no motor, coordination or ‘
sensory disturbances in upper and lower extremities ’

“ Autonomic sphincters were intact ( G ) /

LP’;& P ("P) ‘ /9}4:‘)
K E wea/mcdf 1

aL,

Case- M. Brain MRA
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Case- M. Brain MRV

Motor%Neuron Disease
“Lou Gehrig’s Disease”

Isolated Progresswe Bulbar Palsy

bk st s el b oy J

velocities :
Motor Neuron Disease (MNm

neuron in the brain and spinal cord.
It is characterized by the presence of both uppe an¢
motor neuron lesions. :
What is the Motor Neuron Disease? p
“*Amyotrophic Lateral Sclerosis (ALS) is the t us

given to MND in the US. B

**Lou Gehrig’s disease. « MN[) oSgdl




What is the ALS?

A-myo-trophic = A = absence of

no-muscle-nourishment
myo = muscle

Lateral Sclerosis refers to
involvement of the lateral |
corticospinal tracts.

trophic = nourishment
lateral = side (of Spine)

sclerosis = hardening or
scarring

History of ALS

1869 - First described in publication by Dr. Jean-Martin
Charcot, in Paris,

1881 - Lectures translated into English,

Lou Gehrig

o

The famous baseball player who was
affected with the ALS.

Poor 1938 season:
‘Leg > arm weakness/

o

° 1938-1939, many falls when skating.

¢ Played 2130 games:
*Played 8 games in 1939.
*Stopped May 2, 1939,

¢ Diagnosed June 19,1939:

“His 36th birthday. ‘ 4
¢ 1940, developed dysphonia \\f - AT ey
. \L&M 7 (j M.L

° Died - June 2, 1941, aged 38 years.
N8y Y e

NORMAL SPINAL NEUSON

SPecch.

DISEASED SPINAL NEURON
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ALS: Epidemiology

& Incidence rates for ALS: 2 per 100,000 per year.

< The male to female ratio is abou 7Y

&Main age onset — 55 years)

#The incidence of ALS increases with each decade,
especially after age 40 years. ol cLuyiliy

2 50-60% died within 3-5 years of diagnosis.

+2+10-20% survive for more than 10 years.

Us sas D ad mer ) o 4 Gl By e{[
g

ZINC-SOD1 INTERACTION

Normal
The active SOD1 Free radicals
enzyme binds 1o both are removed
ﬂ zinc and copper. T _—'_‘_
i W Nopper

e Nerve cells are safe

SOD1-linked Familial ALS.

The mutated version = Free radicals
of SOD1 is no longer are produced
able to bind 10 zinc
effectively. '
-

Nerve cells are lost

Sporadic ALS

The normal SOD1 can g Freo radicals

_ . bind 10 zinc effectively, are produced
r ‘ but there is no Zinc -
’ g} available because it's '
bound 10 other cell
proteins. Nerve cells are lost

superoxide radjcals. ! .8 i
... Urine v \"}//"" 25 Yadizel t '-L'f rfm .
Line =7 - ‘L:"f/l?“P S wackation -
%, ' g e e b

ALS: Etiology

s classified as either sporadic or familial:

rms account for about 90% of ALS cases.

ALS i
> Sporadic fo

3 Familial forms mak

A number of potential mechanisms have been propose
including:
* Mutation in the superoxide dismutase 1 gene.
« Excitotoxicity: excessive level of glutamate.
* Mitochondrial dysfunction.
* Viral infections.
* Apoptosis.

* Growth factor abnormalities, and others.

181
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The human ) L X
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Upper motor neurons ‘kl «—:)-( A O e oy
/'

(damaged in PLS
and ALS)

motor neurons controlling
eye movements, facial muscles,

speech and swallowing
(damaged in ALS)

corticospinal tract from

upper motor neurons Yoo
lower motor neurons
(damaged in ALS) spinal
 cord
limb muscles and
breathing muscies
a0y,

Motor Pathway and@ 3
0.1 @040 LT 0

Cortex motor area

Corticospinal fiber & Corticobultg?' fibers
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Peripheral nerves
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Progressive Pseudobulbar P.

'+ Inherited VMIND:
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7 | rrradierosis (PLS): Clinical Featy

Primary Lateral Sclerosis

Motor Neuron Disease: Classification

Amyotrophic lateral sclerosis (UMNLA+LMNL) is used
synonymous with motor neuron disease: the corticospinal
tract and anterior horn cells are affected.

Primary Lateral sclerosis (PLS) when the corticospinal tract
alone affected (UMNL).

Progressive muscular atrophy (PMA) when the anterior
homn cells alone affected (LMNL). .

Progressive bulbar palsy: damage of the bulbar cranial
nerve nuclei.

Progressive pseudobulbar palsy: damage of the
corticobulbar tract: :

Progressive Muscular Atrophy (PMA)

Signs and symptoms are due to anterior horn cells

involvement.
Progressive muscle wasting, weakness and fasciculation are
the cardinal features.

Hand wasting- Skeleton Hand.

The usual cause of death is respiratory muscle weakness.
Some individuals with progressive muscular atrophy never
develop clinical UMN signs.

Most, however, develop UMN signs later in their clinical
course. This is referred to as LMN-onset ALS.

LMNO!SJ \Q a ,,, W’{Kkv ju)v} fJb

(P) owp, 4

> PLS isa progressive isolated UMNL.

» Some individuals with PLS never develop clinical LMN

» Most, however, do develop LMN signs later in their clir

course. This 18 referred to as UMN-onset ALS. o3
perworer o B e e Sar
Bouid 5 P 9B DL S S

lAmyouoEmc T/ateral Sclerosis (ALS): Clinical Fea

w,UM'“ mc&r}\?o;&v
L

» The term "amyotrophxc lateral sclerosis" is derived from!
combination of the clinical examination fmdmggf
amyotrophy with the pathological finding of lateral

sclerosis.
» The clinical manifestation of ALS is the combination

UMN and LMN signs and symptoms. ' !‘9
» Asymmetric limb weakness is the most common

presentation of ALS (80%).



Pseudobulbar Palsy
» = Cortonutgy

» Features are due to degeneration of corticobulbar fibers to

A 5
IX., X, XTI and XII nerve motor nuclei. \)u\b‘“ 1 (fy\ <
>Exaggeration of jaw and gag reflexes, , %

»Food and fluid regurge due to paralys:s of palat (X-nerve). .
»Dysphagia.

+~

»Dysphonia,. +

> Tongue is immobile, and cannot protrude (XII-nerve), -
»Emotional liability, w e A Sy

% {Lﬁ/ of

e

»

Y

Progressive Bulbar Palsy

Progressive bulbar palsy is a progressive disturbance of the
bulbar motor cranial nuclei.

Bulbar onset in 20-30% of all ALS cases.

Some individuals with progressive bulbar palsy stay 1solated
to the bulbar segment. But more commonly, spread to
involve other segments. ThlS is then referred to as bulbar-
onsetALS. _, A (f/] A 2 b",baf;b > T
This condition is distinguished from pseudobulbar palsy
by the presence LMN (nuclear) signs:

Tongue muscle fasciculations and atrophy.
" Jaw jerk and gag reflex are absent.




In Motor Neuron disease

) .
wkph LU o2

« Sensory signs do not occur.
e Ocular muscles are never affected. ,.c% 9)@ N Lo &

e Autonomic sphincters are never affected.

J o
C%C/ﬂ/ﬂ Je d)C.u

Inherited Motor Neuron Disease
Spinal Muscular Atrophies (SMAs)

»SMA is inherited MND (autosomal recessive disease).

» The disorder characterized by progressive degeneration of the
anterior horn cells and symmetrical muscle weakness and
s A A SR

wasting.
»Types of SMA:

with weakness at birth.
“»Swallowing and sucking are impaired. ¢
Wi 1S 3

*»Generalized muscle hypotonia, wasting and fascxculaj

+»The most severe type, 95% of all patients are deadby l%
ths.

Mmoij e Bl &5 gV J,'MV.,|
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| ALS: Neuroimaging !

/T“;ow S 6l ew Coviod MRS
PR

¢ Neuroimaging has traditionally been used to

exclude other possible diagnoses in the

evaluation of suspected ALS.

e Wﬁ)ﬁ)()’}@&;

i Riluzole (Rilutek) T ALS: SymptomaticTreatment A
i ,| .‘ 4 Cramps: Quinine sulfate, Tizanidine, Carbamazepine, '
,\"\-\r\‘».“‘;' ' WAl . 5 !

‘ "%'!' » Riluzole (Rilutek) is the first drug treatment for the R Fhemyoin, Magnesipr.

disease in a dose of 100 mg daily 3L =% Bomg VBN et e
« Pseudobulbar affect: Amitriptyline |

» The goal of the treatment is to control the symptoms

s ; . A ~ « Dysphagia and aspiration: P scopi
- and maintaining an optimal quality of life. B R T e b

Bl i i ) ] gastrostomy (PEG).
-+ Riluzole is anti-glutamate properties. ) (i

A = Respiratory care
~ + Glutamic acid is major excitatory neurotransmitter |

in CNS

» Psychosocial Care




SMA Type II — Kugelberg Welander Disease

«»Pathological features similar Werdnig Hoffman disease.

SMA Type III — (Adult onset SMA)

weakness.
“Differential between type — Il SMA and progressive

muscular atrophy is difficult _, fenchic dn>
~pd Aest

ALS: Laboratory Testing

» Routine lab work usually includes CBC, ESR, electrolytes
including calcium and phosphate, LFT, CK, TFT, PTH (ALS is
rarely associated with(primary hyperparathyroidism), ANA,

rheumatoid factor, vitamin B12,
»  CSF analysis for cells, protein, oligoclonal bands and cytology
s e
for systemic malignancy. —p MS s’
# Screening for heavy metals in the blood and urine (lead
| intoxication).
» Testing for the acetylcholine receptor antibodies (found in

myasthenia gravis)

<1t is slowly progressive disease. Median age at death 12 years.

**Onset between 2™ and 5% decade with progressive limb girdle

ALS: Diagnosis

v'History
v'Physical examination
Flect aliy and nerve conduction studies

v Neurolmagmg bram 1and spinal cord MRI e exclude e fe %

v'Laboratory testing

V' Genetic testing: genetic testing is not a routine part of

the diagnostic evaluation in ALS.

v'"Muscle biopsy: muscle biopsy is not a routine part of the
diagnostic evaluation of ALS but may be performed if
myopathy is suspected.

ALS: Electrodiagnostic studies

o /o (onfimm The
> Electromyography (EMG)- The EMG ﬁndmgsm

ALS include fibrillations and denervation signs.
Fasciculation potentials may also appear in

denervated muscle.

L)

* Nerve conduction studies (NCS)- Sensory and
motor NCS are most often normal in ALS, may be

reduced in severely atrophic and denervated
J D G S g W)
sy ¥ O Sy sage athphy

muscles.
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ALS: Exercise

e Prolongs survival

e Improves quality of life
¢ Reduces spasticity

-—

 Strengthens stronger

m@ '71{9"“” v

e Elevates mood +~

‘ﬁfmstw :

MND: Life Expectancy V
Depends on stage of disease at diagnosis ¢
/B o
AN~
3-5Y

ALS: Prognosis

» ALS is a fatal discase. J}P 2

» Younger pgaents may have a slower rate of
progression.

» Patients with bulbar onset, particularly the

lower motor neuron type, have a poorer

prognosis.

January, 8, 1942 March, 14,2018 Stephen Hawking, and Jane Hawking - 1965

Stephen Hawking, a famous yhysicist and
[ : \

mathematics who was diagnosed at the age of 21.
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Stephen William Hawking

» Date of Birth: January, 8, 1942¢ in Oxford, England,

« Received an honorary BA degree from Oxford University, and a PhD
from Cambndge,

« In 1959 he won a scholarship to Oxford University, and in 1962 he got
his degree with honors and went to Cambridge University to pursue a
PhD degree in cosmology.

« Diagnosed ALS when he was 21 years old.

« Hawking has an amyotrophic lateral sclerosis, a condition that has
progressed over the years and has left him almost completely paralyzed.

1 s His father was a physician and specialist in tropical diseases

Stephen Hawking - Awards and honours

e

%

1975 Eddington meda

1976 Hughes Medal of the Royal Society

1979 Albert Einstein Medal

1981 Franklin Medal

1982 Order of the British Empire (Commander)

1985 Gold Medal of the Royal Astronomical Society

1986 Member of the Pontifical Academy of Sciences

1988 Wolf Prize in Physics ‘

1989 Prince of Asturias Awards in Concord

1989 Companionof Honour

1999 Julius Edgar Lilienfeld Prize of the American Physical
2003 Michelson Morley Award of Case Western Reserve Unive
Stephen Hawking — 1963 % 2006 Copley Medal of the Royal Society e
% 2008 Fonseca Prize of the University of Santiago de Compostela

% 2009 Presidential Medal of Freedom the highest civilian honour in th
United States
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Trunk and lower kmb

internal cape
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& Basis pedunculi of midbran
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Oculomotor nerve I \

Basilar part of pons

Hypoglossal nerve Pyramud of medulla

Pyramidal decussation

Jateral corticospinal tract

Spinal cord

Ventral corticospinal tract
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