Lab: Mapping the Somatosensory Cortex


Name ______________________________








Period _____  Date ___________________

Purpose

· To determine the relative number of nerve endings located in various ares of the skin using two-point discrimination.

· To predict the relative size of the region of the sensory cortex responsible for detecting sensation in a given area of the skin.

· To explain the role of each of the following in the transmission of information from the sensory medulla, thalamus, and somatosensory cortex.

· To use data about the size of the sensory cortex to analyze behavioral adaptations.

Background

Neurologists, physicians who specialize in the brain and central nervous system, use two-pointed objects and ask patients if they feel one point or two.  They are checking the sensistivity of the skin, but what does the sensitivity of the skin have to do with the brain?  Humans learn a great deal about their immediate environment from the sense of touch.  The brain is able to determine where the body has been touched, and can often identify the object that touched it, because it contains a kind of map that reflects the relative number of touch receptors in various parts of the body.

Human skin contains several different sense receptors that respond to mechanical and thermal stimuli (e.g., touch, pressure, pain, temperature).  These receptors are used to help us explore and determine the characteristics of our external environment.

A sense receptor is a specialized cell that converts a physical or chemical stimulus into action potentials (electric charges).  These action potentials produced by the receptors are conducted to the spinal cord and brain for processing and interpretation.  The message that is sent to the central nervous system (CNS) is always a train of action potentials, regardless of the kind of stimulus that excites a particular receptor.
Sensory receptors that respond to touch send action potentials through axons that enter the dorsal (back) columns of the spinal cord and ascend to the medulla of the brainstem.  These axons then make connections (synapses) with another pathway within the medulla.  It is here that the pathway crosses over the brain midline and then continues to the thalamus.  The final pathway begins in the thalamus and continues to the specific region of the sensory cortex, as shown in Figure 4.  This pathway effectively gives one side of the brain responsibility for the opposite side of the body.  This phenomenon is observed when a head injury or disease of the right side of the brain leads to physiological problems in the patient’s left side.

Most of the information about touch is centered in a thin, convoluted surface layer of the cerebrum of the human brain called the somatosensory cortex.  Each point on this band of sensory cortex contains densely packed cells that correspond to sensory receptors from different parts of the body, as shown in Figure 5.  The specific amount of space on the somatosensory cortex of the brain that is dedicated to sensing each body part is proportional to the density of the sensory receptors in that particular body region.  For example, relatively few receptors are located in the upper arm; therefore, the upper arm area in the somatosensory cortex is small.

The two-point discrimination method determines the minimum distance that can be sensed between two points of touch.  This technique can be used to determine the approximate size of the receptive field that senses light touch.  Two points placed on the tips of the fingers can be distinguished as two separate points even when the points are as close together as two millimeters.  In contrast, on the subject’s back the points must be about 40millimeters apart before they can be identified as two separate stimuli.  The reason the discrimination of the finger is better than the back is that the finger has a much larger number of specialized touch receptors that the back or other regions of the body.

In this lab, students will locate touch receptors on the skin and estimate their relative numbers in different parts of the body.  By calculating the reciprocals of the two point discrimination numbers responsible for detecting sensation in a given area of skin.  You can then consider how their resulting pattern may affect human behavior and evolution.

The size of the head and body representation in the somatosensory cortex differs among species of mammals.  In primates and carnivores, for example, the somatosensory representation of the paws, hands, and feet is large compared to the rabbit.  Most likely these regions of the body contain a large number of touch receptors.  These distributions in primates and carnivores probably reflect how they hunt, collect, and handle their prey and other food.  The rabbit has a large distribution for the face and snout because it uses them as the primary means for exploring the environment.  The hand is well represented in all primates, but the thumb region is the most important in the toolmaking humans.
Regions in the brain corresponding to touch receptors on the skin can be reconfigured when the area of the body they are responsible for is missing, as in amputation.  In doing the, the brain may remodel the sensory neurons and they will be used in another area.

Materials

Ruler with two toothpicks attached


Blindfold (optional)
Procedure

1. Assign each member of the group a role as follows:  Subject, Measurer, and Data Recorder

2. Pick either the LEFT or the RIGHT side of the body to test and make sure that your partner is NOT LOOKING as the skin is touched (blindfold is optional).  Test only those areas indicated on the data table.  Check the reliability of the responses by randomly touching with only one point.

3. The Measurer should GENTLY place the two points on the subject’s skin and ask the subject if he/she feels just one point or two.  Start with the toothpicks about 40 mm apart.  The measurer should make sure the two points are applied simultaneously, and that the subject does not see the skin as it is being touched.

4. The measurer should close the gap between the two points slightly and repeat the step above.  He/she should continue in this same area of the skin until the subject can no longer identify two separate points.  The measurer should measure the distance between the two points and tell the data recorder this number.  The data recorder should record the number in the attached table.  

5. Repeat steps 3 and 4 with all of the skin areas listed in the table.

6. The data recorder should use the reciprocal of each measurement to estimate the relative number of touch receptors in various areas of the skin.  Calculate the reciprocals by dividing each measurement in to 1.  For example, if the measurement is 2.0 mm, its reciprocal is 1 ÷ 2.0 = 0.5.  The areas of the skin that have many touch receptors will have a small discrimination value.  If the two-point discrimination on the knee is 2.0 mm, its reciprocal is 0.5; if the discrimination is 1.0 mm, the reciprocal is also 1.0.  A higher reciprocal number means more touch receptors in an area, and a larger representation on the somatosensory cortex map.  The data recorder should enter the reciprocals into the table.

Results

GRAPH: Make a bar graph with Parts of the Body on the X-axis, and the Reciprocal Values (number of touch receptors) on the Y-axis.  On the X-axis, begin with the part of the body with the highest reciprocal value (highest number of touch receptors), and go in order to that part of the body with the smallest reciprocal value (number of touch receptors).

Table.

	Body Part
	Two-Point Discrimination
	Reciprocal (1 ÷ measurement)

This equals the relative number of touch receptors

	Example
	2 mm
	0.5

	Scalp
	
	

	Forehead
	
	

	Cheek
	
	

	Nose
	
	

	Chin
	
	

	Front of neck
	
	

	Back of neck
	
	

	Upper back
	
	

	Shoulder
	
	

	Upper Arm
	
	

	Elbow
	
	

	Forearm
	
	

	Wrist
	
	

	Back of hand
	
	

	Palm of hand
	
	

	Tip of thumb
	
	

	Tip of index finger
	
	

	Tim of third finger
	
	

	Tip of fourth finger
	
	

	Tip of fifth finger
	
	

	Front of knee
	
	

	Back of knee
	
	

	Lower leg
	
	

	Back of lower let
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Conclusions
1. Which areas of the body have the highest number of touch receptors?  Which areas have the lowest number of touch receptors?

2. Which regions of the somatosensory cortex (in the brain) take up the largest amont of space?  Which regions of the somatosensory cortex take up the smallest amount of space?

3. How does the area of somatosensory cortex responsibility correspond to density of receptors in a given body area?

4. Discuss how touch information is relayed to the somatosensory cortex.  (Use figure 5, and the background information to explain the pathway.)

5. Compare your sensory cortex to that of the other students at your table.  Determine similarities and differences.

6. Based on what you now know about the role of the brain in the sense of touch, explain why you think phantom limb pain occurs after a limb has been amputated.

7. What does a cat have more touch receptors around its mouth and lips than in other parts of its body?  Suggest some adaptive behaviors in which this characteristic would be important.

8. How do human’ sensory cortex reflect our behavioral adaptations?  List as many examples as you can think of.

