Mysteries of the Brain 
The Sense of Touch and the Spinal Reflexes 
Name: ____________________

The Sense of Touch 
The sense of touch is controlled by many different types of receptors.  We will discuss the different types of receptors and the stimuli they are sensitive to, and you will explore the role of these in lab.  Remember that these receptors in general can be classified as either mechanoreceptors, sensitive to physical stimuli (light or deep pressure), or thermoreceptors, sensitive to temperature changes.

Using a variety of “tests”, you will develop a “feel” of where these receptors are most or least concentrated and how this relates to the sensitivity of particular parts of our hands and arms.  Keep in mind also that the perception of touch in the cerebrum varies as well.  This varying perception is based on the amount of space in the cerebral cortex devoted to each body region.

Exercise 1: 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:

      With your eyes closed, have your lab partner touch the palm of your hand with a pencil or pen.

      Now, try to place the eraser of the pencil or the tip of the pen on the spot touched by your lab partner.

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

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

      Average the results.

      Repeat the experiment on the back of the hand, a fingertip, the ventral surface of the forearm, and the back of the neck.

      Record the results.

Exercise 1: Localization
	  
	Distance Between Touch Spot and Guess 

	Body Region 
	1st Trial 
	2nd Trial 
	3rd Trial 
	Average 

	Palm of Hand
	  
	  
	  
	  

	Back of Hand
	  
	  
	  
	  

	Fingertip
	  
	  
	  
	  

	Forearm
	  
	  
	  
	  

	Back of Neck
	  
	  
	  
	  


Exercise 2: Two-point Discrimination
Touch receptors are grouped in fields along our skin.  Instead of deciphering information from each individual receptor, touch is perceived in fields.  This means that all the touch receptors of a field work together and their stimulation is perceived as one “touch” by the cerebral cortex.  This phenomenon can be explored using the two-point discrimination test.  Two-point discrimination determines the ability of the skin to decipher if the skin is being touched in one or two spots.  If receptors from two different fields are being stimulated, the two points will both be perceived.  If however, the two touch spots are close enough to only stimulate receptors in one field, only one touch will be perceived.

Procedure:

      With your eyes closed, have your lab partner touch the palm of your hand with either one or two points of the esthesiometer.

      Measure, in millimeters, the closest distance between the two points of the esthesiometer that can be felt as two points when applies to the palm.

      Repeat the activity two more times and average the results.  Record the averages in the table below.

      Repeat the experiment on the back of the hand, the fingertip, the ventral surface of the forearm, and the back of the neck.

      Record your results in the table provided. 

Exercise 2: Two-point Discrimination 
	Body Region 
	Average Minimum Distance of Two-Point Discrimination 

	Palm of Hand
	  

	Back of Hand
	  

	Fingertip
	  

	Forearm
	  

	Back of Neck
	  


Exercise 3: Touch Receptor Adaptation
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.  We have explored adaptation in several other senses and can (and will) also explore it in the sense of touch.

Procedure:

      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?)

      Record the time in the table below.

      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.

      Record the results in the space below. 

Exercise 4: Touch Receptor Adaptation
Time of adaptation for one coin? _________________

Did the subject feel the other coins stacked on? _________________

If so, how long did it take to adapt to those extra coins? _______________

Spinal Reflexes 
As we have described in class, reflexes are involuntary predictable responses to specific stimuli.  Translated, this opening statement means that when a certain stimulus is received by specific receptors, it will cause the same response (subconsciously) by the individual.  [When your patellar tendon is tapped, your knee will “jerk”.]  In this lab exercise we will examine three different spinal reflexes.  I will try, for each reflex, to describe the neural pathway that leads to the reflex response.  You are likely familiar with most of these reflexes as they can be used medically as diagnostic tests.  Remember however that none of us are medical doctors so please do not use the results of the tests in this lab diagnostically.

Remember the gray “butterfly” we viewed in class?  That butterfly at all levels of the spinal cord is largely responsible for the spinal reflexes you experience.  Sensory information (afferent branch of the nervous system) enters the butterfly (gray matter) on the dorsal side.  In a simpler two-neuron link, the afferent neurons stimulate efferent neurons which carry the reflex (out the ventral side) response directly to the target muscle groups.  In a more complex three-neuron link, the afferent neurons stimulate a pool of interneurons (in the gray butterfly) which then stimulate the efferent neurons which carry the reflex response to several target muscle groups to carry out a more sophisticated reflex response.  Our spinal reflexes are constantly active, with most of us unaware of their significance.  For instance, the spinal reflexes are constantly adjusting our vertebrae to keep us standing upright and maintaining our balance.

For this lab, work in a group of 3-4 students.  As you test the subject student, be gentle, but provide enough of a stimulus to elicit a response.  Use the data table at the end of the lab to record your observations.

Exercise 1: Patellar (knee-jerk) reflex
You are all familiar with this reflex as it is a common test for physicians.  The control for this reflex is in the lumbar region (L2 through L4).  An abnormal reflex response may indicate problems with the neural tract leading to and coming from the lumbar region of the spinal cord.

Procedure:

      Have the subject sit with eyes closed, and legs bent at the knees over a table.  The feet should not be touching the floor.  (This stretches the patellar ligament.)

      Tap the patellar ligament just below the kneecap (patellar bone).

      Normal response is a contraction of the quadriceps (quads) causing the knee to jerk and the lower leg to extend forward.

      Record your observations in the data table on the next page.  Repeat for the other leg.

Exercise 2: Plantar (Achilles) reflex
This reflex involves the heel and the Achilles’ tendon.  The reflex is controlled in the sacral region (S1 and S2) of the spinal cord.  This is an example of a reflex that can, if abnormal, indicate a much bigger problem.  In this case, an abnormal reflex can be an indicator of thyroid problems

Procedure:

      Have the subject kneel on a chair or table with one foot draped over the edge of the chair or table.  Dorsiflex the foot to stretch the Achilles’ tendon.

      Tap the tendon just above its connection to the calcaneus (heel bone).

      Normal response is an extension of the foot (plantar flexion) as the gastrocnemius (calf muscle) contracts.

      Record your observations in the data table below.  Repeat for the other leg.

Data Tables: Spinal Reflex Exercises 
(Circle the exhibited response) 

	Test
	Left Side
	Right Side
	Remarks

	Patellar Reflex
	Response: Normal or Abnormal
	Response: Normal or Abnormal
	  

	Achilles’ Reflex
	Response: Normal or Abnormal
	Response: Normal or Abnormal
	  


Questions to answer: 
1)      In the localization experiment, did the distances get smaller by the third trial?  In other words, did you get better at pinpointing the spot touched?

2)      For the localization experiment, which area was most sensitive (or according to the results, where were you closest in distances)

3)      For the two-point discrimination experiment, which part of the body was the most sensitive?  In other words, on which body part was the distance the least?

4)      Why is it important for the touch receptors to accommodate to sensory stimuli?

5)      What would happen if the touch receptors did not accommodate?

6)      Were other receptors stimulated when extra coins were placed on the forearm?  Were they the same types of receptors or different types?  Explain your answer.

7)      What is the significance of these reflexes in our daily lives?

