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INTRODUCTION
Rhythm is an ubiquitous feature of the universe. Galaxies rhythmically expand and contract, and so do
the hearts of men. One of man's earliest concepts--the microcosm and macrocosm--expressed the belief that
the cycles of man's life are a reflection of the rhythm of the planets.
The concepts of Time and Rhythm remain elusive for science and philosophy, while artists try to help
find a meaning in the small amount of time that we call our lives. Modern physics tells us that time is
equivalent to space (if multiplied by a factor "c", equal to the speed of light). What does this really mean?
Why can't we walk backward in time as we do in space?
And in the world of rehabilitation medicine, we try to help our patients adapt to the irreversible
changes that time brings them. Unfortunately, we can't multiply our patients' lives by " minus 'c' "(though they
do fantasize too often that we can) to restore a function that they have lost for the remainder of their time on
Earth.
Despite the tremendous emotional and intellectual involvement with time, the use of time, in the form
of rhythm can help the disabled and ill, though it is rarely used for this purpose. Music, a form of rhythmic
auditory stimulation, usually accompanied by movement (called dance) has evolved along with man. Is music a
form of diversion, or is it a need? Can a society exist with a deficiency of music?
In the field of psychiatry, music and dance therapy have evolved to help the patient therapeutically
express his/her emotional life. However, the only time that one hears music in other areas of medicine is in the
form of Muzak in an office, an elevator, or while on hold on the phone.
The entire human organism, from the atoms to the organs, is rhythmically based (55-62). Evidence
mounts to suggest that every therapeutic intervention has it's optimal rhythm, including frequency of
administration, duration of each treatment, best time or times of day,and other factors. Recently, it has become
clear that even modern medicine's prototypic disease, diabetes, often cannot be adequately treated by the
rhythmic administration of insulin at a frequency of twice a day.
The original impetus for this paper and its associated research came from a project that the author has
reported elsewhere on the use of audio-taped exercises as an adjunct to therapy in the hospital and home.
Originally, these audio-tapes were conceived of and used to record routine rehabilitation programs (i.e.
range-of-motion, strengthening, etc.), with a musical background, to facilitate compliance, cost-effectiveness
and precision. The purpose of the background music was strictly to create a conducive atmosphere.
However, after early work with this new modality, the author began to invent exercises to allow the
patient to move with the musical rhythms on the tape. It soon became apparent that there were unique benefits
derived from what will hereafter be referred to as the "auditory rhythmic context".
Because space limitations prevents an in-depth discussion of the theory and application of rhythm to all
of rehabilitation medicine, the author will limit this discussion to some basic neurophysiology of rhythm, and
the application of this data to both measure and treat spasticity.
THEORY: RHYTHMIC MOTION IN AN AUDITORY RHYTHMIC CONTEXT
The use of rhythm to facilitate nervous recovery has rarely been reported. Hellebrandt and Houtz (41),
in the 1950's, demonstrated that strength and endurance can be increased by progressing pace rather than
resistance--a finding rarely applied.
DeLateur, Lehmann and Giaconi (18) used rhythmic pacing to study the effects of fatigue and rest on
the development of strength. However, they only used one pacing, used a metronome as the rhythmic source
(which is unpleasant), and did not acknowledge nor consider the auditory and rhythmic contribution to their
experimental design.
Safranek, Koshland and Raymond (73) have shown that moving to rhythm causes motor units to
synchronize; while Milner-Brown, Stein and Lee (55) have shown that moving at different paces requires
different synchronization patterns. However, this finding also has been rarely applied.
Along the same line, Kottke has written much about the training of coordination (43, 44, 45). He has
demonstrated that millions of repetitions of exact movements are necessary to create quality motor engrams.
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While specific guidelines were outlined, ways of implementing these millions of precise movements were not
offered.
Rhythmic stimulation, rhythmic motion, and the ensuing relaxation tune down the perceptual systems
and enable them to detect small differences, as described by the Weber-Fechner law of perception (77). Such
increased awareness is necessary for, and accelerates learning. Therefore, rhythmic exercises are essentially
using biofeedback principles (5, 9, 87) without their cost or technology.
Rhythm and the Vestibulo-Cerebellar System
The use of rhythmic motion within an auditory rhythmic context has some similarities to the Sensory
Integration (SI) Method developed by A. Jean Ayres (3). Dr. Ayres has shown the primacy of the vestibular
system in organizing nervous system input and output. Though designed primarily for a pediatric population
with developmental delays, SI therapy has been demonstrated to help even the college student with low
achievement (2). Levinson (70) has suggested that one possible etiology of dyslexia is an improperly
functioning vestibular system. The auditory and vestibular system have a common evolution, anatomy and
neurophysiology (31). One can hypothesize that if vestibular stimulation has a therapeutic effect, so might
auditory stimulation.
In addition, certain auditory (and visual) stimuli can create a sense of motion through their direct effect
on the vestibular system (39, 25). By using stereo tapes, any sound can easily be made to move from side to
side, creating a sense of horizontal, linear or rotatory motion. This effect can be further magnified by listening
through headphones. Music from popular movies such as Flashdance and Star Wars use such an auditory (and
visual) influence on the vestibular system to create a "moving" experience.
Most work on the vestibular system has been done by the space program. One study has shown that
assymetric auditory stimulation at a frequency of 1500 cycles/sec, or symmetric stimulation at 550 cycles/sec
has a negative effect on a balance task (39). However, this study was performed at loud volumes (95 decibels),
and the effect on the vestibular system may be mechanical rather than neurophysiological.
Based on the above, it is possible that auditory stimulation of varying temporal patterns (rhythm), pitch
(melody), and tonal quality (timbre) can have various neurophysiological and neuropsychological effects upon
the vestibular system. When listening to music, the urge to move, and possibly the elation that we feel may be
vestibular, rather than emotional. Furthermore, the vestibular-cerebellar system has a significant relationship to
the limbic system (29, 37, 84).
Neurophysiological Considerations
There are several differences between the ways in which the nervous system processes visual and
auditory input--important because current society is strongly visually based:
1) The auditory system develops earlier and is more closely related to the vestibular system.
2) There is no such thing as a static sound, while visual stimuli are often static. This is why we dance to
sound, rather than to light.
3) The auditory system has a more intimate connection with the general organizing systems of the brainstem,
such as the reticular activating system (11). This effect may be enhanced when movement is
coordinated with rhythmic breathing (which is also processed low in the brainstem (23).
4) The relationship between sound and sight is also demonstrated by the common experience that vision usually
dominates over the other senses (especially in modern society). It is often necessary to close the eyes to
gain full appreciation of auditory, kinesthetic and tactile. However, we were given the ability to close
our eyes. Never our ears.
In aphasia, the non-dominant hemisphere can understand language and movement patterns within a
musical context, amd has been used to reeducate speech, using a technique called "Melodic Intonation
Therapy".
Musical perception involves both right and left-brain function and may integrate the two (7, 13, 15, 16,
72).
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There is data that suggests that after unilateral injury, the dysfunctional cortex can permanently alter
the function of the contralateral, organically intact cortex (79). The author hypothesizes that the reverse can
also occur--that is, that the intact side can help the affected side to reorganize, via intact pathways.
The author proposes another possible mechanism by which the auditory rhythmic context can effect the
nervous system. Gibson (33) has shown that the only time that perfectly symmetric auditory stimulation exists,
in the face of head motion, is when the listener is speaking. Children learn to think by talking to themselves,
and then by internalizing this symmetric voice (90). Thus when one listens through headphones, the stimulus
of course does not change with head motion, and the nervous system processes this input, on some level, as a
form of thinking.
The theoretical basis of this work differs it from music and dance therapy, which are used to facilitate
emotional expression, and do not specifically address the physiology of nervous recovery (1, 6). This work is
also different from popular aerobic and exercise programs, such as those endorsed by Jane Fonda (26), as the
goals of these programs is cardiovascular and musculoskeletal fitness, not neurological recovery or increased
perceptual awareness. However, there are some similarities to activities (recreation) therapy (12, 64), in that
several neurophysiological systems are integrated when one conducts a purposeful activity (34).
In addition, the powerful, though rarely studied effect of music on those elusive entities that science
labels will, motivation and spirituality are all called into play.
Rhythm and Time Distortion
The perception of time can be altered by many factors, including rhythm (67). Though not studied, it is
a common experience that the same activity (such as strenuous exercise, or a tedious one) performed to rhythm
seems quicker and easier. Part of this ease is probably due to better synchronization of motor units (55).
However, apart from the motor component of time distortion, there is a perceptual component. Auditory
rhythm produces an effect equivalent to an optical illusion--it causes incorrect judgements of time due to some
(as of yet unstudied)neuropsychological effect. It may also be that if time is a sense, listening to music may
cause us to ignore this sense, as we can ignore other senses.
Time distortion is a common experience of dreams and hypnotic trance (14). Time can seem either
compressed or expanded by of a factor of ten or more. As an example of time expansion, dreams which seem
to last hours have been recorded to physiologically last only seconds, while we experience time compression
often in waking life--as everyone knows, "time flies when one has fun".
CLINICAL APPLICATIONS
In designing a paced exercise program, designed to facilitate neurvous as well as muscular recovery,
several variables exist, such as:
1) The exercise rate itself
2) The ratio of exercise to rest
3) The rhythmic qualities of the exercise and rest (apart from rate)
4) Coordination of exercise rate with breathing rate
5) Coordination of breathing cycle with exercise/rest cycle
(i.e. whether to exert with inhalation or exhalation)
6) Ratio of inhalation time to exhalation time
To gain information about these parameters, the author has conducted an extensive survey of
references in exercise physiology, sports medicine, yoga, dance and other forms of neuro-muscular training.
The author also tested various patterns upon himself and colleagues for several years before designing tapes for
patient use. The following observations and conclusions were made, though there remains a need for formal
study:
1) The body has certain inherent rhythms (see Table 1) varying from the order of 1/10 second/cycle for
brain wave and neurophysiological events, to 1/2 second/cycle for consciousness (shift of attention) (83) and
walking and up to one second/cycle for heart rate.
---------------------
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INSERT TABLE 1 HERE
--------------------The period of 4 sec/cycle is common to respiration rate, blink rate (in adults, which probably has something to
do with information processing (76, 89)), immediate memory (64), and for the perception of auditory rhythm
(i.e., patterns extending over 4 seconds are not perceived auditorily as belonging within one rhythmic unit
(27)).
2) Blinking and breathing (and certain oro-facial movements such as chewing, swallowing and eye
movements) are especially interesting movements in that their control are at the interface of cortical (conscious)
and sub-cortical (unconscious) processes. Both blinking and breathing are usually controlled autonomically
(and automatically), but their control can easily be taken over by conscious volition without special training.
References on yoga claim that autonomic function such as heart rate, gastrointestinal activity, attention
(sleep/wake) cycles can be accessed by consciously varying breathing rate (30, 51, 69). Furthermore, during
certain activities (such as running), there are inherent synchronization patterns between breathing and activity
cycles that are neurologically mediated (8, 36).
3) Most popular dance music (such as Michael Jackson's Thriller) has a pace of about 118
beats/minute, which is almost precisely that of average walking speed (49). (Also, most dance music is
composed of units of 4 beats (measures)).
Based upon the above observations, plus the informal experimentation discussed above, the following
specific guidelines are used in designing the pacing of the lesson tapes:
1) A unit of four beats is used. If a motion needs more than four beats because of its magnitude or
complexity, multiples of four are used (i.e., 8, 12, 16, etc.). In most cases, each beat is one second.
2) Movement away from starting position is usually coordinated with exhalation, while return to
starting is coordinated with inhalation. This is usually followed by a breathing-rest phase continuing the
exhalation-inhalation rhythm.
3) Inhalation Time = Exhalation Time. Though the normal physiological inhalation/exhalation ratio is
1:2, in most exercises it more comfortable to keep the ratio one-to-one.
4) Exercise Time = Rest Time. In this way, the longer the exertion, the longer the following rest time.
Also, if the patient cannot sustain exertion for the entire duration of the exercise period, the rest period begins
immediately and thus the remaining exercise time is added to the given rest period. (In such a case, the rest
time will be longer than the exercise time, which is appropriate for strenuous exercise. As the patient's
endurance increases, the full exercise time will be used and therefore the rest time will decrease until the rest
and exercise times are equal.)
RHYTHM AND SPASTICITY
Rhythm to Treat Spasticity
Spasticity can be thought of as a strictly rhythmic abberation of movement. The classic understanding
of spasticity, that excessive gamma bias of the muscle spindle causes increased phasic reflexes, is indeed
rhythmic. As one moves faster, spasticity increases. Weakness is due to poor coordination between muscle
groups, and between agonists and antagonists (42).
The contribution of the spindle is now in question, because recent evidence indicates that the gamma
motor neuron is only active during voluntary motion, even in spasticity (10, 19, 21, 28, 46, 47, 48, 78). If this is
true, spasticity during passive motion cannot be explained. However, regardless of the theory, the experience of
spasticity is rhythmic, as described above.
The author has been working with several patients with spasticity, who are over a year post-injury. By
using audio-tapes designed with the above considerations in mind, these patients have continued to show
decrease in speasticity and increase in motor control.
Rhythm to Measure Spasticity
To this date there exists no reliable, practical way to measure spasticity which doesn't entail problems
with methodology or validity. However, the measurement of spasticity remains an imperitive for rehabilitation,
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to measure impairment and recovery, and to assess the efficacy of various therapeutic modalities. Between
hospitalization for stroke, disability relaated to stroke and it's pain, and the treatment of spasticity, millions of
dollars are involved.
A review of papers on measurement reveals that the technique usually involves some sort of passive
motion of a spastic extremity, with a measurement of force or integrated EMG (17, 20, 74, 80, 81). However,
no paper described how the temporal qualities of such motion were chosen.
Except in the case of complete spinal cord injury, which is the minority of patients with spasticity,
most spastic limbs have a component of voluntary motion. It is the relation of spasticity to volition that is
usually the issue, especially when pain and functional limitations are involved. Therefore, measures that are
derived from strictly pasive motion are of limited clinical relevance.
In developing a rhythmic measure of spasticity, the author approaches spasticity from a perspective of
time, rather than force. The apparatus is relatively simple in concept and design, though its realization requires
state-of-the-art technology (see Figure 1)
---------------------INSERT FIGURE 1 HERE
---------------------Essentially the patient is provided with an auditory rhythmic pattern generated by computer. The patient has to
match this rhythmic pattern py pressing on a force transducer. A series of colored lights tells the patient when
the force is too low, too high, or within the desired force window (which can be adjusted for the patient). Since
the important feature of the curve is it's temporal qualities, and not it's amplitude (force), the patient is free to
adjust his position with respect to the measurement device. All that is necessary is that the temporal pattern be
matched as best as possible.
This force curve is then subjected to a Fourier Transform Analysis, which analyzes frequency
componenets of the curve. As spastic patients have problems both with inhibition and modulation of
movement, the author hypothesizes that when these patients' Fourier Transforms are compared to those of
normal controls, certain frequency aberrations will be found. Since this method involves auditory perception,
to which both the right and left brain contribute neurophysiologically, this same method may be a way of
studying soft neurological signs in adult and pediatric patients whose deficits do not manifest on routine testing.
A variety of rhythmic patterns will undoubtedly need to be tried. It is possible that different diseases and sites
in the nervous system will be sensitive to different rhythmic patterns.
DISCUSSION
The device discussed above is stillbeing designed and tested, so no clinical data is yet available.
Hoever, as described above, the author is now applying these rhythmic principles to the treatment of several
patients, with results that support the above hypotheses.
To close this discussion, the author would like to cite an article that recently appeared. Weber, et. al.
(85) reported providing comatose patients with two forms of therapy. The control group received a standard
program of passive range of motion, splinting, routine nursing care and family visits; while the treatment group
received an organized sensory-motor approach, incorporating motor, auditory, and tactile input in a coordinated
fashion. There were statistically significant differences in the EEG's between the two groups after four
thirty-minute treatment sessions given over two days. Thus, even comatose patients can respond differently to
different forms of stimulation
To extrapolate this finding into the future, one can imagine that some day comatose patients will be
connected to Walkmans and computer-run motor pattern generators (to move the patient to the musical
rhythm). One can further imagine typical bedside rounds on such a ward: the attending physician asking the
resident what "dose" of music the patient is receiving; the resident responding that the patient is now being
"treated" with Michael Jackson; and the attending scolding the resident for progressing the patient too quickly,
as the patient does not yet have "rock-bearing status"!
The use of rhythm and sound to facilitate neurological recovery remains a vast, unexplored frontier.
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Table 1: Natural Rhythms and Tempos

Phenomenon

Seconds/Cycle

Neurochemical

10-6

Neurophysiological

10-3

Brain Waves

10-1

Consciousness

0.50

Walking One Step

0.50

Heart Rate

0.60-1.00

Chewing

0.80.1.25

Blinking

4.00

Breathing

3-5

Perceived Rhythm

4

Immediate Memory

4

Short-Term Memory

180 (3 minutes)

Attention/ Endocrine

5400 (90 minutes)

Circadian (Day)

24 hours

Estrous (Month)

28 days

Year

365.25 days

7-Year Cycle

0-7-14-21-28-35-42-4956-63-70-77-84-91-98-...
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FIGURE 1: SAMPLING TAPPING DATA
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FIGURE 2: BLOCK DIAGRAM FOR CAPTURING TAPPING DATA
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