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SENSORY SYSTEM /| Skin Receptors C

i
Receptors in the skin monitor@’basic types of cutaneous SEDSHtiOﬂS\\I tactile, thermal, and pain.
e e = s
TACTILE SENSATIONS
Touch Receptors
Corpuscles of Touch (Meissner's corpuscles) : encapsulated nerve endings; rapidly adapting
touch receptors that recognize exactly what point of the body is touched.
Root Hair Plexuses : dendrites arranged in a network around hair follicles; rapidly adapting
touch receptors that detect movement when hairs are disturbed.
Tacnile Discs (Merkel's discs / Type I Cutaneous Mechanoreceptor) : expanded nerve endings
(flattened dendrites); slowly adapting touch receptors for discriminative touch.
Type I Cutaneous Mechanoreceptors (end organ of Ruffini) : expanded nerve endings embed-
ded in the dermis; slowly adapting receptors that detect heavy and continuous touch. ¢ ST\’QSTL)E A
o Ly
Pressure & Vibration Receptors L
Lamellated Corpuscles (Pacinian corpuscles) : oval structures composed of a connective tissue
capsule, layered like an onion, that enclose a dendrite; rapidly adapting receptors that respond to
pressure and high frequency vibrations.
Corpuscles of Touch (Meissner's corpuscles) : rapidlyv adapting receptors that respond to low
frequency vibrations, as well as to pressure and touch stimuli.

Itch & Tickle Receptors
Free Nerve Endings Free nerve endings are the receptors for both tickle and itch sensations.

Adaptation  Rapidly adapting receptors respond at the onset and removal of a stimulus with
a burst of action potentials. Slowly adapting receptors respond throughout the duration of a
stimulus with a sustained discharge.

Receptive Fields The receptive field is the region of the skin that is monitored by a given
sensory receptor. If a receptor has a small receptive field it provides precise information
about the shape and texture of the object indenting the skin. These receptors are highly
concentrated at the finger tips. A large receptive field can cover a whole finger or part of the
palm. These receptors respond to vibrations, stretching of the skin, and movement of joints.

THERMAL SENSATIONS (Thermoreceptors)
Free Nerve Endings The sense receptors for cold and warm are called thermoreceptors. They
are free (naked) nerve endings.
army, receplors are most sensitive to temperatures above 25 C (77 F); above 45 C pain recep-
tors are stimulated (burning sensation).Cold receptors are most responsive to temperatures between
10 C & 20 C (50 — 68 F); below 10 C pain receptors are stimulated (freezing sensation). Both
warm and cold receptors adapt rapidly; sensations disappear within minutes.

PAIN SENSATIONS (Nociceptors)

Free Nerve Endings The sense receptors for pain arc called nociceptors. They are free (naked)
nerve endings located betwecen cells of the epidermis. Nociceptors respond to all types of high
intensity stumult and stimuli that cause tissue damage.
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Architecture of the Spinal Cord Gray Matter .. ‘KQMEH({_ _ﬂ_ CmrreSPosz o e '
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columns appear as layers or laminag. This laminar llfmt"\ ....... am  the  d Q}{.‘.C.L.é...r.oot‘ ‘H%r(’rzﬁ
scheme, asmm wsefulinfunc- |, p. g Ty T
tionally organizing the gray matter than the older And A ﬁerCEnhFS((}{dmjfew) .
method of giving separate names to cach of the cell ' o
columns (or nuclei). However, a few of the latter are CC‘V!fH _/:f{:&:ée
worthy of continued use, and these will be mentioned .
in assz),ciation with the laminae in which they reside. fb 'éé‘{ As¢ &”‘C‘Q
The laminae are numbered by Roman numerals, begin-
ning at the tip of the posterior horn and moving anteri-
orly into the anterior horn (Figure 2).

Lamina I is a thin layer of neurons capping the
vosterior horn. [t receives some pain and temperature c ' -5 .
;f'fercn( fibers from the dorsal Foots and_coptributes % """" L. 2EN5 e
some {ibers to the contralaieral spinothalamc tracl.
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Figure 2 Composite spinal cord section with nuclei on the right and laminae on the left
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Lamina VI is present mainly in the cervical and /gé
lumbosacral enlargements. It receives proprioceptive / 4
input from muscles. T :

R N e

well as The intermediolateral cell
column occupies and forms the lateral horn of the gray
matter from T, to L; and consists of the cell bodies of

Wm The intermediome- % '
dial cell column is present throughout the spinal cord
and receivem The thoracic nucleus
(formerly known as the nucleus dorsalis or Clarke‘s)
column) is present from T, to L, and receives pro-
prioceptive afferent fibers from neuromuscular and
neurotendinous spindles. Axons of these cells form the

— i&ﬂW@. The sacral para-

sympathetic nucleus is present from S, to S, and consists
of preganglionic parasympathetic neurons.

Lamina VIII receives descending fibers from the
vestibulospinal, and reticulospinal tracts involved with
muscle tone, postural adjustments, and reflexes. These
cells project, both ipsilaterally and contralaterally, to
laminae - IX

Lamina IX consists of groups (nuclel) offsomatic
mhose axons leave the spinal cord in
thelventral roots to supply skeletal muscles) The more
media! nuclei supply the muscles of the trunk and are
present at all spinal cord levels. The lateral nuclei sup-
ply the limb muscles and are present only in the cervi-
cal and lumbosacral enlargemen[s.@oth alpha and

Ware located here.

Lamina X surrounds the central canal and is com-

posed of decussating axons, neuroglia, and %

Lamiina VII contains several imponant‘nuclei&as @f
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Figure .7-2. Touch, pain, and temperature pathways
from the trunk and limbs. The anterolateral system (ven-
tral and lateral spinothalamic and related ascending

‘tracts) also projects to the mesencephalic reticular for-

mation and the nenspecific thalamic nucle;.
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Sacral and coccygeal
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Extramedullary
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the cord frO_m Anterior homn
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Lower cervical representation

Upper cervical representation

Figure 18-8. The general somatotopic arrangement of the anterolateral system; lower portions of the body are represented more posterolaterally and upper
portions are represented anteromedially. Ascending deficits may result from expanding extramedullary lesions, while descending deficits may be seen in
patients with expanding intramedullary lesions; all deficits would be experienced on the side contralateral to the lesion.
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QUALITIES OF PAIN CUMEATUS
Classically, the sensation of pain is subdivided
‘?O\St(PT'lLFir\.LJ ) /
N . S SleJ ( ?CH“‘[&\ r) (i Py e
1 Pricking pain, This s often referrec | to as first il LATEHAL CORTICOS?IMAL
pain. it is a fast acute sensation, which occurs : TRACT
within 0.1 s aftér application of a painful stimu- - A
fus. It is usually well localized, the kind of sen-
sation felt when a pinis stuck into the skin or the
skin is cut with a knife. Pricking pain is usually
superficial and is not felt in most of the deeper
tissues. It is transmitted via type AS fibres.
2 Burning or aching pain. This is often referred
toas scecond pain. Itis a slow pain, which increascs
ML UL —_—t _
slowly over a period of many seconds or minutes,

FASCICULUS GRACILIS

into twoe components: <

SAINQOTHALAMIC TRACT
|

This component is the type that is difficult to

Pes ) P . . X CERVICAL \
endure and can accur both in the skin and in the - Bde oﬂzz,f@rdfa
deeper tissues. A good example is intestinal colic, ;{’&M
toothache ar a burn. Slow pain is transmitted by /L}g

unmyelinated type C fibres.

The two qualities reflect not only the dual
nature of the input {i.c. Ad and C fibres), but also
the two sets of connections within the nervous

Systena.
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Mechanisni of referred pain
Convergence and lacilitation both play a part in
the production of referred pain.

Convergence theory According to this theory,

—_—

——

pain fibres from an area of skin and o diseased ] .
Spinothalamic ! viscus supplicd by the samce spinal sepment (é?—/
ract , .
trac (J comverge on the same second-order neurone i : — '
L]

Somatic the dorsal horn (Frg. 17.22) The skin has aomuch s

ares icl ly than : ‘ and it | =4
Spinal riclier nerve supply than any viscus, and it is tq’.

cord more cxposed to stimulation than any viscus. As )

a result, the somatosensory area of the cerehral

cortex is more uscd to receiving impulses from

skin than from a viscus. Thus, the brain mis-

Convergence interprets impulses coming along the common

pathway as coming from the skin {i.c. the

sensation is projected to the skin area) and not

from the viscus.

. Viscus )

Table 17.4 Important examples of referred pain

Organ Site of referral
Hean Pracordium; inner aspact
of left arm; epigastrium

Appendix Umbilicus

Small intestine Umbilicus

Central part of diaphragm Tip of shoulder

Pleura Abdomen

Kidney Costovertebral angle (loin)

Ureter Testicle

Trigone of bladder Tip of penis

Tongue Ear

Teeth ’ Head

Hip Knee

Uterus Low back radiating to lower
' abdomen

Jiscerak Pain G condncred 1“ﬂ’c"‘f] C Ailbres— those  from thoaat
yIScera & &Mer ?d*’”( viscerd r"e"'_fea te CHNS rLchy P(Uf?.ljsupf?tfl(’/?'c
nerves (Vagl & PleiC nervts)  While  thoSe frowm ¢lo rese o the

Jiscera madd e CS f/u'ov% fywpatbenc  perws) J

Adequate Stimuius

Pain receptors are specific, and pain is not pro-
duced by overstimulation of other receptors. On the
other hand, the adequate stimulus for pain receptors
is not as specific as that for others, because they can
be stimulated by a variety of strong stimuli. For ex-
ample, pain receptors respond to warmth, but it has
been calculated that the threshold for thermal energy
is over 100 times that of the warmth receptors. Pain
receptors also respond (o electrical, mechanical, and,
especially, chemical energy{ Polymadal  veceptors)

It has been suggested that pain is chemically medi-
ated and that stimuli which provoke it have in com-
mon the ability to liberate a chemical agent that stim-
ulates the ncrve endings. The chemical agent might

be histamine, which causes pain on local injection.
"_"_‘_'___,"T
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Fig. 7-12. The gate~control theory, Large and small fibers (%MTQW:I
excite a lamina V neuron that projects to the brain, Neu-

rons in the substantia gelatinosa (SG) inhibit transmission

between large fibers and lamina V cells and those tom

small fibers and lamina V cells. Activation of large fibers

cxcites SG cells and therefore increases their inhibitory ef-

fect on the lamina V cells and{closes the gate) Activation

small fibers inhibits SG neurons and removes theirin- /\/

hibitory effect on the lamina V ncurons and therefore
opens (he gnite ) (Modified from: Melzak, R., and Wall, P,

. Pain'mechanisms: A new theory. Science 150:971, -
1965.) |
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GATE CONTROL THEORY T s

In the dorsal horn of the spinal ( oy {8 T Jlf,
cord onward transmission of nerve . bondamm:
impulses from nociceptive afferent > e ¢ e
{ibres via T or transmission cells A ce)

depends on the activity of large

sensory alferent neurons from

periplicral touch receptors. Impulses

in thesc touch sensory afferents can

block the pain pathway by stimulating

an interneuron in the substantia

gelatinosa which will presynaptically

inhibit all input to the T-cell. If

impulsc traffic in the nociceptor

affcrents is greater than in the .
touch receptor afferents then afferent

impulses will pass on and pain will

be appreciated. This theory explains

why rubbing your skin in a painful

arca can help to lessen the pain,




VISCERAL PAIN

There are three fundamental types of visceral pal:

1 pure visceral pain, felt in the region of the affected

2rgi?§ceral referred pain, projected into the somatic

territory of the corresponding spinal nerves,

3 viscerosomatic pain, caused by the spread of

visceral disease to somatic structures.£ - 9 i:{u ek
Reflex m&-tch‘m N, <3

awa ! ™
Ty vaaseles = Risidity

Pure viscera

This is characteristically vague_and deep-seated z{nd
often accompanied by autonomuc responses sweating
or nausea). It is experienced as_ t-hs initial pain lxln
intestinal, biliary or u:g_teric{op_s_t;g_c_t_l_p_’ﬁ, or when the
capsule of a solid organ (liver, kidney or pancreas) 18
stretched by underlying disease.

Visceral referred pain

’As its severity increases, visceral pain is ‘referred’ to

somatic structures innervated from the same segmen-
3T Tevols of the spinal cord. For example, the pain of
Invocardial ischaemia is usually referred to the Chft
wall, biliary and intestinal colics are .referred to the
anterior abdominal wall, and labor pains are refer_red
fo the sacral area of the back. From the g;?stromtestmai
tract, pain 1s teferred to the anterlor midline area: frobm
foregut to epigastrium, from midgut to the Penun;l i-
lical region, and from hindgut to hypogastrium ( ngA
7-3). This is because the visceral afferents invade the
alimentary tract during the fifth week of embryonic
life, at which time the primitive gut is aFta'ched to the
posterior abdominal wall by a midline dorsal

mesentery.  \Jy J, \[/

— o

|

Foregut

Midgut

Hindgut

Visceral referred pain from the gastrointestinal tract.

Fig. 7-6

PO

APPLIED ANATOMY
Myocardial ischemia

In acute myocardial ischemia the patient may initially
experience pure visceral pain, expressed as a sense of acute

. . “ Pl T p————
epigastric discomfort. Referred pain usually supervenes or

may be present from the beginning. Most commonly,

/

Fig. 7-5 Distribution of painin angina pectoris.

spinothalamic neurons at T2-T5 levels are excited by cardiac
C fibers traversing the sympathetic route. The stimulus is
projected to the somatic territory of spinal afferents entering
the cord at the same levels, The territory includes that of the
intercostobrachial nerve ({lateral branch of the second
intercostal) which supplies the skin of the medial arm (Fig.
7-5). Reference along posterior rami may produce interscapu-
lar pain. Severe autonomic responses (sweating and pallor)
are characteristic, and there may be a sense of impending
death.

For no clear reason, pain of myocardial origin may be felt
mainly or even entirely outside the thorax - notably in the
epigastrium (where it may be interpreted as ‘indigestion’) or
in the neck and lower jaw.

Ureteric colic

The passage of a stone down the ureter elicits inlense
peristaltic activity. The ureter is innervated by atferent fibers
entering L1 and L2 segments of the spinal cord. The pain is
excruciating — the patient rolls around the floor - and is
referred to the territory of the iliohypogastric and ilioinguinal
nerves: the loin, the groin and the scrotum or labium majus
(Fig. 7-6). In males, the pain may be felt exclusively in the

testis.
/ \ |

Radiation of pain during an attack of ureteric colic

N
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Fig. 15-7 Two supraspinal gate conlrols: the raphespinal tract (R5T)
from the nudleus raphe magnus (NRM), and the ceruleospinal tract
{CST) from the nucleus ceruleus (NC). PAG, periaqueductal gray
mattes; SG, substantia gelatinosa; SRT, spinorcticular tract; STT,
spinothalamic tract.

1. Ascendmg pathway

—spinoreticular pain 1mpulses ‘project to the penaqueductal gray of the

midbrain. e PHG

. Descending raphe—spinal pathway

—excitatory neurons of the periaqueductal gray project to the nucleus
raphae magnus of the pons. y

—excitatory neurons of the nucleus raphae magnus pI'O_]eCl’. serotonerglc f-
bers to enkephalinergic inhibitory neurons of the substantia gelatinosa.

—enkephalinergic neurons of ther@b—st?ﬁﬁﬁ' geiatinosalinhibit afferent

~ pain fibers (substance P) and tract neurons that give rise to the spinore-

ticular and spinothalamic tracts.

. Descending ceruleospinal pathway

~projects from the locus ceruleus to the spinal cord.

—is thought to directly inhibit tract neurons that give rise to the ascending
pain'pathways.
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Sensory cortex
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z,4,2) : il
3 Sensory radia_ﬂon The paths of the three orders of neurones are as
(wi{'k}q e follows:
Post- Limb I v First-order nearones. Alferent fibres enter the

inttradd f/l{’SUJ() spinal cord via the medial portion of the dorsal
root. They enter the ipsilateral dorsal column and
ascend upwards as the gracile and cuneate tracts
Medial lemniscus to end, respectively, in the pracile and cuneate
nucler of the medulla,
2 Second-order neurones. These are located in
Internal arcuate fibres e - —
the gracile and cuneate nuclei and give rise to
axons, which cross to the opposite side, forming
the sensory decussation. They then pass upwards

as the medial lemniscus, which traverses the
fo S B

Thalamus -~
(ventrobasal
nuclear complex)

N PL

Cuneate nucleus

Sensory ] /s
decussation

Gracile nucleus Gracite and to end in the ventrobasal nuclei of the
cuneate tracts thnlumus(\}?,ﬁ_ nwncdewns)
Dorsal root In its pathway through the brain stem, the

ganglion medial lemniscus is joined by additional {ibres
from nuclei of the trigeminal nerve. These fibres
subserve the same sensory functions for the head
that the dorsal column fibres subserve for the
L, body. p

/ 3 Third-order neurones. The ventrobasal nuclear

C\"(‘{"’J con.dplex of the thalamus gives rise to axons,
“B(;';”ifn which project in the sensory radiation to the
s 4l somatosensory cortex{ ALA 3, ')z)
Fig. 17.14 The dorsal column pathway. {1}, (2] and (3]

refer.to first-, sccond- and third-order ncurones.
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To VPL thalamus in medial lemniscus

Nucleus “Z"

To cerebellum

\

Internal arcuate

J
/ (Senssvy

Medial lemaiscus !

Medulla

dewssahon)

Thoracic cord —— )
' Dorsal spinocerebeilar tract

Vi With dorsal spinocerebellar ract

— Nucleus dorsalis (Clarke)

\ L
YT ‘e

Fascrculus gracilss 1
-/

Dorsal spinocerebellar tract

Sacrid cord —

POSITION SENSE LOWER LIMB /4
et
. The

significance of all this is that this anatomy explains
the persistence of lower imb proprioception when . w2 . G
P - . prop ! SIS ey oy el
esions alfect the spinal cord dorsal columnsabove
. . T 4 .
' L37A high postenor column lesionfwill resultin loss

ol stereagmosis in both upiper ard lewer extremities, but loss
of position sense only in the upper extremities. The gracilis
nucleus is only concerned with stercognosis, the
cuncate nucicus with both stercognosis and
proprioception. Above nucleus gracilis and nucleus

“Z7, the path for ell stercognoslic-proprioceptive

information 1s the same.



FASGCICULUS
CUMEATUS

X

FASCICULUS GRACILIS

THACT

2

Dorsal column lemniscal .
palhway

LATEFARAL CORTICOSPINAL

SPINOTHALAMIC TRACT

CERVICAL (\

LUMBAR

N\Is concarned wilh fina type of
transmission

e.g. There Is a high degrea cf
spalial orienlation of nerve
fibres with raspect to their
origin on the surface of tho
bady

@Responsiveness is not

greatly altarad by slimuli
from other areas of the
neovous syslom

@Fibros from the lower parts of

the body lie towards the
centra, while libres from
highor lovels form
succossive layers latorally

?Rocoivos alteront sansory
fibras of the dorsal rool,
which balong to typo A}
fibras, which ascend diractly
in the dorsal columns

G

Has a very fas! velocily of

transmissicn (i.e. 30—110

_metras/s)’
)

as great ability to transmit
rapidly repetilive sensalions
(i.e. vibralion sensg) "o

Is limitod to transmi?s’rtm of
mochanorocoptivea ™"
sonsations only (Lo. fine

touch and prassuro sense,.: ..
vibralion sense, posilion (;: - 4

sense) S oo

Is concornoed with a crudor
typo of transmission

e.g. Poor degree of spatial
arientation

Responsivenoss can bo
groally allorad by stimuli
from other areas of the
nervous systaem (i.e. brain
and spinal cord analgesic
systam)

Fibres from the lower pans
lio laterally, whilo thoso from
higher leveis lorm
successive layors towards
tho contro

Recoivos alfloront sansory
fibros, which are thin
myalinalod typa Ad fibros or
unmysglinatod lypo C fibros.
These travel in Lissauer's
tract and rolay in the dorsal

" horn, to give rise to the

anlerolateral pathway

Has a relatively slow velocily

- of transmission (8—~40

metres/s)
Has poor abiiity to transmit '’
rapidly repetitive sensations

Has the abilily lo transmil a’
broad spoctrum ol modalilios

© {il.o. pain, tharmal sensalion,

crudo touch and prossurg, i
itch and lickio sensations,
sexual sensalions)

)

: S
{\ L AMINATION OF LONG TRACTS
( Spinstladiammc)

Anleroiateral pathway

L



Role of the thalantus and the sensory cortex in
the appreciation of sensdtion

All sensory tracts, except the olfactory pathway,
synapse in the thalamus on their way to the
Corobral cortex. When impulses mediating a given
censation reach the thalamus, the subject be-
cnmeskcmaciy aware of the scnsa@ but he
cannot perceive all of its fine detalls: ¢.g. a person
will be aware of a change in temperature if he

contacts a

hot object but he will not be ahle to
indicate how hot the object 1s. Gradations and
other spatial and temporal characteristics are
appreciated at the level of the sensory cortex and
not at the level of the thalamus (Fig. 17.16}. Pain,
however, seems to be the only sensation that
seems tode fully appreciated at the thalamic and
probably even at the reticular formation level or
even lower. Still, interpretation of the quality and
iocalization of pain occurs at the fevel of the

1ocall
cerebral cortex,
A
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@ Recognition of relative 1':1:3.'1};;'!-!;:._5' ;)[ different
stimuli. Anoincrease inointensity of stimuli is
Fr;illslnittcd to the brain in the form of an increase
in the number of afferent fibres stimulared ';r‘ul
1f1cru;1scd frequency of action potentials in lh‘c‘iL‘
.flhrcs. These two features are perceived as :m
‘md‘icminn of the strength of the stimulus. o
i3 Mcrt.mgnoxfx. This is defined as the ahility to
rgc_ngmzc objects by touch withour the aid of
vision. Loss of this ability is called astercognaosis,

which may occur due o a dorsal Column or
parictal lobe lesion. Due 1w the former, other
sensations subserved by the dorsal culun;ns are
also lost e, position, vibration and fine prcxx:lru
sunfsu']. When it is due to a parictal Tobe lu.s‘mn
position scnsc and light touch are normal bué
tactile discrimination is lost.
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DISORDERED FUNCTION OF THE SENSORY
SYSTEM
In discussing features that accompany disordered

function of the sensory system, it is helpful to
recall that, at the level of the spinal cord: (i) the
spinothalamic pathway is crossed; and (i) the
Torsal column pathway is uncrosscd. It is also of
Importance to note that crossing of the dorsal
column lemniscal system occurs higher up in the
medulla. Due to the crossing of the two major

sensory tracts, sgnsory information from one half
of the body goes to the cerebral hemisphere of the

opposite side.
Y

A —
—

Localization of the site of lesion in disorders of
the sensory system

Lesion of a peripheral nerye In such a case, all
sensations are lost in the area supplied by the
nerve. When many peripheral nerves are diffuscly
affected, as in polyneurius or polyncuropathy, all
forms of common sensation are impaired in the
distal parts of the limbs [e.g. glove-and-stocking

anaesthesia).
PR

Lesion of the dorsal rogt Here, all sensations are
lost-in :the relative dermatome, i.e. area of skin
sup[;llié'(i-'l)y the dorsal root. The tendon reflexes
mediated by fibres in the root are also lost.

Midline

Above level of lesion:

— Hyperaesthesia of skin
{increased sensitivity to
touch}

{a

b) At leve! of lesion:
- loss of sensation
- muscle paralysis of lower
motor neurone type
- loss of all reflexes

ic) Below leve! of lesion:
- muscle paralysis of upper
motor neurone type

- loss of position and vibration J
sense  giertodnoSis e

- loss of tactile discrimination N 4 d
{due to damage of gracile [ F

and cuneate tracts)

- normal pain and temperature
sensation {crude touch is
normal}

Spr‘mu' cord Jesions The features in spinal cord
lesions depend off the location of damage. The
three commonest lesions are:

1 Brown-Séquard syndrome (hemisection of the

?pfna] cord). In this condition one-half of the
spinal corll is damaged {Fig. 17.18). The patient
will show the following:

(a] Sensory disturbances at the level of the

Gracile and cuneata tracts

Corticospinal
tracts

/
Lalteral and ventral
spinothalamic tracts

Anterior horn cell
and its axon

Flg. 17.18 Brown-S¢quard syndrome. The pathways
{tracts] damaged in Brown-Séquard syndrome are shown
by the shaded arcas. The thick broken line indicates the
Yimits of the lesion.

Opposite side of lesion

{d) Eolow level of lesion:

T \.; ESRS

— normal position and vibration
sense

— loss of pain and temperature
sensation

- normal reflexes

* A schematic diagram showing the manifestations of Brown-Séquard svndrome,
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ddﬁdﬁ rost f(f'(o/s Syringomyelia. In this condition, damage is to

the central part of the cord, where the crossing
fibres of pain, temperature and touch decussate.
This leads to loss of these sensations on both
sides of the bom . segment\s&;\&
ever, fine touch including tactile discriminati® _
and [m;cnsc are not affected, as they are T AT Sy
carried in the dorsal column/lemniscal pathway.
Thus, the result is{dissociated sensory !oss)




el }/\ e/\"\/kl 5 4 C,Z(.’Y\
\-’—?'*’_/

fﬁh" g A

e,

e

D crsall caluumn

S bj stean
(’sdwte side)

14
AE

- o ot SeChion e
(/—7//'[/\-/'/

l/‘

—_—

s

U StPrlmL@ C{]YO(<

‘“( 2

ﬁﬂfﬁroﬁrwezt N /}«jsmw

%‘\

e

Tfo_é._,————

o?i HemiSechen 0% A M (e-; e honsi o
e S

(“Q/M()&rrifupe
¥ crude Fruch
in Re. bowen

I

rio¥ 5Pwm@ artery
1 SJMMJ Signs

Ve /

2

@) ﬁcis c%

Al ~*37\4“‘--e_

e

(0’?()031{8 side)

Mo ter SVSWCKM Ciosyed
fn the medulla ¥ canfinues
N the same side b E

S?Ind ﬂ(ﬂ'll)

Dot

£
'

o @
CJ% 207N 'y
Pf‘lrf Si< @

ﬁ(,
SF Pzg{’.?\ti c% ,a; ,&m}@x

«@perre

Liomb

dfsc’l’fmzn&f)yg

f-a\ft(:@./, Sense cg [J?sffﬂ‘"
¥ Stereognoss Poa
/&-\/Uefx L lanl

LAl




@@Vw Yt

Koy

Clinical defail

> Throughout the text, simplified outlines of the examination of cranial nerves, motor function, reloaes,
major anatomical—-clinical syndromes are presented dia- sensation and coordination and mentat state desenbed
grammatically following the conventional neurological in textbooks of climical methods (g, 1,203,

Cranial nerves and
molor system Reflexes Sensation Coordination

vl

~ 7

Muscular wea!(r.\ess M + MNormal tendon or D Sensory
and wasling abdominal rellexes loss l
Muscular fatigue = Absent tendon reflex
+++ Increased tendon rellex Coordmated movement

Spastic weakness ...

Flexor plantar respohs'é f'/
Incontinanca Q * ‘\"'\.

* Extensor planiar responso

Incoordinate movemant,
HIRENA

Fig. 1.26 Prolotypical figure far illustration of major syndromes of the neuromuscular system

Lesions of the spinal cord
(.) .......

= Focal lesions of the spinal cord and the nerve
,—%_ roots produce clinical manifestations in two ways: &J/
« the lesion destroys function at the segmental level

+ the lesion interrupts descending motor and ascend-
ing sensory tracts.




Cranial nerves and
motor system
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Peripheral sensorimotor(neuropathies
@@ p r(neurop j-)(’

% Peripheral sensorimotor neuropathies are char-
acterised by muscular werkness and wasting {especially
of distal muscles), distal areflexia and a ‘glove and stock-
ing’ distribution of sensory loss (Fig. 3.6). Peripheral
neuropathies may be due to systemic disease, vascular
disease, heredodegenerative disorders, infection, im-

Cranial nerves and
molor system

Reflexes

Fig. 3.6 Peripheral sensorimator neuropathy

mune disorders . ) - 5. In gen-
eral there are two pathological types. Demyelinaring
neuropathies predominantly damage Schwann cells
and myelin sheaths. Axonal neuropathies primarily
cause axonal degeneration. Recovery from neuropathy
requires remyelination and regeneration of axons.

Coordination

Sensation

WL

= {Key on pago 17)
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Fig. 5.20A Upper cervical cord leslon.

Upper cervical cord lesion. A high cervical
cord lesion causes spastic tetraplegia with hyvperreflexia,
extensor plantar responses (upper moter neurone le-
sion), incontinence, sensorv loss below the leve] of the
lesion and ‘sensory’ ataxia (Fig. 5.204A).

Cra s e congstn

Reflexes Sensation

Fig. 5.208 Lower cervical cord leslan. - {RKey un page 17)

“Lower cervical cord lesion. A lower cervica!
cord lesion causes weaknessgwasting and fasciculation
of muscles, and _aretfledia of the upper limbs (lower
motor neurone lesion). In addition, there is spastic
paraparests, hyperreflexia and extensor plantar responses

{upper motor neurone zsion) in_the Jower limbs, in-
continence, sensory loss below the level of the lesion
and ‘sensory’ ataxia (Fig. 5.20B). t
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Lesions of spinal cord (conrinued)

Cranial nerves and
motor system Reflexes Sensation Coordination

<

Fig 5.20C Thoracic cord lesion.

Thoracic cord lesion. A thoracic cord lesion
causes aﬁw}hypgndkxm und extensor
plantar responses (upper motor neurone lesion, in-
continence, sensory loss below the level of the lesion
and ‘sensory’ ataxia (Fig. 5.200).

Crania!l nerves and

molor system Reflexes Sensation Coordination

fig. 5.200 Lumbar cord lesion.

L>> Cpe””“‘d'“j fewbr  nd - Sacral Segmen€s el o cavd

Lumbar cord lesion. A lumbar cord lesion

causes weakneys, wasting and fasciculation of muscles,
P

and arellexia of the fower Himbs (lower motor neurone

lc.smr\')/vm(.on[lm cy, osensory loss Lelow the level of
A i an e

the lesion and ‘sensory” ataxia (g, 3. °()D)
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