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Capaian Pembelajaran Mata Kuliah (CPMK)

CPMK 1 Mengidentifikasi dan menganalisis molekul, struktur, dan fungsi sel dan jaringan normal terkait system
musculoskeletal dan neurosensoris berbasis bukti (evidence Based)
CPMK 2 Mengakses dan memanfaatkan informasi kesehatan dan medis secara akurat dan tepat.

Sub-Capaian Pembelajaran Mata Kuliah (Sub-CPMK)

Bila dihadapkan pada skenario kasus dan data sekunder di bidang muskuloskeletal, mahasiswa semester 1 mampu:

Sub-CPMK 1 Mengidentifikasi struktur sel dan jaringan yang relevan secara mikroskopik dan biomolekular

Sub-CPMK 2 Menjelaskan struktur dan fungsi organ yang membentuk sistem neurosensori-muskuloskeletal

Sub-CPMK 3 Menjelaskan neurotransmiter yang relevan (termasuk sintesis, sekresi, degradasi, reuptake dan
fungsinya)

Sub-CPMK 4 Menjelaskan mekanisme kerja sinaps, prinsip kontraksi, relaksasi dan performa otot

Sub-CPMK 5 Menjelaskan integrasi sistem neurosensori dan muskuloskeletal

Sub CPMK 6 Menunjukkan karakter kepemimpinan dan pembelajar dewasa yang profesional, terbuka terhadap kritik

dan saran berdasarkan nilai kemanusiaan, agama, moral dan etika
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73 Contents of this chapter

General properties of sensory system

Somatic senses

Pain

Spesial senses
o Chemoreseption : Smell and Taste
o The Ear : Hearing and Equilibrium
o The Eye : Vision
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General Properties: Sensory Division

TABLE 10-1 Information Processing by the Sensory Division

General properties of the STIMULUS PROCESSING IS USUALLY CONSCIOUS
sensory system e oo e
Vision Touch
» Sensory receptors oasirbe s e
. Taste Pain
enable us to perceive e ==
different aspects of the Equilibrium Proprioception
world around us PROCESSING IS USUALLY SUBCONSCIOUS
S . |. Somatic stimuli Visceral stimuli
. .erlsory. Stlmu l a.re Mus‘de length and Blood pressure
divided into special e
d t. Proprioception Distension of gastrointestinal tract
senses an somatic Blood glucose concentration
Senses internal body temperature

Osmolarity of body fluids
Lung inflation

pH of cerebrospinal fluid

pH and oxygen content of blood
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Sensory Receptors — 4 major groups

A TABLE 10-2 Types of Sensory Receptors ..

TYPE OF RECEPTOR EXAMPLES OF STIMULI

Chemoreceptors Oxygen, pH, various organic
molecules such as glucose

Mechanoreceptors Pressure (baroreceptors), cell stretch
(osmoreceptors), vibration,
acceleration, sound

Photoreceptors Photons of light

Thermoreceptors Varying degrees of heat



Receptive Field = The physical area to which a sensory neuron

responds to stimuli, may be irregular in shape, can overlap
Smaller the receptive field the greater the localization

Primary sensory The primary sonsory nourons Information from the
neurons converge on one secondary secondary receptive
field goes to the brain.

N

N

The receptive fields of three primary sensory neurons
overlap to form one large secondary receptive field.

SECTION THROUGH SPINAL CORD

Copyright © 2010 Pearson Education, Inc.

Figure 10-2




» The size of secondary receptive fields determines how
sensitive a given area is to a stimulus

(b)

Compass with point
separated by 20 mm

Skin surface Skin surface
Primary e
ensory S & .
neurons
( L\ }
SQco?dury {.}: »,. { 1-. {
' -y A A p W 4
\ / neurons |

V One signal goes to the brain, Two signals go to the brain.
Copyright © 2010 Pearson Education, Inc.
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6 Olfactory pathways from
the nose project to the
olfactory cortex.

Most sensory pathways
project to the thalamus.
The thalamus modifies
and relays information
to cortical centers.

Equilibrium pathways
project to the cerebellum.
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Definition of Pain

o Unpleasant sensory and emotional experience associated with actual or potential
fissue damage.(IASP)

o Pain serves as important protective function, alerfing us to injuries that required evasion
or freatment

o Perception of pain is Subjective and influence by many factors.

Ganong, Review of Medical Physiology, 23 ed,2010
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o Based on Pathophysiology
“+Nocicepftive pain
= Transient pain in response to noxious stimulus

= Arises from a stimulus outside of the nervous system
= Pain proportionate to the stimulation of nocicepiors
= Serves as a protective function
“+Inflammatory pain
= |nitiated by tissue damage and/or inflammation
= Arises from a stimulus that is outside of the nervous system
= Spontaneous pain and hypersensitivity to noxious stimulus
= Disproportionate to the stimulation of nociceptors
= Serves no protfective function
<*Neuropathic pain
= Initiated or caused by a primary lesion or dysfunction in the nervous system
= No nociceptive stimulation
= Disproportionate to the stimulation of receptors
= Other evidence of nerve damage (eqg, postherpetic neuralgia)

Woolf CJ. Ann Infern Med. 2004;140:441-451
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Classification of Pain

Based on Pain duration
ACUTE PAIN

* Physiologic pain
+ Sudden onset
* Recedes during the healing process
"good Pain" as it serves an important protective mechanism
+ pain of less than 3 to 6 months duration

CHRONIC PAIN

+ Can result from nerve injuries (heuropathic pain)

* pain lasting for more than 3-6 months

» persisting beyond the course of an acute disease, or after fissue
healing is complete

W TN
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A TABLE 6-2 Characteristics of Pain
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Fast Pain Slow Pain

Occurs on stimulation of Occurs on stimulation of

mechanical and thermal polymaodal nociceptors

nodiceptors

Carried by small, myelin- Carried by small,

ated A-delta fibers unmyelinated C fibers

Produces sharp, prickling Produces dull, aching,

sensation burning sensation

Easily localized Poorly localized

Occurs first Occurs second; persists for
longer time; more
unpleasant

Sherwood Prlnc1p|es of Human Phy5|o|ogy,7th ed
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(lasses of Somatosensory Neve Fibers

Fiber Type Fiber Characteristics Speed of Conduction Associated With

AB (beta) Large, myelinated 30-70 m/sec Mechanical stimuli ,5
Ad (delta) Small, myelinated 12-30m/sec Cold, fast pain, mechanical stimuli
C Small, unmyelinated 0.5-2 m/sec Slow pain, heat, cold, mechanical stimuli

Slverthorne Human Physiology Integrated Anproach, 6% ed, 2013




Higher
barain

Brain
stem

Spinal
cord

<

{a) Substance P pain pathway

Dorsal horn
excliatory Substance P
Interneurons

k1 T

{Localization of pain)  1Figure &9 substance P pain pathway and analgesic pathway. i) when activated by 8 nox-

SOHtLaWSQHSGW ioUS stimulls, some afferit pain pathweys release substance P which activtes ascending pain path-
corfex

wigy's that provide warious brain regions with input for processing different aspects of the painful expe-
oy rience. i Endogenous opioids released from descending anatge sic pain-relisving pathways bind with

T opighe recephors at the synaptic knob of the afferent pain fiber. This binding inhibits the rklkease of sub-
stance P theraby blocking transmission of pain impulses along the ascending pain pathgy's.

{Perception of pain) s : ;i 5
FIGURE FOCUS: At what point in the depicied anafgesic pathway does OXyaDntin {oxy-

Thalamus . :
codone} (derved from 2 poppy prant) act (0 SUPPress paine
o
+ -
= — < Hypothalamus; (Behavioral and
) limble system emotional responses
i _: to pain)
' 3 epi (* Alertness)
g e—— formatlon _
R Moxious

stimulus

-—
Afterent paln flher

Noclceptor

Sherwood, 9" ed,2016
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THE GATE CONTROL MODEL {b} With strong pain, C fiber stops inhibition of the pathway, allowing
a strong signal o be sent to the brain. ’,.!,-1

T

—— 1
== v"q

In the gate control model of pain modulation, nonpainful stimuli
can diminish the pain signal.

{a} In absence ofinput from C fibers, a tonically active inhibitory o Strong noxious
interneuron suppresses pain pathway. St'"l‘)‘r':i"f to

® ﬁ Inhibition
stops

{c} Pain can be modulated by simultaneous somatosensory input.

AB fiber

/Toushor
Inhibitory . nonpainful
interneuron \ shmulus /

No signal Nomous ‘

Slow pain to brain \ stlmulus Noxious
C fiber stimulus
decreased

~—  Cfiber
L J
. L] @
Silverthorne,Human Physiology Ascelnding K )

Integrated Approach, 6™ ed, pain pathway T
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Periaqueductal
gray matter

il B

Reticular

Medulla formation

No perception of pain

To thalamus
A
I Inhibitory
I interneuron
: in dorsal horn
I .
I Opiate
} receptor
I
I
I
— : - Endogenous opiate
Transmission
f pain o
Of B et
impulses to e
brain blocked 4—_ _
Dorsal horn Afferent pain fiber
excitatory Substance P -
interneurons an Nociceptor

{b) Analgesic pathway Sherwood, gth ed,2016
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REFERRED PAIN

Irritation of viceral organ frequently produces pain that is feel not at that site
but in some somatic structure that may be considerable distant away

fcm

.

Skin
P o W W
o

Ex : cardiac pain may be referred to the right arm
| = 4

\\'Qyn _‘ q
ol

- Dorsal root
= ganglion
Primary afferent | ‘a |
axons ( b ‘w,‘
ff’ e ‘.\ /I \I \
Nr
Vissera 4 '
i / \‘\Q\
Sympathet \
ganglion of
the ANS

Primary afferent <
ﬁ /,' axon

A FIGURE 12.29

The convergence of nociceptor input from the viscera and the skin

Bear Neuroscience Exploring The Brain, 4° ed 2016




iR

Special
Senses




Olfactorius
Tract

system

IGraniaI MNerve |

-~

Olfactory
receptor cells

@® FIGURE 10-15 Offactory pathways
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Summary of Taste Transduction

amino acids, glutamate, nucleotides

Although smell (nutritious, delicious, savory)
is sensed by |
hundreds of Bitter Sweet Umami  Sour Salt
types of G ,,mm,,-o @ O ® @ Ligands activate 1
rece t coupled ¢ & ¢ the taste cell. 'y

ptors, s Look i

. channe W
taste is a D\O
combination of .
only 5 |
sensations: Multiple i
intracellular
hw
Muttiple ke cnama A e
© omdimtion —5— " ciosea © Yot
pathways
L3
{}x*
Ca?*
release from
intracellular
Copyright © 2010 Pearson Education, Inc. | siores Cell depohm

Figure 10-16
R 1 I\:\ ‘-‘u:_'-v- i




ANATOMY SUMMARY

Anatomy of 4.

EXTERNAL EAR ““ MIDDLE EAR I, INNER EAR
S

Ay )
t I l ‘ ’ e a r The pinna . ) “‘ The oval window and the round window separate
directs sound Nt '\ i the fluid-filled inner ear from the air-filled middle ear.

waves into

the ear
Semicircular Oval
canals window

I\

Tympanic
membrane

Internal jugular Eustachian
vein tube



Sound waves
Transmission

The sound wave
energy is transferred
o the three bones
of the middle ear,
which vibrate.

Sound waves strike
the tympanic
membrane and
become vibrations.

Incus

Oval

Ear canal Malleus Stapes

Round
window

Tympanic
membrane

window

The stapes is attached to
the membrane of the oval
window. Vibrations of the
oval window create fluid

waves within the cochlea.

B Cochlear nerve

Vestibular duct
(perilymph)

Cochlear duct
{endolymph)

Tympanic duct
(perilymph})

—f““
"Q--
ac,u'-ﬁw ef

The fluid waves push on the
flexible membranes of the
cochlear duct. Hair cells bend
and ion channels open,
creating an electrical signal that

alters neurotransmitter release. the brain.

0 Neurotransmitter release
onto sensory neurcns
creates action potentials
that travel through the
cochlear nerve to

(@) Energy from the waves
fransfers across the
cochlear duct into the
tympanic duct and is
dissipated back into
the middle ear at the
round window.




Signal
transduction
In hair cells

(a) At rest: About 10% of the ion

(b) Excitation: When the hair cells bend in {c) Inhi

ion: If the hair cells bend in the

channels are open and a tonic signal one s the cell
is sent by the sensory neuron.
the associated sensory neuron.

Tip link

Stereocilium
open.
Hair cell depaclarizes
cell.

Action potentials Action potentials increase

P which
increases action potental frequency in

More channels

Cation entry

pp ), lon channels close,
the cell hyperpolarizes, and sensory
neuron signaling decreases.

Channels closed.
Less cation entry
hyperpolarizes cell.

No action potentials

oo HEEFHHHH HHAH

Action potentials in A a A a
primary sensory neuron Time
o
mV
N30
Release Release
A A A A
N E: ) opens Inhibition closes
ofhair cell ion channels ion channels

® FIGURE 10-22 Signal transduction in hair cells. The stereccilia of hair cells
have “trap doors” that close off ion channels. These cpenings are controlled by

protein-bridge tiplinks connecting adjacentadilia.



Auditoric
pathway

Right auditory cortex -/ | A Left auditory cortex

Right cochlea Left cochlea

Cochlear branch of left
vestibulocochlear nerve (VI

Cochlear branch of right
vesfibulocachlear nerve (VIl)
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Vestibular apparatus provides information about equilibrium,
movement and position in space
Equilibrium pathways project primarily to the cerebellum and

collateral pathways project to the medulla or up to the cerebral
cortex

Cerebral

Vestibular branch of
vestibulocochlear
nerve (VIII)

Somatic
motor neurons

Vestibular apparatus " controlling eye
nuclei of movements
medulla

Copyright ® 2010 Pearson Education, Inc. Figure 10-28
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THE EYE

ANATOMY SUMMARY

THE EYE Zonules: Lens bends
attach lens to  light o focus
dliary muscle  iton the refina.

Optic disk (blind spot}

region where opfic nerve
and blood vessels leave
the eye

Canal of /]
Schlemm \ /1
Aqueous / i
~——Optic nerve

Pupil changes ‘ —
amount of light : :
entering the eye.

Central retinal artery
and vein emerge from
=—= center of opfic disk.

Fovea: region
of sharpest vision

Macula: the center
of the visual field

Vitreous chamber

(b) iew of the rear wall of the eye as seen
through the pupil with an ophthalmoscope

Retina: |ayer that
contains photoreceptors

Ciliary muscle: contraction alters
curvature of the lens.

Sclera is connective fissue.
FIGURE QUESTION

: : \j If the fovea is lateral to the optic disk,
{e) Segitinl pertion o the sys 5 which eye is illustrated in part (b) ?

@ FIGURE 10-30

10



{d} Light strikes the photoreceptors in the fovea directly {f} Retinal photoreceptors are organized into layers.

because overlying neurons are pushed aside.
Amacrine  Hornzontal  Pigment
cell cell epithellum

Pigment epithelium of
retina absorbs excess light.

Cone
o Light

Bipolar neuron [~ Neural cells
of retina

Ganglion cell

transductio e S conm ot ton

are integrated cell Rod (monochromatic vision)

Ganglion




PHOTORECEPTORS

(“’T\:]A"N'p‘\ylw‘\:‘ﬁv'vur u"\gp‘y\n’& .PJ.\\'J 1AL

PIGMENT

EPITHELIUM
Old disks at tip are

=== RODS AN D’ CONE

Rhodopsin in the dark Rhodopsin in the light
{inactivated) {activated)

Melanin granules

QUTER SEGMENT

Visual pigments in
membrane disks

Light
IN;Z:?:; absorption
organelles and metabolic
operations such as .
photopigment synthesis Retinal
and ATP production Rnodopsin changes
molecule ch ape
Enzymes
Retinal
SYNAPTIC TERMINAL
Synapses with
bipolar cells
Bipolar cell

® FIGURE 10-39 Photoreceptors: rods and cones. The dark pigment epithe-
lium absorbs extra light and prevents that light from reflecting back and distorting
vision. Light transduction takes place in the outer segment of the photoreceptor. 11-cis-retinal all-trans-retinal
Changes in photoreceptor membrane potential alter neurotransmitter release onto

(b) FPhatopigment rhodopsin in the dark and light

bipolar cells.



PHOTOTRANSDUGTION IN RODS

Rods contain the visual pigment rhodopsin. When activated by light, rhodopsin separates into opsin and retinal.

o In darkness, thodopsin is inactive,
cEMP s high, and CNG and K*
channels are open.

Disk

Transducin
(G protein)

Vi

Inactive
rthodopsin
opsin and retinal)

cGMP
levels high

24
CNG channel ﬁ;

open

K+

Membrane potential
in dark = —40my

Tonic rdease of
neuratransitter
onto bipolar neurons

9 Light bleaches thodopsin. Opsin
decreases ¢GMP closes CTHG
channels, and hyperpolarizes the cell

Decreased
cGMP

o a2+
Mat

CMG channel
closes

K+

Merbrane
hyperpolarizes
to =70 mh

Meurctransmitter release
decreasas in proportion
to amount of light,

e In the recovery phase, retinal
recombines with opsin,

)

Retinal recombines
with opsin to
form rhodopsin.

@
AGURE QUESTION

Onerod contains about 10,000
CMG channels openin the dark.
One photon of light activates one
thodopsin, Each rhodopsin
activates B00 transducin. Each
transducin cascade remaoves &
cGMP A decrease of 24 oGP
closes one CNG channg. How
many photons are needed to close
allthe CNG channels in one rod?
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Opens Ca2t channels
in synaptic terminal

!

1 Release of neurctransmitter

Takes plac

Depolarization

Hyperpolarization
{+]) of off-center

=) of oncenter

bipolar (and bipolar (and
subsequently) subsequently)
ganglion cells ganglion cells

; |

Agtion potentials
in offcenter
ganglion cells

Mo action potentials
in on-<center
ganglion cells

W_J

Propagation to visual cortex

'

Receptive flekd of photoreceptor

percelved as darkness

(a) In response to the dark

Takes Y Takes
place in { placein
synaptic l synaptic
terminal l NeuMIp‘nsmiﬂer terminal
£ —
S P Direction
: of retinal
Direction W processing
of light
Depolarization
On-center
Further EE:I.IO al Further
retinal retinal
} processing | Neurotransmitter processing 4
in bipolar L in bipolar
and : and
ganglion ganglion
cells cells
Depolarization On-center
and action  ganglicn

otentials _cell i
P t k- s

Light

T

Closes Ca®* channels
in synaptic terminal

!

| Release of neurctransmiter

Hyperpolarization
=) of off-center
bipolar (and
subsequently)
ganglion cells

Depolarization
(+) of on<enter
bipolar (and
subsequently)
ganglion cells

| |

Mo action potentials
in off < enter

Agtion potentials
in oncenter

ganglion cells ganglion cells

ﬁ_J

Fropagation to visual cortex

|

llluminated receptive tield
of photoreceptor percelved
as part of visual Image

.

{b) In response to a light stimulus

IFigure 6-25 Phototransduction, further retinal processing. and initiation of action potentials in the visual pathway. (3) Everts occurring inthe retina and vi-
sual pathway in responge to the dark. (0) Buents occurting in the retina and visual pathway in response to a light stimulus.

FIGURE FOCUS: Howr are photareceptors depolarized in the absence of 2 simulus and hyperpolarized in response to their adeguate similes? How
does a hyperpolanizing receptor potertial lead o propaga tion of action poteirtials in on-carnrter ganglion calls?



(a) Dorsal view {b)Neural pathway for

vision, lateral view

Optic Optc  Opfic Lateral geniculate Visual cortex
nerve chiasm  fract  body (thalamus) (occipital lobe)

[c) Collateral pathways leave the e
thalamus and go to the midbrain.

Cranial nerve Ill controls
pupillary consfriction.

® FIGURE 10-31 Neural pathways for vision and the pupillary reflex.
Collateral pathways synapsing in the midbrain control constriction of the pupils.



"y Blind
Vision area

Q) @

1 Total blindness of right
due to complete lesion

right optic nervo

2 Bipolar hemianopia due to
midling chiasmal lesicon

)

3 t nasal hemianopia due
to lesion involving right
perichiasmal area

VISUAL FIELDS

'.r""

. ‘cawocuuny*
o L
- . g \

O O

4 Left homonymous hemianopia
due o Iosion or pressure
on right optic tract

5 Left homonymous inferior
quadrantanopla due to
invocivemeant of lower right
oplic radiations

G

6 Left

due 1o lesion of right
occipital lcbe
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