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Department of Physiology

College of Medicine

King Saud University

Course PSL – 132
Human Neurophysiology Course


COURSE TITLE: PSL – 132 (HUMAN NEUROPHYSIOLOGY)
CREDIT HOURS: 4 (2 +2)
CONTACT HOURS
Lectures: 2 hours per week

Tutorial & practical: 1 per week

COURSE OBJECTIVES
This course is intended to help the student to: 
1. Understand the physiological mechanisms underlying the normal functioning of the central and peripheral nervous systems, from applied and practical viewpoints. 

2. Appreciate the logical consequences of derangement of these systems, by understanding the functional abnormalities which accompany examples of lesions that can involve these systems.

3. Accordingly, by integrating the basic scientific knowledge with examples of neurological conditions, paving the way for the student for future practical application of this knowledge, and helping him to bridge the gap between pure science (animal physiology) and applied human clinical neurophysiology.   

4. Learn, in practical classes, the basic principles of physical examination of the nervous system in general, and cranial nerves in particular.

5. Understand the background of some routine Clinical Neurophysiology tests such as EEG, EMG, Nerve Conduction Studies and Evoked Potentials (Visual, Auditory and Somatosensory).

6. Develop the ability of deductive thinking, analysis and data interpretation.
TEACHING FORMAT
1. Formal lectures.
2. Small group tutorials.

3. Practical sessions.
RECOMMENDED TEXT BOOKS
· Review of Medical Physiology, William F. Ganong (editor), 22nd edition, McGraw-Hill, Boston, USA. 

· Text book of medical Physiology by: Guyton.

· Additional reading material, whenever needed, will be provided to cover the instructional objectives. 
METHOD OF EVALUATION
Students are assessed by written (MCQs) and Practical examination consist of ;

· 4 quizzes 

· 3 continuous assessment exams 

· Practical exam 

· Final comprehensive exam at the end of the year.  

EXAMINATION SCHEDULE AND DISTRIBUTION OF MARKS
Total Marks:
100

· First half of the academic year:
1. Ist Continuous Assessment
( in the  9th or 10th  week)
=  10 marks

2. 2nd Continuous Assessment (Midterm) (around 16th week)
=  15 marks

N.B. The 2nd Continuous Assessment is comprehensive for lecture materials covered during the whole first half of the year.

3. 2 Quizzes ( Week 4 & 12 )





=   5  marks
Total of assessments in first half                                                 
= 30 marks                                                                                                                                          
· Second half of the academic year :
1. 3rd Continuous Assessment




=  15 marks

2. 2 Quizzes ( Week 5 & 12 )





=   5  marks

3. Practical Examination (written paper)



=  10 marks
Total of assessments in second half                                           

= 30 marks                                                                                            
Final Written Examination at the end of the year                        

= 40 marks
N. B.  The final examination is comprehensive for lecture materials covered during the second half of the year, with selected topics from the first half. 
Summary of marks distribution:

Continuous Assessment 





=  60  marks

Final Examination






=  40  marks

Grading:

The pass mark is 60 % of the total course performance.

Marks



Grades

95 – 100                                      A+

90 – 94

                A

85 – 89                       

    B+
80 – 84


    B

75 – 79


    C+
70 – 74


    C

65 – 69


    D+
60 – 64                                        D

Distinction and Chairman’s Certificate:

The Chairman’s certificate is given to a student in recognition of his outstanding mastery of the materials in the course and or has done outstandingly well in students’ activities e.g. seminars etc.  To be recognized with Chairman’s certificate is a great achievement on the part of a student.
COURSE CONTENT
FIRST SEMESTER
LECTURE TOPICS AND INSTRICTIONAL OBJECTIVES

1.  Functional Neuroanatomy:

At the end of this session, the students should be able to:

· list the major central nervous system control centres and relate them to their   functional activity or lack of activity.

      Pre-reading:  Handout.

2. Synaptic Transmission: 
At the end of this session, the students should be able to:

· describe the mechanisms of receptor transduction for the following

neurotransmitters – acetylcholine (Ach).GABA, glutamate, serotonin and enkephalin

· describe steps in chemical neurotransmission beginning with the arrival of wave of depolarization at the presynaptic membrane and

ending with graded potential generated at the postsyneptic membrane

· describe the ionic basis for inhibitory and excitatory post-synaptic

potential and how these changes can alter synaptic transmission

Pre-reading:    Ganong 21st ed.   Ch. 4      P 87-88

3.         Synaptic  Properties:


At the end of this session, the students should be able to:

· identify and describe the following synaptic properties-  One-way conduction, synaptic delay, summation, divergence, convergence and   state the effects of hypoxia, acidosis and alkalosis

· distinguish and provide examples of post-synaptic, presynaptic,

lateral or surround, feed forward,  reciprocal and renshaw cell inhibitions

Pre-reading:   Ganong  21st ed  Ch.4      P 89-95, 117-118


4.
Receptors:

At the end of this session, the students should be able to:

· describe the following cutaneous and proprioceptive mechanoreceptors and their functions:  Pacinian corpuscles, meissner’s corpuscle, ruffini endings, Merkell’s disk.  A delta and C free nerve endings, muscle spindle and golgitendon organ

· list and describe receptor  properties

Pre-reading:
Ganong  21st ed  Ch.5 , P 122-128

5. Sensory Modalities

At the end of this session, the students should be able to:

· identify and describe the neurophysiological basis of sense modalities

-
define and contrast tactile localization and two-point discrimination      

· explain why the threshold for two-point discrimination changes in different areas of the body e.g. lips, fingertips and back

· explain intensity discrimination

Pre-reading:
Ganong  21st ed  Ch.5        P 122 – 128

6. 
Somatosensory System:

At the end of this session, the students should be able to:

-
list the submodalities of discriminative touch

-
describe functional organization at all levels and submodalities served

by the dorsal column – medial lemniscal and equivalent components of the trigeminal system

  -
contrast the proprioceptive pathways to the cerebellum with that to the cerebral cortex

Pre-reading:
Ganong  21st ed  Ch. 5     P 139-143



                    and   Ch. 7    P  148-149

7. 
Sensory Tract Lesion:

At the end of this session, the students should be able to:

-
identify and describe the Physiological deficit and the consequences of lesions at different levels of spinal cord

Pre-reading:  Ganong  21st ed  Ch.7       P 134 – 135



Handout
8. 
Neurophysiology of Pain:

  
At the end of this session, the students should be able to:

-
describe functional organization at all levels and submodalities served by the anterolateral system and the equivalent components of the spinal trigeminal system

-
differentiate the submodalities of nondiscriminative touch, temperature 
and pain based on receptor transduction mechanism,localization within 
the spinal grey matter and central termination of the pathways

-
describe the control of pain perception including central processing and the role of endorphin 

-
describe the mechanism of reffered pain of visceral origin

Pre-reading:
Ganong  21st ed. Ch.7       P  143 – 148 Handouts

9. 
Auditory System – I: 

At the end of this session, the students should be able to: 

· describe the function of the outer ear, middle ear and inner ear listing in order the anatomical structures over which sound energy is transmitted to auditory receptors

· draw the human audibility curve and explain the changes that occur with aging

Pre-reading:  Ganong  21st ed.   Ch.   9    P 173 – 176, 181.

10. 
Auditory System – II:

At the end of this session, the students should be able to:

· explain the frequency analysis performed by the cochlea on the basis of its physical properties

· explain how deformations of the basilar membrane  are converted into action potentials in auditory nerve fibers

Pre-reading:
Ganong  21st ed.   Ch.  9     P 176 – 180

                  

11. 
Auditory System – III:

At the end of this session, the students should be able to:

· diagram the auditory pathway including all central connections

· describe how pitch , loudness and localization of sounds in space is coded by central auditory neurons

· distinguish conductive, central and sensorineural deafness  and list the tests used to assess then

Pre-reading:
Ganong  21st ed.   Ch.   9    P  176, 182 – 187           
12.
Visual System – I:

At the end of this session, the students should be able to:

- describe the refraction of light as it passess through the eye to the retina, identifying the refractive media of the eye

-
describe the refractive error that account for myopia, hypermetropia,

presbyopia and astigmatism and their correction by eye glasses or contact lenses

Pre-reading:
Ganong  21st ed.   Ch.8      P  150, 155 – 158                  

13.
 Visual  System  -  II:

 At the end of this session, the students should be able to:

-
describe the process of accommodation, contrasting the refraction of  light      by the lens in near vision and in far vision

-
identify and describe light reflex and relate these to clinical situations

Pre-reading:
Ganong 21st ed.  Ch.  8    P 155 
14.          Visual System – III:

At the end of this session, the students should be able to:

-
Contrast the transduction process for rods and the three types of cones, including the range of spectral sensitivity  and the ionic basis of these responses

-
list and compare functional properties of scotopic and photopic vision

-
explain the differing light sensitivities of the fovea, peripheral retina and optic disk


      -
identify and describe the mechanism of colour vision

Pre-reading:
Ganong  21st ed.  Ch.  8    P   159 – 162

15.
Visual System – IV:



At the end of this session, the students should be able to:

-
describe the electrical responses produced by bipolar cells and ganglion cells and comment on the function of each

-
describe On-Centre, Off-Centre receptive fields of retinal ganglion cells

Pre-reading: 
Ganong  21st ed.   Ch.  8    P   163 – 164  

16.       Visual System  -  V:

At the end of this session, the students should be able to:

      -
describe the topographic representation of the visual field within the primary visual cortex including topics of retinotopic organization, orientation selectivity and ocular dominance

      -
describe the processing of information in the visual cortex

Pre-reading:
Ganong  21st ed.    Ch.  8    P   163 - 166                                            
FIRST SEMESTER PRACTICALS
VISUAL EXPERIMENT

Objective:

At end of this session, you should be able to:

1. Perform the test for visual acuity using a Snellen’s chart , list common 

refractive errors and describe how the can be corrected.

2. Perform the test for near vision using Jaerger’s chart.

3. Determine one’s near point.

OPTHALMOSCOPY EXAMINATION OF THE OCULAR FUNDUS
Objective:

At end of this session, you should be able to:

1. Explain the general principles of opthalmoscopy.

2. Describe the normal appearance of the fundus.

3. Describe some of the changes in the fundus that occur commonly in disease.

4. appreciate the importance of performing opthalmoscopy as part of the routine 

physical examination.

TEST FOR HEARING ASSESSMENT
Objectives
Given the tuning forks at the end of this session, you should be able to:

1. Perform the Weber’s and Rinne’s test.

2. Make use of the information’s in differentiating between the conductive and sensorineural deafness.

PURE TONE AUDIOMETRY

Objectives
Given the instrument, at the end of this session the students should be able to:

1. Determine the air and bone conduction of pure tones at different

frequencies and intensities.

2. Plot the frequency and intensity recording and construct the audiograms.

3. Interpret the audiograms.

4. Equip himself with reasonable skill of determining the audiograms in health disease.

SECOND SEMESTER
Lecture Topics and Instructional Objectives for the Second Half of the Academic Year 

1. Spinal Reflexes:

At the end of this session students should be able to:

1. Identify and describe the components of a reflex arc ( receptor or sense organ , afferent neuron , spinal center , interneurons , motor neuron , effector organ ) . 
2. Classify reflexes into monosynaptic and polysynaptic ; and into superficial ,deep and visceral reflexes . 

3. Describe the muscle spindle and its innervation and actions .

4. Describe the stretch reflex and its components ( dynamic and static ) , and the basis of muscle tone . 

5. Explain the spinal and supraspinal influences that modulate the activity of the stretch reflex ( spinal and supraspinal regulation of the stretch reflex ) .

6. Describe the Golgi tendon reflex ( inverse stretch reflex ) and withdrawal(flexor )  reflex . 

7. Enumerate and describe some of the properties and components of reflexes and reflex pools:adequate stimulus , irradiation and recruitment ,summation , after discharge , reverberating neurons , reciprocal innervation and reciprocal inhibition , Renshaw cell , final common path , response time ,rebound phenomenon , muscle tone , lengthening reaction ( clasp-knife effect ) , central excitatory and inhibitory states .

8. Describe some of the superficial , deep and visceral reflexes of common clinical use and their spinal centers . 
Pre-reading: 



1. Ganong 22nded. ,  Ch. 6 , p. 129 – 137 , and Ch 12 p. 209 – 210.                              

2. Guyton and Hall ( Textbook of Medical Physiology ) .

3. Handout ,

2. Cortical Motor Areas , and the Major Descending Motor Pathways :

1. At the end of this session students should be able to:

2. Enumerate the cortical motor areas ( M1,M2,M3 and Parietal lobe ) and Describe their locations and functions .

3. Appreciate what is meant by upper and lower motor neurons , and the role of the medial and lateral spinal motoneuron groups in execution of movement .

4. Explain the function , origin and termination of the corticobulbar , corticospinal and  extrapyramidal ( vestibulospinal , rubrospinal , reticulospinal and tectospinal ) tracts .

.     
Pre-reading: 
1. Ganong 22nded. ,  Ch. 12 , p.202 – 206 . .
2. Guyton and Hall ( Textbook of Medical Physiology ) .
3. Handout .

3. Upper and lower motor neuron lesions ( in the context of the pyramidal

      motor system ) : 
At the end of this session students should be able to:
1. Compare and contrast upper and lower motor neuron lesions .

2. Provide an example of a condition associated with lower motor neuron lesion  e.g., Poliomyelitis or a brachial plexus lesion . 

3. Spinal cord lesions : mention few examples of their causes , and provide detailed features of complete transverse spinal cord lesion incurred at the following sites : upper cervical , lower cervical ( quadriplegia ) , thoracic (paraplegia ) , lumbar and cauda equine regions .  

4. Correlate the motor features of Brown-Sequard syndrome with its sensory features that were previously studied in the context of sensory lesions .  

5. Hemiplegia : Give few examples of causes of hemiplegia , and provide clinical features of such a lesion . 
Pre-reading:
1. Concise Human Physiology , p. 419 -421 . 

2. Guyton and Hall ( Textbook of Medical Physiology ) .
3. handout .

4. The Basal Ganglia :

At the end of this session students should be able to:

1. Enumerate the basal ganglia and describe their main circuits , neurotransmitters and functions .

2. Explain the following features and phenomena associated with Extrapyramidal disease : dyskinesia , dystonia , tremor , chorea , athetosis , hemiballismus .

3. Give examples from Parkinson's disease and the choreas of Sydenham and Huntington.
Pre-reading:  
1. Ganong 22nded. ,  Ch. 12 , p.213 – 217 . 

2. Guyton and Hall ( Textbook of Medical Physiology ) .

3. Handout .

5. The Cerebellum : 

At the end of this session students should be able to:

1. Describe the functional divisions of the cerebellum ( vestibulocerebellum , spinocerebellum and cerebrocerebellum ).

2. Define the physiological roles of the cerebellum in regulation of movement .

3. Explain the following abnormalities that are associated with cerebellar disease : Cerebellar nystagmus , changes in muscle tone , ataxia , drunken gait , scanning speech , dysmetria ( past-pointing ) , intention tremor , rebound phenomenon , adiadochokinesia and decomposition of movement .       

Pre-reading:  
1. Ganong 22nded. ,  Ch. 12 , p.220 – 222 . 

2. Guyton and Hall ( Textbook of Medical Physiology ) .

3. Handout .

6. The vestibular system : 

At the end of this session students should be able to:

1. Describe the vestibular apparatus , its connections and physiological function  .

2. Describe and Explain : vestibular nystagmus , vertigo and motion sickness . 

Pre-reading:  
1. Ganong 22nded. ,  Ch. 9, p. 183 -184 .

2. Handout .

7. Cortical Organization , Reticular Activating System (RAS) , EEG and Sleep : 

At the end of this session students should be able to:

1. Enumerate the different cortical layers and their functional significance .

2. Describe the RAS , its connections , and functions .

3. Enumerate the uses of the EEG and describe its genesis and waves in the awake and sleep states.

4. Discuss the physiology of sleep . 

Pre-reading:
1. Ganong 22nded. ,  Ch. 9, p. 192 – 201. 

2. Guyton and Hall ( Textbook of Medical Physiology ) .

3. Handout .

8. Physiology of Speech : 
At the end of this session students should be able to:

1. Identify the cortical speech areas.

2. Understand the causes of dysarthria , dysphonia , and describe the different types of aphasia    
Pre-reading: 
1. Ganong 22nded. ,  Ch. 16 , p.273 – 275 . 

2. Guyton and Hall ( Textbook of Medical Physiology ) .

3. Handout .

9. Hypothalamus & Body Temperature Regulation:

At the end of this session students should be able to:

1. Describe the hypothalamic control of the body temperature

2. Appreciate temperature related problems eg. Fever, heat stroke, hypothermia etc.

Pre-reading: 
· Review of medical physiology, Ganong.22nd. edition. Pg 251-255.
· Text book of Medical physiology, Guyton and Hall.

10. Cerebrospinal Fluid

At the end of this session students should be able to:

1. Describe the formation & circulation of CSF.
2. Describe the normal constituents & their changes during various pathological conditions
Pre-reading: 
· Review of medical physiology, Ganong.22nd. edition. Pg 612-614.

· Text book of Medical physiology, Guyton and Hall.

SECOND SEMESTER PRACTICALS
VISUAL EVOKED POTENTIALS (VEPS)
Objective:

At the end of this session, you should be able to:

1. Understand the principles of the averaging technique.

2. Interpret the results obtained.

3. Use this knowledge in identifying visual loss due to demylinating lesion.

EXAMINATION OF MOTOR SYSTEM
Objective:

At the end of this session, you should be able to:

1. Acquire the skill of eliciting important reflexes.

2. Distinguish between normal and pathological reflexes, most important Babinski sign.

3. Correlate this knowledge in distinguishing between upper and lower motor neuron lesions.

AUDITORY BRAINSTEM EVOKED RESPONSE (ABR) / BRAINSTEM AUDITORY EVOKED POTENTIAL (BEEPs)
Objectives:

At the end of this session, you should be able to:

1. Acquire the principles involved in the test.

2. Identify and describe the genesis of the Brain stem potentials in order to use them to study brain conduction in health and disease.

3. Construct evoked response audiograms to identify conductive and 

sensorineural hearing loss.
EM G and Motor Nerve Conduction Velocity Study (NNCV)

Objectives:

At the end of this session, you should be able to:

1. Acquire a skill to perform the test by themselves.

2. Analyze the motor unit potentials and states their uses in health and disease.

3. Determine and calculate motor conduction velocities of the peripheral nerves.

EEG
Objectives:

At the end of this session, you should be able to:
1. Just familiarize themselves with the principles of the techniques involved.

2. Count the frequencies and measure the amplitude of the records obtained.

3. Categorize the records into appropriate rhythms – alpha, beta, theta and delta.

4. Identify and describe changes produced by following provocation test- eye 

5. Opening, clapping sound, induce thinking and if possible hyperventilation as an optional measure.

6. Appreciate clinical uses of the EEG.
FIRST SEMESTER Flow Chart
DAY & PLACE: 

· BATCH – A EVERY TUESDAY IN LECTURE THEATER B

· BATCH – B EVERY SUNDAY IN LECTURE THEATER A

	WEEK
	TIME
	ACTIVITY
	TOPIC

	WEEK 1
	8-9 Am
	L
	Introduction to program

	
	9-10:45 am
	L
	Overview of the Central Nervous System 

	
	11-12 noon
	L


	Overview of the Peripheral Nervous System

	WEEK 2
	8-10 am
	L
	Structure and Properties of Synapses

	
	10-12noon
	L
	Neurotransmitters and  Synaptic Receptors 

	WEEK 4
	8:30 am
	Qz
	QUIZ # 1

	
	8-9 am
	L
	 Sensory Receptors

	
	9:15-10:30 am
	L
	Modalities and Pathways of Somatic Sensations

	
	10:30-11:30 am
	T
	Self Assessment Question

	WEEK 5
	8-10 am
	L
	Cortical Somatosensory Areas 

	
	10-12 noon
	L
	Sensory Lesions (1)

	WEEK 6
	8-10 am
	L
	Pain

	
	110:10-12 noon
	P
	Examination of somatic sensations

	WEEK 7
	8-10am
	L
	 Sensory Lesions (2)

PBL ( Slide/PP session )   

	
	10 -12noon
	T
	Tutorial Somatosensory System  

	WEEK 8
	8 – 9 am
	L
	Visual System I

	
	9:15 -12 noon
	P/T
	Special senses

	WEEK 9
	First Continuous Assessment Exam

	WEEK 10
	8-9am
	L
	Visual System II

	
	9:15 -12 noon
	P/T
	Special senses

	WEEK 11
	8-9 am
	L
	Visual System III

	
	9:15–12 noon
	P/T
	Special senses



	WEEK 12
	8:30 am
	Qz
	QUIZ # 2

	
	8-9 am
	L
	Visual System IV

	
	9:15–12 noon
	P/T
	Special senses



	WEEK 13
	8-9 am
	L
	Hearing - I

	
	9:15–12 noon
	
	Special Senses

	WEEK 14
	8-9 am
	L
	Hearing - II

	
	9:15–12 noon
	P / T
	Special Senses

	WEEK 15
	8- 9 am
	L
	Taste & Smell

	
	9:15-12noon
	P/T
	Special Senses

	MID YEAR EXAM


Second Half 1428-1429 Flow Chart
DAY & PLACE: 

· BATCH – A EVERY TUESDAY IN LECTURE THEATER B

· BATCH – B EVERY SUNDAY IN LECTURE THEATER A

	WEEK 
	Time
	Activity
	Topic

	WEEK 1
	8:00-10:00 am
	L

	Superficial & Deep Reflexes 1

	
	10-12:00noon
	P
	VEP &ABR

	WEEK 2
	8:00-10:00 am
	L

	Superficial & Deep Reflexes 2

	
	10-12:00noon
	P
	VEP &ABR

	WEEK 3

	8:00-10:00 am
	L
	Cortical Motor Areas and Descending Motor Tracts (1) 

	
	10-12:00noon
	P


	EMG & MNCV / Tutorial

	WEEK4

	8:00-10:00 am
	L/CS
	Cortical Motor Areas and Descending Tracts (2)

	
	10-12:00noon
	P/T
	EMG & MNCV / Tutorial

	
WEEK 5

	8:30 – 8:55 am
	Quiz-3
	Quiz 3

	
	8 – 10:00 am
	L
	Cortical and Spinal Lesions 1

	
	10-12:00noon
	L
	Cortical and Spinal Lesions 2

	WEEK 6
	8 – 10:00 am
	L/CS
	Cerebellum 1

	
	10-12:00noon
	P
	Clinical Examination of  the Motor System

	WEEK 7

	8 – 10:00 am
	L
	Cerebellum ((2)

	
	10-12:00noon
	L/CS
	  Basal Ganglia (1) 

	WEEK 8
	8 – 10:00 am
	L
	Basal Ganglia (2) 

	
	10-12:00noon
	L
	Cortical Organization , Reticular Activating System (RAS) , EEG 

	MID YEAR BREAK 



	WEEK 9

THIRD COUNTINUOUS ASSESSMENT EXAM 

	WEEK 10
	8 – 10:00 am
	L
	Vestibular System 

	
	10-12:00noon
	L
	Sleep

	WEEK 11

	8 – 10:00 am
	L
	Posture

	
	10-12:00noon
	P
	EEG

	WEEK 12
	8:30 – 8:55 am
	Quiz
	Quiz 4

	
	8 – 10:00 am
	L
	Memory

	
	10-12:00noon
	L
	Physiology of Speech

	WEEK 13
	8 – 10:00 am
	L
	Dysarthria , Dysphonia and Aphasia

	
	10-12:00noon
	L
	Hypothalamus and 

Temperature Regulation

	WEEK 14
	8-10
	L
	Cerebrospinal Fluid (CSF)

	
	10-12
	P
	Practical Revision

	WEEK 15
	Theory Revision & Practical Exam

	Final Examination Period 


L = Lecture, P = Practical, CS = Case Study.
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