Wayne, Ziser,Marieb 


Sensory Physiology

General Sensations & Special Senses:  Vision

Hearing, Equilibrium

Purpose:  This exercise is designed to familiarize the student with the special and general senses.
Performance Objectives:  At the end of this exercise the student should be able to:


1.
Describe the relative density of touch and temperature receptors.

2.
Describe how to perform a two-point discrimination test.


3.
Define and what an esthesiometer is and how to use it.


4.
Explain the differences found in two point discrimination on various locations 


over the body.


5.
Explain referred pain and sensory adaptation.


6.
Explain what is meant by “blind spot”.


7.
Explain near point accommodation.


8.
Be able to describe and define the Weber test, Rinne test, and Romberg Test
1.
Activity:  Plotting the Relative Density and Location of Touch and Temperature 
Receptors:


Specialized sensory organs and free nerve endings in the skin provide four modalities of 
cutaneous sensation. The modality and location of each sensation is determined by the 
specific sensory pathway in the brain; the acuteness of sensation depends on the density 
of the cutaneous receptors.


Procedure:

1.
With a ballpoint pen, draw a square 4 x 4 cm on the ventral surface of the 



subjects forearm. Use a grid and ink pad if available.

2.
With the subject's eyes closed, gently touch an ice-cold metal probe to different 


points in the square. Mark the points of cold sensation with a blue dot. 


3.
Heat the probe to about 45o C in a water bath, wipe the rod, and repeat the 



mapping procedure, drawing red dots at the points where heat sensation is 



felt. 


4.
Gently touch a thin bristle (Von Frey’s hair) to different areas of the square, and 


indicate the points of touch sensation with black dot.

Touch at least 20 different, random spots within the marked area and record the presence 
of the specific sensation in the table on your data sheet
1. Draw a map, to scale, of these three different receptors: 
2.
Activity:  Determining 2-point Threshold Using a Esthesiometer

The density of touch receptors in some parts of the body is greater than in other parts; 
therefore, the areas of the sensory cortex of the brain that correspond to different regions 
of the body are of different sizes. Those areas of the body that have the largest density of 
touch receptors also receive the greatest motor innervation; the areas of the motor cortex 
of the brain that serve these regions are correspondingly larger than other areas. A map of 
the sensory and motor areas of the brain therefore reveals that large areas are devoted to 
the touch perception and motor activity of the face (particularly the tongue and lips) and 
hands, whereas relatively small areas are devoted to the trunk, hips, and legs.


The density of touch receptors is measured by the two-point threshold test. The two 
points of a pair of adjustable calipers (esthesiometer) are simultaneously placed on a 
subject's skin with equal pressure, and the subject is asked if two separate contacts are 
felt. If so, the points of the divider are brought closer together, and the test is repeated 
until only one point is felt. The minimum distance at which two points of contact can be 
discriminated is the two-point threshold.


1.
Starting with the calipers wide apart and the subject's eyes closed, determine the 


two-point threshold on the back of the hand. (Randomly alternate the two-point 


touch with one-point contacts, so that the subject will not try to second guess the 


examiner.) 


2.
Repeat this procedure with the face, back of hand, palm of hand, fingertips, lips, 


back of neck and anterior forearm. 


3.
Record the results in the table on the data sheets.  

3.
Activity:  Testing Tactile Localization:


Touch localization is the ability to determine where exactly the skin has been touched.  
Depending on the density and distribution of the receptors, localization varies on 
different body parts.  Those areas with higher concentrations of touch receptors should be 
more accurate in pinpointing the spot touched.


Procedure:


1.
With your eyes closed, have your lab partner touch the palm of your hand with a 


pencil or pen.


2.
  Now, try to place the eraser of the pencil or the tip of the pen on the spot 



touched by your lab partner.


3.
Have your lab partner measure the difference in distance between the two spots.  


Record the distance.


4.
Repeat the steps two more times and record the results. 


5.
  Average the results.


6.
   Repeat the experiment on the back of the hand, a fingertip, the ventral surface of 


the forearm, and the back of the neck.


7.
     Record the results in the data tables.


Record your results on the table on your data sheet

3.
Activity:  Testing Adaptation of Sensory Receptors:

Adaptation is the ability of the sensory system to filter out old information and basically ignore it in an attempt to be prepared for new incoming sensory stimuli.  

Procedure:



1      
Close your eyes and have your lab partner place a coin on the ventral surface of 


your forearm.  Note how long (in seconds) it takes for accommodation to occur.  


(When do you no longer feel the coin?)

2.
      Record the time in the table on the data sheets.


3.
 After the sensation disappears, add three more coins of the same size on the first 


coin.  If the sensation returns, note how long the sensation lasts.

4.
     Record the results in the data below.
4.
Activity:  Demonstrating the Phenomenon of Referred Pain: Referred pain is the 
phenomenon of perceiving pain in one area of the body when another area is 
actually receiving the painful stimulus. This can result when there is convergence of 
afferent (sensory) fibers onto the dorsal horn relay cells in the spinal chord. We say that 
the pain is referred to the other area.  

1.
Have the subject place their elbow in a pan or shallow bucket of ice.


2.
Their arm should be relaxed with the forearm and hand out of the water.


3.
Report any sensations that are not felt at the elbow.  The subject’s elbow should 


remain in the water for approximately two minutes.

4.
Record your results in the data table. 
Special Senses:  

5.
Activity:  Demonstrating the Blind Spot:

Identifying Your Blind Spot 


The blind spot is the area on the retina without receptors and therefore any image that 
falls on this region will NOT be seen. It is in this region that the optic nerves come 
together and exit the eye on their way to the brain. To demonstrate this effect, look at the 
image below:



Close your left eye. Place your head about 50 cm from the paper. With your right eye, 
look at the +. Slowly move your head closer while looking at the +. At a certain 
distance, the dot will disappear from sight. This is when the dot falls on the blind spot of 
your retina. Reverse the process. Close your right eye and look at the dot with your left 
eye. Move slowly closer to the image and the + should disappear. Record the distance in 
centimeters between your eye and the paper at which the + and dot disappear.

6.
Horizontal diameter of blind spot:  


The blind spot is caused when light falls on an area of the retina without photoreceptors. 
Use the following method to determine the horizontal diameter of the blind spot.

1. Make a tester by marking + on the far right side of a piece of notebook paper. 

2. Stand with your back to a wall, with your head touching the wall. 

3. Hold the tester 500 mm (0.5 m or 50 cm) in front of your eye. (It may help to have someone help you.) 

4. Close your right eye and look at the + with your left eye. 

5. Place a pencil eraser on the far left side of the tester. 

6. Slowly move the pencil eraser to the right. 

7. When the eraser disappears, mark this location on the tester. Call this point "A." 

8. Continue moving the eraser to the right until it reappears. Mark this location on the tester. Call this point "B." 

9. Repeat the measurements until you are confident that they are accurate. 

10. Measure the distance between the spots where the eraser disappeared and reappeared. 

To make the calculation easier assume that: 1) the back of your eye is flat and 2) the distance from the lens of your eye to the retina is 17 mm. We will ignore the distance from the cornea to the lens.

Using simple geometry of similar triangles, we can calculate the size of the blind spot because triangle ABC is similar to triangle CDE. So, the proportions of the lines will be similar.

As an example if point A and point B is 46 mm. Inserting 46 mm into the equation, the blind spot of the retina has a diameter of 1.56 mm.
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The “dot” needs to be on the lateral side of the eye being tested. Report results in 
millimeters.
7.
Activity:  Testing Visual Acuity:


Stand 20 feet from the Snellen chart


1.
Cover your right eye, and read aloud the letters of each row, beginning at the top. 


2.
The smallest row that can be read accurately indicates the subject’s visual acuity 


in that 
eye.


4. 
Repeat the procedure with your left eye and record.


If you wear contact lenses, you do not need to record “uncorrected” values

8.
Activity:  Testing for Astigmatism:


Stand  10 feet from the astigmatism chart


1. 
Cover your right eye and observe the astigmatism charts from the appropriate 


distance.


2. 
Determine if any of the lines appear darker than others.


3. 
Record the results.


4. 
Repeat the procedure with your left eye and record.

9.
Activity:  Testing For Color Blindness:  


The booklets are on the side counter


1.
Record the numbers you actually see immediately when looking at each of the 


Ishihara plates in the data table. 

2.
If you cannot read a number place an “x” in the box.  

3.
After each subject has taken the test, look at the key and record the number that 


“normal” subjects should see.  Then use the key interpret your results

10.
Activity:  Depth Perception Testing


1.  
Have the subject sit comfortably in a chair facing the instrument about 8 feet 


away from the opening; adjust the chair to a height at which the subject can only 


see the two vertical rods, but not the top or bottom inside of the box.

2.  
Initially adjust the vertical rods so that they are furthest apart


3.  
Give the adjustment strings to the subject and, with both eyes open, ask them to 


try to align the two rods so that they are directly across from each other.  Repeat 


the process two more times and average the results on your data sheet. When you 


average, ignore any negative signs.


4. 
 Repeat the process with the right eye closed, then with the left eye closed and 


record the results on the data sheet.

5.  
Have the subject put on a pair of sunglasses and with both eyes open, repeat the 


test again and record the results on the data sheet.
11.
Accommodation Test

The purpose of this test is to check for a change in the shape of the lens as a normal eye is focused for near vision.  This involves a reflex in the muscles of the ciliary body.  When simulated to contract, the tension placed on the suspensory ligaments is released and this causes the lens to rebound, resulting in the lens becoming more convex.  Accomodation decreases with age due to the loss of elasticity of the lens of the eye.

1.  Obtain a meter stick and a small index card.  Clearly write a word on the index card.

2.  Place a meter stick against your laboratory partner’s chin extending outward in a horizontal plane.

3.  
Have your partner close the left eye.

4.  
Start with the index card at the very end of the meter stick.  Begin to slowly slide the index card along the meter stick until the subject can no longer see the word in sharp focus.  This point is called near point of accommodation.

5. 
Record the distance in cm in the table below.

6.  Repeat the procedure with the right eye closed and record your results in the chart below below.

	Eye Tested
	Near Point (cm)

	
	

	Right eye
	

	Right eye (corrected with glasses)
	

	Left eye
	

	Left eye (corrected with glasses)
	


Special Senses:  Hearing and Equilibrium; Ex 25

1.
Activity:   Conducting Laboratory Tests of Hearing:

Use a rubber mallet or the heal of your hand  to vibrate the tuning forks; DO NOT HIT THEM ON THE COUNTERS

c.  
Frequency Range


Substitute the following tuning forks:

low freq.
  128 Hz

medium freq.
  512 Hz

high freq.
 4096 Hz
e.  
Rinne Test for Comparing Bone and Air Conduction Hearing (Use 512 Hz tuning 
fork)

The Rinne test compares air conduction to bone conduction.  Hit the tuning fork firmly 
on the palm of your hand or the cover of a soft covered book.  Place the butt of the tuning 
fork on the mastoid eminence firmly.  Tell the subject to indicate when they can no 
longer hear the vibration.  When that happens, remove the butt of the tuning fork and 
place the U of the tuning fork approximately 1 inch the ear without touching it.  Have the 
subject tell you when they can no longer hear anything.

Normal: Air Conduction is better than Bone Conduction 



Air conduction usually persists twice as long as bone 



Referred to as "positive test" 


Abnormal: Bone conduction better than air conduction 



Suggests Conductive Hearing Loss 



Referred to as "negative test" 


Record the results of your tests (+/-) as described in manual

f.  
Weber Test for lateralization of sound (Use 512 Hz tuning fork)
Hit the tuning fork firmly on the palm of your hand or the cover of a soft covered book.  Place the butt of the tuning fork on the top of the subject's head in the midline and ask the subject where they hear the sound.  Normally the sound is heard in the center of the head or equally in both ears.  If there is conductive hearing loss present, the vibration will be heard louder on the side with the conductive hearing loss.
2. 
Activity:  Conducting Laboratory Tests on Equilibrium:

Balance Test (Skip)

Barany Test (Skip) Determines whether vertigo is triggered by certain head movements. involuntary movement of the eyes (Nystagmus) The eyes may move from side to side or up and down or both. These eye movements may be slow or fast, steady or jerky.
Romberg Test - With the eyes open, three sensory systems provide input to the cerebellum to maintain truncal stability. These are vision, proprioception, and vestibular sense. If there is a mild lesion in the vestibular or proprioception systems, the patient can usually compensate with the eyes open. When the patient closes their eyes, however, visual input is removed and instability can be brought out. If there is a more severe proprioceptive (dorsal white columns) or vestibular lesion, or if there is a midline cerebellar lesion causing truncal instability, the patient will be unable to maintain this position even with their eyes open. Instability can also be seen with lesions in other parts of the nervous system such as the upper or lower motor neurons or the basal ganglia, so these should be tested for separately in other parts of the exam.

1.
Have the subject to stand still with their feet together (touching each other) and 
facing 
forward. 
2.
Observe the subject for 1 minute and note any truncal instability (movements).  
Find a way to measure any movement.  
3.
Repeat steps 1 and 2 with the subject’s eyes closed. Stay near the subject in case 
the subject begins to sway or fall. Note any truncal instability.  Measure the 
truncal movements using the technique from  step 2.

4.
 Repeat steps 1 – 3 with subject facing sideways

Sensory Physiology Data Sheet 

General Sensations

Activity:  Plotting the Relative Density and Location of Touch and Temperature Receptors:

	Receptor 

Type
	# Spots 

Tested
	# Spots testing positive
	% 

Positive

	Touch
	
	
	

	Heat
	
	
	

	Cold
	
	
	


How would you expect the percent positive of each receptor relate to the actual number of receptors of each present in this experiment?

Which of the three types of receptors appear to be most abundant? _________________

On the basis of your observations and class results, what conclusions can you draw about the distribution and numbers of receptors on the skin for touch, heat and cold?  How does the density of touch receptors compare with that of heat and cold receptors?

Activity:  Determining Two Point Threshold:

Record your results on the table below:

	Body Area

Tested
	Two Point

Threshold

(mm)

	Face
	

	Back of Hand
	

	Palm of Hand
	

	Fingertips
	

	Lips
	

	Back of Neck
	

	Ventral Forearm
	


Which area was most sensitive to the test?  _____________

Which area was least sensitive to the test?  _____________

Are these the results you expected?  Explain:  

Activity:  Testing Tactile Localization:

	Body Area Tested
	Error (mm)

Test One
	Error (mm)

Test Two
	Error (mm)

Test Three
	Average 

Error 

(mm)

	palm of hand
	
	
	
	

	fingertip
	
	
	
	

	ventral forearm
	
	
	
	

	back of hand
	
	
	
	

	back of neck
	
	
	
	


Which area had the smallest error: ____________ Which area had the largest error:    ____________

Explain your results:

Activity:  Demonstrating Adaptation of Touch Receptors:

Describe what happened:


a. duration for 1 coin:


b. duration after adding 3 more coins:

Are the same receptors being stimulated with the 4 coins as for 1 coin? Explain.
Activity:  Demonstrating the Phenomenon of Referred Pain:

	Time of observation
	Quality of Sensation
	Location of Sensation

	on 

immersion
	
	

	after 

1 minute
	
	

	after 

2 minutes
	
	


What exactly is referred pain?

How does the localization of this referred pain correspond to the areas served by the ulnar nerve?

Special Senses:  Vision

The normal range of results for many vision tests are age related.  For that reason please record the age of the person being tested with the results of each test

Activity:  Demonstrating the Blind Spot:

Distance (cm) at which dot disappears:  
Age: _____

Left Eye: _________
Right Eye:  ___________

What is occurring when the ‘dot’ disappears?

Is the distance the same or different for each eye?  Explain:

Activity: Horizontal Diameter of Blind Spot

Left Eye: ________________

Right Eye: ____________________
Activity:  Testing Visual Acuity:

Visual Acuity:



Uncorrected:
Age: _____

Left Eye: ________
Right Eye:  ________
Both Eyes: _______


Corrected:





Left Eye: ________
Right Eye:  ________ Both Eyes: _______

What exactly do the two numbers in an acuity test mean; i.e., interpret the values for your uncorrected vision:

Is your corrected or uncorrected vision for both eyes any better or worse than for individual eyes? Explain.

Activity:  Testing for Astigmatism:

Is astigmatism present (Yes/No):
Age: _____



 Right Eye: _______
Left Eye:  ________

Activity:  Testing For Color Blindness:  

	Ishihara

plate number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	
	12
	13
	14

	number

seen
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	“normal”

number seen
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Use the booklet or information sheet to interpret your results:

Activity:  Tests for Binocular Vision:

Was it as easy to dunk the pencil with one eye closed as with both eyes open?  Explain.

What is the advantage of binocular vision?

Activity:  Depth Perception Testing

	Experimental Treatment
	+ or - Difference in millimeters

	
	Test #1
	Test #2
	Test #3
	Average

	both eyes
	
	
	
	

	right eye
	
	
	
	

	left eye
	
	
	
	

	with sunglasses
	
	
	
	


Explain any differences between your average results:

Special Senses:  Hearing and Equilibrium
Activity:   Conducting Laboratory Tests of Hearing:

a.  
Hearing Acuity –distance (cm) at which sound becomes inaudible

Left Ear: __________       Right Ear: __________

b.  
Sound Localization


At which location was the sound most easily located: _______________


At which location was the sound least easily located:  _______________

Explain:

c.  
Frequency Range


Which of the three frequencies (L, M, H) was heard 

most clearly: ___________   

 


least clearly: ___________


Explain why:

d.  
Weber Test


How does the loudness of the tone compare in the two ears?  

Interpret your results:

e.  
Rinne Test for Comparing Bone and Air Conduction Hearing

air conduction(bone 1st then air):
      Left Ear: __________       Right Ear: __________

bone conduction (air 1st then bone):

Left Ear: __________       Right Ear: __________


Interpret your results:

Explain why a person with conduction deafness hears the tuning fork better when it rests against the mastoid process than when it is held close to the ear.

c.  Romberg Test


Describe the results (movements) and explain their cause:


     back to blackboard – eyes open


     back to blackboard – eyes closed


     side to blackboard – eyes open


     side to blackboard – eyes closed

Explain the differences in truncal movemnts.
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