[image: ]
[image: ]
[image: ]
[bookmark: _GoBack][image: ]
[image: ]
image1.tif
|.  SCIENTIFIC PRINCIPLES

The human body can be thought of as a
composite of twelve organ systems: the
skeletal system, the articular system, the
muscular system, the nervous system, the
circulatory system, the integumentary
system, the respiratory system, the
alimentary system, the urinary system, the
reproductive system, the lymphatic system,
and the endocrine system. Two of the 12
systems, the nervous system and the
endocrine system, are responsible for exerting
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Fig. 9.1 Mechanisms of neural communication methods

control over all of the others so as to maintain the relatively stable internal environment required for normal cell

functions. The endocrine system exerts control through the release of hormones and other chemical messengers that
alter cell activities. The nervous system exerts control by way of nerve impulses and the release of neurotransmitters
that either inhibit or excite target cells. Other cellular functions are altered by a combination of nervous and endocrine
elements working together as a neuroendocrine control mechanism (Fig. 9.1).
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Some functions of the human body are voluntarily controlled; that is, you can willfully initiate, modify, or stop the
function. Movements of the skeleton, as in walking or lifting a weight begin by voluntarily activating motor nerves that
stimulate contraction of the appropriate skeletal muscles. Once the movement begins, control over the strength and
speed of contraction, alternate contraction and relaxation of opposing muscles and coordination with other muscles
acting at the same joints is shifted to involuntary neural control centers in the brain and spinal cord so that the
intended movement proceeds normally while the brain’s attention is directed elsewhere. In other words, you need not
concentrate on contracting and relaxing flexors and extensors at the appropriate time to continue walking. Instead,
you can direct your attention to where you are going. However, the movement may be voluntarily speeded up,
slowed, or stopped when it becomes desirable to do so. Thus, neural control of skeletal muscle is partially voluntary
and partially involuntary. The division of the nervous system that exclusively controls skeletal muscle is called the
somatic motor system.

The majority of body functions are involuntarily controlled. Most of the time we are unaware of the control because we
do not have to voluntarily initiate it, although we may be able to sense the effects of control. For example, when core
body temperature rises as we exercise, sweating becomes noticeable as the body attempts to cool itself, but we do
not have to think about the need to sweat before we exercise, during the exercise, or after the exercise. Other
examples of involuntarily controlled processes include gastrointestinal movements and secretion in response to
ingested food, alteration of airway diameters in the lungs in response to the need for more or less air, increased
formation of urine by the kidneys in response to increased drinking, and so forth. The part of the nervous system that
controls involuntary functions of the body’s organs is called the autonomic nervous system (ANS).

The term “autonomic” implies independent, self-controlling function. If we had to maintain vital functions such as
heartbeat, breathing, blood pressure, and blood sugar through conscious effort, we would accomplish little else.
Sleep, of course, would be impossible. The ANS functions independent of the will and below the level of conscious
thought, helping regulate our internal environment. It is made up of two structurally and functionally distinct divisions:
the sympathetic division and the parasympathetic division. Nearly all organs are supplied with both sympathetic and
the parasympathetic nerves.
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The sympathetic nervous system is sometimes called the “fight or flight” system. It heightens awareness, dilates
pupils of the eyes, increases heart rate, dilates airways, increases breathing rate and depth, increases blood flow to
skeletal muscles, and causes many other internal changes that prepare the body to preserve itself in the face of a
short-term or acute stress.

The objective of parasympathetic nervous system control is to maintain the relatively stable internal environment of
the body on a daily routine basis. When we rest from exercise, increased parasympathetic activity reduces heart rate
and slows breathing. During and after a meal, parasympathetic stimulation of the organs of the digestive system
increases secretion of digestive enzymes and increases contraction of smooth muscles that move the contents of the
stomach to the small intestine, and from there to the large intestine. This allows for an orderly, routine processing of
ingested food from which we can extract and absorb nutrients.

Both divisions of the ANS are active all of the time, displaying what is called autonomic tone. Their effects on organs
generally oppose one another. As mentioned earlier, increased sympathetic stimulation increases heart rate but
increased parasympathetic stimulation decreases heart rate. The heart rate at any given time of the day or night
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reflects the dominance of one division over the other at that time. Each division of the ANS also directly inhibits
activity in the other. A sympathetic increase in heart rate occurs in part because parasympathetic cardioinhibitory
nerves are themselves inhibited by sympathetic nerve cells and vice-versa when parasympathetic dominance occurs.

For decades, many people believed that autonomic control of body functions could not intentionally or willfully be
altered. A considerable amount of evidence now exists suggesting this is not true. Some of the effects of autonomic
control can be altered through biofeedback training. The underlying principle of biofeedback is that we have the
innate ability and potential to influence autonomic control of body functions through exertion of the will and mind.
Biofeedback training is a learning process whereby people exert conscious control over physiological processes
controlled by the autonomic nervous system. During the training periods, a biologic signal that changes with altered
autonomic tone, such as the heart rate or skin temperature of the subject, is monitored and “fed back” to the subject
in real time as a visual or auditory signal that the person can use to enhance a desired response. The use of a heart
rate monitor during biofeedback training in stress management is a good example.

Mental or psychological stress increases sympathetic activity and decreases parasympathetic activity, resulting in an
increase in heart rate, an increase in blood pressure, reduced gastrointestinal functions, and so forth. Over the short
term, these changes may be beneficial, but when they are prolonged or become chronic, they become detrimental
and can cause disease. Using heart rate biofeedback techniques, an affected person can be taught to relax and to
increase parasympathetic tone and thus reduce sympathetic activity, evidenced by a decrease in heart rate. Initially, a
machine monitors heart rate and provides the feedback signals that help the subject develop voluntary control.
Eventually, the subject is able to recognize and control reactions to stress on his own by recalling and eliciting the
same relaxed state of mind used in the biofeedback laboratory when he is at home or at work. Relaxation training
using biofeedback has been successfully applied to the management of asthma, cerebral palsy, hypertension,
migraine headache, irritable bowel syndrome, and numerous other maladies.

In this lesson, to explore the concept of biofeedback training and its effect on autonomic control of heart rate, heart
rate will be plotted on the screen as a thermometer style bar chart that will rise and fall with changes in heart rate,
allowing the Subject to become conscious of his/her heart rate. The Subject will try to influence the reading without
physical movements.
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1. EXPERIMENTAL OBJECTIVES
1) Introduce the concept of biofeedback as a technique to alter autonomic tone.

2) Measure changes in autonomic tone via heart rate.




