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CHAPTER I 

INTRODUCTION 

Cerebral palsy is usually a multihandicapping condition 

for the affected individual. The neuromuscular dysfunction 

caused by damage to the central nervous system may be asso

ciated with sensory and perceptual deficits, mental retard

ation, psychological and emotional problems and impairment 

of speech and language development. 

Speech habilitation of the cerebral palsied child within 

the last decade has indicated the need for a broad thera

peutic approach to their communication difficulties. Train

ing programs have been designed to focus upon all speech 

production systems. The development of neuromuscular con

trol of articulators, phonatory ability and respiratory 

coordination become equally important goals of the thera

peutic process. 

Communication deficits of dysarthia, falling into arti-

culatory and phonatory difficulties, have been well classi

fied and documented in the cerebral palsied population. 

The effect of respiratory system impairment on cerebral 

palsied speech is less well understood. Palmer, 1952, 

Wolfe, 1950, and Fothergill, 1950, et. al̂ . , have reported 

cerebral palsied children to have rapid, shallow and ir

regular breathing. Among cerebral palsied children res

piratory problems have been described most often in the 

athetoid type. They display the most irregular, involun

tary, uncoordinated and "reversed" breathing patterns 

(Westlake, 1961) during both quiet respiration and speech. 

Research concerning respiratory movements in cerebral 

palsied children has dealt exclusively with the investiga

tion of the function during wakefulness. However, parents 

of athetoid children have reported dramatic normalizations 

of breathing during sleep. This phenomenon has also been 

noted by several clinicians (Gintautas, 1976, Wollcott, 
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1977),-'- yet no quantitative data have substantiated these 

observations. Therefore, the purpose of this investigation 

is to evaluate respiratory patterns in the athetoid type 

of cerebral palsied children during states of sleep and 

wakefulness. We hope that this information will provide 

some understanding of the neurological mechanism of respira

tory control in athetosis, and that it will help to improve 

the clinical management of these individuals. 

Personal communications. 



CHAPTER II 

A REVIEW OF THE LITERATURE 

Cerebral palsy is defined as a non-progressive condition 

resulting from brain injury which occurs before birth, at 

the time of birth, or within the first six years of life. 

The resulting alterations of neuromuscular functions are 

characterized by paralysis, weakness, or incoordination of 

movements (Phelps, 1946, 1949; Perlstein, 1949). The 

major types of cerebral palsy, based upon the predominant 

physical manifestations of postural tonus and reflex states 

are spasticity, ataxia and athetosis. Irregular breathing 

patterns are most often observed in the athetoid cerebral 

palsied type. 

The examination of the literature concerned with the 

respiratory functions in athetosis is described under five 

main topics: (1) the normal regulation of respiratory 

processes, (2) normal respiration during sleep, (3) athe

tosis, (4) speech disorders in athetoid cerebral palsied 

children, and (5) respiration in athetosis. 

I- Control of Normal Respiration 

The process of respiration relies upon a simple physi

cal principle that gases flow from areas of high pressure 

to areas of low pressure, supplying the necessary amount 

of oxygen in the blood. Variations of the gaseous volumes 

of the thoracic cavity are achieved through coordination of 

the thoracic, diaphragmatic, and abdominal muscular move

ments. These movements are responsible for enlargement 

of the thoracic cavity, which is accomplished by elevation 

of the rib cage and descent of the diaphragm. This action 

results in air flow into the lungs because of the decrease 

of gaseous pressure to a level below atmospheric pressure. 

Opposite air flow occurs as a result of lung recoil pressure 



and with a decrease in thoracic cavity size that follows 

diaphragm ascension and lowering of the rib cage. Normal 

rest breathing is rhythmic, occuring at a rate of twenty 

to thirty-five cycles per minute for children under seven 

years of age, and eight to twenty cycles per minute for 

adults (Peiper, 1963; Watson and Lowrey, 1951). 

Human respiration may be regulated through either vol

untary or automatic processes. There is evidence that two 

separate neurological structures exist for the indepen

dent control of each system. The voluntary center has been 

located in the cerebral hemispheres, while the "more primi

tive" automatic control center has been located at the 

level of the brain stem (Comroe, 1966). As early as 1837, 

Flourens described a "vital node" at the medullary level 

for the regulation of rhythmic automatic respiration. The 

concept of "respiratory centers" has since been widely 

accepted (Mitchell and Berger, 1963). 

The primary centers responsible for automatic control 

of respiration have been described as being located in 

three levels of the brain stem: at the medullary level 

and at the upper and lower pons levels. The medullary 

center is responsible for the coordination of the basic res

piratory sequence. It possesses an inherent rhythm cap

able of inducing periodic sequences (Hoff, 1963). The 

length of rhythmic impulses corresponds with the durations 

of inhalation. This center is interconnected with the 

higher respiratory centers of the pons, hypothalmus, cortex, 

and reticular activating system. Accordingly, at the lower 

level of the pons is the apneustic center, which functions 

as a regulator of medullar inspiratory activity. The ap

neustic center is restrained by afferent stimuli of the 

vagus nerve or by the impulses of the pneumotaxic center, 

which is located at the upper one-quarter of the pons and 

just below the midbrain. The pneumotaxic center encourages 



rhythmic respiration, acting as a feedback mechanism for 

the medullary center. Mitchell and Berger (1963) postu

lated that impulses of inspiration are sent from the medul

lary center directly to the pneumotaxic center for control 

of medullary inspiratory-expiratory activity. 

Fluctuations of bodily functions and respiratory needs 

are transmitted to the respiratory centers through several 

major systems. Nerve endings sensitive to changes in their 

chemical environments, called chemoreceptors, are located 

at various parts of the cardiovascular system for detec

tion of changes in CO2, O2, and H2 concentration in the 

blood. The most useful response to a decrease in the ar

terial partial pressure of oxygen comes from the chemo-

sensitive cells located at the arch of the aorta and in 

the carotid arteries. Upon an increase of CO2 tension in 

the blood, chemoreceptors reflexively generate afferent 

impulses to the medullary center through the glossopharyn

geal and vagus cranial nerves, prompting the appropriate 

respiratory response (Comroe, 1966). 

The reflexes for mediation of respiratory activity are 

served by sensory endings in the lungs and respiratory 

muscles called m.echano-or stretch-receptors. The Hering-

Breuer, or inflation reflex of the lungs, acts in accord

ance with the amount of lung distention. Receptors for 

this reflex lie in the smooth muscle of airways from the 

trachea to bronchioles, and upon stimulation, send im

pulses to the respiratory centers through afferent vagal 

fibers. According to Widdicombe (1960) these reflexes are 

weak in man and do not operate in a significant manner 

during rest breathing. However, they do respond to greatly 

increased volumes in the lungs. 

Anatomically, respiration involves the abdominal muscles, 

the diaphragm, the chest cage muscles, and the accessory 

(primarily neck) muscles. This activity is controlled in 



part through stretch reflexes present in the alpha and 

gamma systems (Comroe, 1966). The alpha system, which refers 

to the central control of main muscle fibers, functions in 

cooperation with the smaller gamma system located within 

the spindles of the muscle fibers. Each spindle contains 

its own sensory and motor elements and serves as a feedback 

loop for m.ajor muscle activity. As the muscles are made 

aware of the body's ventilatory requirement through the 

upper respiratory centers, they act to provide the optimal 

combination of frequency and amplitude of respiratory ex

cursion to achieve proper tidal volume. The change in 

thoracic and lung volume will meet the oxygen demands of 

the organism. However, if a decrease or increase of thor

acic or pulmonary compliance has occurred, immediate altera

tion can be accomplished through action of the gamma loop 

(Orem and Dement, 1975). 

In summary, respiration appears to be controlled auto

matically by neuromuscular mechanisms at the brain stem 

level. Voluntary control is accomplished by the engage

ment of the cortical centers of the brain. Finally, var

ious peripheral and central receptors provide reflexive 

feedback for changes in respiratory activity by their res

ponse to physiologic and metabolic changes in the organism. 

II. Respiration and Sleep 

The distinction between the sleep and wakefulness states 

of consciousness is described by Mountcastle (1968) as a 

loss of cortical reactivity to environmental stimuli. 

Sleep is not a uniform activity, and it varies in nature 

and depth from time to time between individuals and in the 

same person. However, it is generally considered to depend 

upon a circadian, i.e., twenty-four hour rhythm concurrent 

with the earth's rotation. This rhythm is inherent and 

innate in man, and dependent on the hypothalamus for its 



existence (Mountcastle). Control of sleep and wakefulness 

occurs at the brain stem level. It is hypothesized that the 

medullar inhibitory area is the common pathway for all motor 

inhibition. The reticular formation of the brain, which re

gulates brain stem spinal and cortical neural activities is 

responsible for the periodic changes between sleep and 

wakefulness (Oswald, 1962). 

Despite the variability of individual sleeping habits, 

certain sleep phenomena have been observed to be consis

tent among the human population. For example, common al

terations of physiological activity are induced by sleep 

including reduced metabolic activity, a decline in blood 

pressure, a fall in body temperature, and a decrease in 

cardiac and respiratory rates (Mountcastle, 1968). More

over, two highly distinctive sleep phases have been ob

served which occur alternately throughout the entire sleep 

period. Named for a primary distinctive feature, i.e., 

the presence or absence of rapid eye movement, these states 

have been called REM and non-REM (NREM) respectively 

(Guilleminault and Dement, 197 2). 

The NREM, or quiet sleep phase, results from a halting 

of perceptual processing by the brain, such that a loss 

of responsiveness to the environment occurs. The NREM 

stage is characterized by slow, regular breathing, general 

absence of body movement and slow, regular brain activity 

as seen through EEC recordings. Conversely, in REM sleep 

physiological functions are highly intensified, such as 

convulsive twitches of the face and fingertips, increased 

cerebral blood flow, elevated temperature, irregular breath

ing, etc. (Ross, ê .al̂ . ,1968) . 

The study of sleeping behavior has been done using EEG, 

which can differentiate between the REM and NREM states by 

recording the averages of electrical currents developed in 

the brain (Dement and Kleitman, 1957) These authors stated 

that a seven to eight-hour night of normal sleep usually 
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consists of four REM, or dream states. The duration of 

these periods increases from the early part of the night 

until wakening, lasting in progressively longer REM periods 

of approximately three, nineteen, twenty-four, and twenty-

eight minutes, or between a total of one and one-half to 

two hours for the entire sleep period (Guilleminault and 

Dement, 1972). According to Ross, £t.al. (1968), NREM 

sleep almost always precedes REM sleep, usually beginning 

approximately fifty to seventy minutes after onset of sleep 

(Roffwarg, Muzio, Dement, 1966). 

Perlstein and his coworkers (1946, 1955), have studied 

thousands of cerebral palsied infants and children by the 

use of the electroencephalograph during sleep and wakeful

ness. They found that spastic and athetoid infants showed 

seizure-like discharge during sleep, while their medical 

history showed no such seizure in wakefulness. These in

vestigators correlated the observation with structural dam

age and the specific motor defects of cerebral palsy. They 

hypothesized that seizures occur more commonly in spastics 

(in 63 percent of their population), while less frequently 

in athetoids (in 22 percent of their population). Gener

ally the seizures occured in nearly one-half of all patients 

with cerebral palsy. It may be speculated that these 

seizures would affect the respiratory function. However, 

it seems that athetoids are less prone to the night seizures 

and thus should have more normal respiratory patterns 

during sleep. 

III.Athetosis 

Athetosis, one of many neuromuscular syndromes falling 

under the general term of dyskinesia, manifests itself in 

slow hyperkinetic movements. This cerebral palsy type is 

attributed to lesions of the extrapyramidal system or the 

basal ganglia in general physiological meaning (McDonald, 



1964). The lesions may affect cortical and brain stem 

motor centers which control associated and automatic move

ment, and provide background tonus for postural regulation. 

Athough the athetoid child might still perform voluntary 

actions which originate in the cortex, these movements, will 

be interrupted by involuntary, uncontrollable movements as 

a result of malfunction of the basal ganglia. 

Athetosis most often results from anoxia, or depri

vation of oxygen in the brain. According to Perlstein, 

(1949), anoxia in the adult affects higher cortical centers 

of the brain first, whereas in the newborn infant, the mid

brain and basal nuclei and/or their cortical connections 

are first affected. Anoxia results prenatally from any 

barrier to placental circulation, such as compression of 

the umbilical cord, premature separation or infarcts of 

the placenta, and decreased maternal blood pressure. Athe

tosis may also result from Rh incompatibility, delay of 

the head in breech birth, and Caesarean delivery. Later 

onset of athetosis may be due to various degenerative 

disease, encephalitis, etc. (Darley, et_. al. , 1975). 

Phelps (1948) estimates that athetosis together with 

spasticity account for 85 percent of the children afflicted 

with cerebral palsy. According to Perlstein and Shere (1946) 

athetosis constitutes 45 percent of the total cerebral 

palsied population. More recently somewhat of a downward 

trend in the population of athetoids has been observed 

due to the control of Rh incompatibility as a major etio

logical factor. 

Neurological signs of athetosis include hypertonicity 

with activity and hypotonicity at rest. Hypotonicity 

may be seen in infancy, giving rise to the "floppy baby" 

description of athetoid children. First signs of athetosis 

in infancy are the inability to sit or hold up the head at 

a normal age, a lesser grasp reflex, difficulty in sucking 
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or swallowing, and diminished startle reactions. 

Athetoid movements follow no predictable pattern or 

rhythm. Movement abnormalities are more visable in distal 

parts of the limbs and facial musculature and may occur 

with or without tension, in tremor or rotary style. They 

are uncontrollable and involuntary, and appear snakelike, 

due to the repetitive twisting and writhing movements that 

slowly blend into each other. Athetoid movements are pro

nounced during times of physical or emotional stress, and 

disappear in swimming activity and sleep (McDonald, 1964). 

Commonly associated with athetosis are facial abnormalities, 

high arched palates, high incidence of hearing loss, speech 

and language problems and respiratory abnormalities. 

IV. Speech Disorders in Athetoid Cerebral Palsied Children 

The establishment of some mode of cummunication for the 

cerebral palsied child often presents a primary problem in 

the habilitation process. Numerous investigators have 

shown that speech and language problems do occur in a 

significantly large number of cerebral palsied children, 

although the reported incidences vary among studies. A 

survey by Phelps (1949) revealed that an estimated 94 per

cent of a severely involved cerebral palsied population 

exhibited speech disorders. Palmer (1949) found speech 

impairment in 73 percent of the 407 cerebral palsied child

ren he surveyed. Ingram (1964) reported that 49 percent 

of his population of 208 cerebral palsied children dis

played speech problems. 

High incidences of speech disorders are reported for 

the athetoid type of cerebral palsied individuals. Speech 

disorders were found by Achilles (1955) in 98 percent of 

the athetoids he evaluated. Of a group of fifty children, 

Wolfe (1950) reported the "greatest problem of understand-

ability" to be among the athetoid subjects, with 100 
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percent of these children displaying difficulties in res

piratory coordination for speech. Rutherford (1944) studied 

a variety of speech attributes in a group of 191 children 

divided into athetoid, spastic, and normal children. She 

found the speech of the athetoid group to be more slow and 

"jerky;" voices tended to be louder, lower pitched and 

more monotonous or breathy. Blumberg (1955) investigated 

the speech in twenty-seven children with cerebral palsy. 

He found that with respect to volume, phonation and overall 

articulatory control, the athetoids performed more poorly 

than the spastics. Hardy (1961) studied the ability of 

cerebral palsied children to produce adequate intra-oral 

air stream. 

Several investigators pointed out that the speech pro

blems in cerebral palsied children are directly related to 

breathing inadequacies. In a comparison of the breathing 

patterns and their relation to speech of sixty athetoid and 

spastic cerebral palsied and normal subjects, Fothergill 

(1950) reported that the athetoids demonstrated poorer 

coordination, and more irregular thoracic and abdominal 

wall movements when breathing for a voiced vowel. Hoberman 

and Hobemnan (1960) stated that abnormal variations in 

pitch and loudness, and distorted speech rhythm and phras

ing might be seen because of the irregular breathing pat

terns of cerebral palsied children. Similar conclusions 

have been reached by Rutherford (1944). 

McDonald (1964) delineated the various ways in which 

abnormal respiratory function might interfere with the 

speech production of cerebral palsied children. He stated 

that a too rapid rate of breathing might make difficult 

the vocal play vocalization of infancy which is antecedent 

to speech. In older children the rapid rate (above thirty 

cycles/per minute) may prevent prolongation of exhalation 

necessary for speech production. Difficulty in controlling a 
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prolonged exhalatory movement is noticeable in speech as 

difficulty in initiating vocalization, escape of air before 

initiation of vocalization, and production of few syllables 

per exhalation resulting in short phrasing of speech seg

ments. Difficulty in voluntarily taking deep inhalatory 

breaths, such that the child must initiate phonation on an 

insufficient air supply, also limits the number of syllables 

that can be produced on exhalation. McDonald stated that 

resulting attempts to increase the length of vocalization 

creates an increase in muscular tension. The antagonistic 

"reversed breathing" phenomenon seen in the opposing mus

culature action of diaphragmatic-abdominal and thoracic 

movements results in difficulty in sustaining vocalization 

because of insufficient air, when the antagonism occurs on 

inhalation. When observed during exhalation, vocalization 

will be interrupted. Interrupted vocalization can also be 

related to involuntary movements of respiratory musculature. 

These irregular movements may also produce varied loudness 

of voice. 

V. Respiration in Athetosis 

The respiratory patterns of athetoid cerebral palsied 

children have been likened to those of normal infants. 

During the first weeks of life, normal infants display 

irregular breathing patterns in terms of rate, rhythm, and 

chest-abdominal movements. These patterns normalize with 

age, approaching the normalized breathing patterns of the 

adult by the seventh year. Westlake (1951) described this 

f$ in the following manner: 

The breathing rates of all young babies are very 
rapid and very irregular. A recent study of a 
group of newborn infants indicated an average 
breathing rate of twenty-eight breaths per minute 
for the group, while the slowest rate was eighteen 
per minute and the most rapid rate was eighty per 
minute. During the first year the breathing rates 



become more regular and slow up so that most of 
the children are breathing from twenty to thirty 
times m one minute. The cerebral palsied child 
frequently retains his infantile rate and irregu
larity of breathing for many years (p. 5). 

Westlake and Rutherford (1961) reported that excessive 

"belly breathing," which is often observed in normal in

fants, persists in many athetoids because of weak flexors 

of the neck and shoulders. According to Westlake (1951): 

The chest and neck muscles are unable to maintain 
the position of the cage against the activity of 
the diaphragm so that the chest actually sinks 
during inhalation rather than raising and expanding 
as it should, and the sternum is also sucked inward 
(p. 6). 

This phenomenon is known as "reversed breathing." McDonald 

(1964) describes the mechanism of this type of breathing 
as an: 

... assynchrony between the diaphragmatic, abdominal 
and thoracic musculatures... the thoracic muscula
ture seems to be producing movement of inhalation, 
for example, while the abdominal musculature makes 
movements associated with exhalation (p. 89). 

This irregular movement may result in permanent flattening 

of the upper rib cage, depression of the sternum, flaring 

of the lower rib margins, reduced size of the rib cage, 

and reduced volume of air that can be inhaled. Rutherford 

(1964) further attempted to explain respiratory problems 

in athetoids as follows: 

The breathing pattern of the athetoid may not be 
forward flowing, controlled movements because of 
spasming of the diaphragm; because of the inabil
ity of the child to direct the air stream through 
the mouth as he tasks; and/or because of the in
ability of the muscles of the abdomen to work 
"in phase" (p.4). 

The presence of irregular respiratory movements in 

athetoids has been reported in numerous studies. Perlstein 

and Shere (1946) described widespread difficulties in 

breathing among their cerebral palsied children. These 

authors observed that athetoids more often demonstrated 

"non-predictable" respiration, although shallow and 
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reversed breathing could be seen in both their spastic and 

athetoid populations. Blumberg (1955) found that athetoids 

displayed poorer respiratory support for speech than spas

tics when judged for regularity of rate, rhythm, depth, and 

volume. In a study of breathing in twenty-five cerebral 

palsied individuals, Massengale (1963) found that spastic 

patients were better able to maintain phonation than 

athetoids. 

On the basis of a pneumographic study and clinical ob

servations, Palmer (1949, 1952) noted respiratory pro

blems in all of thirty-eight athetoid cerebral palsied 

children studied. Of the thirty-eight athetoids, thirty-

six demonstrated "irregular cycling" as revealed by gross 

deviations in recorded respiratory amplitude and duration 

of inspiratory-expiratory phases. Thirteen of the athetoids 

displayed shallow breathing, evidenced by rapid cycling 

and low amplitude, which was seen in conjunction with de

creased vital capacity. Reversed respiratory patterns 

were observed in nine of the children. Also apparent were 

deformities of the thoracic cage and spasmodic or tonic 

occlusion of respiratory flow. Palmer (1952) described 

the breathing process of the athetoid as opposition of 

thoracic and abdominal muscle tone, such that rib elevators 

actively oppose rib depressors, and expiratory movements 

constantly interrupt inspiratory ones. A pneumographic 

investigation of the breathing patterns of seventeen 

athetoid and thirteen spastic subjects with quadriplegic 

involvement was reported by Fothergill (1950). She found 

that in vegetative breathing the cerebral palsied group 

displayed irregular breathing patterns and breathing re

versals with asynchronous movements of the thorax and ab

domen. The mean number of cycles per minute in quiet 

breathing was nineteen for the cerebral palsied children, 

as compared to sixteen for her control group of normal 

subjects. 
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Attempts to change abnormal respiratory patterns have 

been made by several clinicians. The development of res

piratory control has included those techniques of relaxa

tion through exercise, medication and immobilization of 

the child. Mason (1943) suggested relaxation exercise 

for the development of adequate respiratory breath stream 

for speech sound production. Relaxation procedures have 

also been suggested by Westlake and Rutherford (1961) 

with the goal of achieving greater control over voluntary 

respiratory activity. In order to achieve greater respira

tory control during speech, Hoberman and Hoberman (1960) 

and Perlstein and Shere (1946) suggested the use of deep 

relaxation techniques as described by Jacobson (1929). 

Immobilization techniques as a part of physical therapy 

were suggested by Blumberg (1955) for improving thoracic 

breathing and achieving regularity of the rate and rhythm 

of respiration. Immobilization is achieved through the 

placement of 1-, 2-, and 3-pound sandbags on the child's 

abdomen while in a supine position. This procedure in

creases rib excursion by inhibiting diaphragmatic, abdomi

nal, and visceral movements, and has been found to be use

ful in speech therapy (Westlake and Rutherford, 1961). 

Pharmaceutical muscle relaxants have been used for re

search purposes to control the respiratory irregularities 

of athetoid cerebral palsied patients. Rapp and Carter 

(1966) were able to produce and experimentally record 

slower and almost regular respiratory patterns approach

ing that of normal subjects, through the administration 

of the drug. Diazepam (Valium), to their athetoid subjects. 

Their observations were: 

A patient with athetosis- exhibits a characteristic 
respiratory pattern. This pattern is manifested by 
increased respiratory excursions overlaid by an undu
lating pattern on the polygraph tracing correspond
ing to the athetoid movements. As the athetosis be-
becomes progressively relaxed on therapy, the undulations 
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disappeared first and then the amplitude of the res
piratory pattern decreased to a more nearly normal 
pattern. These changes are an indication of the 
action of the drug on the midbrain and the basal 
nuclei (p. 54). 

Negative effects of administration of this drug on a regu

lar basis , e.g., drowsiness, fatigue, ataxia, however, re

stricts its use for therapeutic purposes (Huff, 1977). 

Natural normalization of breathing in athetoid children 

during sleep is reported by parents of athetoid children 

as.a rule. Personal communication with Dr. Jonas Gintautas, 

Associate Professor in Speech Pathology, Texas Tech 

University, and Dr. Lester Wollcott,Professor and Chairman, 

Department of Physical Medicine and Rehabilitation, Texas 

Tech University School of Medicine, who are experienced in 

working with patients having cerebral palsy, revealed that 

paradoxical stabilization and quieting of breathing occur 

in athetoids during sleep. Both these clinicians and 

their teacher. Dr. Mayer Perlstein, national authority on 

cerebral palsy, have observed that even in sleeping pos

tures there is a distinction between athetoids and spastics. 

Spastics tend to maintain a predominately flexor pattern, 

sleeping curled up in a ball, while athetoids sleep flat 

on their backs, with arms and legs spread out. It is con

ceivable that the posture affects the normalization of 

respiratory patterns in athetoids. However, no study as 

yet has been made to objectively investigate athetoid 

breathing behavior during sleep. 

V. Summary 

Respiration is accomplished automatically through the 

coordination of neuromuscular mechanisms at the brain stem 

level to the appropriate muscular responses. Because of 

basal ganglia damage, in athetoids can be observed involun

tary, uncoordinated movements, which may affect respiratory 



functioning. Respiratory disturbances may reduce the 

coordination and control of breathing for speech, such 

that the ability to produce continuous speech of adequate 

intensity is reduced. 

A surprising phenomenon observed by several clinicians 

is the normalization of respiratory patterns during sleep 

in children with athetosis. However, no objective investi

gation has been made to substantiate these clinical ob

servations . Hence, this study is an attempt to systema

tically observe the respiratory patterns in athetoid type 

of cerebral palsied children during the states of sleep 

and wakefulness. 
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CHAPTER III 

DESIGN OF THE INVESTIGATION 

The purpose of this study is to investigate the respira

tory patterns in children with the athetoid type of cere

bral palsy during sleep and wakefulness. This chapter 

is designed to state the research question and the selec

tion of subjects, and to describe instrumentation and re

cording procedures. In addition the methods of data an

alysis and the limitations are described. 

I. Statement of Research Question 

This investigation is organized around the following 

research questions concerning breathing patterns in child

ren with athetoid type of cerebral palsy: 

1. Is there a difference in the respiratory patterns 

of normal children during sleep as compared to wakefulness? 

2. Is there a difference in the respiratory patterns of 

athetoid children during sleep as compared to wakefulness? 

3. Do the differences occur in terms of: 

(a) duration of the inhalation? 

(b) duration of plateaus? 

(c) duration of exhalation? 

(d) duration of pauses? 

(e) the number of total cycles per minute? 

II. Selection of Subjects 

The cerebral palsied group consisted of five children, 

two boys and three girls. Subj ects ranged in age from 

three to nine years, with a mean age of 7.3 years. They 

were selected on the basis of their availability from the 

Lubbock Cerebral Palsy and Neuromuscular Center, Lubbock, 

18 
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Texas, the Children's Rehabilitation Center, Amarillo, 

Texas, and from surrounding counties of the area. All of 

the subjects demonstrated the syndrome of athetosis consi

dered to be due to perinatal anoxia. Severity of neuro

muscular involvement ranged from mild to moderate, and 

quadriplegia was present in all cases. The medical his

tories, including results of recent neurological exami

nation, verified the etiology, type, topographical invol

vement, and degree of severity of the cerebral palsy. 

Background information on each individual athetoid subject 

is provided in Appendix A. 

Five normal children, two boys and three girls, ranging 

in age from four to eight years, with a mean age of 6.5 

years, were included in this study to provide the norma

tive control data. No normal child had a history of 

neurological involvement or respiratory problem. This 

information was obtained from individual interviews with 

each subject and his parents. Information on normal sub

jects can be found in Appendix A. 

Breathing patterns vary in accordance with the height 

and weight of an individual (Berstein, et.al, 1959). 

Therefore, these variables were controlled in the selection 

of athetoid and normal subjects. Comparison of means of 

these measures yielded a t̂  value for age of .75, for 

height of .32 and for weight of .13 (df=8), indicating 

non- significant differences between these physical variables 

in the two groups of subjects. (Table I). 

III. Instrumentation 

Whitney strain gages (Parks Electronics Laboratories) 

of the open mercury type were employed for recording the 

thoracic circumferential changes of the subject's breath

ing patterns. These gages consisted of 45-60 centimeters 

silastic tubing containing mercury, and v/ere attached by 

alligator clips to two meter leads. Both leads were joined 

to one channel of a Beckman Type-R rectilinear, thermal 
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TABLE I 

MEANS AND STANDARD DEVIATIONS OF AGE, HEIGHT 

(IN CENTIMETERS), AND WEIGHT (IN KILOGRAMS) 

FOR ATHETOID AND NORMAL SUBJECTS-

Group 

Athetoids 

Normals 

Age 
X SD 

7.32 2.24 

6.42 1.46 

Height 
X SD 

115.31 18.80 

111.76 16.59 

Weight 
X SD 

23.46 

22.83 

8.00 

7.62 

'«"None of the mean differences between groups is statisti

cally significant at the .05 level. 



write-out Dynograph through a type 9803-gage coupler 

(Beckman Instruments Inc. ). The amount of stretch 

placed upon strain gage couplers was recorded by stylus 

deflection onto paper uniformly divided into one milimeter 

squares. A paper speed of five milimeters per second was 

used during all sleeping and wakefulness recording for 

both experimental and control groups. 

IV. Procedures 

Each subject was tested at home. To insure cooperation, 

a basic rapport was established with each child through 

conversation and play. Each child was tested in the two 

states of sleep and wakefulness. During v/akefulness, 

usually late in the afternoon, the child was placed on his 

back, and observed for rest breathing. A mercury belt was 

placed three centimeters below the nipples on the thorax 

and attached on his back with hypoallergenic surgical tape. 

Prior to testing,each child was asleep for a period of no 

less than twenty minutes and for no longer than one hour. 

The mercury tubes were secured to the child's chest before 

his going to bed. 

The third minute of each subject's five minute Dyno

graph tracing was used as a respresentative sample of res

piratory movement for measurement. This resulted in two 

one minute breathing samples, one of sleep and one of wake

fulness, for each experimental and control subject. 

For each breathing cycle, the durations of inhalation 

and exhalation phases and plateaus were measured in mili

meters and converted into seconds for the entire minute. 

The duration of the expanding, or inhalatory, phase was 

defined as the distance measured on the horizontal axis 

from the beginning of the ascent of the amplitude to the 

point of maximum excursion. The plateau, or rest phase 

occuring within a single breath cycle, was defined as a 

line trace whose slope did not exceed a vertical change 
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of two milimeters within a distance of no less than two 

milimeters of horizontal trace, and occured between the 

expanding and decreasing phases. The duration of the de

scending, or exhalatory phase was defined as the distance 

measured on the horizontal axis from the highest point of 

the amplitude at which the line trace begins to descend 

from maximum excursion to the lowest point of pen descent. 

If a trough occured within either the expanding or decreas

ing phase, its amplitude was measured and compared to the 

amplitude of the maximum excursion of that cycle in which 

it occured. If such a directional change was found to 

equal or exceed one half of the amplitude of the cycle, it 

was considered as a separate cycle and measured according

ly. The measured duration of the plateaus was added to the 

measured expanding and decreasing phases. This constituted 

the total duration of the breath cycle. The pause, or rest 

phase occuring between breath cycles, was defined as a 

line trace whose slope did not exceed a vertical change of 

two milimeters within a distance of no less than two mili

meters of horizontal trace, and occured between the de

creasing and following expanding phase. 

V. Statistical Analysis of Data 

The mean duration of each measured phase, as well as 

the mean number of cycles per minute, was computed for 

the entire one minute sample for athetoid and normal child-

dren during states of wakefulness and sleep. Data obtained 

from these respiratory measures for two groups were cast 

into a mixed analysis of variance design with one repeated 

factor. The analysis was performed by PDP-8E Computer 

of the Texas Tech University Psychology Department, using 

Split Plot Factorial Program (Kirk, 1968). To determine 

if differences existed between groups at each individual 

state, and between states at each individual group, tests 
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for simple main effect (Kirk, 1968) applicable to the 

Split Plot Factorial Program were used. The post hoc tests 

were justified only where a significant group-by-state 

interaction existed for the independent variable. Detail

ed descriptions of the statistical procedures are given in 

the next chapter. 

VI Limitations of Study 

The results of this study should be interpreted within 

certain limitations which are inherent.in the research 

design and the clinical procedures regarding subject and 

test variables. 

A drawback of the research was of the size of the subject 

population. The small sample undoubtedly affected the 

power of the statistical analysis as well as the generali

zation of the results. However, the unavailability of the 

athetoid type of cerebral palsied patients in this geo

graphical region did not allow the clinical group to be 

expanded. 

The athetoid type of cerebral palsy was chosen because 

of the predominance of respiratory problems within this 

population. It is suggested that future studies addition

ally include various other types of cerebral palsy. The 

severity of athetosis was limited to mild and moderate 

since it is extremely difficult to stablize a child with 

severe athetosis in a supine position as was necessary 

for this study. It is quite possible, therefore that 

more significant normalization of the breathing patterns 

might be evident by including patients of severe neuro

muscular involvement. 

Subject selection was limited to children who as a 

rule are candidates for speech therapy. It was believed 

that information obtained from this population would bear 

more important clinical application than the information 



gathered from adult cerebral palsy patients. It would, 

nevertheless, be of clinical interest to understand also 

how respiration varies within an adult athetoid population. 

A basic limitation of the clinical procedures concerned 

the length of the analyzed breathing samples. Obviously, 

more meaningful data might be obtained from a recording 

made over a longer period. However, the cost of the re

cording paper dictated the length of measured respiratory 

samples. Finally, the instrumentation used to observe 

the children during natural sleep at home limited the quan-

ity and depth of the data. The portable Dynograph and 

strain gages permitted only the analysis of duration of the 

various respiratory phases. It is suggested that future 

studies consider lung volumes and capacities of cerebral 

palsied and normal children, and investigate whether lung 

ventilation as well as composition of respiratory gases 

vary significantly during the wakefulness and sleep in 

cerebral palsied children. 
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CHAPTER IV 

RESULTS 

This study was designed to determine the differences of 

duration within the various respiratory phases, i.e. in

halation, plateau, exhalation, and pause, during the two 

states. Additionally, an attempt was made to discover 

differences between the rest respiratory rates of athetoid 

and normal children during states of wakefulness and sleep. 

The findings are presented in this chapter. 

I. Treatment of Raw Data 

Average durations (in seconds) of the inhalatory, plateau, 

exhalatory, and pause phases and the average number of res

piratory cycles per minute were calculated for each athe

toid and normal child for both wakefulness and sleep. 

Means and standard deviations on individual subjects are 

presented in Appendix B. From these data were computed 

means and standard deviations for the two groups separately 

during the two states and for each state with groups com

bined (Tables II and III). 

II. Analysis of Variance of Respiratory Patterns 

of Athetoid and Normal Children 

To determine overall main effects of athetoid versus 

normal subjects, and wakefulness versus sleep, and their 

joined interaction, mean scores for individual subjects 

for both states were cast into a mixed analysis of vari

ance design with one repeated factor. This analysis was 

performed by a PDP-8E Computer of the Texas Tech University 

Psychology Department. Tables IV through VIII summarize 

these analysis of variance. Interpretation of the data 

will be presented in subsequent sections of the chapter. 
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TABLE II 

MEAN AND STANDARD DEVIATION OF THE DURATIONS*OF INHALATION, 

EXHALATION, PAUSE, PLATEAU, AND TOTAL BP.EATHING CYCLES 

PER MINUTE FOR ATHETOID AND NORLIAL SUBJECTS 

IN WAKEFULNESS AND SLEEP 

Respiratory Phase 

Inhalation 

Plateau 

Exhalation 

Pause 

Breath Cycles 

Inhalation 

Plateau 

Exhalation 

Pause 

Breath Cycles 

'«"In Seconds 

Wakefulness 

X 

Athetoid 

0.60 

0.52 

0.99 

0.87 

23.40 

Normal 

0.46 

0.80 

0.63 

0.82 

22.40 

SD 

Subjects 

0.10' 

0.16 

0.28 

0.29 

6.35 

Subjects 

0.17 

0.18 

0.12 

0.14 

1.82 

Sle 

X 

0.90 

0.60 

1.09 

0.83 

18.80 

0.80 

0.81 

0.92 

1.20 

16.00 

ep 

SD 

0.45 

0.23 

0.47 

0.27 

6.34 

0.09 

0.31 

0.20 

0.25 

2.00 



TABLE III 

MEAN AND STANDARD DEVIATION OF THE DUPĴ TIONS'''OF INHALATION, 

EXHALATION, PLATEAU, PAUSE AND TOTAL BREATHING CYCLES 

PER MINUTE FOR SLEEP AND WAKEFULNESS IN ATHETOID 

SUBJECTS AS COMPARED TO NORMALS 

Respiratory Phase _ Athetoid 
X SD 

_ Normal 
X SD 

Inhalation 

Plateau 

Exhalation 

Pause 

Breath Cycles 

Inhalation 

Plateau 

Exhalation 

Pause 

Breath Cycles 

'̂ In Seconds 

Wakefulness 
0.60 

0.52 

0.99 

0.87 

23.40 

0.90 

0.60 

1.09 

0.83 

18.80 

0.10 

0.16 

0.28 

0.29 

6.35 

Sleep 

0.45 

0.23 

0.47 

0.27 

6.34 

0.46 

0.80 

0.63 

0.82 

22.40 

0.80 

0.81 

0.92 

1.20 

16.00 

0.17 

0.18 

0.12 

0.14 

1.82 

0.09 

0.31 

0.20 

0.25 

2.00 
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Inhalation 

The results of the statistical tests for the main effect 

of groups, and group-by-state interaction for this res

piratory phase (Table IV) yielded non-significant differ

ences (F<1). However, the test for the main effect of 

states reached statistical significance at the .05 level 

of confidence (F=13.86;£=.006) 

Plateau 

Tests for groups effect did not reach the designated .05 

level of confidence. However, a marginal probability 

score of .085 (F=3.784) was observed. Non-significant 

differences were indicated for main effect of state and 

group-by-state interaction. Table V provides a complete 

summary of analysis of variance for plateau. 

Exhalation 

Statistical tests for the main effect of groups, and 

group-by-state interaction both yielded non-significant 

results on exhalation phase. However, a probability value 

of .06 (F=1.175) indicated that a marginal difference 

existed between the statistical test for states effect. 

Table VI summarizes these differences. 

Pause 

An F ratio of 5.649 (p̂ =.043) for states effect and an 

F ratio of 13.118 (p̂ =.007) for group-by-state interaction 

indicated that significant differences were present for 

these statistical tests. A non-significant difference 

was derived from tests for the main effect of groups, 

however. Post hoc comparisons , which were justified be

cause of the significant group-by-state interaction, re

sulted in non-significant differences between the groups 

at each individual state. Comparisons between the states 

at each individual group yielded a non-significant 

difference for the athetoids, and a significant 
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difference for the normals (F=17.94;£=.003) . A summary 

of the data is provided in Table VIII. 

Respiratory Cycles per Minute 

Analysis of the main effect of groups and for group-

by-state interaction resulted in non-significant differences 

for both tests. The test for the main effect of states 

indicated a statistical significance (F=54.5;p=.0002) be

yond the designated level of confidence (Table VIII). 

III. Summary of Findings 

Respiratory patterns were recorded from a group of five 

athetoid children and five normal children during wakeful

ness and sleep, using a Beckman Type R rectilinear Dynograph 

One minute breathing samples for each subject were analyzed 

in terms of durations of inhalation, plateau, exhalation, 

and pause, and for total number of respiratory cycles dur

ing the two states. Data were cast into a mixed analysis 

of variance design. Split Factorial Program (Kirk, 1969), 

to assess the main effect of groups (athetoids, normals) 

and state (wakefulness, sleep). Group-by-state interaction 

was also investigated and described. Data analysis yielded 

the following findings: 

1. Statistical tests of the main effects of groups 

yielded no significant differences for any of the tempo

ral measures of breathing or for respiratory rate. 

2. Analysis of the main effect of states resulted in 

significant differences for two of the four durations of 

respiratory phases (inhalation, pause), and for respiratory 

rate. The data also yielded a marginal difference (£=.06) 

for the exhalatory phase of respiration. 

3. The results of test of group-by-state interaction 

indicated that of the five independent variables, only 

pause reached a statistical significance. Duration of the 

pause was similar between the groups during sleep. 
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However, during wakefulness the duration of pause was 

significantly longer for normal children than for athetoid 

children. 



CHAPTER V 

DISCUSSION 

The purpose of this study was to analyze and compare the 

respiratory patterns of normal and athetoid children during 

wakefulness and sleep. The breathing patterns were analyz

ed in terms of durations of inhalatory, plateau, exhalatory, 

and pause phases of respiration, and for respiratory rates. 

It was hypothesized that the athetoids would exhibit mark

edly irregular respiration during wakefulness when com

pared to normals, and that their breathing would normalize 

during sleep. 

The results of the present investigation indicate that 

within the limitations of the study, the respiratory 

patterns (with the exception of pauses) of the two groups 

were not markedly different during wakefulness or sleep. 

Therefore, the rest and sleep breathing of the studied 

athetoids and normals were similar in the temporal meas

urements of inhalation, plateau, exhalation and in res

piratory rates . Hardy (1964) also determined less than 

expected differences between the respiratory patterns 

of athetoid and normal subjects during wakefulness. In 

contrast, Blumberg (1955), Palmer (1949,1952), and 

Massengale (1963) reported that respiratory abnormalities 

occur in the rest breathing of athetoid individuals and, 

according to Wolfe (1950) , Palmer (1949), and Blumberg 

(1955), to a greater extent than in other types of cerebral 

palsy. These differences in observations perhaps reflect 

variability among individuals with athetosis in regard to 

the extent and degree of respiratory problems. 

Observed normalization of the breathing patterns in 

athetoids during wakefulness supports the statement made 

by McDonald (1964) that athetoids exhibit hypertonicity 

with activity and hypotonicity at rest. Phelps (1949) 
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also indicated that muscles of the athetoid during rest 

periods exhibit normal or even less than normal tone. 

Conceivably, these observations might apply to activity of 

the respiratory musculature of the athetoids of this study. 

All observations were made in the supine position at rest, 

where the amount of abnormal tonicity of respiratory mus

culature could have been reduced. It must be noted, how

ever, that other respiratory problems, such as shallow 

breathing or limited respiratory excursions due to thor

acic deformities, would not have been affected by this 

positioning. 

Other factors might have contributed to the lack of 

observed differences between the respiratory patterns of 

athetoid and normal children. Blumberg (1955), studying 

respiration in cerebral palsied children, found a direct 

relationship between the regularity, depth, and rate of 

breathing, and the clarity of speech. The clinical sub

jects of this investigation exhibited mild to moderate 

speech problems, making it possible that respiratory 

impairments of a severe nature did not exist within this 

group. Lack of activity during testing procedures appar

ently facilitated normalization of breathing. Phelps (1949) 

described the athetoid condition during activity as follows: 

The individual is more likely to tense all muscles,... 
before starting a motion, in order to try to inhibit 
the athetoid flow by this method. Hence, overflow in 
the athetoid appears to precede voluntary attempt 
at motion and to be more generalized in nature... 
This form of synkenesia is the one more commonly 
seen in the athetoid. Their reason for including 
it in overflow is because this voluntary spasm is 
not limited to the extremity being used but the 
whole body may be tensed at once. (p. 117) 

It appears that during activity, attempt to maintain pos

ture and equilibrium and effort to accomplish goal-direct

ed behavior in athetosis interferes with respiratory func

tion. Thus, supine positioning, as confirmed by this study. 
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appears to be conducive posture for controlling breathing 
in athetoid children. 

Analysis of the various components of the respiratory 

patterns showed some differences between the two groups. 

Comparisons of group mean scores indicated that during 

wakefulness athetoid children had longer durations of both 

inhalatory and exhalatory phases than normal subjects. 

Control subjects, however, spent a greater portion of their 

respiratory time in the rest phases (plateaus, pause). 

This trend could be observed further within the individual 

data with the exception of pause, which was highly variable 

in duration in the athetoid group. Thus, it seem likely 

that, within a relatively equal number of respiratory cy

cles and within an equal period of time, athetoid child

ren require more time for carrying out inspiratory and 

expiratory activity, and are allowed less time between the 

active periods. This might reflect slower and less effi

cient functioning of respiratory muscles in athetoid child

ren than in normals. It may also be speculated that the 

functioning of brain stem respiratory centers in the athe

toids during wakefulness was influenced somewhat by mal-

performances of the basal ganglia. 

The respiratory patterns of athetoids and normals, for 

the most part, were indistinguishable during sleep. For 

both groups, inhalatory and exhalatory phases were mark

edly longer in sleep as compared to wakefulness. Plateau 

durations also increased in length, although to a lesser 

degree, and respiratory cycles per minute were diminished 

in number. Only pauses were inconsistent between the 

groups. The duration of the pause phase became distinct

ly longer for normal children during sleep, but decreased 

in length in the athetoid group. Overall, the noted 

changes in respiratory activity during sleep coincides 

with other reports made on normal subjects. (Mountcastle, 
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19.68; Ross, et.al., 1968), The reduction of respiratory 

function during sleep apparently reflects the minimized 

level of physical activity, which requires a lesser supply 

of oxygen and thus demands fewer respiratory cycles per 

minute to satisfy bodily needs. There is no clear expla

nation for the reduced length of pauses in athetoids; 

however, it might be hypothesized that athetoid children 

during sleep reduce the pause in order to gain more time 

for overcoming gravity and tissue elasticity, necessary 

for satisfying ventilatory requirements. 

Although the primary aim of this study was to observe 

the respiratory durations and breathing rates in the two 

groups of children it was of interest to note that there 

was clear equilization of the amplitude during sleep, and 

that the frequency of the respiratory amplitude decreased 

in both groups. Samples of respiratory tracing of normal 

children are shown in Figures 1,2,3,and 4 on the folowing 

pages. Unfortunately, the instrumentation did not permit 

meaningful measurements of the amplitude to be made. It 

may be speculated, however, that it reflected the depth of 

the chest wall movements, and thus, the amount of air 

exchange. 

As a reference for future studies, it is important to 

point out that visable changes in the respiratory ampli

tude were observed between the two states particularly 

in the athetoid group. Figures 5,6,7, and 8 illustrate 

these differences. Although the measures of the respira

tory duration revealed less differences for athetoid 

than normal subjects between wakefulness and sleep, it 

is of interest to note that striking regularity of rhythm 

of the amplitude was evident during sleep. The tracing of 

clinical subject #3 (Figure 5) depicts clear irregulari

ties in amplitude during wakefulness, which paradoxically 

normalize during sleep (Figure 6). It appears that several 
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Figure 1 An example of the breathing pattern at rest 
for a four year, five month old normal 
subject (#7). 
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Figure 2 Respiratory rate is diminished and phase 
durations are increased during the sleep of 
the same subject. 
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Figure 3. The above tracing demontrates the respiratory 
patterns of an older normal child (subject #10, 
eight years). 
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Figure 4. Another example of normal breathing behavior 
during sleep (same subject). 
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Figure 5. An illustration of the markedly irregular 
breathing pattern of this three year, seven 
month athetoid child (subject #3) during 
wakefulness. 
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Figure 6 This tracing shows reduction in respiratory 
amplitude and more regular durations for the 
same subject during sleep. 



43 

UJ 

o 
-J 

a. 
< 

± 
8 12 

TIME (SEC) 
16 20 24 28 

Figure 7 Very short inhalatory phases and prolonged, 
irregular exhalatory phases of breathing 
of seven year old clinical subject (subject 
#2) during wakefulness are shown in this 
figure. 
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Figure 3 Clear normalization of the respiration in 
the same child during sleep. 
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breath interruptions occur in the beginning of the res

piratory sample, and that the resulting deviations in 

amplitude probably reflect a necessity to compensate for 

inadequate ventilation. Athetoid subject #2 during rest 

shows a sharp and rather short expanding curve and a pro

longed decreasing phase (Figure 7). It might be hypothe

sized that the deviations in breathing amplitude during 

wakefulness reflect the involvement of the respiratory 

musculature (Hardy, 1961) in terms of disturbed muscle 

tone (Hoberman and Hoberman, 1960), resulting in involun

tary, interrupting muscular movements or deformities of 

the thorax (Palmer, 1952). 

During sleep clinical subject #3(Figure 6) displayed 

more regular but restricted breathing excursions, which 

might be due to limiting rib cage movements or reduced 

vital capacity (Palmer, 1949; Blumberg,1955). Figure 8 

illustrates smooth and periodic waves in another athe

toid child. Conceivably, the inhibitory effect of sleep 

in athetoid children produces a functional inhibition 

of the involved basal ganglia, and thus the bulbar res

piratory mechanism is able to normalize breathing movements. 

In conclusion, the significance of respiratory disorders 

for athetoid patients lies not only in reduced vital func

tioning, but in disruption of the normal phyiological 

support for speech as well. Adequate activity of the res

piratory system allows for production of the air stream, 

for creation and modification of laryngeal tone, and for 

articulation of speech sounds. In athetoids however, 

irregular spasmodic contractions of the diaphragm and 

other respiratory muscle interferences may severely 

affect articulatory precision and overall speech intelli

gibility. It is suggested that future research on res

piratory function use different types of cerebral palsy, 

make observations during speech or non-speech activity, 
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and apply more informative objective measures of respiration. 



CHAPTER VI 

SUl̂ IMARY AND CONCLUSIONS 

Athetosis is one of the most common extrapyramidal syn

dromes in children. Clinically it displays repetitive, 

twisting, writhing, involuntary movements. The neuromuscu

lar involvement in athetosis may interfere with articula

tory, phonatory, and respiratory functions. Respiratory 

dysfunctions in athetoid children during wakefulness have 

been recognized and investigated (Palmer, 1949, 1952; 

Hardy, 1964; Hoberman and Hoberman, 1960). Subjective 

clinical observations of apparent normalization of breath

ing irregularities in athetosis during sleep also have 

been noted (see p.2). 

The present study was designed to investigate the 

differences in the respiratory patterns of normal and 

athetoid children during sleep as compared to vjakefulness. 

Specifically, it was the purpose of the investigation to 

determine whether a difference between the states in the 

two groups could be demonstrated in terms of duration of 

inhalation, plateau, exhalation, and pause, and the number 

of total breathing cycles per minute. 

Five athetoid children were selected on the basis of 

availability from the Lubbock Cerebral Palsy and Neuro

muscular Center, Lubbock, Texas, the Children's Rehabili

tation Center, Amarillo, Texas, and from surrounding 

counties of the area. In addition, five normal children 

were used as a control group. 

The clinical subjects (mean age 7.3 years) each dis

played athetoid type of cerebral palsy from mild to 

moderate quadriplegic involvement, due to perinatal anoxia 

The control group (mean age 6.5 years) had no history of 

neurological involvement or respiratory problems. Each 

child in the clinical group had a direct match in the 

46 
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control group according to height and weight. 

Respiratory patterns were recorded using Whitney strain 

gages of the open mercury type and one channel of a Beckman 

Type Rrectilinear, thermal write-out Dynograph. A paper 

speed of five milimeters per second was used for both ex

perimental and control groups during wakefulness and sleep. 

Each child was studied while lying on his back, with a 

mercury belt placed just below the nipples on the chest. 

Two one minute measurements (one of sleep and one of wake

fulness) , from each subject's respiratory tracings were 

calculated into seconds and statistically analyzed. With

in the limitations of the study (see pp.22-24), the ob

tained data suggested the following conclusions: 

1. No expected differences were observed in the res

piratory patterns of athetoid children during wakefulness 

and sleep. No significant differences were found between 

the respiratory performances of athetoid children and the 

control group. 

2. Both groups showed significant differences between 

the two states on inhalation and pause durations and res

piratory rate. The duration of exhalation approached only 

a marginal difference.^ However, the duration of plateau 

was found to be non-significant between the two states in 

the groups combined. 

3. Group-by-state interaction was significant for the 

pause variable only. Further statistical analysis on this 

respiratory phase indicated that only the control group 

had a significantly longer duration of pause during sleep 

than wakefulness. 

4. No significant differences were observed for the 

inhalation variable on the statistical test for groups, 

or for group-by-state interaction. The test for the main 

effect of states indicated that a. significant difference 

was present between the states of wakefulness and sleep 
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for both groups combined. 

5. The mean duration of plateaus did not reach statis

tical significance on any of the tests determining the 

main effect of groups, the main effect states, or group-

by-state interaction. 

6. Tests for the main effect of groups and for group-

by-state interaction yielded no significant differences 

for the exhalatory phase. A marginal difference was found, 

however, on the test for the main effect of states. 

7. The results of the test for the main effect of 

groups indicated that a non-significant difference existed 

for mean duration of pauses. The tests for mean differences 

of states and group-by-state interaction showed statistical 

significance. Post hoc comparisons revealed that pauses 

were markedly different between the wakefulness and sleep 

of normal subjects, but not of athetoid subjects. 

8. The respiratory rates did not reach statistical 

significance for either groups or group-by-state inter

action tests. The obtained difference between means of 

the respiratory rates during wakefulness and sleep, as 

indicated by the tests for the main effect of states, was 

significant. Therefore, the groups combined showed 

fewer respiratory cycles during sleep than wakefulness. 
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APPENDIX 

A. Background Information on Athetoid and Normal Subjects-

B. Average Duration in Seconds of Breathing Phases and the 
Number of Respiratory Cycles per Minute in Athetoid 
and Normal Children During the State of Wakefulness. 

Average Duration in Seconds of Breathing Phases and 
the Number of Respiratory Cycles per Minute in Athetoid 
and Normal Children During the State of Sleep. 
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BACKGROUND INFOPxMATION ON ATHETOID AND NORMAL SUBJECTS 
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Subject 

1 ST 

2 AB 

3 KD 

4 CE 

5 NJ 

6 BN 

7 PG 

8 SW 

9 DD 

10 SY 

Sex 

M 

F 

F 

M 

F 

F 

F 

M 

M 

F 

Age 

9-0 

7-0 

3-7 

8-0 

9-0 

6-0 

4-5 

6-0 

7-8 

8-0 

Height 
(in Cent.) 

Athetoi4 

116.8 

101.60 

91.44 

132.1 

134.6 

Normal 

109.2 

101.6 

91.4 

124.5 

132.1 

Weight 
(in Kilo.) 

19.1 

18.2 

16.4 

28.6 

35.0 

18.6 

17.73 

16.4 

27.3 

34.1 

Severity 

Moderate 

Mild 

Mild 

Moderate 

Mild 
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APPENDIX B 

AVERAGE' DURATION IN SECONDS OF BREATHING PHASES AND THE 

NUMBER OF RESPIRATORY CYCLES PER MINUTE IN ATHETOID 

AND NORMAL CHILDREN DURING THE STATE OF 

WAKEFULNESS 

Subject 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Dur. 
Inhalat 

.65 

.73 

.49 

.56 

.54 

.60 

.42 

.30 

.43 

.54 

of 
ion 

Dur. of 
Plateau 

Dur. of 
Exhalation 

Athetoid 

.46 

.43 

.46 

.46 

.81 

.52 

.80 

1.02 

.89 

.76 

1.09 

1.29 

.61 

.80 

1.18 

Normal 

.69 

.61 

.81 

.52 

.52 

Dur. of 
Pause 

1.30 

.49 

.63 

1.13 

.97 

.64 

.78 

1.03 

.80 

.84 

Cycled 
Min. 

23 

21 

34 

22 

17 

25 

23 

20 

22 

22 
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APPENDIX B (cont.) 

AVERAGE DURATION IN SECONDS OF BREATHING PHASES AND THE 

NUMBER OF RESPIRATORY CYCLES PER MINUTE IN ATHETOID 

AND NORMAL CHILDREN DURING THE STATE OF SLEEP 

Dur. of Dur. of Dur. of Dur. of Cycled 
Subject Inhalation Plateau Exhalation Pause Min. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

.97 
1.63 

.44 

.79 

.69 

.85 

.74 

.91 

.67 

.81 

Athetoid 

.47 1.66 

.48 1.45 

.44 ,56 

.62 1.01 

.99 .76 

Normal 

.50 1.02 

.58 .62 

.78 1.15 

.93 .90 

1.28 .93 

.90 

.49 

.60 

1.14 

1.0 

1.11 

1.19 

1.51 

1.32 

.84 

15 
15 

30 

17 

17 

17 

19 

14 

15 

15 






