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ABSTRACT 

Speech breathing was investiga~ed in 14 men with 

Parkinson disease and 14 healthy control subjects. 

Kinematic, spirometric, acoustic, and pressure data were 

used to assess speech breathing control during resting tidal 

breathing, reading aloud, and monologue production. In 

addition, information regarding the subjects' speech was 

obtained through perceptual analyses. To address the issue 

of fluctuations in motor signs, data were collected at two 

times during the drug cycle for subjects with Parkinson 

disease. 

During resting tidal breathing, PD subjects, on average, 

had a faster breathing rate, greater minute ventilation, and 

lower relative contribution of the rib cage to lung volume 

excursion than did the HC subjects. During speech 

breathing, rib cage volume was smaller and abdominal volume 

was larger at initiation of the breath groups for the PD 

subjects than the HC subjects. PD subjects produced fewer 

words and spent less time producing speech per breath group, 

and tended to have a faster interpause speech rate than did 

the HC subjects. There was no difference between groups for 

the duration of inspirations bett'leen speech breath groups. 

Oral pressure \'Jas lm"er for the subjects \"i th Parkinson 

disease, but tracheal pressure did not differ between the 

two subject groups. Few differences were found between the 
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two times in the drug cycle for resting breathing and speech 

breathing. One remarkable finding was the presence of rib 

cage paradoxing in two subjects when data were collected 

from the mid-portion of the drug cycle. Perceptual studies 

indicated that the present subjects had mild to moderate 

degrees of speech defectiveness, and that speech did not 

differ appreciably for the two drug-cycle sessions. 

Results from the present investigation provide evidence 

for reduced relative compliance of the rib cage to the 

abdomen for the subjects with Parkinson disease as compared 

to healthy control sUbjects. The results support the 

possibility of inadequate valving of the air stream by the 

articulators of the upper airway for the subjects with 

Parkinson disease. Compensatory strategies employed by the 

subjects with Parkinson disease are considered. 

Implications for clinical practice and suggestions for 

further research are offered. 
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Parkinson disease is a progressive neuromotor disorder of 

unknown etiology. Dopaminergic neurons in the substantia 

nigra degenerate, causing an insufficient amount of dopamine 

in the striatum. Clinical characteristics classically 

include resting tremor, rigidity, and bradykinesia. 

Parkinson disease is disabling, but with present medical 

treatment, life expectancy is close to that predicted for 

the general population -- observed/expected mortality = 3 

before the use of levodopa: 1.2 after levodopa (Hoehn, 1986: 

Hoehn & Yahr, 1967). 

New cases of Parkinson disease number 20 per 100,000 

people per year (Lieberman, 1987). Prevalence ratios of 30 

to 180 per 100,000 population have been reported (see review 

by Schoenberg, 1986); a ratio of 100/100,000 is considered 

typical (Lieberman, 1987; McDowell, 1971). Annual incidence 

rates and prevalence ratios increase with age. The 

incidence of Parkinson disease is very low at ages less than 

35; incidence rates then increase until reaching a maximum 

at age 75 (Schoenberg, 1986). According to Hoehn & Yahr's 

(1967) inventory of 672 people with Parkinson disease, two

thirds acquired the disease between the ages of 50 and 69 

years. 

The number of elderly individuals in the United States is 

on the rise and is projected to continue increasing. There 



18 

were approximately 25 million people older than 64 years in 

1980: it is predicted that this number will increase to 32 

million by 2000 (U.S. Bureau of the Censu~, see Schoenberg, 

1986). The proportion of the population that is over 64 

will increase from 11.2% in 1980 to 12.2% in 2000 to 15.5% 

in 2020. In addition, a recent reduction in mortality rate 

in the population of people over age 84 years is greater 

than that of other adult age groups (Schoenberg, 1986). 

Taken together, these indicators of the growing elderly 

population, the group at highest risk for developing 

Parkinson disease, suggest that many more people will become 

afflicted with Parkinson disease in the next few decades 

than ever before. 

The neuromotor disorder that affects the individual with 

Parkinson disease inflicts abnormalities not only of gait, 

posture, and limb movement, but also of speechl production. 

The effect on speech may be mild to severe, and is not 

necessarily predictable based on other motor signs 

(Caligiuri, 1987: Metter & Hanson, 1986: Morrison, 

Rigrodsky, & Mysak, 1970). Study of the speech disorder 

that often accompanies Parkinson disease is beneficial for 

understanding the effect of the disease on speech and for 

developing appropriate clinical procedures for the 

evaluation and management of this speech disorder. 

1 Throughout this review, the term speech is inclusive 
of the term voice. 
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The literature review which follows begins with an 

overview of Parkinson disease. Within this section, current 

information on the classification, neuropathy, and clinical 

manifestations of Parkinson disease is summarized. A 

general discussion of pharmacological management and the 

side-effects of such management follows. Next, the speech 

disorder that accompanies Parkinson disease is considered in 

detail. After a general description of the speech disorder 

of Parkinson disease, the literature for each subsystem of 

the speech-production apparatus is reviewed. The speech

production apparatus comprises the oral and facial 

articulators, the ve1opharynx, the larynx, and the 

respiratory subsystem. The respiratory subsystem will be 

discussed in two separate contexts: general respiratory 

function and speech breathing. The final sUbtopic in the 

discussion of the speech disorder of Parkinson disease is 

the effect of antiparkinsonism drugs on speech and 

respiration. 

overview of Parkinson Disease 

Classification of Parkinsonism and Parkinson Disease 

Idiopathic Parkinson disease is defined by the syndrome 

of parkinsonism and the absence of a known etiology. The 

syndrome of parkinsonism classically includes the clinical 

manifestations of resting tremor, rigidity, and 

bradykinesia. These characteristics may not be demonstrated 

--- -------------------------.--~--
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in every person with parkinsonism, and those that are, may 

occur in varying degrees. The presence or absence of a 

known etiology is used as a criterion for distinguishing 

among people with parkinsonism (Hoehn & Yahr, 1967). Beyond 

this gross classification, schemes for subgrouping people 

with idiopathic Parkinson disease based on age or clinical 

signs are being developed. 

Classification based on etiology results in three general 

categories (Hoehn & Yahr, 1967). Parkinsonism with no 

identifiable etiology has been referred to as primary 

parkinsonism, idiopathic Parkinson disease, or simply 

Parkinson disease. Parkinsonism associated with some 

etiology or a diffuse disease process is called secondary 

parkinsonism. For example, this group would include people 

who developed parkinsonism after contracting encephalitis 

lethargica in the epidemic of 1919-1926. Other causes may 

include diffuse central-nervous-system degeneration, 

arteriosclerosis, metabolic defect, tumor, intoxication, and 

the use of drugs (Hoehn & Yahr, 1967). Finally, a person 

for whom it is impossible to determine whether the 

parkinsonism is primary or secondary is said to have 

indeterminate parkinsonism. For example, some people have a 

history of encephalitis, but were symptom-free for many 

years before parkinsonian signs emerged. Primary 

parkinsonism is by far the most common type, especially now 
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that survivors of the encephalitis lethargica epidemic are 

few. 

The etiologic subgroup of interest for the present study 

is the idiopathic type, hereinafter referred to simply as 

Parkinson disease. Within this subgroup, classification of 

individuals based on age and clinical signs has been 

proposed. Age boundaries suggested for subgrouping are 20, 

40, 50, and 60 years at age of disease onset (see Gershanik, 

1988, for a review). The boundary between early and later 

onset of Parkinson disease variously has been set between 35 

and 60 years of age (Gershanik, 1988; Lieberman, 1987; 

Quinn, Critchley, & Marsden, 1987; Rose & Nashef, 1987); 40 

is the most common boundary (Gershanik, 1988; Quinn et al., 

1987). Predominant clinical characteristics of people with 

relatively early onset of Parkinson disease are believed to 

include rigidity and bradykinesia (Gershanik, 1988; 

Lieberman, 1987; Quinn et al., 1987). According to one 

review, resting tremor is more likely in people with early

onset than those with late-onset Parkinson disease 

(Lieberman, 1987); another review indicated the opposite 

(Gershanik, 1988). It generally is agreed that people who 

acquire Parkinson disease at a relatively young age have a 

longer, more benign disease course (Jankovic et al., 1990), 

and respond well to levodopa therapy (Lieberman, 1987; Quinn 

et a1., 1987; Rose & Nashef, 1987). People with older-onset 

Parkinson disease may be more likely to have gait 
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impairment, postural instability (Lieberman, 1987), dementia 

(Korczyn, Inzelberg, Treves, Neufeld, Reider, & Rabey, 1986; 

Lieberman, 1987; Rose & Nashef, 1987), rapid degeneration, 

and a poorer response to levodopa treatment (Lieberman, 

1987; Rose & Nashef, 1987). 

The between-subject variability of neuromotor and 

neuropsychological signs in Parkinson disease makes it 

difficult to establish criteria for subgrouping individuals 

with the disease. However, correlations between motor signs 

and between motor and psychological signs are being reported 

(e.g., Jankovic et al., 1990). Thus, efforts toward 

subgrouping, although far from complete, seem valid and will 

probably be fruitful. 

Neuropathy of Parkinson Disease 

Parkinson disease is a degenerative disease of the 

extrapyramidal system. The substantia nigra primarily is 

affected, but damage also may be found in the nigrostriatal 

pathway, striatum, locus ceruleus, nucleus basalis of 

Meynert, and reticular formation. Loss of neurons in the 

substantia nigra results in decreased dopaminergic activity 

at the striatal dopamine receptors which may be damaged as 

well (Klawans, Goetz, Nausieda, & Weiner, 1977). Marked 

destruction of neurons in the sUbstantia nigra (80% to 85% 

of these) occurs before the signs of Parkinson disease are 

manifest clinically (Bernheimer, Birkmayer, & Horneykiewicz, 
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1973). Because dopamine usually acts as an inhibitory 

neurotransmitter, its loss results in reduced inhibitory 

input to the basal nuclei and motor and premotor cortex (De 

la Torre, 1977). Other neurotransmitters are implicated in 

Parkinson disease as well; for example, there is a loss of 

noradrenergic neurons in the locus ceruleus, cholinergic 

neurons in the nucleus basalis of Meynert, and serotonergic 

neurons in the raphe nuclei of the reticular formation (Cote 

& Crutcher, 1985: Jankovic & Marsden, 1988). 

Lewy bodies often are thought to be the histological 

marker of Parkinson disease (Friedman, 1987: Gibb, 1988), 

but these are not necessarily specific to Parkinson disease 

(Gibb, 1988: Rose & Nashef, 1987), nor are they found in 

every brain with Parkinson disease (Rose & Nashef, 1987). 

Clinical Manifestations of Parkinson Disease 

The predominant characteristics of Parkinson disease are 

the impairments of movement that define the parkinsonism 

syndrome. As stated previously, the main clinical features 

are resting tremor, rigidity, and bradykinesia, but postural 

instability, gait disorder (Lieberman, 1987), weakness, and 

acceleration (Netsell, Daniel, & Celesia, 1975) also are 

often key signs. In addition, people with Parkinson disease 

may demonstrate aldnesia (difficulty initiating movement), 

reduced facial expression, infrequent eye blinking, 

autonomic insufficiency, dysarthria, dysphagia, dementia, 

, .. _----_._--
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and depression (Lieberman, 1987: McDowell, 1971). All- of 

these features probably are intrinsic to the disease 

process: depression may be an exception. 

Dementia and depression deserve special mention because 

of the implications these neuropsychological disorders may 

have on communication. Dementia has been variously 

estimated to be present in 2% to 85% of people with 

Parkinson disease (see reviews in Pirozzol0, Swihart, Rey, 

Jankovic, & Mortimer, 1988, and Rose & Nashef, 1987); 10% to 

15% is a realistic estimate (Brown & Marsden, 1984). The 

prevalence of dementia in people with Parkinson disease 

increases with increased bradykinesia (Mortimer, Pirozzo10, 

Hansch, & Webster, 1982). It was once believed that 

dementia was related to drug therapy, but the present 

consensus is that it is a sequela of the disease progression 

(Friedman, 1987; Mortimer, 1988). Depression has been 

reported to be a problem in 40% to 90% of people with 

Parkinson disease (Bie1iauskas, K1awans, & Glantz, 1986: 

Gilley, Wilson, Tanner, Goetz, & Clark, 1987; Lieberman, 

1987; Mayeux, Stern, Williams, Cote, Frantz, & Dyrenfurth, 

1986), and does not appear to increase with disease 

progression or cognitive decline (Bie1iauskas et a1., 1986). 

The depression may be reactive (Bie1iauskas et a1., 1986) or 

have neurobio1ogic bases related to the disease process 

(Chui, 1989; Mayeux et al., 1986). Whatever its etiology, 

it cannot be ignored that depression frequently is present 
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in people with Parkinson disease. Dementia and depression 

may indicate more diffuse neural damage than that typically 

associated with Parkinson disease (Chai, 1989: Heindel, 

Salmon, Shults, Walicke, & Butters, 1989: Mortimer, 1988) 

and may be related to abnormal speech, especially regarding 

prosodic features (Alpert, Rosen, Welkowitz, & Liberman, 

1990) • 

In summary, clinical signs of Parkinson disease vary from 

person to person, but prominent features include resting 

tremor, usually in the upper extremities, rigidity, and 

bradykinesia. Neuropsychological sequelae such as dementia 

and depression also may occur in these individuals. 

Pharmacological Management of Parkinson Disease 

Most of the common medications for treating the signs of 

Parkinson disease manipulate dopamine receptors or the 

neurotransmitters dopamine and acetylcholine. Improving 

dopamine uptake by stimulating the receptors and providing 

more of the neurotransmitter are common and usually 

successful strategies (Jankovic & Marsden, 1988). 

The most common dopaminergic agent in the treatment of 

Parkinson disease is levodopa, the immediate metabolic 

precursor of dopamine. Levodopa crosses the blood-brain 

barrier whereupon it converts to dopamine thus increasing 

dopamine concentration in the brain (Horneykiewicz, 1977). 

People with Parkinson disease usually are responsive to 
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treatment with levodopa (Yahr, 1975). In fact, this 

response often is used as an indicator to differentially 

diagnose Parkinson disease from other diseases that present 

similarly (e.g., progressive supranuclear palsy, Shy-Drager 

syndrome, striatonigral degeneration, olivopontocerebellar 

atrophy). However, about 15% of people with Parkinson 

disease do not respond well to levodopa therapy (Jankovic, 

1982) . 

Some of levodopa's negative side-effects, like nausea and 

vomiting, result from the drug's conversion to dopamine in 

the blood peripherally. These can be reduced by combining 

the drug with carbidopa, a dopamine-decarboxylase inhibitor 

(CaIne, Teychenne, & Pfeiffer, 1977). Decarboxylase is the 

enzyme necessary for levodopa's conversion to dopamine, and 

its inhibitor, which cannot permeate the blood-brain 

barrier, allows levodopa to remain intact until it enters 

the brain. Combining levodopa with carbidopa also increases 

its half-life (Calne l 1982: Jankovic & Marsden, 1988) thus 

diminishing end-of-dose deterioration (Marsden & Parkes, 

1976). 

More debilitating side-effects result from chronic 

levodopa therapy. These include dyskinesias and clinical 

fluctuations in motor signs. These apparently result from 

central processes and sometimes can be relieved by lowering 

the dosage of medication or by combining treatment with a 

dopamine agonist (CaIne, 1982: Jankovic & Marsden, 1988). 
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Dyskinesia, or involuntary unpredictable movement, may 

occur early in the course of 1evodopa therapy (Duvoisin, 

1977: Friedman, 1985) and its incidence increases through 

the first three years of treatment. After the third year, 

73% (Hoehn, 1986) to 80% (Duvoisin, 1977: Jankovic, 1982) of 

people thus treated exhibit dyskinesia. About one-third of 

these are severely affected. Incidence and severity of 

dyskinesia do not increase thereafter (Hoehn, 1986). 

The most common clinical fluctuations include the 

"wearing-off" effect and the "on-off" phenomenon. The 

former is a predictable reduction in therapeutic benefits 

near the time when medications are due to be taken. The 

latter is an unpredictable, marked change in the motor 

response to medication, ranging from marked disability 

("off") to near normal movement ("on"). Predictable or 

unpredictable clinical fluctuations appear in 15% to 35% of 

patients after three to six years of 1evodopa therapy 

(CaIne, 1982: Clark & Feinstein, 1977: Duvoisin, 1977: 

Hoehn, 1986: Jankovic, 1982). 

Motor side effects in general are more likely to occur in 

people who acquire Parkinson disease before the age of 50 

years (Friedman, 1985; Gershanik, 1988; Hoehn, 1986). 

Although delaying 1evodopa therapy might delay the onset of 

side-effects to chronic 1evodopa therapy (Jankovic & 

Marsden, 1988: Muenter, 1982), recent research suggests that 

there is no advantage to delaying 1evodopa therapy 



(Guillard, Chastang, & Fenelon, 1986: Lieberman, 1987: 

Markham & Diamond, 1981) and it may be contraindicated 

(Hoehn, 1986). 

Another drug that is used to treat Parkinson disease, 

especially in mild cases, is amantidine (CaIne, 1982: 
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Muenter, 1982). Amantidine acts to enhance the release of 

dopamine, although the mechanism by which this occurs is not 

fully understood (Jankovic & Marsden, 1988). 

Anticholinergic agents, such as trihexyphenidyl, 

procyclidine, and benzotropine mesylate, block the action of 

acetylcholine. The principle of this strategy is to restore 

the equilibrium between the neurotransmitters dopamine and 

acetylcholine. Anticholinergic agents are moderately 

effective in alleviating tremor (Feldman, 1989), and usually 

are prescribed for mild cases (Muenter, 1982). 

Dopamine agonists are medications which mimic dopamine in 

that they stimulate dopaminergic receptors (CaIne, 1982). 

This category of drugs includes ergot derivatives, such as 

bromocriptine, pergolide, and lisuride. This strategy in 

treatment is often reserved for moderate to severe cases. 

Exciting findings have been reported recently regarding a 

treatment that apparently alters the progression of 

Parkinson disease rather than treats its symptoms. 

Selegiline, a monoamine oxidase, type B, inhibitor, appears 

to slow the progression of the disease and delay the need 

for treatment with levodopa (Birkmayer, Knoll, Riederer, 

-- - ----------------~----------
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Youdim, Hars, & Marton, 1985: Parkinson Study Group, 1989: 

Tetrud & Langston, 1989). 

To recap, the medications commonly used in the treatment 

of Parkinson disease affect the dopaminergic-cholinergic 

balance in the striatum and temporarily have positive 

effects on the movement disorder associated with the 

disease. Long-term use of the most common medication, 

levodopa, results in complications such as abnormal 

involuntary movement and motor fluctuation. Attempts to 

alleviate these signs focus on altering the rate at which 

dopa is administered and taken up in the brain. New, 

promising medications that may alter the course of the 

disease are being developed. 

The Speech Disorder of Parkinson Disease 

General Description of Speech 

Approximately 60% to 80% of individuals with Parkinson 

disease have some degree of disordered speech as a result of 

the disease process (Mutch, Strudwick, Roy, & Downe, 1986: 

Streifler & Hofman, 1984: Uziel, Bohe, Cadilhac, & 

Passouant, 1975). James Parkinson (1817), in his original 

description of lithe shaking palsy," stated that dysarthria 

occurs in the advanced stages of the disease. However, a 

speech disorder occasionally is the initial complaint by 

people with Parkinson disease {Hoehn & Yahr, 1967: Metter & 



Hanson, 1986) and can be the predominant characteristic 

throughout the disease course (Metter & Hanson, 1986). 
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The characteristics of hypokinetic dysarthria reported by 

Darley, Aronson, and Brown (1969; 1975) typify most reports 

of the speech disorder of Parkinson disease. They list, in 

order from most to least prominent, monopitch, reduced 

stress, monoloudness, imprecise consonants, inappropriate 

silences, short rushes of speech, harsh voice, breathy 

voice, lower than normal pitch level, and variable rate. 

Perceptual, acoustic, and physiologic studies have been 

conducted that support, clarify, and supplement these 

descriptions. Many of these studies will be reviewed in the 

discussion that follows. 

The dysarthria of Parkinson disease can involve any or 

all of the subsystems of the speech production apparatus. 

The respiratory (Critchley, 1981) or laryngeal (Logemann, 

Boshes, & Fisher, 1972; Logemann, Fisher, Boshes, & Blonsky, 

1978: Streif1er & Hofman, 1984) subsystems are believed to 

be involved first. Involvement of the tongue and the lips 

follows (Critchley, 1981: Logemann et al., 1972, 1978; 

Streif1er & Hofman, 1984). The ve1opharyngea1 valve may be 

affected in people who are in moderate-to-advanced stages of 

the disease (Hoodin & Gilbert, 1989; Streifler & Hofman, 

1984) . 

Literature regarding the speech disorder of Parkinson 

disease is categorized by speech-production subsystem for 
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the purposes of this review. The subsystems discussed are 

the oral and facial articulators, the ve1opharynx, the 

larynx, and the respiratory subsystem. To best understand 

the speech disorders that are related to respiration, 

general respiratory function is discussed separately from 

speech breathing. The effects of drug therapy on speech and 

respiration then are reviewed. 

The Articulators and Articulation 

Articulation by people with Parkinson disease often is 

reported to be imprecise and contain errors (Canter, 1965b: 

Chenery, Murdoch, & Ingram, 1988: Darley et al., 1969: 

Ewanowski, 1964: Laszewski, 1956: Logemann et al., 1978: 

Morrison et al., 1970: Tanner, 1976). Logemann et ale 

(1972) reported that errors were due to inadequate 

constriction or occlusion of the upper airway by the 

articulators. Their analysis revealed a "sequence of 

articulatory degeneration" which progressed from posterior 

to anterior placements of articulation. 

Articulatory errors commonly are reported to involve 

stops and fricatives, possibly due to low oral pressure. 

Lower than normal oral pressure during consonant production 

has been empirically demonstrated in people with Parkinson 

disease (Ewanowski, 1964: Mueller, 1971: Murry, 1983: 

Netsell et al., 1975), especially when the disease is severe 

(Ewanowski, 1964: Marquardt, 1973). Another possible 
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mechanism for articulatory imprecision is weakness of the 

articulatory muscles (Netse11 et a1., 1975). 

The clinical characteristics of rigidity and bradykinesia 

appear to account for the predominant articulatory 

abnormalities in Parkinson disease. Increased background 

muscle activity in lip muscles has been reported (Hunker, 

Abbs, & Barlow, 1982; Leanderson, Meyerson, & Persson, 1972; 

Marquardt, 1973). Selective reductions in lip and jaw 

displacement, velocity, and acceleration have been found in 

people with Parkinson disease during speech and certain 

nonspeech activities (Caligiuri, 1987; Conner, Abbs, Cole, & 

Gracco, 1989; Forrest, Weismer, & Turner, 1989; Hunker et 

al., 1982; Katsikitis & Pi1owsky, 1988). The extension of 

these findings for the tongue is supported by acoustic data 

which indicate that the center frequencies of vowel formants 

may be abnormal (Tanner, 1976) or the extent and speed of 

formant transitions are reduced for speakers with Parkinson 

disease (Conner, Ludlow, & Schulz, 1989; Forrest et al., 

1989) • 

Kinematic (Conner, Abbs, Cole, & Gracco, 1989) and 

e1ectromyographic (Moore & Scudder, 1989) findings suggest 

abnormal coordination between the lip and jaw. Facial 

muscles that normally have reciprocal-activation patterns 

have been reported to fire synchronously or with other 

abnormal temporal relations (Hirose, Kiritani, Ushijima, 

Yoshioka, & Sawashima, 1981; Leanderson et a1., 1972). 
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Temporal aspects of speech production consistently are 

reported to be disordered in Parkinson disease. Typical 

tasks used to assess speech rate are rapid repetitions of a 

syllable, reading aloud, and speaking a monologue. Syllable 

repetitions by a person with Parkinson disease will usually 

result in rapid productions (Canter, 1965b) which frequently 

accelerate (Hirose et al., 1981; Netsell et al., 1975) or 

will switch to a faster but fixed rate (Evarts, 1981, 

personal communication, reported by Netsell, 1986). Studies 

that have reported syllable-repetition rates that are within 

normal limits by speakers with Parkinson disease (Ewanowski, 

1964; Ludlow, Connor, & Bassich, 1987) may be a reflection 

of different instructions resulting in unexpectedly good 

performance (Ilkinesia paradoxica ll
), or may be a valid 

description for certain subjects. 

Speech rate in connected-speech tasks often is aberrant 

for people with Parkinson disease, but individual 

differences between speakers appear to be the rule (Canter, 

1963). Speech rate has been reported to be too fast 

(Hammen, 1990; Hammen, Yorkston, & Beukelman, 1989; Hanson & 

Metter, 1983; Tanner, 1976; Yorkston, Hammen, Beukelman, & 

Traynor, 1990), too slow (Anthony & Farquharson, 1975; 

Boshes, 1966; Kammermeier, 1969; Peacher, 1950), variable 

(Critchley, 1981: Darley et al., 1969: Ludlow & Bassich, 

1983: Metter & Hanson, 1986), or normal (Alp, 1988: 

Pitcairn, Clemie, Gray, & Pentland, 1990). Speech may 
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accelerate throughout an utterance (Critchley, 1981; Hirose 

et al., 1981; Streif1er & Hofman, 1984). 

'The less consistent finding of rapid speech rate during 

reading and monologue tasks as compared to syllable

repetition tasks may be due to the speaker's ability to 

compensate for the rate disorder inherent in the disease in 

a task with fewer constraints. For example, the speaker may 

insert more and longer pauses during reading and monologue 

productions, \'lhich will result in a slower overall rate 

(Alp, 1988; Beukelman, Yorkston, Dowden, & Minifie, 1986; 

Boshes, 1966; Darley et al., 1969; Hammen, 1990; Metter & 

Hanson, 1986; Till & Goff, 1986) even if syllabic duration 

is decreased (Forrest et al., 1989). In addition, slow 

inspirations (Anthony & Farquharson, 1975) and slow 

transitions from inspiration to expiration (Anthony & 

Farquharson, 1975; Ewanowski, 1964) may contribute to slower 

speech rates when measurements encompass many breath groups. 

Alp (1988) examined speech rate in people with Parkinson 

disease, and subsequently recognized the need to account for 

pausing. She recommended excluding pauses during speech 

production for measures of speech rate, and suggested the 

phrase "interpause speech rate" to label this measure. 

pitcairn et ale (1990) found that subjects with Parkinson 

disease used six times as many unfilled pauses than did 

control subjects during conversation. Similarly, Hammen 

(1990) found that speakers with Parkinson disease used more 

-------------------.-~~~-, 
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of their total speaking time for pausing than did normal 

control sUbjects. She hypothesized that "rigidity of the 

chest wall in parkinsonian subjects may increase the amount 

of time required to inspire and add to pausal length" (p.6l) 

and called for research to investigate "respiratory support 

issues." 

In summary, descriptions of the speech of people with 

Parkinson disease are scant but suggest that phonemes 

requiring relatively high oral pressure are produced with 

imprecision. The accessible articulators, the lips and the 

jaw, are most often studied. Very little is known about 

tongue movement during speech in people with Parkinson 

disease. Speech rate often is considered to be rapid and to 

accelerate, especially during syllable-repetition tasks. 

Physiologic studies have provided evidence of abnormally 

decreased displacement and speed of articulatory movements 

that relate well to the general finding of rapid speech 

rate. Individual variations and compensatory strategies 

employed by speakers with dysarthria may explain some of the 

inconsistencies in the literature. 

The Velopharynx and Nasality 

Velopharyngeal valving is dysfunctional in some people 

with Parkinson disease. Air may escape through the 

velopharyngeal port during non-nasal speech production 

(Hoodin & Gilbert, 1989: Netsell et al., 1975). 

-- -------~--------------.---.----' 
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Significantly greater nasal airflow was exhibited by 10 

subjects with moderate Parkinson disease than by 10 subjects 

with mild Parkinson disease in a study by Hoodin and Gilbert 

(1989). However, Mueller (1971) measured no nasal flow in 

10 subjects with Parkinson disease. This result is 

difficult to assess because severity of the disease and of 

the speech disorder, and rate of speech were not reported. 

Hirose et ale (1981) reported that velar movements toward 

closure of the velopharyngeal port were incomplete, and that 

velar displacement decreased as the speech rate increased. 

Hoodin and Gilbert (1989) found a trend for nasal airflow to 

decrease as speaking rate increased. Apparently, with 

increased speaking rate, the velopharyngeal structures 

assume and maintain a position that directs most airflow 

orally. At slower speech rates, people with Parkinson 

disease may allow periodic patency of the velopharyngeal 

port. 

Perceptual studies of the speech of people with Parkinson 

disease occasionally report disorders of nasality (Chenery 

et al., 1988; Kent & Rosenbek, 1982; Logemann et al., 1978; 

Ludlow & Bassich, 1983; Morrison et al., 1970). Of the 200 

speakers with parkinsonism in the study by Logemann et ale 

(1978), hypernasality was identified in 20. Unfortunately, 

etiology and severity of the disease was not reported for 

these subjects. From a perceptual study of the speech of 19 

people with Parkinson disease, Chenery et ale (1988) 

--- -------------------.--------~-.-~ .. ~---.~-~-----~.--- -. ---
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reported normal nasality in 4, just noticeable hyponasality 

in 7, and just noticeable hypernasality in 8 subjects. Of 

the 4 subjects with severe Parkinson disease (Hoehn & Yahr, 

Stage V), one had speech perceived as hypernasal, two as 

hyponasal, and one as normal for nasality. Chenery et ale 

concluded that the velopharynx was the least impaired 

subsystem of the speech production apparatus, and that 

abnormal resonance was not a significant problem in 

Parkinson disease. 

In sum, people with Parkinson disease may present with 

velopharyngeal dysfunction characterized by nasal airflow 

during non-nasal speech utterances, especially when produced 

at a slow rate of speech. This problem is most prevalent 

among people with moderate-to-severe Parkinson disease, as 

evidenced by aeromechanic data. Perceptually, abnormalities 

of nasality occur in some people with Parkinson disease and 

do not appear to correlate with disease severity. 

The Larynx and Phonation 

Disordered voice is one of the most pervasive features of 

the speech disorder associated with Parkinson disease 

(Logemann et al., 1972, 1978: Hartman, 1988). Perceptually, 

the conversational speech of a person with Parkinson disease 

sounds quiet (Aronson, 1980i Hoehn & Yahr, 1967: Streifler & 

Hofman, 1984: Uziel et al., 1975) and monotonous (Darley et 

al., 1969; Hoehn & Yahr, 1967: Uziel et al., 1975). The 

~-~----~----~---------
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latter is attributed to reduced variability in loudness 

(Boshes, 1966: Chenery et al., 1988: Darley et al., 1969, 

1975: Hanson, Gerratt, & Ward, 1983; Ludlow & Bassich, 1983) 

and pitch (Canter, 1963; Chenery et al., 1988; Darley et 

al., 1969, 1975; Hanson, Gerratt, & Ward, 1983; Peacher, 

1950). The speech of Parkinson disease has been described 

as "aprosodic," or lacking in normal prosody (Kent & 

Rosenbek, 1982). In an experiment designed to elicit stress 

differences during sentence production, subjects with 

hypokinetic dysarthria (3 of 4 had Parkinson disease) did 

not use any of the suprasegmental features used by normal 

speakers (Murry, 1983). Features measured were peak oral 

pressure, integrated pressure-time, fundamental frequency, 

vowel duration, and vowel intensity. 

Curiously, despite consistent reports of reduced vocal 

loudness in Parkinson disease, mean and range of peak sound 

pressure level of the voice have been reported to be normal 

during natural speech (Canter, 1963: Pitcairn et al., 1990). 

However, maximal ranges for intensity are consistently found 

to be reduced (Canter, 1965a: Boshes, 1966) especially 

affecting high-intensity productions. Intensity variability 

during reading has been found to be normal (Kammermeier, 

1969), and may only be reduced in patients with severe 

dysarthria (Metter & Hanson, 1986). The reasons for the 

discrepancies between the perceptions of reduced loudness 
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and its variability and the measurements of normal intensity 

and its variability during speech are unclear. 

Vocal pitch is often perceived as abnormally low in 

speakers with Parkinson disease (Critchley, 1981; Darley et 

al., 1975: Streifler & Hofman, 1984), but measures of mean 

fundamental frequency during speech usually demonstrate 

higher than normal values (Canter, 1963: Kammermeier, 1969: 

Ludlow & Bassich, 1983: Metter & Hanson, 1986). E'undamental 

frequency variability during running speech is abnormally 

reduced (Canter, 1963: Darkins, Fromkin, & Benson, 1988: 

Kammermeier, 1969: Ludlow & Bassich, 1983: Metter & Hanson, 

1986: Pitcairn et al., 1990: Robin, Jordan, & Rodnitzky, 

1986: Streifler & Hofman, 1984). This is especially true 

for subjects with severely disordered speech (Metter & 

Hanson, 1986) but has been found in subjects with highly 

intelligible speech as well (Pitcairn et al., 1990). In 

addition, maximal ranges for fundamental frequency are 

reduced (Canter, 1965a: Darley et al., 1969: Ludlow & 

Bassich, 1983), especially affecting low frequencies 

(Canter,1965a). 

Voice quality most often is described as breathy (Chenery 

et al., 1988: Critchley, 1981: Darley et al., 1969, 1975: 

Hanson, Ludlow, & Bassich, 1983: Laszewski, 1956: Logemann 

et al., 1978; Ludlow & Bassich, 1983; Streifler & Hofman, 

1984: Uziel et al., 1975: Wolfe, Garvin, Bacon, & Waldrop, 

1975), although it has also been labelled harsh (Critchley, 
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1981; Darley et al., 1969, 1975; Streifler & Hofman, 1984), 

rough (Logemann et al., 1978; Ramig, Scherer, Titze, & 

Ringel, 1988), hoarse (Anthony & Farquharson, 1975; Chenery 

et al., 1988; Logemann et al., 1978; Ramig et al., 1988; 

Read & Young, 1983; Wolfe et al., 1975), strained-strangled 

(Chenery et al., 1988), and tremulous (Logemann et al., 

1978; Ramig et al., 1988). Acoustic studies have supported 

some of these qualitative impressions. For example, 

abnormally elevated shimmer and jitter, abnormally low 

signal/noise ratio, and tremor have been measured (Ramig et 

al., 1988). Logemann et ale (1972) described three types of 

variability in the acoustic signals of vowels prolonged by 

people with Parkinson disease: cycle-to-cycle shifts in 

intensity and frequency (which correlated well with 

roughness or hoarseness), 5 to 10 Hz fluctuations in 

intensity (which correlated with rate of tremor in the 

hand), and momentary cessation of phonation (aphonic 

breaks) . 

Measures of air flow would be expected to correlate with 

voice quality. That is to say, high air flow may be present 

in speakers with breathy voices, and low air flow may occur 

with strained-strangled voices. Mueller (1971) measured 

flow at the airway opening in 10 men and women with 

parkinsonism (etiology unspecified). Findings from a 

sustained vowel task did not differentiate the parkinsonian 

subjects from the normal control subjects. During 
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repetitions of the syllable IShl, average air flow was lower 

for the parkinsonian subjects than for the control subjects. 

Mueller based his conclusions on data averaged across 

subjects, and did not report variability, voica quality 

characteristics, severity of the speech disorder, or 

severity of the disease for the sUbjects. Therefore, actual 

differences between subjects with parkinsonism and control 

subjects may have been obscured by the analysis. His 

findings cannot be examined or explained in reference to 

articulatory, velopharyngeal, laryngeal, or respiratory 

function. 

Maximal sustained-vowel production is a task commonly 

used in clinical situations to assess adequate duration of 

phonation for speech. Some studies have found that subjects 

with Parkinson disease (and other parkinsonism syndromes) 

produce vowels with significantly shorter durations than do 

control subjects (Boshes, 1966; Canter, 1965a; Kruel, 1972; 

Ludlow & Bassich, 1983: Metter & Hanson, 1986; Mueller, 

1971), and other studies have reported no difference between 

groups on this task (Ewanowski, 1964; Murdoch, Chenery, 

Bowler, & Ingram, 1989). Reasons for this discrepancy 

include differences between subjects (see Metter & Hanson, 

1986), and task performance. Individual differences result 

from the various mechanisms that are implemented in the 

performance of this type of task. For example, short 

duration of vowel prolongation could be due to reduced vital 

-------~-~---.--.------~-----~ 
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capacity, uneconomical valving by the larynx, emission of 

air through the velopharynx, or some combination of these 

(Kent, Kent, & Rosenbek, 1987)Q Valving by the lips and 

structures of the oral cavity may also affect results, as 

reflected by Kruel's (1972) finding that subjects with 

parkinsonism prolonged the high vowel /i/ longer than the 

low vowels /0/ and /a/. The task could be performed with 

less than the vital capacity. Evidence for this can be 

derived from the volumetric data in Murdoch et al. (1989). 

For example, a subject (812) with a reported vital capacity 

of 2.5 L appeared to use about 1.5 L when instructed to 

IItake as deep a breath as possible and prolong the vowel 

for as long as possible ll (p. 616). Interpretation of the 

studies cited is difficult because of inconsistent criteria 

for subject selection within and across studies (e.g., 

Metter & Hanson, 1986, included two subjects with 

progressive supranuclear palsy along with the 8 subjects 

with Parkinson disease; all 23 subjects in the Kruel, 1972, 

study had undergone stereotaxic brain surgery), and no 

reported control for drug treatment or fluctuations related 

to the drug cycle. 

The tremor that is recognized as IIvoice tremor ll in some 

people with Parkinson disease may result from tremor at 

various anatomical sites. Acoustically, voice tremor 

consists of rhythmic frequency (Ludlow, Bassich, Conner, & 

Coulter, 1986; Philippbar, Robin, & Luschei, 1989) and 
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intensity (Ramig et a1., 1988) oscillations. It is not 

known if voice tremor is caused by oscillation of the 

respiratory muscles, th~ laryngeal apparatus, the upper

airway structures, or some combination of these. Tremor has 

been observed in all of these locations. Tremor has been 

noted in the chest wall muscles, excepting the major 

inspiratory muscle, the diaphragm (De1hez & Petit, 1961: 

Estenne, Hubert, & De Troyer, 1984: Lives1y, 1973: Nugent, 

Harris, Cohn, Smith, & Tyler, 1958; Vincken, Gauthier, 

Do11fuss, Hanson, Darauay, & Cosio, 1984). Lip and jaw 

tremor during rest, action, and postural tasks has been 

studied in people with Parkinson disease (Barlow & Abbs, 

1983; Hunker & Abbs, 1984; Phi1ippbar et a1., 1989). Tremor 

has been reported in the laryngeal, neck, and tongue muscles 

(Aronson, 1980: Critchley, 1981: Hanson, Gerratt, & Ward, 

1984: Hunker & Abbs, 1984). 

The literature is not conclusive, but the majority of 

published comments on tremor indicate that it plays a minor 

role in the speech disorder of Parkinson disease (e.g., 

Streif1er & Hofman, 1984). However, Netse11 (1986) 

concluded from a review of a study by Hunker and Abbs (1984) 

that "tremor phenomena may be a prime determinant for many 

of the speech manifestations of Parkinson disease" (p. 115) 

especially regarding speech rate and the initiation and 

termination of movement. 
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Reports of laryngoscopic examinations in patients with 

Parkinson disease suggest that the vocal folds appear rigid 

(Boshes, 1966: Gerratt, Hanson, & Berke, 1987: Hanson et 

al., 1984: Uziel et al., 1975), movements appear sluggish 

(Anthony & Farquharson, 1975: Critchley, 1981), and the 

range of movement for vocal-fold abduction and adduction is 

reduced (Boshes, 1966). Presence of a chink between the 

arytenoid processes has been reported (Uziel et al., 1975) 

as has bowing of the vocal folds (Anthony & Farquharson, 

1975: Critchley, 1981: Gerratt et al., 1987; Hanson, 

Gerratt, & Ward, 1983, 1984: Ramig, in press). Larson 

(1988) found lower abduction quotients from 

electroglottographic analysis in two subjects during 

dyskinetic and "off" phases of their drug cycles, suggesting 

greater than normal adductory forces at the vocal processes. 

In contrast with these abnormal laryngoscopic findings, 

others have reported normally appearing vocal folds (Darley 

et al., 1969) and full range of motion (Hanson, Ludlow, and 

Bassich, 1983). 

Vibratory characteristics of the vocal folds during 

phonation may be atypical. The speed quotient was found to 

be higher than normal in two subjects with Parkinson disease 

(Gerratt et al., 1987: Hanson, Gerratt, & Ward, 1983). That 

is, the opening phase was proportionately longer than the 

closing phase. In addition, there was no well-defined 

closed period in either subject indicating that vocal-fold 
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approximation was not achieved. Marked cycle-to-cycle 

variations in amplitude of movement and other 

characteristics reflecting abnormal control of vocal-fold 

posture were evident in one subject (Hanson, Gerratt, & 

Ward, 1983). 

Articulatory gesturing by the larynx has been documented 

during the production of voiceless consonants in normal 

speakers (Sawashima & Hirose, 1981). The accomplishment of 

this gesture in patients with Parkinson disease is 

questionable. Some researchers report that the voiceless 

nature of a phoneme is lost or compromised (Hunker & Abbs, 

1984: Kent & Rosenbek, 1982: Marquardt, 1973: Weismer, 

1984), and others state that the voiced-voiceless 

distinction for phoneme articulation is unaffected (Logemann 

et al., 1978: Ramig, in press). The clarifying information 

may be severity of disease. Marquardt (1973) measured voice 

onset time for stop consonants in different word positions, 

and noted that the most severe patients demonstrated voicing 

throughout a voiceless stop production in the word-medial 

position. However, Forrest et ale (1989) measured voice 

onset time and found that it was longer in all word 

positions for subjects with Parkinson disease than for 

healthy elderly subjects. This effect was most pronounced 

for subjects with more severe dysarthria. 

This review has indicated that the laryngeal subsystem 

for speech production is affected by Parkinson disease in 
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many ways. Vocal loudness, pitch, and quality are abnormal 

by most descriptions. Duration of maximally sustained 

vowels does not appear to be a sensitive or accurate task 

for the detection of phonatory disorders in Parkinson 

disease. Voice tremor may be present, but may not relate 

only to the laryngeal subsystem. It is suspected that the 

respiratory, laryngeal, and orofacial subsystems affect and 

are affected by tremor when present in the speech-production 

apparatus. Abnormalities revealed by visualization of the 

larynx and by analyzing vibratory characteristics of the 

vocal folds suggest that the larynx is affected by the 

disease process and is involved in compensatory maneuvers. 

For example, the vocal folds appear to be unable to fully 

approximate, but greater-than-normal adductory forces may be 

present. Depending on the extent of each of these 

processes, the voice could sound breathy, harsh and 

strained-strangled, or, if compensation is fully successful, 

normal. Finally, speakers with Parkinson di~ease may 

perform articulatory gestures normally performed by the 

larynx for voiceless consonants more slowly than normal, or 

may eliminate them completely. 

The Respiratory Subsystem and Speech Breathing 

General Respiratory Function 

James Parkinson (1817) discussed a previously published 

case report of a patient with lithe shaldng palsy" who 



47 

IIfetched his breath rather hard." However, this patient had 

a history of head injury, and autopsy revealed blood and 

lymph collection around the pia mater and gross 

abnormalities of the medulla oblongata. Thus, this case 

does not provide an accurate representation of what we now 

consider Parkinson disease. Severe respiratory disorders 

such as apnea and panting in people with parkinsonism have 

been reported, but most are cases of postencephalitic 

parkinsonism (Kim, 1968; Neu, Connolly, Schwertley, Ladwig, 

& Brody, 1967; also, see review in Gardner, Langdon, & 

Parkes, 1986). 

People with idiopathic Parkinson disease often have mild 

respiratory signs and symptoms which may be realized only in 

advanced disease states (MacIntosh, 1977: Nugent et al., 

1958; Vincken et al., 1984). Prevalence reports of 

respiratory abnormalities as determined from pulmonary 

function testing range from 30% to 87% (MacIntosh, 1977; 

Vincken et al., 1984). Nugent et al. (1958) found that 

dyspnea was highly reflective of pulmonary dysfunction in 

people with Parkinson disease. That is, people with 

Parkinson disease who were dyspneic performed more poorly on 

pulmonary function tests than did those without this 

symptom. This finding was contradicted by de la Torre, 

Mier, and Boshes (1960) who reported that dyspneic and non

dyspneic subjects with Parkinson disease did not differ 

significantly on any respiratory measures. 
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The rib cage and abdominal musculature may be affected by 

rigidity, bradykinesia, tremor, and possibly weakness, but 

the diaphragm may be spared. Delhez and Petit (1961; also 

reported in Petit & Delhez, 1961) suggested that the 

diaphragm is less affected by rigidity than the other 

respiratory muscles. This observation followed from normal 

pressure-volume curves and diaphragm activity during quiet 

breathing and hyperventilation obtained from 3 people with 

Parkinson disease. In addition, tremor has not been 

observed fluoroscopically or electromyographically in the 

diaphragm (Delhez & Petit, 1961: Estenne et al., 1984: 

Nugent et al., 1958: Vincken et al., 1984), but has been 

observed in other inspiratory muscles (Estenne et al., 

1984) . 

Most respiratory impairments in Parkinson disease appear 

to relate to rigidity of the chest wall (MacIntosh, 1977: 

Nakano, Bass, & Tyler, 1972: Paulson & Tafrate, 1970). 

Rigidity is associated with greater than normal muscular 

activity at rest; increased activity of rib cage, accessory, 

and abdominal muscles has been reported in Parkinson disease 

(Delhez & Petit, 1961). This finding implies that the rib 

cage is stiffer than normal. Static lung-volume 

subdivisions are affected by the stiff system. The person 

with Parkinson disease may be unable to inspire or expire 

fully, reflected by limited chest-wall excursions 

(Laszewski, 1956: MacIntosh, 1977). Thus, a restrictive 

----------------------"~--.~~--.~~-~~-----~. 
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profile indicative of air-trapping is often reported in this 

population. Lung-volume subdivisions are affected in the 

following predicted directions: vital capacity is decreased 

(Critchley, 1981: de la Torre et al., 1960: MacIntosh, 1977: 

Obenour et al., 1972) and residual volume is increased 

(MacIntosh, 1977: Neu et al., 1967: Obenour et al., 1972). 

However, examination of published data from subjects with 

idiopathic Parkinson disease reveals that the prevalence of 

having an abnormally low vital capacity ranges from 0% 

(Nugent et al., 1958: Tzelepis et al., 1988) to about 30% 

(Murdoch et al., 1989: Neu et al., 1967). The prevalence 

reports for having an abnormally large residual volume also 

are discrepant, ranging from 10% (Murdoch et al., 1989) to 

83% (Neu et al., 1967) of people with idiopathic Parkinson 

disease. 

Pulmonary tests requiring maximal efforts are reported to 

be markedly abnormal when performed by individuals with 

Parkinson disease. Maxi~al voluntary ventilation (de la 

Torre et al., 1960), maximal midexpiratory flow, and forced 

expiratory volume in one second are reduced (Lilker & Woolf, 

1968: MacIntosh, 1977: Nakano et al., 1972: Neu et al., 

1967; Nugent et al., 1958). The degree of rigidity has been 

found to correlate closely with the severity of Parkinson 

disease and with decreased vital capacity and maximal flow 

(Neu et al., 1967). Disordered pulmonary function may (Neu 

et al., 1967) or may not (de la Torre et al., 1960; Lilker & 
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other signs of Parkinson disease. 
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Reduced performance on pulmonary tests such as maximal 

expiratory flow and forced expiratory volume in one second 

as a proportion of the vital capacity is relatively common 

in people with Parkinson disease (Lilker & Woolf, 1968: Neu 

et al., 1967: Obenour, et al., 1972: Schiffman, 1985; 

Vincken et al., 1984). This finding is indicative of airway 

obstruction. The pathology underlying such obstruction is 

controversial. Flow obstruction could result from increased 

upper-airway resistance (Schiffman, 1985; Vincken et al., 

1984) increased lower-airway resistance (Neu et al., 1967), 

chronic obstructive lung disease with corresponding decrease 

of lung elastic recoil (Obenour et al., 1972), or some 

combination of these abnormalities (Obenour et al., 1972). 

Limitation to flow through the upper airway has been 

attributed to laryngeal and upper-airway tremor (Vincken et 

al., 1984), and increased lower-airway resistance to 

hypersensitivity of the "repair and renew" parasympathetic 

system (Neu et al., 1967). Obstruction does not appear to 

be related to weakness or decreased compliance of the chest 

wall (Neu et al., 1967: Obenour et al., 1972). 

Evidence of airway obstruction has been reported in 35% 

to 96% of people with parkinsonism (not all idiopathic) in 

various studies (Lilker & Woolf, 1968: Murdoch et al., 1989: 

Neu et al., 1967: Obenour et al., 1972: Vincken et al., 

-.-----------.------~.~--.-----. ---. -.-~~--~-. 
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1984), and is three to four times more likely in subjects 

with a history of asthma or bronchitis (Obenour et al., 

1972). However, three studies of a total of 26 subjects 

with Parkinson disease found no evidence of significant 

respiratory obstruction (Gardner et al., 1986: Mehta, 

Wright, & Kirby, 1978: Nugent et al., 1958). This 

discrepancy probably relates to severity of disease, with 

airway obstruction more likely in people in advanced stages 

of Parkinson disease. 

Resting tidal breathing is sometimes reported to be 

abnormally fast and shallow in people with Parkinson disease 

(Apps, Sheaff, Ingram, Kennard, & Empey, 1985: Boshes, 1966: 

MacIntosh, 1977: Murdoch et al., 1989). Ewanowski (1964) 

found no difference in respiratory rate between subjects 

with Parkinson disease and healthy control subjects on 

average, but noted that the subjects with Parkinson disease 

with more severe involvement tended to have faster resting 

tidal breathing rates. This \ .... as not the case for the 

subjects in the Murdoch et ale (1989) study. Gardner et ale 

(1986) found tachypnea in about half of the subjects they 

studied, and noted that, in subjects who experienced 

levodopa-related motor fluctuations, tachypnea is more 

likely in the "off" periods of the drug cycle and during 

dyskinetic periods. De la Torre et ale (1960) studied 17 

men with Parkinson disease who were unmedicated at the time 

of testing, and found breathing depth and rate to be within 
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normal limits, but noted a sUbstantial amount of variability 

in rate and amplitude of breathing cycles. McNicholas, 

Rutherford, Grossman, Moldofsky, Zamel, & Phillipson (1983) 

reported that major changes in breathing rate are less 

common among people with Parkinson disease who are not 

treated than among those who are. This finding probably 

reflects the severity of the underlying disease rather than 

the treatment itself. It also has been noted that the 

periodic sighing present in the resting breathing of healthy 

individuals is rarely seen in patients with Parkinson 

disease (MacIntosh, 1977: Petit & Delhez, 1961). It is not 

known if abnormalities in resting tidal breathing are due to 

stiffness of the chest wall or central factors. 

Rigidity alone does not explain all of the respiratory 

problems in people with Parkinson disease (Nugent et al., 

1958), but the extent to which bradykinesia, weakness, and 

tremor contribute is unknown. Bradykinesia of the 

inspiratory muscles may explain inspirations and other 

respiratory events which are slower than normal. Weakness 

of the respiratory muscles has been reported (Critchley, 

1981), but there may be differential impairment in various 

muscle groups. Tzelepis et ale (1988) reported that 

inspiratory muscle strength is not reduced although they 

found that repetitive respiratory tasks were difficult. The 

difficulty with repetitive movements may be more related to 

bradykinesia and akinesia than to weakness. Compensatory 
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strategies to deal with tremor in the respiratory system may 

explain abnormal timing patterns in the onset and offset of 

respiratory activities. 

Aside from the classic movement disorder of Parkinson 

disease, other disease-related changes that can affect 

respiration are abnormalities of posture (Nakano et al., 

1972; Paulson & Tafrate, 1970) and lack of exercise (Nugent 

et al., 1958; Paulson & Tafrate, 1970). Performing typical 

activities (e.g., walking) probably requires more energy 

than normal because the person with Parkinson disease has to 

overcome or compensate for the movement disorder (Nugent et 

al., 1958). Dyskinesia and dystonia also may interfere with 

regular respiration (Paulson & Tafrate, 1970). 

In summary, the available literature is somewhat 

contradictory but generally suggests that changes in the 

respiratory system frequently occur in people with at least 

moderately severe Parkinson disease. The changes are 

consistent with predictions of the effect of. chest-wall 

rigidity on the respiratory system. Pulmonary tests that 

reveal abnormalities tend to require maximal effort for 

their performance, 'which implicate rigidity, bradykinesia, 

and weakness as possible mechanisms. Aside from chest-wall 

abnormalities, the pulmonary problem of airway obstruction 

may contribute to the overall respiratory disorder in some 

people. 
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Speech Breathing 

Critchley (1981) stated that the first dysarthric sign in 

a person with Parkinson disease is "a failure to control 

respiration for the purpose of speech" (p. 751). Although 

speech breathing in people with Parkinson disease may be a 

critical part of the overall speech disorder, studies 

examining this speech-production subsystem are few. In 

addition, speech breathing has rarely has been investigated 

in a manner that yields systematic or valid data. 

Various approaches are used to elucidate speech-breathing 

performance. Three general approaches will be discussed as 

they have been applied to the Parkinson disease population. 

These are sustained-vowel production, aeromechanics, and 

chest-wall kinematics. 

A common technique, often the only measure used to assess 

respiratory function in clinical settings, is maximally 

sustained vowel production. The notion behind this 

technique is that the resulting duration gives an indication 

of vital capacity. The reality, however, is that sustained-

vowel production depends heavily on laryngeal valving. 

Therefore, studies using this task were reviewed in the 

section of this literature review titled liThe Larynx and 

Phonation. II Recall that results from studies measuring 

duration of maximally sustained vowels were inconsistent and 

equivocal. Explanations offered related to individual 

differences and inaccurate performance. Thus, sustained-
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capacity. 
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Another approach used to evaluate certain aspects of 

respiratory function involves aeromechanic measures. These 

measures evaluate features of the airstream (e.g., pressure, 

flow, and volume expenditure) that are generated by the 

respiratory apparatus and acted upon by the larynx and 

upper- airway structures. Because these measures, taken at 

or near the airway openings, are impacted by laryngeal and 

upper-airway function, some of this literature is reviewed 

in the discussions of the other speech-production 

subsystems. It should be noted that, although the results 

have been abstracted for the purpose of this discussion, few 

of these studies had as a primary goal the understanding of 

speech-breathing control. 

As reported in the section on liThe Articulators and 

Articulation," oral pressure during consonant production may 

be lower than normal in people with Parkinson disease. Oral 

pressure can be a good estimate of the pressure generated by 

the respiratory apparatus in specific speech contexts 

(Smitheran & Hixon, 1981). This "driving" pressure is 

delivered to the larynx and upper-airway structures for 

sound generation. Air flow measured at the airway opening 

(mouth plus nose) \-'las discussed in "The 'Larynx and 

Phonation" section. Because air flow generated by the 

respiratory subsystem and measured at the airway opening is 



56 

impacted by laryngeal va1ving, it is difficult to parse out 

the individual contribution of the respiratory subsystem. 

Smith (1964) examined correlations between speech 

defectiveness and various speech and nonspeech measures in 

23 men and women with Parkinson disease. The measure that 

is relevant to this discussion was volume expenditure per 

syllable during rapid repetition of syllables. Subjects 

spoke into a mask that was coupled to a spirometer. On 

average, the sUbjects used 0.070 L per syllable during 

syllable repetition tasks. Smith did not have normal data 

for comparison, but suspected that the subjects used more 

air per syllable than normal. This conclusion may be 

accurate based on data that have since become available 

using the same task produced by normal, healthy adults 

(0.040 and 0.053 L/syllable for women and men, respectively; 

Warren & Wood, 1969). Unfortunately, ages were not reported 

for these normal subjects, and volume excursion per syllable 

is likely to increase with age (Hoit & Hixon, 1987; Hoit, 

Hixon, Altman, & Morgan, 1989). Smith's conclusion may 

speak more to laryngeal and articulatory valving than to 

respiratory performance per se. The contribution of 

individual subsystems cannot be determined from this study 

because measures of valving were not obtained. Drawbacks to 

this research are that the results and implications 

pertaining to breathing for running speech are limited, and 

normal data are not provided for comparison. 

-------------------_ .. _-- .---~. 
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Ewanowski (1964), in an unpublished dissertation, was the 

first investigator to use the third approach listed for the 

study of speech breathing in Parkinson disease. That is, he 

measured chest-wall movements, or kinematics. Ewanowski 

also measured oral and nasal pressure. Subjects included 12 

women with mild to moderate parkinsonism (7 had idiopathic 

Parkinson disease) and 12 neurologically normal women. 

Their drug treatments were not reported, but the effects of 

levodopa on motor behavior was not at issue because levodopa 

was not available until 1967. Tasks included sustained 

vowels, syllable repetitions, and isolated words. 

Therefore, results from this study may not be generalizable 

to natural, connected speech. Pressure within the oral and 

nasal cavities were measured by catheters (attached to 

pressure transducers) passed into the nasal fossa and into 

the oropharyngeal space through the nose. The nares \<1ere 

occluded. The results of this study indicated that there 

was no difference between parkinsonian or control subjects 

for nasal pressure (i.e., emission) and lower oral pressure 

during consonant production for the parkinsonian subjects 

than the control subjects. Chest-wall circumference changes 

were measured with a pneumograph belt placed around the 

torso at a level immediately below the xiphoid process. 

Data were analyzed in terms of "relative percentage of 

thoracic cage deflection," which involved calculating a 

quotient from the ratio of rib-cage circumference at 1-
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second intervals during speech to rib-cage circumference at 

the end of the inspiration preceding speech. Results 

suggested that there was no significant difference between 

the mean rib-cage deflection measures from the parkinsonian 

subjects and the normal control subjects for sustained-vowel 

and syllable-repetition tasks. In general, the rib cage 

appeared to behave in a normally controlled and consistent 

manner for the displacement of lung volume during sustained 

utterance tasks in people with Parkinson disease. 

Unfortunately, Ewanowski's measurement technique for chest

wall movement was inadequate. Abdominal volume change was 

not taken into account, and rib-cage volume change alone 

cannot be assumed to be equal to lung-volume change. 

Interpretive errors may occur even for determining direction 

of respiratory flow. For example, when rib-cage paradoxing 

occurs, the rib cage moves in a direction opposite to the 

direction of lung-volume change. Thus, the rib-cage 

deflection may be the inspiratory direction when in fact the 

speaker is expiring. The placement of the pneumograph belt 

is another potential source of error. It's placement is 

pictured on a subject in Figure I (p. 90) of Ewanowski's 

dissertation, and it appears to be lower than stated. If it 

actually lies below the rib cage or in the area 

corresponding to the zone of apposition between the 

diaphragm and rib cage, or if it slipped to a lower level 

sometime during data collection, then abdominal-wall 
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displacement could be contributing to the volume change 

measured from the pneumograph belt. Although Ewanowski's 

work appears to have been carefully executed, the chest-wall 

kinematics technique available to him in the early 1960 ' s 

was not sophisticated or as accurate as those available 

today. 

In a report regarding techniques for clinical evaluation 

of speech motor disorders, Farquharson and Anthony (1970) 

state that they had used measures of "chest girth" to assess 

respiration, but that this technique was abandoned. The 

method involved encircling the upper portion of the rib cage 

with an airtight corrugated rubber tube which was attached 

to a pressure manometer. They state that the problem with 

this method was that the equipment responded to movements 

other than circumferential changes of the thorax. Another 

source of error, as discussed in the review of the Ewanowski 

(1964) dissertation, was the use of only one belt to assess 

a two-part system. Data were reportedly collected from 68 

subjects, but sample data tracings from only one person with 

Parkinson disease were published in this report. In the 

data tracings presented, tremor is evident, lithe flow rate 

is small and the actual variation in chest girth is not well 

related to the speech sequence" (p. 815). Because of the 

absence of systematic data collection and analysis, this 

study is considered to represent a case report with 

supplementary clinical observations. 
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Despite their trepidations, these same authors present 

tracings of chest-girth measures in a later publication 

(Anthony & Farquharson, 1975). They acknowledge that 

assessment of both parts of the chest wall would be 

beneficial, but state that lithe time required would be 

considerable and, in any case, not all patients would be 

able to achieve the control of the respiratory system that 

is essential II (p. 1171). 

In the Anthony and Farquharson (1975) paper, a case study 

of a 78 year-old man with Parkinson disease was presented. 

In addition to rib-cage circumference measures used to 

estimate lung volume change, they used air flow measures at 

the mouth to judge inspiratory and expiratory flow during 

speech, fiberoptic laryngoscopy with stroboscopy to examine 

the larynx, and a laryngograph to determine fundamental 

frequency and assess vocal-fold vibration. Results were 

reported descriptively, with representative data tracings 

and some numerical tabulation as evidence. Their results, 

except those pertaining to rib-cage circumference, have been 

reported previously in appropriate sections of this 

literature review. In general, they reported that the 

subject had a hoarse voice, bowing of the vocal folds, slow 

respiratory maneuvers, and high flows during speech. The 

authors concluded from the respiratory data that the subject 

spoke almost entirely in the expiratory reserve volume. 

When this subject was reevaluated 9 months later, breath 
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groups appeared to be even lower in the expiratory reserve 

volume. The authors also noted that it took the subject "a 

very long time to regain his normal quiet breathing volume 

level after he has finished speaking" (p. 1178). Anthony 

and Farquharson did not attempt to describe speech breathing 

in detail in this case study, and, as a clinical report, it 

is quite interesting. Unfortunately, their chest-wall 

kinematic method was not adequate for accurate and thorough 

interpretation of speech-breathing performance. Anthony and 

Farquharson state that the ultimate goal of their research 

is to quantitatively describe the speech disorder of 

Parkinson disease as it relates to the various stages of 

pharmacological management, but such a report has yet to be 

published. 

Nakano, Zubick, & Tyler (1973) collected rib-cage and 

abdominal circumference data with 2 strain gauge belts in 18 

people with parkinsonism for an investigation of the effect 

of drug therapy on speech intelligibility and labial 

movement. The belts were for the rib cage and the abdomen, 

but the exact nature of the strain-gauge belts is not 

reported. If they were mercury strain gauges like those 

used in other speech-science research (e.g., Baken & 

Cavallo, 1981), measurement problems are to be expected 

(Bless, Hunker, & Weismer, 1981: Hixon, Watson, Harris, & 

Pearl, 1988). No comments about the respiratory data are 

provided in the results, discussion, or summary of the 
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paper, but sample data tracings are included in the figures. 

Examination of the tracings reveal that the data do not 

allow for meaningful interpretation. Two examples 

illustrate this point: (a) production of repeated syllables 

appears to occur during slow inspirations (their Figure 3, 

panel 2, and Figure 4, panels 2 and 3), and (b) quick 

inspirations appear to occur at approximately 0.5 s 

intervals during a sustained production of '/s/ (their Figure 

5, panel I). Thus, these data should be disregarded, and, 

in fact, they are by omission by the authors. Because there 

was no mention of chest-wall motion data beyond the 

description of the methods, the Nakano et ale study cannot 

be considered a study of speech breathing. 

Another research team attempted to measure abdomen and 

rib-cage movement changes during speech in a single subject 

with Parkinson disease. Hunker, Bless, and Weismer (1981) 

presented data from one elderly woman with Parkinson disease 

using respiratory inductive plethysmography (Respitrace). 

The Respitrace apparatus uses two "belts," one for the 

abdomen and one for the rib cage, that consist of a coil

type arrangement such that its transducers measure average 

cross-sectional area (Watson, 1979). Notable findings 

included resting tidal breathing that was at abnormally low 

volumes within the vital capacity, greater rib-cage 

contribution to volume displacement than seen in their 

(young, healthy, male) control subject, and little 
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variability in chest-wall shape across tasks. Although 

movements from both parts of the chest wall were analyzed, 

the findings are suspect. These data and other data 

published from the same laboratory which employed the same 

technique (Abbs, Hunker, & Barlow, 1983) have been 

challenged on the basis of the kinematic details (Hixon & 

Hoit, 1984a, 1985). Some criticisms addressed the 

appearance of inspirations and breath holding during speech 

production, and displays of data that were not internally 

consistent (e.g., the abdomen-volume excursion and rib-cage

volume excursion did not sum to equal displayed lung-volume 

excursion). To summarize, Hunker et ale used a 

theoretically appropriate measurement technique for the 

assessment of chest-wall kinematics, but the measurements 

appear to be invalid. 

Recently, an investigation of chest-wall kinematics using 

a two-part measurement scheme in a large group of subjects 

with Parkinson disease was published. Murdoch et ale (1989) 

measured rib-cage and abdominal circumference changes using 

strain-gauge belt pneumographs in 19 people with Parkinson 

disease and 19 normal control subjects. sustained-vowel, 

syllable-repetition, conversation, and reading tasks were 

included. Raw data are displayed in the publication for 

each subject and each task. The authors note that the data 

for sustained vowels and syllable repetitions produced by 

subjects with Parkinson disease are highly unusual. 

---------------.-.--. --
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"Bizarre movements of the rib cage and abdomen" (p. 617) 

which they describe as rib-cage and abdominal paradoxing, 

were reflected in their data tracings. They also describe 

data which appear to show "no net decrease in lung volume" 

(p. 618) during vowel pro1ongation. 2 They offer several 

possible explanations for these data, and acknowledge that 

none is adequate. In fact, explaining these data based on 

principles of speech-breathing motor control is difficult. 

In addition to their own example that lung volume doesn't 

appear to change during speech, some tracings indicate that 

significant inspirations (e.g., approximately 0.75 L for 

Subject 3, /pAtAkA/, trace 2 [Figure 4a]) occur during 

speech production. The most tenable explanation for these 

tracings is that the measures are inaccurate and invalid. 

Scrutiny of their methods reveals that the "a bdomina1" 

pneumograph belt may have encircled part of the rib-cage 

apparatus. If true, this indicates that the two parts of 

the chest-wall apparatus, the rib cage and the abdomen, were 

not measured independently. The data tracings from control 

subjects for these prolonged tasks have a more typical 

appearance, but some unusual characteristics can be detected 

as well. For example, the tracings are remarkably straight, 

2 It is interesting to note that the tasks included in 
the Ewanowski (1964) study which revealed normal rib-cage 
control were the same as those in the Murdoch et a1. (1989) 
study which yielded highly aberrant results. 

------~---------------.-----
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even at the extremes of the breath group. This adds to the 

suspicion that the measurement technique was faulty. 

The Murdoch et a1. (1989) data from conversation and 

reading tasks appeared similar for the subjects with 

Parkinson disease and the control subjects, and appeared 

typical of available data from normal subjects (e.g., Hixon, 

Goldman, & Mead, 1973). Murdoch et a1. concluded, 

therefore, that N chest-wa11 dynamics [sic] during both 

reading and conversation were essentially normal in all 

cases" (abstract, p. 610). This conclusion is tenuous based 

on the measurement problems noted above for the sustained

vowel and syllable-repetition tasks. Aside from possible 

measurement problems, other issues pertaining to the results 

and conclusions for the conversation and reading tasks 

exist. Primarily, no quantitative analysis of their data 

was provided, although some calculations can be made based 

on the pulmonary data and the raw kinematic-data tracings 

provided. Another problem toward the goal of interpreting 

the Murdoch et a1. data is that important characteristics of 

individual subjects are not reported (e.g., age, sex, 

height, weight, vital capacity for the control subjects, and 

the time of data collection in relation to the time of 

taking medication for the subjects with Parkinson disease). 

One can make educated guesses about which subjects with 

Parkinson disease were men and which' were women based on 

reported pulmonary data, but most other details are 
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impossible to derive. This type of information is critical 

to many aspects of data interpretation. Finally, helpful 

information for explaining the speech-breathing data is 

lacking. Such information could include measurements of 

speech phrasing (number of syllables produced per breath 

group) and speech rate. In conclusion, the data from 

Murdoch et ale are problematic, and conclusions regarding 

speech-breathing performance in Parkinson disease based on 

these data cannot be made with confidence. 

Overall, data regarding speech breathing and Parkinson 

disease are sparse and often difficult to interpret. 

Methodological problems permeate this research. For 

example, pertinent subject characteristics such as disease 

etiology, height, age, severity of disease, medications, 

clinical fluctuations in motor signs, and perceptual 

characteristics of the speech disorder, often are not 

reported or controlled. Attempting to understand 

respiratory function for speech with sustained-vowel tasks 

and aeromechanic measures is problematic because of the 

strong influence the laryngeal, velopharyngeal, and 

articulatory subsystems have on the final product. Valid 

measures of performance from all of the speech-production 

subsystems have not been collected from the same group of 

subjects, but are desirable for the interpretation of 

speech-breathing results because of the inevitable and 
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innumerable interactions between the respiratory system and 

the valves of the larynx and upper airway. 

Assessment of chest-wall kinematics during running 

speech, combined with volumetric measures, is the best and 

most direct way to assess speech breathing, but studies 

using this approach are especially meager. A thorough 

literature search revealed only six studies of chest-wall

surface measurements during speech in people with Parkinson 

disease: three relatively large studies, two published 

(Nakano et al., 1973; Murdoch et al., 1989) and one 

unpublished (Ewanowski, 1964); and three case studies, two 

published (Anthony & Farquharson, 1975; Farquharson & 

Anthony, 1970) and one presented at a professional meeting 

(Hunker et al., 1981). Ewanowski (1964), Anthony and 

Farquharson (1975), and Farquharson and Anthony (1970) 

measured movement from only one part of the two-part chest

wall system which resulted in data that do not allow for 

meaningful interpretation. Nakano et al. (1973), Hunker et 

al. (1981), and Murdoch et al. (1989) used two-part 

measurement techniques but appeared to use them incorrectly. 

Data from each of these studies are fraught with errors, are 

not analyzed systematically or completely, provide a meager 

amount of useful information, or cannot be critically 

evaluated from the available information. 



The Effect of Antiparkinsonism Drugs 

on Speech and Respiration 

Antiparkinsonism Drugs and Speech 
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Since the advent of levodopa therapy, research on the 

effect of antiparkinsonism treatments on speech production 

has become available. Although drugs designed to reduce 

rigidity and bradykinesia prove effective in the limbs and 

trunk, they do not seem to have a consistent effect on the 

speech-production system. Speech has been reported to be 

unaffected (Quaglieri & Celesia, 1977) and, alternatively, 

to be positively affected (Critchley, 1981: Ludlow, Bassich, 

& Connor, 1985: Mawds1ey, 1973: Mawdsley & Gamsu, 1971: 

Rigrodsky & Morrison, 1970) by levodopa therapy. 

Results varied in studies that involved recording speech 

from people before they were started on levodopa therapy and 

after they had stabilized on treatment. Mawds1ey (1973) 

studied the speech of 40 people with parkinsonism (some 

subjects had postencephalitic parkinsonism and/or 

stereotaxic surgery) and found significant improvements 

after levodopa treatment in speech adequacy, sound pressure 

level of the speech signal, and duration of sustained-vowel 

production. Speech rate did not differ before and after 

treatment in the subjects with Parkinson disease. 

Interesting differences in responses to treatment between 

subjects with idiopathic and those with postencephalitic 

parkinsonism are described by Mawdsley. In general, 
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subjects with postencephalitic parkinsonism and/or with a 

history of stereotaxic surgery have more severe speech 

disturbances and respond more poorly to levodopa treatment. 

This finding reaffirms the need to have knowledge of disease 

etiology in Parkinson disease research. 

Wolfe et al. (1975) taped the speech of 17 people with 

parkinsonism (7 had Parkinson disease) before and after 

therapy with levodopa. Results of a perceptual analysis 

indicated improved voice quality, articulation, and pitch 

variation, but not speech rate, with short-term drug 

therapy. Age of the subject and duration of disease did not 

reliably predict the results. After 4 years of levodopa 

therapy, 4 subjects were re-evaluated, and 3 of these had 

maintained or exceeded the degree of speech improvement 

noted with short-term therapy. This finding is surprising 

and the effect may be short lived. Klawans (1986) re

evaluated 25 people with Parkinson disease after more than 

10 years of levodopa therapy, and speech was found to have 

deteriorated in 24. 

Rigrodsky and Morrison (1970) recorded the speech of 21 

people with parkinsonism (19 had Parkinson disease). Unlike 

the findings of Mawdsley (1973) and Wolfe et ale {1975}, 

"the time factor," which included overall speech rate, 

appropriateness of phrasing and pausing, and the rhythm and 

fluency of speech, was the only aspect of speech to have 

improved with levodopa therapy. 
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Nakano et al. (1973) conducted a double-blind crossover 

study with 18 subjects \'lith parkinsonism using levodopa, 

procyclidine hydrochloride, and a placebo. Speech 

intelligibility, lip movement, lip electromyography, and 

chest-wall movements were evaluated. All 18 subjects chose 

levodopa as the best drug, and 14 had better speech while 

using levodopa and not when using either of the other 

treatments. Specific findings pertaining to labial function 

during treatment with levodopa were increased speed and 

symmetry of labial activity, and shorter latency between the 

initiation of labial movement and speech. The respiratory 

data included in this study were uninterpretable, as 

explained previously. 

Metter and Hanson (1986) studied speech characteristics 

in one man with Parkinson disease before and during a drug 

holiday (an extended period of time without medication). 

When the patient was medicated, his speech rate (which was 

initially slower than normal) increased, durations of 

articulations and pauses were shorter, and duration of vowel 

prolongation, articulatory precision, intensity, and 

perceived prosody increased in comparison to his performance 

while unmedicated. There were no changes in perceived voice 

quality (which was "hypertonic"), mean fundamental 

frequency, intensity variation, or percentage of pause time 

to speech time. 
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Leanderson, Meyerson, and Persson (1971) examined 

electromyographic activity in the lip muscles of seven 

people with parkinsonism before and after treatment with 

levodopa. Before treatment, background muscle activity was 

high and antagonist muscles were coactivated. All but one 

subject, who developed perioral hyperkinesias, experienced 

subjective improvement of speech after treatment. In 

addition, differences in the electromyographic data 

indicated reductions in background activity and re

establishment of reciprocal inhibition of antagonistic 

muscles. 

The clinical fluctuations in motor signs that often are 

associated with chronic levodopa therapy have been examined 

in relation to phonation and articulation. Hanson et al. 

(1984) found no variations in voice production with changes 

in the drug cycle. Results by Larson (1988) offer some 

support for "off" periods being accompanied by increased 

vocal instabilities during vowel productions, as indicated 

by jitter and shimmer values. 

Caligiuri (1989) examined labial peak velocity during 

drug-related fluctuations in motor signs in 5 people with 

Parkinson disease. Four of the subjects demonstrated 

increased labial peak velocity and one of these also had 

increased labial displacement when the subjects had 

beneficial motor responses to their medication. In 

addition, labial rigidity was reduced in all five subjects 
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soon after drug ingestion. The effect of these changes on 

intelligibility was not determined. 

In sum, changes in speech production with levodopa 

therapy in people with Parkinson disease are not 

predictable. For example, levodopa therapy may result in 

improvements in articulatory precision and prosodic 

variations, but not in voice quality and speech rate. 

Studies investigating people who were completely unmedicated 

and, at some other time, completely medicated, were more 

likely to report differences in speech than those studying 

fluctuations related to the drug cycle. 

Antiparkinsonism Drugs and Respiration 

Antiparkinsonism drugs may have a positive influence on 

respiratory function, comparable to the improvements 

frequently achieved in the limb musculature. Alternatively, 

levodopa treatment of Parkinson disease has been reported to 

cause respiratory dysfunction, either by inducing 

respiratory dyskinesias or by a separate mechanism. 

The static lung-volume subdivisions of total lung 

capacity, vital capacity, expiratory reserve volume, and 

inspiratory capacity have been shown to increase with 

administration of levodopa (Nakano et al., 1972: Oppel & 

Hutteman, 1975: Paulson & Tafrate, 1970). Furthermore, 

dynamic tests revealed improved function after as little as 

one week of drug therapy (Mehta et al., 1978). Minute 



volume during resting tidal breathing has been shown to 

increase with levodopa therapy (Oppel & Hutteman, 1975: 
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Paulson & Tafrate, 1970). Maximal voluntary ventilation 

(Langer & Woolf, 1971: Nakano et al., 1972), forced 

expiratory volume in one second (Mehta et al., 1978: Oppel & 

Hutteman, 1975), forced vital capacity (Mehta et al., 1978: 

Oppel & Hutteman, 1975), and maximal expiratory and 

inspiratory flow rates (Mehta et al., 1978: Nakano et al., 

1972) also have been found to increase after medical 

treatment. 

Not all studies have found changes in respiratory 

function before and after drug therapy. Other than an 

increase in maximal voluntary ventilation, no other 

respiratory measures were found to differ before and after 8 

to 11 months of levodopa therapy in a study by Langer & 

Woolf (1971). 

The effect of levodopa dose-related fluctuations on 

respiratory function was examined by Gardner et ale (1986). 

Eight patients with Parkinson disease who had severe motor 

fluctuations manifested by alternating periods of mobility 

("on") and immobility ("off") were studied. These subjects 

did not experience severe respiratory symptoms during the 

"on" or "off" periods. A battery of respiratory-function 

tests was carried out and, as a group, the patients showed 

no gross abnormality of respiration during either state. 

However, some subjects, particularly those with severe 
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abnormal and varied widely from "on" to "off" states. 
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Several cases of people who developed respiratory 

dysfunction as a result of levodopa therapy have been 

reported. Weiner, Goetz, Nausieda, and Klawans (1978), De 

Keyser & Vincken, (1985), and Jankovic & Nour (1986), each 

reported one case of a person with Parkinson disease who 

developed dyspnea, tachypnea or irregular breathing 

patterns, and other negative respiratory symptoms after 

taking levodopa. The respiratory dysfunction in these three 

cases were attributed to respiratory dyskinesia. The 

patients experienced concomitant limb and facial 

dyskinesias, and responded well to alterations in drug 

therapy. Weiner et al. and Jankovic and Nour reduced 

levodopa doses for their patients, and De Keyser and Vincken 

were able to eliminate the respiratory disturbance by 

administering a dopamine agonist along with levodopa. 

Zupnick, Brown, Miller, and Moros (1990) described two cases 

of levodopa-induced respiratory dysfunction, both of which 

exhibited dyskinesias and responded well to reductions in 

levodopa doses. However, these authors argue against 

respiratory dyskinesia as the cause. This issue is 

considered in more detail in the discussion chapter of this 

manuscript. 

It appears that respiratory function is improved in 

people with Parkinson disease from an unmedicated state to a 



75 

medicated state. Just as tests requiring maximal and rapid 

effort are preferentially affected by the disease process, 

these types of tests reveal greater responses to drug 

therapy than do less taxing tests. Respiratory assessment 

during "on" and "offll periods within the drug cycle may not 

reveal differences although individual differences are 

likely. 

Antiparkinsonism Drugs and Speech Breathing 

Changes in speech-breathing performance with drug 

treatment have not been directly investigated in people with 

Parkinson disease. As discussed previously, Nakano et ale 

(1973) measured chest-wall circumferential changes during 

speech in a study concerned with the effect of two types of 

medication on speech. However, they did not provide results 

or interpretations of the speech-breathing data, nor were 

the few data tracings illustrated in their paper credible. 

Indirect evidence that drug treatment has an effect on 

speech breathing can be derived from acoustical and 

perceptual studies. For example, Mawdsley (1973) and Metter 

and Hanson (1986) reported increased sound pressure level in 

subjects on levodopa treatment. Although this effect could 

result from increased respiratory driving pressure, it also 

could result from increased laryngeal muscular-opposing 

pressure, oral cavity enlargement, or some combination of 

these. 
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In the speech-breathing literature, subjects' responses 

to medication at the time of data collection are rarely 

reported, and no studies regarding the effects of clinical 

fluctuations on speecb breathing exist. Fluctuations 

related to a person's drug-cycle have been shown to affect 

general respiratory function in various ways, as discussed 

previously. It is possible that speech breathing also is 

affected. 

Differences in speech breathing related to clinical 

responsiveness to medication are important, not only to 

understand the mechanism behind the potential speech

breathing disorder, but also for clinical application. A 

speech evaluation administered when a person is experiencing 

a good motor response to medication probably will yield 

different results than if the evaluation is given at a time 

of poor response. In turn, management decisions need to 

address the person's needs for the presenting variety of 

motor conditions. 

---------------------.--------------.---------~--. ~. 
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Parkinson disease is a relatively common progressive 

neuromotor disorder that frequently is accompanied by a 

speech disorder. The speech disorder is characterized by 

monopitch, reduced stress, monoloudness, harsh or breathy 

voice, lower than normal pitch level, and variable speech 

rate (Darley et al., 1969). All sUbsystems of the speech 

production apparatus can be affected in Parkinson disease. 

Although general claims about the speech disorder of 

Parkinson disease can be made, the perceptual 

characteristics and sUbsystem involvement can vary from 

person to person. 

Research investigating the function for speech production 

of the oral·and facial articulators, the velopharyngeal 

valve, and the larynx is available. These studies generally 

indicate that reduced speed and range of movement occurs 

which may affect the final speech product. 

Respiratory function aside from speech has been 

investigated, and results indicate that some aspects are 

likely to be abnormal. Abnormalities may be more prevalent 

and more pronounced in advanced stages of Parkinson disease 

than in the early stages. Especially affected are maneuvers 

that require speed, effort, and use of maximal range of 

ability. Generalization of these findings to breathing for 

speech purposes is difficult because the total range of 
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respiratory performance is not enlisted for speech 

production (Kent et al., 1987), speech breathing involves 

higher-level neural control than does resting breathing 

(Plum, 1974: Von Euler, 1982), and because the other speech

production subsystems interact with the respiratory 

subsystem to produce speech (Netsell, 1983). 

Speech-breathing dysfunction can contribute to or account 

for almost all of the classic perceptual features of the 

speech disorder which accompanies Parkinson disease. For 

example, reduced stress and monoloudness could result from 

an inability of the expiratory muscles to generate quick and 

adequate forces to cause the necessary increases in tracheal 

pressure. Consonants may sound imprecise because of 

inadequate oral pressures provided by the respiratory 

system. Inappropriate silences may be perceived from 

increased duration of pauses, which could be due to 

decreased speed of inspiration and onset of expiration. 

Breathy voice quality can result from abnormally high flows 

generated by the respiratory system. From these examples, 

one can appreciate the potential impact of speech-breathing 

dysfunction on the final speech product. 

The literature on speech breathing in Parkinson disease 

is sparse and incomplete. Few studies have addressed 

respiratory function during speech as the primary focus. 

Results from indirect measures, such as sustained-vowel 

production and pressure and flow measures taken at or near 
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the airway openings, are difficult to interpret because 

laryngeal and upper-airway valving contribute substantially 

to task performance. To understand the contribution of the 

respiratory subsystem to the speech product, direct measures 

of respiratory performance during speech are necessary. A 

useful and practical method to directly assess respiratory 

performance is to measure movements of two parts of the 

chest wall (rib cage and abdomen) from the body surface. 

Only two studies to date have systematically examined 

chest-wall motion to investigate speech breathing in more 

than a single subject with Parkinson disease. One study was 

conducted by Ewanowski (1964) who devoted a portion of his 

dissertation research, which remains unpublished, to this 

topic. The second study was published 25 years later by 

Murdoch et al. (1989). The studies were reviewed in the 

previous chapter, and the main points of that review will be 

reiterated here. 

Ewanowski (1964) examined rib-cage circumference changes 

during sustained-vowel and syllable-repetition tasks in 12 

people with parkinsonism of mixed etiologies. No 

conclusions about breathing for natural, connected speech 

can be made from this study because of the speech tasks 

used. In addition, the interpretive power of the results 

was limited because of the measurement technique used. 

Observations of rib-cage displacement alone (without 

measuring abdominal displacement) cannot account for 

----.-----.-~--.-~.----------
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respiratory behavior, and the measures could not be 

converted to volume change. Only "relative deflection" of 

the rib cage and some temporal measures were derived from 

this portion of the Ewanowski study. 

Murdoch et ale (1989) attempted to describe speech

breathing kinematics in 19 people with Parldnson disease, 

but the study is marred by several significant flaws. 

Important examples are (a) the absence of reported subject 

characteristics and documentation of motor status during 

data collection, (b) data that lack credibility based on 

what is known about respiratory kinematics and dynamics 

presumably because of measurement errors, and (c) incomplete 

qualitative analysis and absence of quantitative analysis of 

kinematic data. 

In sum, speech-breathing studies that address Parkinson 

disease have not provided valid or adequate data, mainly as 

a result of measurement techniques. Instrumentation and 

measurement procedures used in the past have unproven 

accuracy or have been misapplied to proven measurement 

theory. 

Admittedly, Parkinson disease is a challenging disorder 

to study. One important complication is that motor signs 

change and tend to fluctuate. Deterioration occurs with 

disease progression, and many people on chronic levodopa 

therapy experience fluctuations in motor signs within and 

across drug cycles. Such fluctuations may have an influence 

-------------"----.--.--.-~-



on speech, and this has been investigated to a limited 

extent in relation to articulation and voice. 
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From this summary, it is clear that systematic, carefully 

executed research regarding speech breathing in people with 

Parkinson disease is needed. The present investigation was 

designed to broadly investigate this issue. In the sections 

that follow, a theoretical framework within which to 

consider speech breathing is described, the purpose of the 

present investigation are presented, and several hypotheses 

regarding the outcomes of the study are offered. 

Theoretical Framework for the Study of Speech Breathing 

A difficulty one encounters when reviewing the speech

breathing literature is that a conceptual framework within 

which to consider the findings is rarely provided. Recent 

developments in this laboratory have resulted in the 

offering of a framework within which to conceptualize 

speech-breathing performance. Development of this framework 

resulted from a long series of studies on people with normal 

and disordered speech-breathing performance (see Hixon, 

1987, for a review). The framework relates biomechanica1 

behaviors of the respiratory apparatus to various features 

of the speech product. Thus, biomechanical1y manifested 

dysfunctions of speech-breathing motor control have strong 

correlates in the perceptual domain. 

-- - ------~--~-------------------------~-
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Through investigation of normal and disordered speech

breathing in this laboratory, four parameters have evolved 

as the salient parameters of speech-breathing biomechanics -

- pressure, volume, flow, and shape (Hixon & Hoit, 1984b). 

These four parameters describe speech-breathing biomechanics 

comprehensively and can be measured easily. Each parameter 

can be controlled independently, although under normal 

circumstances they are interdependent. The discussion which 

follows provides definitions of the four parameters and 

possible perceptual correlates. Included with each 

definition are data for neurologically and motorically 

healthy adults, especially elderly adults. From this 

information, the goals and hypotheses for the present 

research can be considered in a logical conceptual 

framework. 

Pressure is a three-dimensional analog of force, or force 

applied to an area. Within the context of speech-breathing 

performance, alveolar pressure presumably is the net drive 

applied to the larynx and upper airway for sound production. 

The pressure in the alveoli of the lung is determined by 

passive forces of the lung and chest wall and active forces 

created by respiratory musculature. During conversation, 

adults with normal speech generate about 5 to 8 cmH20 

pressure (Hixon, 1973; Kunze, 1964; Melcon, Hoit, & Hixon, 

1989). Perceptually, changes in pressure tend to relate to 

changes in vocal loudness. 
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Volume is a three-dimensional analog of length. In this 

scheme, volume refers to lung volume. Vital capacity is the 

maximal lung volume that a person can manipulate by 

inspiring and expiring fully. The lung volume used for 

various breathing activities often is referenced to the 

vital capacity or to some volume within the vital capacity. 

Lung-volume change is the amount of air expended and 

compressed during speech utterances. Expressing lung-volume 

change during speech as the volume expended per syllable or 

per breath group is useful for interpretative purposes. 

Normally, adults talk in about the mid-range of their vital 

capacity, and use 15% to 20% of the vital capacity for an 

average speech breath group (Hixon et al., 1973: Hodge & 

Rochet, 1989: Hoit & Hixon, 1987: Hoit et al., 1989). Lung

volume excursion per syllable during conversational speech 

is normally about 0.045 L/syllable for women and 0.065 

L/syllab1e for men who are young to middle-age, and is 

higher in elderly adults (Hoit & Hixon, 1987: Hoit et al., 

1989). During repetitions of syllables comprising voiced 

stop-consonants plus vowels, lung-volume excursions of 0.040 

and 0.053 L/syllable have been reported for healthy women 

and men (ages unspecified), respectively (Warren & Wood, 

1969). Perceptually, lung volume excursion per breath group 

can relate to the duration of phrases produced. Normally, 

speech breath groups average 4 s (Horii & Cooke, 1978) and 

contain approximately 15 syllables (Hodge & Rochet, 1989: 
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Hoit & Hixon, 1987; Hoit et al., 1989). In addition, 

audible inspirations can occur when speech is produced at 

low lung volumes within the vital capacity (Hixon & Putnam, 

1983). 

Flm" is the rate of volume change. How quickly air 

leaves the respiratory system depends on an interaction 

between respiratory drive and laryngeal and upper-airway 

valving. Normal flow during vowel production in running 

speech is about 0.150 to 0.200 Lis (Melcon et al., 1989; 

Sant, Fisher, & Logemann, 1970) and is higher (about 0.220 

Lis) in elderly speakers (Melcon et al., 1989). During 

connected speech, averaged over vowels and consonants, air 

flow is approximately 0.300 Lis (Horii & Cooke, 1978). If 

translaryngeal flow is abnormally high, the voice might be 

perceived as breathy. The mechanism for this condition 

could be uneconomical valving by the larynx. This would be 

expected in cases of people with vocal-fold bowing, as is 

common in Parkinson disease (Anthony & Farquharson, 1975: 

Critchley, 1981; Gerratt et al., 1987; Hanson, Gerratt, & 

Ward, 1983, 1984; Ramig, in press). 

Finally, shape refers to chest-wall configuration. The 

chest wall consists of the rib cage, diaphragm, and abdomen. 

Normally, during speech in the upright position, the abdomen 

is displaced inwardly, the diaphragm is displaced rostrally, 

and the rib cage is elevated compared to their positions at 

rest (Hixon, 1973). Dynamic measures of chest wall function 

---_._----
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have shown that this configuration is associated with 

expiratory pressures produced by the rib cage and abdomen, 

with the abdominal pressure predominating (Hixon, Mead, & 

Goldman, 1976). Perceptually, abnormalities in chest-wall 

shape will most likely be reflected by slow inspiratory 

speed between speech breath groups. An abnormally large 

abdominal volume can indicate that abdominal muscles are 

paralyzed or paretic. such muscles would ~e unable to 

adequately displace the abdomen inwardly and hence the 

diaphragm rostrally. Thus the muscles of the diaphragm 

would not be elongated optimally for contractive efficiency 

(Goldman, Rose, Williams, Silver, & Denison, 1986; McCool, 

Kelly, Loring, Greaves, & Mead, 1986). 

The four respiratory parameters -- pressure, volume, 

flow, and shape -- provide a framework within which a 

relatively comprehensive picture of speech-breathing 

biomechanics can be developed. Speech breathing in 

Parkinson disease will be considered along these parameters 

for the purposes and hypotheses of the present research. 

Purpose of the Research 

The purpose of the present research is to investigate, 

using a conceptual framework new to the Parkinson disease 

literature, the nature of speech-breathing control in people 

with moderate to severe Parkinson disease and to determine 

how it differs from normal functioning. Information 



86 

regarding three of the four respiratory biomechanical 

parameters discussed previously -- volume, average flow, and 

chest-wall shape -- was provided by chest-wall kinematic 

measures, calibrated to spirometric measures. Temporal as 

well as kinematic measures were made. Pressure measurements 

were included to provide information pertaining to the 

remaining of the four parameters. Finally, perceptual 

analyses of the subjects' speech were undertaken to provide 

additional information about the effect of speech-production 

mechanics on the final speech product. 

To address the issue of fluctuations in motor signs that 

can occur during the drug cycle, data for the subjects with 

Parkinson disease were collected twice, once at 

approximately the middle of the drug cycle and once at 

approximately the end of the drug cycle. By comparing the 

data from the two times with a within-subjects design, the 

potential impact of motor fluctuations on speech breathing 

can be explored. A caution must be extended at this 

juncture that this study addresses speech breathing in 

treated Parkinson disease. It was infeasible to examine 

subjects free of medications. The findings can provide 

preliminary data upon ~hich to design a study of speech

breathing with precise control of medications. In addition, 

the findings herein should have practical and clinical 

applicability because the behaviors sampled are thought to 

be representative of the range of motor-sign severity 
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experienced by people with Parkinson disease in their daily 

lives and encountered clinically by the speech-language 

pathologist evaluating and managing these individuals. 

Hypotheses 

Hypotheses to be tested in this investigation were 

developed from principles extracted from the available 

literature on general-respiratory function, speech 

breathing, and speech characteristics in people with 

Parkinson disease. pilot studies conducted in preparation 

for this project proposal also provided background for 

several hypotheses. 3 The hypotheses are organized according 

to the four speech-breathing parameters discussed 

previously. An ancillary issue relates to the comparison of 

data collected at two times during the drug cycle. 

Pertaining to pressure, it is hypothesized that tracheal 

and oral pressure for speech will be lower for subjects with 

Parkinson disease than for healthy control subjects. This 

prediction results from the notion that a rigid and 

bradykinetic respiratory apparatus will be at mechanical and 

temporal disadvantages for the generation of normal muscular 

forces which in turn affect the generation of air pressure. 

3 pilot studies were conducted primarily to select the 
most appropriate equipment and instrumentation, establish 
the feasibility of data-collection procedures, refine the 
project protocol, and practice data-analysis procedures. 
This last purpose also provided preliminary data upon which 
to base hypotheses. 
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Respiratory measures pertaining to volume are 

hypothesized to be affected by the rigid respiratory 

apparatus. Thus, it is predicted that subjects with 

Parkinson disease expend less lung volume per breath group 

and utter fewer syllables per breath group than do healthy 

control sUbjects. It is also predicted that the volume 

excursions of the rib cage and abdomen will be smaller for 

the subjects with Parkinson disease than for the control 

subjects. 

Pertaining to air flow~ it is hypothesized that flow 

during speech will be greater for subjects with Parkinson 

disease than for control sUbjects. This prediction is based 

on the expectation that subjects with Parkinson disease have 

less economical valving of air. 

Chest-wall shape is predicted to reflect the limited 

movement of the chest wall. Specifically, deformation of 

the rib cage and abdomen in relation to their positions at 

rest is expected to be less in subjects with Parkinson 

disease than in control sUbjects. 

Differences in motor signs from the two times during the 

drug cycle are predicted to affect speech breathing such 

that any significant findings contrasting sUbjects with 

Parkinson disease and control subjects will be more 

pronounced when the subjects with Parkinson disease are at 

the end of the drug cycle and less pronounced when they are 

in the middle of the drug cycle. 
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METHODS 

To address the stated goals for this investigation, the 

methods delineated in this chapter were employed. First, 

the protocol used for subject selection and descriptions of 

the subjects are provided. Second, collection of the chest

wall kinematic and air-pressure data is explained in 

relation to measurement theory, equipment used, and 

procedures. Additional sections are provided which explain 

the motor examination administered to subjects with 

Parkinson disease and repetition of data collection during a 

different portion of the drug cycle for these subjects. 

Third, data reduction and analysis procedures for the 

kinematic and pr~ssure data are described. The fourth 

section of this chapter involves descriptions of two 

perceptual studies conducted. 

Subject Selection 

Twenty-eight men, 14 in each of 2 groups,. served as 

subjects in this investigation. One group consisted of 

subjects wi th idiopathic Parldnson disease (PD) and the 

other group, of healthy control (He) sUbjects. Subjects 

were recruited from the community by advertising in 

newspapers and newsletters, speaking at events for seniors 

and individuals with Parkinson disease, and posting flyers. 

Ini tia1 screening for all subjects t'-las conducted via 

telephone interviews. Screening for PD subjects was 
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continued during a visit to the home and completed during 

the first laboratory session. Screening for HC subjects was 

continued and completed in the laboratory. 

Screening criteria were selected to minimize health, 

anatomic, physiologic, or behavioral characteristics that 

could affect the data in ways other than by the neuromotor 

disorder caused by Parkinson disease. Specific criteria for 

the PO subjects existed so that the group studied was 

relatively homogeneous and most likely to exhibit 

respiratory abnormalities. HC subjects were selected to 

match PO subjects according to physical characteristics that 

are known or believed to affect respiratory function. 

In the sections which follow, selection procedures and 

criteria are described along with additional information 

regarding preliminary laboratory procedures. With the 

appropriate descriptions, information is provided pertaining 

to the 28 subjects who participated in this investigation. 

Reference will be made to Table 1 for descriptions of the 

onset of disease for the 14 PO subjects, Table 2 for 

physical characteristics of the subjects, Tables 3, 4, and 6 

for scores on the various examinations administered to the 

subjects, and Table 5 for information regarding .the time 

data were collected in reference to the time medications 

were taken by the PO subjects. 
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Telephone Interview 

Information obtained during the telephone interview 

served to screen subjects based on the following criteria: 

A. Subjects were disqualified if they: 

1. had neurologic diseases (other than PD for PD 

subjects) ; 

2. smoked within the last 5 years: 

3. had major surgery of the torso, head, or neck 

(exceptions included tonsillectomy and 

adenoidectomy, appendectomy, back and hip surgery): 

4. had respiratory or laryngeal disorders (unrelated to 

PD) : 

5. had a history of speech and voice problems 

(unrelated to PD): 

6. had a history of language or learning problems: 

7. had a history of alcoholism: 

8. were not native speakers of American English: or 

9. were not white Caucasian. 

B. In addition, the PD subjects were disqualified if they: 

1. were not decidedly diagnosed with idiopathic PD: 

2. acquired signs of PD before the age of 35 or after 

the age of 69 years: 

3. were in early stages of PD (Hoehn & Yahr, 1967: 

stages I or II): or 

4. were not treated with levodopa or a levodopa 

compound. 

---~------~------------.-.-,-------~ 
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Information pertaining to the onset and duration of 

disease for the PD subjects is listed in Table 1. The 

reported ages 'at the onset of symptoms was 35 to 68 (often 

reported to be 1 to 3 years before diagnosis). According to 

demographic studies of people with PD, this age range is 

considered to be relatively typical (see Gershanik, 1988; 

Hoehn & Yahr, 1967; Schoenberg, 1986). The PD subjects had 

the disease for 5 to 25 years. 

The approximate severity of disease was estimated 

according to the 5 stages described by Hoehn and Yahr 

(1967). The stage was determined by having the subjects 

describe the worst motor signs, excluding dyskinesia, they 

had experienced recently. All subjects were taking 

antiparkinsonism medications, and their motor signs 

reflected the state of the treated disease. Most of the 

subjects reported experiencing fluctuations in motor signs. 

By inquiring about the worst signs associated with PD, an 

attempt was made to describe the severity of the disease 

when least masked by therapeutic benefits. Subjects with 

moderate to severe PD were selected to increase the 

possibility of respiratory abnormalities (MacIntosh, 1977: 

Nugent et al., 1958; Vincken et al., 1984). The PD subjects 

reported severity of the disease to be moderate or moderate

to-severe, with one exception. (Subjects with severe PD were 

sought but did not qualify or were not available.) Subject 

PDII described his motor signs as mild and primarily 



Table 1. Age at onset and years post onset of 

Parkinson disease. 

Subject 

PD01 

PD02 

PD03 

PD04 

PD05 

PD06 

PD07 

PD08 

PD09 

PD10 

PD11 

PD12 

PD13 

PD14 

Age at 

9nset 

44 

59 

35 

67 

40 

66 

37 

48 

61 

68 

46 

46 

59 

52 

Years 

Post 

Onset 

15 

9 

25 

10 

12 

16 

16 

18 

10 

5 

8 

19 

16 

14 

93 
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unilateral. However, he also reported experiencing postural 

unsteadiness. During the home visit, the investigator 

administered a motor examination which indicated that 

Subject PDll qualified as being moderately affected by PD. 

The procedures and results of this examination are described 

below. 

After PD subjects were selected and their data were 

collected successfully, HC subjects were selected to match, 

one-to-one, PD subjects for gender, age within 3 years, 

height within 6 cm, and weight within 10 kg. Ages, heights, 

and weights of the subjects are listed in Table 2. The 

weight criterion was extended by 1 kg to match Subject PD13 

who was extremely thin for his height. Participation in 

this investigation was not restricted to men, but of the 

individuals with PD who expressed interest, the first 13 who 

qualified were men. Therefore, only PD and HC men were 

included as subjects. 

Subjects were matched for age and height in an attempt 

to control for vital capacity. Vital capacity is inversely 

related to age and directly related to height (Boren, Kory, 

& Syner, 1966; Storstein & Vo11, 1962). People generally 

lose height with age. However, height is also negatively 

affected by PD such that individuals assume a stooped 

posture. To match for height in a comparable manner, that 

is without the added effect of disease, heights reported by 

subjects as their height "as a young man" were used. 



Table 2. Age, previous height (height as a young man by self-report), current height 

(with shoes), current weight (with clothes and shoes), vital capacity, and percent of 

predicted vital capacity for all subjects. 

Parkinson Disease Subjects Healthy Control Subjects 

Prevo Current Prevo Current 

.fu!hl As.a lit. lit. Nt. YC. Pred. VC ~ ~ lit. ill:.. Nt. ~ Pred. yc 

(yr;mo) (cm) (cm) (kg) (L) (%) (yrimo) (cm) (cm) (kg) (L) (%) 

PD01 59;08 178 171 100 2.88 80 HC01 62;05 180 177 91 4.34 101 

PD02 68;10 178 173 82 3.60 95 HC02 68;02 176 175 78 3.20 82 

PD03 60;03 178 179 64 3.50 84 HC03 60;03 180 177 70 3.69 85 

PD04 77;06 180 176 81 3.65 97 HC04 74;08 179 175 84 3.50 93 

PD05 52;06 170 161 75 3.53 111 HC05 52;06 174 173 78 4.08 95 

PD06 82;02 178 159 68 2.86 132 HC06 83;02 178 174 67 1. 99 58 

PD07 53;07 175 174 70 4.34 101 HC07 56;08 175 175 62 4.14 98 

PD08 66;08 178 175 73 4.23 105 HC08 66;07 173 177 79 3.88 94 

PD09 71;09 168 160 53 2.15 83 HC09 73;06 173 165 63 3.70 125 

PD10 73;06 175 170 72 2.98 89 HC10 74;00 181 182 75 3.62 89 

PD11 54;06 188 189 93 5.28 98 HC11 56;09 191 190 99 5.15 93 

PD12 65;03 183 180 75 3.26 73 HC12 66;07 180 176 81 4.14 101 

PD13 75;02 180 177 55 3.34 86 HC13 74;00 174 171 66 3.12 90 

PD14 66;09 178 177 62 3.54 86 HC14 65;00 180 178 62 3.47 81 \0 
U1 



96 

Current height, with shoes, was measured in the laboratory, 

and these measures are listed in Table 2 for comparison. 

All but 1 HC subject (Subject HC09) differed by less than 4 

cm from the reported previous height to the measured current 

height. However, 5 of the PD subjects appear to have lost 5 

to 19 cm in height. 

Weight is not typically considered a good predictor of 

vital capacity (Boren et al., 1966), but was included as a 

matching criterion in case weight would affect movement of 

the chest wall. Differences in body type, measured using 

techniques to assess relative ectomorphy, endomorphy, and 

mesomorphy, have been found to relate to differences in 

speech-breathing performance (Hoit & Hixon, 1986). 

After subjects were selected, vital capacity (VC) was 

measured in the laboratory. VC was determined by having the 

subject inspire to total lung capacity and then expire to 

residual volume while standing. A Collins 9-liter 

spirometer was used. VC maneuvers performed during 

preliminary laboratory procedures were measured, and the 

largest VC obtained from each subject is listed in Table 2. 

The percent of the predicted VC ,.<las calculated for each 

subject using the equations of Knudson, Lebowitz, Holberg, 

and Burrows (1983) which are based on sex, age, and height 

characteristics of a healthy, nonsmoking, white population 

from Tucson, Arizona. Current measures of height were used 

for these calculations by convention. 

~-~~---~-------.-------------------,~-~.---~--~~-,---~~--.-~--~---
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Individuals who did not qualify for this study were 

usually eliminated during the telephone interview. 

Approximately 45 PD and 90 He individuals were interviewed. 

Although no single qualifying criterion was violated far 

more than the others, many people were eliminated on the 

basis of injury or surgery to the head, neck, and torso, and 

history of neurologic or respiratory disease. People with 

Parkinson disease often were not selected because they were 

in mild stages of the disease, were not taking levodopa, or 

were not decidedly diagnosed with idiopathic Parkinson 

disease as the sole neurologic problem. Potential control 

subjects who were disqualified often failed to fit the age, 

height, and weight ranges needed to match a particular 

subject with Parkinson disease. In fact, data were 

collected from 24 potential He subjects but 10 of these were 

replaced as "better matches" were found. A few subjects, 

both PD and He, withdrew from the study after initial 

contacts. 

Home Visit and preliminary Laboratory Procedures 

After the telephone interview, PD subjects participated 

in two preliminary sessions. The first took place at their 

homes, and the second, in the laboratory. The home visit 

and the first laboratory session comprised screening, 

information gathering, and practice procedures. The data 

for measurement of dependent variables were collected during 
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a second laboratory session. Control subjects completed the 

screening, information gathering, and data collection 

protocol in a single laboratory session. Exceptions to 

these general procedures and differences in protocol for the 

subject groups are noted in the descriptions that follow. 

During initial contacts with the subjects, the purpose 

and procedures for the investigation were explained and 

written informed consent was obtained. Then, screening was 

continued and preliminary procedures were conducted. 

Screening tasks addressed dementia, auditory discrimination, 

reading, vision, and lung function. Additional information 

regarding depression, height, weight, and vital capacity was 

obtained from PD and HC subjects. PD subjects also provided 

information about medication doses and schedule, motor 

responses to medication, and other factors affected by PD 

and its treatment. 

Dementia and depression could be indicative of more 

diffuse neural deterioration than is present in people with 

PD who do not have these signs (Chui, 1989: Heindel et al., 

1989; Mortimer, 1988). In addition, depression and dementia 

could affect performance on the required tasks for this 

research and could affect speech output: phrasing, pausing, 

and loudness seem particularly vulnerable (see Cummings, 

Darkins, Mendez, Hill, & Benson, 1988). The Mini Mental

State Examination (MMSE: Folstein, Folstein, & McHugh, 

1975), a 3D-item examination, was used to screen for 
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dementia. Potential subjects were disqualified if they 

scored lower than 24. The PD subjects obtained scores from 

24 to 30, and the HC subjects scored 29 or 30 (Table 3). 

Although half of the PD subjects scored lower on this 

examination t.han any of the HC subjects, no potential 

subject was eliminated from participation based on this 

measure. 

The Beck Depression Inventory (BDI; Beck, Ward, 

Mendelson, Moch, & Erbaugh, 1961), a self-administered 

questionnaire, was used to assess depression. Because 

depression is so prevalent in this population, it was not 

feasible to eliminate potential subjects based on its 

presence. Instead, results from the BDI were collected in 

case they were needed to explain the findings from this 

investigation. Because depression may increase when the 

person with Parkinson disease is experiencing deterioration 

of motor status (during an "off" or end-of-dose period; 

Cante110, Gi11i, Riccio, & Bergamasco, 1986; Girotti, 

Carella, Grassi, Soliveri, Marano, & Caraceni, 1986), the 

BDI was administered to all PD subjects about the time of 

the end of a drug cycle. Although the BDI includes some 

somatic items, Levin, Llabre, and Weiner (1989) found that 

it is a reliable and valid measure of depression in subjects 

with Parkinson disease. BDI scores from 11 to 16 indicate 

mild depression and scores greater than 17 indicate moderate 

to severe depression (Gallagher, Breckenridge, Steinmetz, & 



Table 3. Scores on screening examinations for all subjects. See text for details. 

Auditory 

Subiect MMSE BDI Di~crimins:!:t iQn VisiQn R~~Qing FEV:l/Dl.C. 

PD01 25 18 90 good fair .86 

PD02 30 15 100 difficulty good .79 

scanning; 

blepharospasm 

PD03 30 21 100 good good .71 

PD04 24 3 90 good good .84 

PD05 29 26 100 good good .83 

PD06 28 27 100 head fair .72 

movements 

interferred 

PD07 30 17 100 good good .85 

PD08 30 3 100 good good .74 

PD09 28 9 90 good good .86 

PD10 25 14 90 good good .75 

PD11 29 8 100 good good .80 

PD12 27 5 100 mild good .75 

difficulty 

scanning 

PD13 27 13 100 good good .88 
~ 

PD14 29 10 100 good good .88 0 
0 



Table 3. (continued) 

UPDRS 

Auditory Part Part 

Subiect M.MS.E. B.Ill Discrimination Vision Reading lll. -Y- £EYl/ITC. 

HC01 30 8 100 good good 2.6 0 .79 

HC02 30 7 100 good good 2.0 0 .75 

HC03 29 2 90 good good 2.0 0 .81 

HC04 29 10 100 good good 8.7 0 .79 

He05 29 0 100 good good 1.8 0 .83 

HC06 29 2 100 good good 3.3 0 .70 

HC07 29 4 100 good good 0.0 0 .85 

HC08 29 8 100 good good 0.5 0 .80 

HC09 30 2 100 good good 3.0 0 .84 

HC10 30 8 100 good good 3.3 0 .74 

HC1l 29 2 100 good good 3.0 0 .73 

HC12 30 6 100 good good 2.3 0 .75 

HC13 30 4 90 good good 0.8 0 .78 

HC14 29 1 100 good good 0.5 0 .85 

.... 
0 .... 
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Thompson, 1983). All 14 He subjects but only 6 PD subjects 

obtained scores within the normal range for depression 

(Table 3). Three PD subjects were assessed as mildly 

depressed, and 5 as moderately to sever'elY depressed. The 

group of PD subjects included in this investigation appeared 

to be typical of the PD population regarding presence of 

depression (Bieliauskas et al., 1986: Gilley et al., 1987: 

Lieberman, 1987). 

The auditory discrimination task consisted of live 

presentation of 10 minimal pairs of monosyllabic words 

(i.e., the two words in a pair were contrasted by one 

phoneme). Scores lower than 80% resulted in failure on this 

screening test. All subjects passed with scores of 90% and 

100% (Table 3). 

Vision and reading were checked by having the potential 

subjects read the copy of the reading passage (liThe Rainbow 

Passage:" Fairbanks, 1960) that they would read for the 

study. The passage was printed on white paper by a laser 

printer with clear, block-style black letters which were 3-4 

mm high. The screenings were passed if the sUbject could 

see the copy well enough, with glasses if needed, to read 

the passage, and read well enough to be relatively fluent 

(Table 3). One PD subject (PD02) had visual scanning 

di ££icul ties and blepharospasms, but "'las able to read the 

passage line by line. This resulted in phrasing dictated by 

physical line breaks rather than linguistic rules. Two PD 
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subjects (PD06 and PD15) were not good readers, but when 

font size was increased and only a few sentences were 

printed per page, their reading performance improved. All 

subjects were given a copy of the passage to practice so 

that they would be able to read it with relative ease by the 

time of the data-collection session. 

During the home visit, PD subjects provided a list and 

schedule of their medications. All subjects with Parkinson 

disease were taking levodopa compounds and other 

antiparkinsonism medications. A list of medications taken 

by each PD subject that act on the central nervous system is 

provided in Appendix A. The treatment regimens listed are 

not unusual for people in the moderate stages of PD. 

Because antiparkinsonism medications affect motor function, 

it is expected that the results of this investigation 

address speech breathing in treated PD. He subjects were 

taking few medications, none of which are known to impact on 

motor function. 

At the conclusion of the home visit, PD subjects who 

qualified for this study thus far were given a chart to 

complete for 5 consecutive days. The subjects were to 

record when medications \'lere taken, to chart motor signs on 

a 6-point scale (based on the Hoehn & Yahr, 1967, stages), 

and to note occurrences of dyskinesias. Information gleaned 

from this charting procedure was used for scheduling 

purposes. 
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The effects of Parkinson disease on various aspects of 

function were assessed wi th the Unified Parl<:inson Disease 

Rating Scale (UPDRSi Fahn, Elton, and Members of the UPDRS 

Development Committee, 1987). The UPDRS is a five-part 

questionnaire, administered by interview and examination. 

Each part of the UPDRS consists of several items, and each 

item is scored on a 5-point scale, with 0 indicating normal 

and 4 indicating severe (exceptions noted below). 

Part I of the UPDRS addresses Mentation, Behavior, and 

Mood, and consists of 4 items. Part II addresses Activities 

of Daily Living and consists of 13 items. Part III is a 

Motor Examination and consists of 14 items which are 

described below. Part IV deals with Complications of 

Therapy and consists of 4 items which use the 5-point scale 

and 7 yes/no questions (0 Ok 1 point each). Part V is a 

modified Hoehn and Yahr staging (Hoehn & Yahr, 1967: it is 

modified in that it allows for half stages between 1 and 2, 

and 2 and 3). Briefly, 5 stages are used to describe the 

overall severity of the disease from mild, bilateral disease 

(Stage 1) to wheelchair bound or bedridden (Stage 5). Part 

VI is a modified Schwab and England Activities of Daily 

Living Scale (Sch\'lab & England, 1969). This scale ranges 

from 0% to 100% and describes the degree of independence the 

individual has for daily activities. 

Parts II and VI of the UPDRS allow for separate responses 

depending on how well activities are handled when the 

-----------~~-----.-.---.-~-----.--.------~----
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subjects are "on", or at their best, and "off," or at their 

worst. Scores for the subjects in this investigation are 

listed for the "on" and the "off" responses, and are 

averaged across these responses as recommended by Fahn et 

al. (1987). Spouses of the subjects often provided 

supplemental information during the UPDRS administration. 

Part III of the UPDRS, the Motor Examination, is not 

completed by interview but by examination. Each of the 

following activities are judged by the examiner on the 5-

point scale described previously: speech, facial 

expression, tremor at rest, action or postural tremor, 

rigidity, finger taps, hand movements (open and close), 

rapidly alternating hand movements (pronation and 

supination), leg agility (heel tapping), rising from a 

chair, posture, gait, postural stability, and body 

bradykinesia and hypokinesia. When two or more body parts 

were examined for one activity, the subscores given for the 

body parts were averaged. 

The investigator was trained to administer the UPDRS by a 

neurologist who was trained in its administration. After 

training, 3 people with PD who were participating in a 

separate research study were examined by the neurologist and 

this investigator. The maximum deviation between the two 

examiners on each item from Parts I, II and IV, was 

consistently 1 point or less on a 5-point scale; complete 

agreement was attained for the third examination. Agreement 
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between the examiners for the motor examination (Part III) 

was consistently within 1 point: 93% agreement within 0.5 

point was attained for the third examination. The examiners 

agreed on the Hoehn and Yahr scaling (Part V) within 0.5 

stage for all 3 subjects. 

During preliminary laboratory procedures, Parts I, II, 

IV, and VI of the UPDRS were administered to the PD 

subjects, and Parts III and V were administered to the HC 

subjects as a screening for movement problems. Parts III 

and V were administered to the PD subjects during data

collection sessions to document motor status. 

Scores for Parts I, II, IV, and VI for the PD subjects in 

this investigation are listed in Table 4. There are no 

normative data available for the UPDRS, but individual 

scores are provided so that it is possible to compare these 

subjects to other subjects described in the literature. 

Scores for the HC subjects on Parts III and V of the 

UPDRS are listed in Table 3. It was unusual for HC subjects 

to achieve a perfect score on Part III, but none were 

identified to have PD. The relatively high score on Part 

III for Subject HC04 was related to mild difficulty on 

several tasks. The nature of these difficulties were not 

characteristic of PD. In addition, his score was well below 

the scores obtained by the PD subjects which are listed in 

Table 6 and will be described later. 
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Table 4 . Scores on Parts If II, IV, and VI on the Unified 

Parkinson Disease Rating Scale for subjects with Parkinson 

disease. 

Part Part Part Part II Part Part Part Part VI 

Subject -L II off lIon aye rage IV VI off VI on aye rage 

PD01 8 24 16 20.0 10 25 50 37.5 

PD02 4 22 21 21. 5 3 60 60 60.0 

PD03 8 31 15 23.0 9 65 80 72.5 

PD04 9 22 22 22.0 4 50 50 50.0 

PD05 6 27 28 27.5 7 70 70 70.0 

PD06 4 29 15 22.0 16 30 70 50.0 

PD07 3 26 3 14.5 12 60 95 77.5 

PD08 1 11 8 9.5 2 80 95 87.5 

PD09 3 38 4 21. 0 10 25 90 60.0 

PD10 5 22 14 18.0 1 75 80 77.5 

PD11 5 11 8 9.5 1 80 95 87.5 

PD12 5 31 13 22.0 10 50 80 65.0 

PD13 7 29 11 20.0 7 60 95 77.5 

PD14 4 18 5 11.5 8 75 90 82.5 

- ----------~------------------------~~ 
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Parts III and V were administered to Subject PDll during 

the home visit as a screening procedure. Recall that this 

subject had described his severity of PD to be mild. When 

the investigator administered the motor examinatio~, 

approximately 24 hours had elapsed since Subject PDll had 

taken medication. (This "drug holiday" t.'las not requested by 

the examiner.) The examination revealed motor signs of the 

disease in both sides of the body and absence of the 

postural response. His score on Part III of the UPDRS was 

17.5. From these results, Subject PDll was judged to be in 

Stage 3.0 on the Hoehn and Yahr scale when he was 

unmedicated. Thus, he qualified as a PD sUbject. 

A final screening procedure, conducted in the Speech 

Research Laboratory at the University of Arizona, was 

conducted for all subjects to rule out obstructive lung 

disease. Because the purpose of this research was to 

examine the neuromotor problem of Parkinson disease, 

screening for obstructive lung disease was critical. 

Furthermore, obstructive lung disease has been reported to 

occur in the PD population (Lilker & Woolf, 1968; Neu et 

al., 1967; Obenour et al., 1972; Vincl<en et al., 1984). 

Subjects performed a forced vital capacity (FVC) maneuver 

from a standing position and while wearing nose clips. This 

task was performed at approximately the middle of the drug

cycle when subjects reported feeling their best motorically. 

The FVC maneuver involved inspiring maximally and then 
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expiring as fast and as much as possible into a spirometer. 

From the curve generated, forced expiratory volume in one 

second (FEV
l

)4 and total FVC were determined. The quotient 

FEV1/FVC was calculated, and subjects were disqualified if 

this quotient was lower than .70. A screening criterion 

score of .70 is typical for obstructive lung disease 

(Obenour et al., 1972; Tzelepis et al., 1988). Several 

attempts at the FVC maneuver were allowed to achieve 

criterion. Scores on this measure are reported in Table 3. 

Following the screening procedures and information 

gathering during the preliminary laboratory session, the PD 

subjects were trained to perform the required tasks and 

maneuvers for the investigation. Subjects were fitted \'lith 

magnetometers, performed isovolume and inspiratory capacity-

vital capacity maneuvers, breathed known volumes into a 

spirometer, read liThe Rainbow Passage" (Fairbanks, 1960) 

aloud, and practiced using the equipment and performing the 

task for oral pressure and airway-opening flow data 

collection. These activities are described in detail below. 

4 A minor modification in the typical measurement of 
FEV was used to avoid potential artifact from a slow start 
for the FVC maneuver, a problem which could be expected in 
the Parkinson disease population. The point on the FVC 
curve at which the measurement was begun for FEV1 was 
determined by extending a line from the steepest part of the 
FVC curve to the volume at the initiation of the maneuver.· 
The volume expended from this extrapolated starting point to 
1 second after that moment was defined as the FEVI' If the 
departure of the extrapolated volume curve from the actual 
volume curve was less than 10% of the total FVC, then that 
curve was acceptable (American Thoracic Society 
Standardization of Spirometry, 1987). 
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Training the subjects with Parkinson disease during their 

first laboratory session was beneficial to reduc~ anxiety, 

eliminate the time pressure to learn tasks, and ascertain 

whether tasks could be performed adequately. In a few 

cases, subjects were instructed to practice various tasks at 

home. Practice sessions ultimately permitted ease and 

rapidity of data collection. Because of the motoric changes 

that occur over time in people with Parkinson disease, time 

was of the essence during data-collection sessions. Control 

subjects were trained and had the opportunity to practice 

during their data-collection sessions. 

Subject Compensation 

Subjects were paid for their participation in this 

research. PD subjects were paid $10 per hour and HC 

Subjects were paid $5 per hour. They were compensated for 

time spent with the investigator and time spent travelling 

to the laboratory. Control subjects usually received $15 

and PD subjects received about $75. All subjects received 

payment at the conclusion of their participation in the 

research to minimize possible attrition. 

Data Collection 

The second laboratory session for the PD subjects, which 

took place 1 to 5 days after their first session, and the 

second half of the single laboratory session for HC subjects 
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were dedicated to data collection. The subjects reported 

good general health on the day when data were collected (no 

upper respiratory signs and no abdominal discomfort). 

Information in this section is presented in the order in 

which the procedures were conducted. First, chest-wall 

motion (referred to as respiratory kinematics) data were 

collected. Second, pressure data were collected. The third 

and fourth procedures apply to the PO subjects only: a 

motor examination was given, and data collection was 

repeated. 

Respiratory Kinematics 

The first part of the data-collection session consisted 

of recordings of chest-wall kinematics, lung volume, and 

acoustic signals during resting tidal breathing, reading, 

and monologue tasks. These data provided information 

regarding volume, average flow, chest-wall shape, and timing 

of respiratory and speech events. 

Measurement Theory 

Measurement theory for the kinematic method involves 

conceptualization of the chest wall as a two-part system 

consisting of the rib cage and the abdomen-diaphragm (Hixon 

et a1., 1973: Konno & Mead, 1967), which will be referred to 

simply as the abdomen. Motion of each part displaces 

volume, and the total volume displaced by both parts equals 

- -------~--------.--.-.------ -~-.-.-~-.~".--.~-~-
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the volume displaced by the lungs (Konno & Mead, 1967). 

Volume displacements by the rib cage and abdomen can be 

directly estimated by assessing anteroposterior diameter 

changes of the respective parts. This is true because the 

volume displacements and anteroposterior diameter changes 

are directly and linearly related under most typical 

breathing and speaking conditions. These volume changes can 

be measured across time, thus giving an indication of 

average flow. Chest-wall shape can be described according 

to the relative positions of the rib cage and abdomen. 

Measures of chest-wall kinematics can be used to draw 

inferences about the mechanism involved (Hixon, 1982). 

Equipment 

The equipment used to collect data regarding chest-wall 

kinematics, visual images of the subject, and acoustic 

signals is illustrated in Figure 1. The data were recorded 

simultaneously onto a high-quality VHS videotape with a 

Vetter 820 data recorder. Two pairs of linearized 

magnetometer coils (GMG Scientific Inc., 1980) were used to 

observe chest-wall motion. Motions of the chest wall were 

calibrated to lung-volume change with a Collins 9-liter 

spirometer. The signals from the magnetometers were 

recorded on two channels of the Vetter data recorder, one 

for anteroposterior displacement of the rib cage and one for 

anteroposterior displacement of the abdomen. The video 
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signal was acquired with a Panasonic AG-170 VHS camera and 

recorded onto two channels of the Vetter data recorder. An 

air microphone (AKG C45lEB), placed about 75 cm from the 

subject, sensed the audio signal from the subject and 

investigator during the recording sessions. This signal was 

amplified and recorded on one track of the tape. The audio 

signal was used to select kinematic data that were 

accompanied by speech production. 

Kinematic data were monitored during data collection 
f 

sessions by two observers on Tektronix 5lllA storage 

oscilloscopes (only one oscilloscope is represented in 

Figure 1). A Panasonic CT-20l0y color video monitor and 

Realistic LV-IO stereo headphones were used to monitor video 

and audio signals. 

A second microphone (Realistic electret tie-pin 

microphone) was attached to a head-mount and placed so that 

the microphone was about 3 cm from the subject's lips and 

was positioned below and to the side of the lips. The 

electret microphone sensed the subjects' speech which was 

amplified (Technics SU-V460) and recorded by a digital audio 

tape (OAT) recorder (Panasonic SV-3500). The DAT recording 

was used for perceptual analyses. 

Procedures 

Chest-wall kinematic data \·/ere measured according to the 

general method of Hixon et al •. (1973). One pair of 
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magnetometer coils was used to sense anteroposterior 

diameter changes of the rib cage, and the other, of the 

abdomen. The generators from each coil pair were taped onto 

the front of the torso, one at sternal midlength and one 

just above the umbilicus. The sensors were placed on the 

back of the torso at the same axial levels as their 

generator mates. Output signals from the sensors were 

processed electronically and recorded onto separate channels 

of the Vetter data recorder. During the data-collection 

sessions, the signals were displayed in x-y plots on two 

oscilloscope screens for on-line observation by two 

observers. 

After the magnetometer coils were taped to the chest 

wall, the subject was seated in a specially designed chair 

that had a vertical slit in the back within which the 

magnetometer sensors lay. The arm rests were adjusted to a 

comfortable height and subjects were instructed to keep 

their arms on the arm rests and their feet flat on the floor 

during the recording session. The gains for the 

magnetometer signals then were adjusted so that the 

recording range encompassed the total range of the subject's 

chest-wall excursions. 

Recordings of kinematic, acoustic, and videographic data 

then commenced. Tasks to create a chart for analyzing 

respiratory kinematic data were performed. These included 

establishing the resting expiratory level (REL), performing 
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isovolume maneuvers at REL, and inspiring to 1 Labove REL. 

The isovolume maneuver involved breath holding at REL and 

displacing volume back and forth between the rib cage and 

abdomen. Isovolume maneuvers were repeated periodically 

throughout the recording session. Volume calibration in 

relation to REL was accomplished by having the subject 

inspire through a tube coupled to the spirometer while 

wearing nose clips. A tracing from a pen on paper attached 

to the spirometer's drum was used as feedback to signal when 

the target volume was attained. Each of these tasks was 

repeated until agreement between the kinematic and 

spirometric data was obtained on at least 2 trials. 

Additional tasks included resting tidal breathing (RTB), 

reading liThe Rainbow Passage II aloud twice, and producing 

two extemporaneous monologues. For RTB, subjects were asked 

to sit quietly for about 3 minutes while " we check the 

equipment. II The head-mounted microphone was then placed on 

the subject's head, and a copy of liThe Rainbow Passage" was 

placed on a music stand in front of the subject. Subjects 

were instructed to read aloud using their usual voice. A 

short period of RTB was included between the two readings of 

the passage so that REL could be established. After the 

second reading of the passage, ~he music stand was removed, 

and subjects were instructed to talk on a topic of their 

choice until signalled to stop. A short period of RTB was 

included after the first monologue so that REL could be 

-------------------.------~ 
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established again, and then subjects were instructed to 

continue speaking until signalled to stop. During all 

speech tasks, subjects were encouraged to keep their heads, 

hands, and legs as still as possible. In a few cases, an 

investigator manually stabilized the head, shoulders, hands, 

or knees. 

Pressure Measures 

The second part of the data-collection session involved 

measures of oral pressure supplemented by measures of 

airway-opening flow. These data provided information 

regarding oral and tracheal pressures. 

Measurement Theory 

Pressure equilibrates along the lower and upper airways 

during the occlusion phase of the production of the phoneme 

/p/, assuming an airtight airway downstream of the larynx 

(Rothenberg, 1973: Smitheran & Hixon, 1981). This fact 

allows for easy, noninvasive estimation of tracheal 

pressure, that is by measuring oral pressure. To ensure 

that the oral-pressure measurement is a valid estimate of 

tracheal pressure, airflow at the airway opening (mouth and 

nose) was assessed simultaneously. During bilabial 

approximation for the production of /p/, airway-opening flow 

is zero if there is complete closure of the velopharyngeal 

and labial valves. 
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Equipment 

A diagram of the equipment used to obtain pressure and 

flow data is provided in Figure 2. Oral pressure, in 

centimeters of water (cmH20), was sensed by a polyethylene 

catheter which led to a differential air-pressure transducer 

(Validyne MP45-28-87l, .±. 50 cmH
2

0 range). The proximal end 

of the catheter was positioned approximately 1 cm behind the 

central incisors near midline. 

Airway-opening flow, expressed in liters per second 

(LPS), was measured by a double-coned, l-square-inch 

Silverman pneumotachometer coupled to a differential air

pressure transducer (Validyne MP45-l4-87l, ~ 2 cmH20 range). 

A rubber face mask positioned over the nose and mouth was 

used to channel flow to the pneumotachometer. 

Signals from the two pressure transducers, one for oral 

pressure and the other for airway-opening flow, were 

delivered to separate carrier demodulators (Validyne MCl-3, 

CD257), where the signals were amplified and low-pass 

filtered at 10 Hz. The resulting pres~ure and flow analogs 

were recorded on the data tape (Vetter 820), and monitored 

on-line on a Tektronix 5lllA storage oscilloscope. 

Pressure was calibrated against a U-tube water manometer 

arranged in parallel with the catheter. Flow was calibrated 

against an air rotameter driven by a continuously variable 

vane air pump. The pneumotachometer was connected in series 

with the rotameter. 

~--------.----------------- ------------~--
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Procedures 

The subjects were instructed to say strings of at least 

seven syllables using their habitual pitch and loudness at a 

rate of 1.5 syllables per second. The syllable selected for 

repetition in the strings is /pi/ following the rationale 

provided by Smitheran and Hixon (1981). Speech was paced 

during training of this task with the assistance of an 

electronic metronome which provided a synchronous click and 

light flash. The investigator provided demonstrations and 

feedback on performance. 

Oral-pressure data were obtained by having the subject 

produce the syllable-string utterance with the pressure

sensing tube in the mouth. Subjects did not wear nose clips 

during the productions from which oral pressure measures 

were taken. This protocol provided a measure of oral 

pressure that could be compared to data from other studies 

(e.g., Ewanowski, 1964~ Murry, 1983; Netsell et al., 1975). 

Tracheal pressure measures were obtained by 

simultaneously recording oral pressure and airway-opening 

flow during the syllable-repetition task. This was 

accomplished by passing the pressure-sensing tube through a 

small hole in the face mask \'lhich was attached to a 

pneumotachometer. The tube was then placed behind the lips. 

The subjects produced at least three acceptable trials of 

the utterance with the face mask and pressure-sensing tube 

together whenever possible. Trials were judged as 

- - -------------------------.-.-~---
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acceptable if flow reached baseline, indicating a closed 

airway except for the laryngeal entry, during the lip 

closure phase of /pi/ for at least five consecutive syllable 

repetitions. To achieve the baseline-flow criterion, nose 

clips and verbal cues to approximate the lips were sometimes 

needed. Procedures used to reduce and analyze pressure data 

are described later. 

Motor Examination 

Subjects with Parkinson disease were given a motor 

examination immediately following collection of pressure 

data. The examination consisted of Parts III (Motor 

Examination) and V (modified Hoehn & Yahr scale) of the 

UPDRS. These measures provided quantification of the 

subject's motor state. 

Repeat Data Collection for Subjects with Parkinson Disease 

Following the data collection described previously, the 

subjects with Parkinson disease were given a rest period 

during which they relaxed, ate lunch, or took a walk. They 

then repeated the entire data collection protocol for 

acquisition of ]~inematic and acoustic data, air pressure 

data, and examination of motor function. The equipment and 

procedures for the second data collection session were the 

same as t~ose for the first session. 



122 

The purpose of repeating the protocol was to collect 

comparable data when the subject was at a different time 

within the drug cycle. Because motor function may fluctuate 

across drug cycles, collecting and comparing data at two 

different times can give an indication of the sort of 

variability the PD subject might demonstrate regarding 

speech-breathing performance. In an attempt to observe the 

greatest degree of variability that might occur, one data 

collection session was scheduled at about the end of a drug 

cycle, and one occurred during approximately the mid-portion 

of the drug cycle. These two sessions are referred to as 

end-cycle and mid-cycle sessions, refering to the time at 

which the subjects ingested medication, not to drug levels 

in the blood. The sequence of collecting data at end-cycle 

and mid-cycle was alternated between subjects whenever 

possible (8 subjects provided data at end-cycle first). All 

subjects except one (PD04) had both data collection sessions 

during adjacent portions of a single drug cycle. Subject 

PD04 was too fatigued to continue after the first data 

collection session, so he returned 5 days later for the 

second session. 

The amount of time that had elapsed between ingestion of 

medication and onset of data collection (defined as the 

onset of the resting tidal breathing task) at end-cycle and 

mid-cycle is listed for each subject in Table 5. Data 

collection, from the onset of the RTB task to the end of the 
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Table 5. Time elapsed between taking medication to the 

beginning of collecting resting-tidal-breathing data for 

each of the data collection sessions for PD subjects, and 

their usual interval between medication doses. 

Usual Interval 

End-cycle Mid-cycle Between 
Subject Session Session Medication Doses 

PDOl 3:50 1:00 4.0 hr. 

PD02 1:43 0:45 2.0 hr. 

PD03 4:31 2:32* 2.0 hr. 

PD04 3:00 0:28 2.0 hr. 

PDOS 4:04 1:45 4.0 hr. 

PD06 2:21 0:49 1.5 hr. 

PD07 1:52** 1:14 3.0 hr. 

PD08 2:41 1:00 3.0 hr. 

PD09 4:41 1:05 3.5 hr. 

PD10 2:40 1:00 4.0 hr. 

PD11 22:00 0: 40. 4.0 hr. 

PD12 3:04 1:20 2.0 hr. 

PD13 2:29 1:08 2.0 hr. 

PD14 2:22 0:40 3.0 hr. 

* waited for dyskinesias to subside 

** unpredictable lIoff" 
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motor examination, typically lasted 30 to 40 minutes. In 

some cases, modifications from the strict definitions of 

"end" and "middle" of the drug cycle were necessary or were 

elected. Data collection for the mid-cycle session needed 

to be delayed until dyskinesias subsided for Subject PD03 

(cf. time interval for mid-cycle session to his usual 

interval between doses: see Table 5). Some subjects opted 

to delay taking medication beyond the end of a typical drug 

cycle to allow their end-cycle session to represent an end

of-dose wearing-off effect (see time intervals for the end

cycle session for Subjects PD03, PD06, PD09, and PD12 in 

Table 5) or even a motor state that was relatively free of 

drug therapy (end-cycle session for Subject PDll: Table 5). 

One subject (PD07) experienced an unpredictable motor 

fluctuation at approximately mid-cycle. He experienced 

increased rigidity and bradykinesia, as perceived by the 

subject and observed by the investigator. Because 

variability in motor function was of interest, data 

collected during this "off" period were used for his end

cycle session. About an hour after taking his next dose of 

medication, preparation began for his mid-cycle data

collection session. 

The scores on Parts III and V of the UPDRS that were 

assigned to the PD subjects immediately following' data 

collection at end-cycle and mid-cycle are listed in Table 6. 

According to the scores for Part III, the motor examination, 

-------~. 
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Table 6. Scores on Parts III (Motor Examination) and V 

(modified Hoehn & Yahr) of the UPPRS for the PD subjects 

for the data-collection sessions at the end and middle of 

the drug-cycle. 

End-cycle Mid-cycle 

Subject Part III Part V Part III Part V 

PD01 37.6 4.0 15.9 2.0 

PD02 27.2 3.0 24.1 2.5 

PD03 28.7 3.5 23.7 3.0 

PD04 25.2 2.5 27.4 2.5 

PD05 34.0 3.0 26.8 2.5 

PD06 31. 9 3.5 22.4 2.5 

PD07 28.2 3.0 16.7 2.5 

PD08 23.4 3.0 17.6 2.0 

PD09 35.9 5.0 24.2 4.0 

PD10 24.1 3.0 24.7 3.0 

PD11 17.9 2.5 14.4 2.0 

PD12 33.4 4.0 11.5 2.0 

PD13 25.5 4.0 16.0 2.0 

PD14 16.6 2.5 16.4 2.5 

~- -- ~~-~-------------------.------~-.-.--- ~----~-~~ -~---



126 

some subjects demonstrated little difference in motor 

function between the two data-collection times, and others 

exhibited marked differences. Eight subjects' scores on 

Part III differed by more than 5 points (PD01, PD05, PD06, 

PD07, PD08, PD09, PD12, and PD13), and 6 of these differed 

by 1 stage on Part V of the UPDRS (PD01, PD06, PD08, PD09, 

PD12, and PD13). 

Data Reduction and Analysis 

Procedures used to reduce data from their raw form to the 

form used for analysis and the analysis procedures used are 

described in the following sections. The major headings 

address reduction and analysis procedures for respiratory 

kinematic data and pressure data. 

Reduction of Respiratory Kinematic Data 

Respiratory kinematic data were reduced from two 

displays, a motion-motion display and a time-motion display. 

Each of these displays and data-reduction procedures are 

described in turn. The variables derived from the two 

displays and the analyses conducted are then described. 

Motion-Motion Display 

Recordings from the magnetometer signals were played back 

and displayed on a Tektronix 51l1A storage oscilloscope. 

The data were displayed with the rib cage signal on the 
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ordinate and the abdominal signal on the abscissa. Fifteen 

breathing cycles, usually consecutive, were selected from 

the mid-portion of the 3-minute RTB task for analysis. 

Fifteen breath groups were selected from each of the two 

trials of the reading and monologue tasks for analysis. The 

first 15 consecutive breath groups were selected unless 

undesirable behaviors accompanied the productions (e.g., 

swallow, cough, laugh, postural movement). 

Chest-wall kinematic data selected for analysis were 

traced from the oscilloscope screen. The resulting tracings 

were overlaid on a template, or data chart, which was 

created for each subject by the maneuvers performed by that 

subject. A sample data chart is illustrated in Figure 3. 

The line created by the isovolume maneuver was adjusted to a 

slope of -1 so that the coordinates of the graph represented 

volume displacements by the rib cage and abdomen (Hixon et 

al., 1973). Lung-volume displacement was represented by a 

diagonal axis with a slope of 1. Rib-cage and abdominal 

volumes at REL were marked with a filled circle and 

inspiration to approximately 1 liter above REL was marked 

with an open circle. A line was constructed through the 

open circle parallel to the isovolume line at REL. The line 

served as an estimate of an isovolume line at the specified 

lung volume above REL. 

The tracings of the chest-wall kinematic signals overlaid 

on the template were further reduced to document the 

--~~-~---~----~------.--------~~-
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endpoints of the tracings. The endpoints were selected as 

an indication of the range of rib cage and abdominal volumes 

that were assumed during a task. Although details within 

the tracing are lost with this method, it allows for simple 

quantification of a large data set (2995 tracings were 

analyzed for this investigation) while providing adequate 

information to interpret the findings. 

Two or four points were digitized from each tracing using 

customized software and a Houston Instrument True Grid 1011 

digitizing pad. Two points were digitized for RTB cycles: 

(1) the initiation of the inspiration, and (2) the 

termination of the inspiration. Four points were digitized 

for the reading and monologue tasks: (1) the initiation of 

the expiration, (2) the initiation of speech on the 

expiration, (3) the termination of speech on the expiration, 

and (4) the termination of the expiration. For most speech 

breath groups, points 1 and 2 and points 3 and 4 were the 

same. Each digitized point was expressed as rib cage volume 

and abdominal volume, in liters (L), in reference to REL. 

That is, the rib cage volume and abdominal volume at REL 

were defined as zero (0). Volumes less than that at REL 

(i.e., rib cage volumes below the filled circle and 

abdominal volumes to the left of the filled circle on the 

data chart; see Figure 3) were negative, and volumes greater 

than that at REL were positive. The resulting values were 
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used in the analysis of the respiratory kinematic data as 

following the description of the time-motion display. 

The audio and video signals that were recorded in 

synchrony with the kinematic data were replayed along with 

the kinematic data. Detailed transcriptions of the reading 

and monologue productions were made from the audio 

recordings (from both the Vetter data recorder and the DAT 

tapes). Breath groups were marked on the transcriptions by 

noting inspirations from the kinematic data. The number of 

syllables produced on each breath group was counted with 

interjections and repetitions counting as syllables. By 

viewing the video signal, information regarding the 

subjects' posture and movement were available. Such 

information was helpful in the interpretation of the 

kinematic data. 

Time-Motion Display 

A separate data-reduction procedure was conducted on the 

kinematic and acoustic data to measure temporal aspects of 

resting breathing and speech breathing. Magnetometer 

signals fr.om the rib cage and abdomen were summed and 

adjusted so that, when displayed across time on an 

oscilloscope screen, there was minimal or no deflection of 

the signal during isovolume maneuvers. In this way, the 

signal was adjusted to reflect lung volume displacement. 

This signal and an amplified audio signal from the same data 
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tape were converted from analog to digital and sampled at a 

rate of 500 samples per second. Customized software was 

used to display the lung volume and acoustic data on two 

channels of a personal computer. Points of interest were 

measured by placing the cursors on the tracings, and 

entering the corresponding values in a spreadsheet. For 

resting tidal breathing, the duration of each breathing 

cycle from the beginning of inspiration to the beginning of 

the next inspiration was determined. Values determined for 

the speech tasks were the duration of inspirations following 

each speech breath group, the duration from initiation to 

termination of speech on each expiration, and the duration 

of pauses. A pause was defined as a period of silence 

within a breath group that was at least 250 ms in duration 

(Goldman Eisler, 1968). Measures for duration of speech on 

each expiration were adjusted to exclude pauses. 

Analysis of Respiratory Kinematic Data 

Data analysis was accomplished by defining variables of 

interest, calculating the means and standard deviations of 

these variables, selecting variables for statistical 

analysis, performing multivariate analyses on the selected 

variables, and conducting follow-up univariate tests to 

determine the contributions of individual variables. 

To describe the data from the resting tidal breathing 

(RTB) task, 12 variables were determined. Four of these 

- -------------------------------~.-~~--~-~~-
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were taken directly from the motion-motion tracings. These 

were rib cage volume initiation at the initiation of 

inspiration (RCVI-I), abdominal volume at the initiation of 

inspiration (ABVI-I), rib cage volume at the termination of 

inspiration (RCVT-I), and abdominal volume at the 

termination of inspiration (ABVT-I). These volume measures 

were expressed in liters (L) and were referenced to the 

resting expiratory level (REL). Six variables were 

determined from these four direct measures. These were lung 

volume at the initiation of inspiration (LVI-I), lung volume 

at the termination of inspiration (LVT-I), lung volume 

excursion (LVE), rib cage volume excursion (RCVE), abdominal 

volume excursion (ABVE), and percent of relative 

contribution of the rib cage to LVE (%RC). LVI-I was 

calculated by adding RCVI-I to ABVI-I, and LVT-I was 

calculated by adding RCVT-I to ABVT-I. LVE, RCVE, and ABVE 

were calculated by subtracting LVI-I from LVT-I, RCVI-I from 

RCVT-I, and ABVI-I from ABVT-I, respectively. The %RC was 

calculated by dividing RCVE by LVE and mUltiplying the 

resulting quotient by 100. One variable, breathing rate, 

was determined from the time-motion display of the RTB data. 

Breathing rate, expressed in breaths per minute (BPM), was 

determined by dividing 15 by the total time expended, in 

minutes, during the 15 breathing cycles. The final variable 

pertaining to RTB was minute ventilation (MV). MV, 

expressed in liters per minute (LPM), was calculated by 



dividing the total volume inspired by the total time 

expended over the 15 breathing cycles. 
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Kinematic data for the speech tasks were analyzed in 

three ways. The first analysis was concerned with the 

breath group (entire expiration which contained speech). 

The second analysis was concerned with the portion of the 

breath group that contained speech. The third analysis 

addressed the duration of inspirations between breath 

groups. Ten variables were used to describe the breath 

group, 15 were used to describe the speech portion of the 

breath group, and 1 was used to describe inspiratory 

duration. 

The variables used to describe the breath group included 

four which were obtained directly from the motion-motion 

display and six that were derived from these four. The 

first four variables were rib cage volume at the initiation 

of the breath group (RCVI), rib cage volume at the 

termination of the breath group (RCVT), abdominal volume at 

the initiation of the breath group (ABVI), and abdominal 

volume at the termination of the breath group (ABVT). These 

points were referenced to REL. Other variables derived from 

these four variables were lung volume initiation 

(LVI=RCVI+ABVI), lung volume termination (LVT=RCVT+ABVT), 

lung volume excursion (LVE=LVI-LVT), rib cage volume 

excursion (RCVE=RCVI-RCVT), abdominal volume excursion 
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(ABVE=ABVI-ABVT), and percent of relative contribution of 

the rib cage to LVE [%RC=(RCVE/LVE)xlOO]. 

Ten of the 15 variables used to describe the speech 

portion of the breath group were the same as the 10 

variables used to describe the entire breath group. The 

difference between the measures was that the initiations and 

terminations corresponded to the initiations and 

terminations of speech on the breath group rather than to 

the breath group itself. To avoid confusion with the 

variable names used for the entire breath group, an IISII was 

added to the end of each variable name to designate the 

~peech portion of the breath group. Thus, the variables 

reduced from the motion-motion display of the data were 

RCVIS, RCVTS, ABVIS, ABVTS, LVIS, LVTS, LVES, RCVES, ABVES, 

and %RCS. Two additional variables included in the 

consideration of the speech portion of the breath group, 

because they have to do with speech itself, were the number 

of syllables produced per breath group and the duration of 

speech, excluding pauses, on the breath group. The final 

three variables included in this analysis were derived from 

the variables already listed. They were LVES per syllable, 

LVES per duration of speech, and interpause speech rate (in 

syllables per sec). 

Inspiratory duration was analyzed alone. The same 

procedures described for the breath group and speech portion 



of the breath group were used except that analyses were 

univariate instead of multivariate. 
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Means for each variable were calculated across the 15 

breathing cycles and across the 15 breath groups from each 

trial of the reading and monologue tasks for each subject 

and each drug-cycle session. These means were used as the 

dependent variables in all subsequent analyses. Thus, the 

variables represented average performance for each subject. 

Each variable was assessed for normality before 

parametric procedures were utilized. Distributions for most 

of the variables conformed to normality fairly well. 

Transformations were attempted on some variables, but these 

did not appear to change the interpretation of the resulting 

analyses. Therefore, untransformed data were used for ease 

of interpretation. Plotting the distributions for each 

variable was useful for identifying subjects with unusual 

data for the group. 

Inferential statistical analyses of the data for the 

breath group and the speech portion of the breath group 

involved determining the fewest dependent variables which 

described the data completely and performing a repeated

measures multivariate analysis of variance (MANOVA) on 

these. The variables selected for the analyses were those 

that were taken directly from the data displays, and were 

measures from which the other variables could be derived. 

The variables selected for the RTB multivariate analysis 
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were RCVI-I, RCVT-I, ABVI-I, ABVT-I, and breathing rate. 

For the multivariate analysis of the breath group, RCVI, 

RCVT, ABVI, and ABVT were selected. For the mUltivariate 

analysis of the speech portion of the breath group, RCVIS, 

RCVTS, ABVIS, ABVTS, syllables, and duration of speech were 

included. 

Multivariate instead of univariate analyses were 

conducted because of the nature of the data. For example, 

the rib cage and abdomen are mechanically linked and 

variables that describe these two parts are not independent. 

To verify that multivariate analyses were indeed necessary, 

the primary variables were examined for correlations between 

them. In all analyses, the Mauchly sphericity test 

indicated that the variables were interrelated (more 

precisely, the hypothesis that they were uncorrelated was 

rejected). Therefore, multivariate analyses were indicated. 

However, univariate analyses of variance (ANOVAs) also were 

conducted and used to describe and examine significant 

effects that were revealed through the multivariate 

analyses. 

Separate multivariate analyses were conducted to address 

two comparisons: the comparison of data from matched pairs 

of HC and PD subjects, and the comparison of data from the 

end-cycle and mid-cycle sessions for each of the PD 

subjects. For the former comparison, data for PD subjects 

were taken from the session which took place at 
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approximately the end of the drug cycle. This session was 

chosen for comparison to He subjects' data because, if 

variation in motor status across the drug cycle occurred, 

movement was presumed to be most deviant from normal at the 

end of a cycle. This rationale is based on the assumption 

that therapeutic effects from medication tend to wear off to 

some degree at the end of a drug cycle. The second 

comparison was conducted to examine whether motor 

performance for breathing and speech breathing varied 

systematically between the middle and the end of a drug 

cycle. 

For all of the analyses conducted to compare He and PD 

subjects, subject pairing was maintained. That is to say, 

analyses considered the variable of "subject group" as a 

within-subjects repeated measure (i.e., paired differences) 

rather than a between-subjects variable (i.e., group 

differences). This design was necessitated because the 

subject groups were not independent: each He subject was 

matched with a PD subject based on age, height, and weight. 

The practical benefit to matching subjects is that it 

maximizes the sensitivity to potential differences between 

the subject groups. For the analyses that compare data from 

different times for the PD subjects, drug-cycle session was 

included as a within-subject repeated measure. Thus, in 

these analyses, the PD subjects served as their own 

controls. 
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'fwo additional wi thin-subjects factors were included for 

the analyses of the speech breathing data. These were task 

and trial. Each of these factors had two levels. The two 

tasks were reading and monologue. Two trials were conducted 

for each task. 

In summary, for the five selected dependent variables for 

RTB, two repeated-measures MANOVAs, each with one within

subject factor, were conducted. For one MANOVA, the within

subject factor was sUbject group, and for the other MANOVA, 

it was drug-cycle session. The four variables selected from 

the data for the breath group were analyzed with two 

repeated-measures MANOVAs with three within-subjects 

factors: sUbject group (2) or drug-cycle session (2), task 

(2), and trial (2). The six variables selected from the 

data for the speech portion of the breath group were also 

analyzed with two repeated-measures MANOVAs with three 

within-subjects factors (subject group or drug cycle 

session, task, trial). The variable "inspiratory duration" 

was analyzed with two repeated-measures ANOVAs with two 

within-subjects factors (subject group or drug-cycle, task). 

Because of the number of subjects and variables in the 

multivariate analyses, the analyses were viewed as 

exploratory. Therefore, a liberal alpha level of 0.10 was 

adopted. Multivariate tests significant at this level were 

considered indicative of a potential effect and were 

followed up by conducting a repeated-measures ANOVA for each 
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of the variables that were included in the MANOVA, as well 

as for additional variables which were derived from these. 

Although the additional variables were not included in the 

MANOVA, they were valuable for describing and interpreting 

the data. Again, a significance probability of 0.10 or less 

was considered indicative of a possible effect. Because of 

the large number of univariate analyses conducted, the 

probability that an analysis for a variable will achieve 

significance due to chance is increased. Thus, the 

probability levels for the univariate analyses should be 

interpreted with this in mind. 

Reduction of Pressure Data 

Pressure and flow signals were played back from the data 

recorder and printed on two channels of a Graphtec Thermal 

Arraycorder (WR7700) at a paper speed of 20 mm/s. 

Synchronized audio and video signals were played back as 

well, and environmental and performance variables of 

potential consequence were noted on the paper (e.g., "nose 

clips used," "cued to approximate lips," "unusual voice 

quality") . 

As described previously in the section regarding data 

collection, measures of oral pressure and tracheal pressure 

were obtained. Recall that the oral pressure measures were 

taken during productions with the pressure-sensing tur~ 

alone. Utterances were produced without nose clips or a 
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face mask, and without confirmation of a closed vocal tract 

downstream of the larynx. Tracheal pressure measures were 

obtained with confirmation of an airtight velopharynx and 

mouth through the use of simultaneous recordings of airway

opening flow. Nose clips and verbal cues to approximate the 

lips were sometimes needed. 

From 1 to 20 pressure peaks were measured for oral 

pressure and for tracheal pressure. Initial and final /pi/ 

productions within a string were not used nor were 

productions that were judged as sounding unusual for that 

person. Preference was given to syllable strings that had 3 

to 5 consecutive usable syllables, although shorter strings 

were used when necessary. 

Analysis of Pressure Data 

Data analysis procedures for pressure data paralleled 

those used for the kinematic data. Means were used to 

describe the average behavior for each subject and each 

drug-cycle session. These means were used as the dependent 

variables in subsequent analyses. As with the kinematic 

data, two MANOVAs were conducted, each with one within

subjects factor. One analysis compared pressure data from 

matched pairs of He and PD subjects (the within-subject 

factor was subject group), and the other compared the data 

from the end-cycle and mid-cycle sessions for the PD 

subjects (the within-subject factor was drug-cycle session). 
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Because oral pressure and tracheal pressure are related 

physiologically, both variables were included in the 

analyses. Follow-up within-subject ANOVAs were conducted if 

the probability value for the MANOVA was less than 0.10. 

Again, the liberal probability value was selected because of 

the sample size and because of the exploratory nature of the 

analysis. 

Perceptual Studies 

Two perceptual studies of the speech data were conducted. 

The first study described was conducted with experienced 

listeners and the second, with inexperienced listeners. 

The tapes recorded on the Panasonic SV-3500 DAT recorder 

were used for the perceptual studies. Reading samples, 

consisting of the second and third sentences of liThe Rainbow 

Passage," were dubbed from the original DAT recordings onto 

what will be referred to as the listening tapes. Dubbing 

and editing of reading samples were accomplished with 

speech-analysis software on a personal computer. Recorded 

signal levels were adjusted to be approximately equal for 

all samples. 

Study for Experienced Listeners 

The goal of the study for experienced listeners was to 

provide insight regarding the relation between the speech

production subsystems and the speech product. As reviewed 

--------------------,-------
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in Chapter 1, each speech production subsystem can be 

differentially impaired in Parkinson disease. Because 

speech breathing performance can have an impact on and can 

be impacted by other subsystems, it is important to assess 

the other speech-production subsystems in a study of speech 

breathing. Perceptual evaluations by listeners who are 

trained and experienced in evaluating the speech of 

neurologically impaired individuals were used to provide 

indirect information about each speech-production subsystem. 

This information was helpful in the interpretation of the 

speech-breathing findings. 

Listening Tape 

The listening tape consisted of two parts, the first for 

training and the second for analysis. The first part of the 

tape was 14 minutes in duration and consisted of 42 reading 

samples, each presented once. Each of the HC sUbjects 

provided one sample and each of the PD subjects provided two 

samples, one from the end-cycle and one from the mid-cycle 

session. The 42 samples were presented in random order. 

The second part of the tape was 45 minutes in duration and 

consisted of the same 42 samples in the same order, but with 

each sample presented 3 times. To keep track of the 

samples, the sample number (1 through 42) was announced 

before the first presentation of each sample and the sample 

number was displayed on the face of the DAT player. 
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Method 

Three certified speech-language pathologists served as 

experienced listeners. They were unpaid volunteers. Each 

passed a hearing screening for pure-tones (20 dB SPL at 500, 

1000, and 2000 Hz, and 25 dB SPL at 4000, 6000, and 8000 Hz 

in at least one ear). Each had more than 10 years 

experience working with clients with adult neurogenic 

communication disorders. Their professional histories are 

provided in Appendix B. 

A private listening session was held for each speech

language pathologist. The listening tape was played on the 

DAT player, amplified through the Technics SU-V460 stereo 

integrated amplifier, and presented through two loudspeakers 

(Realistic Optimus 650). The listeners were seated in a 

quiet room approximately 1.8 m from each loudspeaker. They 

were instructed to listen to the first part of the tape so 

that they would "have an idea of the range of 

characteristics present" in the reading samples. At the 

same time, they were instructed to familiarize themselves 

with the rating form they would be using to judge the 

reading samples. The form listed descriptors of selected 

speech characteristics grouped by perceptual category. The 

categories (and their characteristics) were articulation 

(imprecise), nasality (hypernasal, hyponasal), voice quality 

(breathy, harsh, hoarse, strained-strangled, tremulous), 

loudness (low loudness, high loudness, monoloudness), pitch 

-- ---------------.-~-----.--. ---
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(low pitch, high pitch, monopitch), speech rate (too slow, 

too fast, accelerating), and phrasing (too short, too long, 

inappropriate). Choices of normal or abnormal, with mild, 

moderate, or severe degrees, were provided for each 

characteristic. In addition, overall speech was listed with 

choices of normal or defective, and, if defective, whether 

the defectiveness was mild, moderate, or severe. 

After hearing the first part of the tape and 

familiarizing themselves with the rating form, the format of 

the second part of the tape was explained. The listeners 

were instructed in the use of the remote control for the DAT 

player, and were encouraged to pause the tape and listen to 

the samples as many times as desired. The program numbers 

on the DAT player served as their guide. The investigator 

then left the room and the listener worked alone until the 

task was completed. 

Results from this study were examined descriptively. The 

number of listeners selecting each perceptual characteristic 

as abnormal to any degree were listed and examined for each 

subject and each drug-cycle session. 

Study for Inexperienced Listeners 

The second study was designed to assess whether 

inexperienced listeners could detect differences in the 

speech produced by subjects with Parkinson disease during 

the approximate end and middle of the drug cycle. The goal 

--------------------~--.--~----~-
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for this study was to examine whether the overall production 

of speech as perceived by the layperson varied as speech 

breathing varied across the drug cycle. 

Listening Tape 

The listening tape for this study contained pairs of 

reading samples from the PD subjects. Each pair consisted 

of one reading sample from a subject's end-cycle session, 

and one sample from the mid-cycle portion. The sample 

presented first was randomly determined for each pair. The 

tape was approximately 15 minutes in duration. 

Method 

Fifty-one students (out of 61) in an undergraduate 

psychology class qualified as inexperienced listeners. They 

were between the ages of 18 and 32, reported having normal 

hearing, spoke English as a first language, and had never 

had a course in Speech and Hearing Sciences. The listeners 

were unpaid volunteers. 

The listening tape was played on a Panasonic SV-250 

portable DAT recorder, amplified through the Technics SU

V460 amplifier, and presented through the two Realistic 

Optimus 650 loudspeakers which were placed in the front of 

the classroom. Listeners were given a written instruction 

sheet to follow as the investigator explained the task. 

They were instructed to listen to each pair of reading 
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samples, and judge whether the speec~ was better in the 

first sample, the second sample, or that the speech was not 

better in either sample. Each listener was given an 

instruction sheet and an answer sheet. A transcription of 

the reading passage was printed at the top of the answer 

sheet. To ensure that the listeners understood the 

instructions, a practice pair of samples was presented 

before beginning the task. The first sample in the pair was 

produced by a healthy man reading normally, and the second 

sample was read by the same man simulating moderate 

hypokinetic dysarthria. After the pair of samples was 

presented, the task was discussed and questions regarding 

the nature of the task were answered. The listeners were 

encouraged to make their own decisions because "there is no 

right or wrong answer. 1I Halfway through the listening task, 

a I-minute break was provided during which music was played. 

Data Analysis 

To examine whether inexperienced judges perceived a 

systematic difference between speech samples produced at 

different times within the drug cycle by PD subjects, the 

Wilcoxon signed-ranlt test was used. The null hypothesis 

that the speech of PO subjects was not judged as different 

at different times within the drug cycle was tested. The 

dependent variable used in this analysis was the absolute 

difference between the proportion of listeners selecting the 

--------------------_. ------------~~-
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sample from the mid-cycle session and the proportion of 

listeners selecting the sample from the end-cycle session. 

These absolute differences were ranked for the analysis. 

To examine if individual subjects were judged as 

different for speech between the drug-cycle sessions, the 

sign test was used. The listeners who selected the sample 

from the mid-cycle session were counted as positive 

judgments, and the listeners who selected the sample from 

the end-cycle session were counted as negative judgments for 

this analysis. 

Differences on these analyses were considered significant 

at a 0.05 level of probability. This conventional alpha 

level was selected because of the adequate number of 

listeners used in these studies, and because the probability 

levels were used to make firm decisions regarding 

statistically significant differences. 
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RESULTS 

Results are discussed under three major sections. The 

first two sections concern resting tidal breathing and 

speech breathing. The speech breathing section is further 

divided into subsections on the comparison of data from 

healthy control (He) subjects to data from subjects with 

Parkinson disease (PD), and the comparison of PD-subject 

data from the end of the drug cycle and the middle of the 

drug cycle. Within each of these subsections, topics 

include results for the entire breath group, the portion of 

the breath group with speech, and the inspirations between 

breath groups. These topics deal with data generated during 

reading and monologue tasks. The final topic within each of 

the subsections pertains to pressure data generated during a 

syllable-repetition task. Results from the two perceptual 

studies are presented in the third major section of this 

chapter. The first perceptual study was conducted with 

experienced listeners, the second with inexperienced 

listeners. 

Resting Tidal Breathing 

The variables used to describe resting tidal breathing 

(RTB) data were lung volume at the initiation and 

termination of the inspiration (LVI-I and LVT-I), lung 

volume excursion (LVE, also called tidal volume), rib cage 

volume at the initiation and termination of the inspiration 
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(RCVI-I and RCVT-I), rib cage volume excursion (RCVE), 

abdominal volume at the initiation and termination of the 

inspiration (ABVI-I and ABVT-I), abdominal volume excursion 

(ABVE), relative contribution of the rib cage to lung volume 

excursion (%RC), breathing rate (in breaths per minute or 

BPM), and minute ventilation (MV, in liters per minute or 

LPM). Lung, rib cage, and abdominal volumes are expressed 

in liters. 

Data were collected, reduced, and analyzed for the 14 

healthy control (HC) subjects, and the 14 Parkinson disease 

(PD) subjects from the end and middle of the drug cycle. 

Means for individual subjects and drug-cycle sessions are 

provided in Appendix C. Group means and standard deviations 

are listed in Table 7. Results from statistical analyses 

are listed in Tables 8 and 9. In the presentation of 

results that follows, two comparison3 are made: (a) between 

the HC subjects and the PD subjects from the end of the drug 

cycle, and (b) between the end and the middle of the drug 

cycle (end-cycle and mid-cycle) for the PD subjects. 

Comparison of Healthy Control and 

Parkinson Disease Subjects 

Group means for the variables which describe RTB are 

listed in Table 7. In this section, the data from the HC 

subjects and the PD subjects from the end-cycle session will 

be examined. Inspirations were initiated at the resting 

--------~---~----------~-------~--~---..... -~.....,...,,---.-~. 
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Table 7. Group means and standard deviations for resting 

tidal breathing for the healthy control (HC) subjects and 

the Parkinson disease (PD) subjects for two drug-cycle 

sessions. 

1:1 

LVI-I 0.004 (0.029) 

LVT-I 0.511 (0.131) 

LVE 0.507 (0.138) 

RCVI - I 0 . 007 ( 0 . 024 ) 

RCVT-I 0.415 (0.134) 

RCVE 0.408 (0.134) 

ABVI-I - 0.003 (0.013) 

ABVT-I 0.096 (0.042) 

ABVE 0.098 (0.042) 

%RC 79.6 (11.2) 

rate 15.2 (3.22) 

MV 7.31 (1.65) 

PD; End-cycle 

1:1 

0.005 (0.025) 

0.563 (0.193) 

0.558 (0.195) 

0.012 (0.022) 

0.328 (0.116) 

0.316 (0.104) 

-0.007 (0.017) 

0.235 (0.148) 

0.242 (0.155) 

58.2 (14.3) 

19. 1 (4. 92) 

10.52 (4.78) 

pp; Mid-cycle 

1:1 

0.027 (0.043) 

0.502 (0.110) 

0.475 (0.110) 

0.024 (0.033) 

0.306 (0.146) 

0.283 (0.164) 

0.003 (0.024) 

0.196 (0.098) 

0.193 (0.093) 

55.6 (27.2) 

18.5 (3.70) 

8.72 (2.38) 

N.Q.t..e. • 

LVI-I 
LVT-I 
LVE 
RCVI-I 
RCVT-I 

= lung volume at the initiation of inspiration (L) 
lung volume at the termination of inspiration (L) 

= lung volume excursion (L) 
= rib cage volume at the initiation of inspiration (L) 
= rib cage volume at the termination of inspiration (L) 

RCVE = rib cage volume excursion (L) 
ABVI-I = abdominal volume at the initiation of inspiration (L) 
ABVT-I = abdominal volume at the termination of inspiration (L) 
ABVE 
%RC 
rate 
MV 

= abdominal volume excursion (L) 
relative contribution of the rib cage (%RC) 

= breathing rate (BPM) 
= minute ventilation (LPM) 
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expiratory level (REL) by definition and REL was used as the 

reference point (0) for these data. Therefore, values for 

LVI-I, RCVI-I, and ABVI-I were approximately zero. For 

lung, rib cage, and abdominal volumes, terminations and 

excursions were essentially identical because excursion is 

defined as the difference between initiation and termination 

(any discrepancies between values for terminations and 

excursions were averaged for this presentation of results). 

LVT-I and LVE averaged approximately 0.51 L for the HC 

subjects and 0.56 L for the PD sUbjects. Group means for 

RCVT-I and RCVE were about 0.41 L for the HC subjects and 

0.32 L for the PD subjects. Group means for ABVT-I and ABVE 

were approximately 0.10 L for the HC subjects and 0.24 L for 

the PD subjects. HC subjects used about 80 %RC and PD 

subjects used 58 %RC on average. Breathing rate averaged 15 

BPM for HC subjects and 19 BPM for PD subjects. Group means 

for MV were about 7.3 LPM for HC subjects and 10.5 LPM for 

PD subjects. 

Standard deviations for the groups are provided in Table 

7. There appeared to be more variability between the 

subjects with Parkinson disease than between control 

subjects for several variables, most notably ABVT-I, ABVE, 

LVT-I, LVE, and MV. Data from one PD subject (PD12) 

appeared to contribute substantially to the variability for 

the PD group. Although his RTB data were well above the 

typical ranges of values seen for his group for ABVT-I, 
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ABVE, LVT-I, LVE, and especially MV, they were consistent 

with group trends. Excluding his data from the analyses did 

not affect the interpretation of the findings for the group 

in general. 

Results from inferential statistical procedures are 

listed in Table 8. Five variables that described the data 

completely (i.e., all other variables could be derived from 

these five) were subjected to a repeated-measures 

mUltivariate analysis of variance (MANOVA) with one within

subjects factor (2 subject groups: HC and PD: i.e., data 

were compared from matched pairs of subjects). The five 

variables were RCVI-I, RCVT-I, ABVI-I, ABVT-I, and breathing 

rate. A significant difference between the groups was found 

[~(5,9)=3.696, E=0.043]. To explore which variables 

contributed to this difference, follow-up univariate 

analyses were conducted. As can be seen in Table 8, no 

differences between the groups were detected for LVI-I, LVT

I, LVE, RCVI-I, or ABVI-I. Differences appeared to exist 

between the HC and PD subjects for RCVT-I [F(1,13)=3.75l, 

£=0.075], RCVE [~(1,13)=4.8l3, p=0.047], ABVT-I 

[~(1,13)=9.505, p=0.009], ABVE [F(1,13)=10.069, p=0.007], 

%RC [F(1,13)=15.060, p=0.002], breathing rate 

[~(1,13)=5.908, £=0.030], and MV [~(1,13)=7.024, £=0.020]. 

RCVT-I and RCVE tended to be larger and ABVT-I and ABVE were 

smaller for the HC subjects than the PD subjects. It 

follows, because RCVI-I and ABVI-I were approximately zero, 

--------~------
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Table 8. Multivariate and univariate analyses for the 

resting tidal breathing comparison between the PD and HC 

subjects (N = 14 subject pairs). 

Multivariate Analysis (MANOVA): 

Variables: RCVI-I, RCVT-I, ABVI-I, ABVT-I, breathing rate 

Effect 

Group 

£(5,9) 

3.696 

Univariate Analyses (ANOVA): 

Y2.~i2.bl~ 

LVI-I 

LVT-I 

LVE 

RCVI-I 

RCVT-I 

RCVE 

ABVI-I 

ABVT-I 

ABVE 

%RC 

rate 

MV 

* I2. < 0.10 

** I2. < 0.05 

*** I2. < 0.01 

£(1,13) 

0.001 

0.808 

0.790 

0.371 

3.752 

4.813 

0.964 

9.505 

10.069 

15.060 

5.908 

7.024 

P. 

0.043 ** 

Xl 

0.974 

0.385 

0.389 

0.553 

0.075 * 

0.047 ** 

0.344 

0.009 *** 

0.007 *** 

0.002 *** 

0.030 ** 

0.020 ** 
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that the %RC was greater for the HC subjects than the PD 

subjects. Breathing rate and MV were greater for the PD 

subjects than the HC sUbjects. 

A summary of the results for the comparison between HC 

and PD subjects during resting tidal breathing is provided 

in Table 9. Only variables that differed significantly 

between the subject groups are listed. The pertinent 

findings include the following. For tidal inspirations, 

termination and excursion of the rib cage volume were 

lesser, and termination and excursion of the abdominal 

volume were greater for PD subjects than for HC subjects. 

PD subjects used, on average, a smaller relative 

contribution of the rib cage than did HC subjects. Subject 

groups did not differ in terms of tidal volume (LVE), but PD 

subjects breathed faster at rest and, therefore, had a 

greater MV than HC subjects. 

Comparison of the End and Middle of the Drug Cycle for 

Subjects with Parkinson Disease 

In this section, data are compared from the two portions 

of the drug cycle for PD subjects. Group means for the end

cycle and mid-cycle sessions are listed in Table 7. LVI-I, 

RCVI-I, and ABVI-I were close to zero for both drug-cycle 

sessions. By definition then, terminations and excursions 

were essentially identical and are presented together in 

this paragraph (discrepancies were averaged). Group means 
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Table 9. Summary of the results for resting tidal breathing 

for the comparison between the HC and PD subjects, end-cycle 

session. 

RCVT-I > * 

RCVE > ** 

ABVT-I < *** 

ABVE < *** 

%RC > *** 

breathing rate < ** 

MV < ** 

* p. < 0.10 

** R < 0.05 

*** ~ < 0.01 

No.t.s!. • 

RCVT-I = rib cage volume at the termination of inspiration (L) 

RCVE 

ABVT-I 

ABVE 

%RC 

Rate 

MIl 

rib cage volume excursion (L) 

abdominal volume at the termination of inspiration (1) 

abdominal volume excursion (L) 

relative contribution of the rib cage (%RC) 

breathing rate (BPM) 

minute ventilation (LPM) 
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for LVT-I and LVE were approximately 0.56 L at end-cycle and 

0.49 L at mid-cycle. Means for RCVT-I and RCVE were 

approximately 0.32 L at end-cycle and 0.29 L at mid-cycle. 

Means for ABVT-I and ABVE were approximately 0.24 L at end

cycle and 0.19 L at mid-cycle. Average %RC was 

approximately 58 at end-cycle and 57 at mid-cycle. Mean 

breathing rate was approximately 19 BPM at both end-cycle 

and mid-cycle. Mean MV was 10.5 LPM at end-cycle and 8.7 

LPM at mid-cycle. 

Standard deviations for the two portions of the drug 

cycle are listed in Table 7. Variability between subjects 

was substantially greater at end-cycle than at mid-cycle for 

LVT-I, LVE, ABVT-I, ABVE, breathing rate, and MV. As 

described in the previous section, Subject PD12 contributed 

most to the variability for all of these measures except 

rate. Variability was greater at mid-cycle for RCVT-I, 

RCVE, and %RC. Data from Subject PD03 at mid-cycle for 

these variables were unusually low in comparison to data 

from other subjects. In fact, his mean value for %RC was 

negative (-12.5 %RC), indicating that his RTB at mid-cycle 

was characterized by rib-cage paradoxing. Inspection of the 

raw-data tracings for this subject revealed that rib-cage 

paradoxing indeed occurred at mid-cycle but not at end

cycle. Representative tracings of one breathing cycle for 

each drug-cycle session are reproduced in Figure 4. Note 

that rib-cage volume and abdominal volume increased 
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End-cycle Mid-cycle 

Figure 4. Sample data for Subject PD03 

during resting tidal breathing. 
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throughout inspiration for the end-cycle sessions. At mid

cycle, rib cage volume decreased while abdominal volume 

increased during part of the inspirations. Some of the 

irregularity in direction of the tracing for Subject PD03 at 

mid-cycle can be explained by postural changes related to 

dyskinesias. However, the general pattern of rib-cage 

paradoxing did not appear to be artifactual because it was 

quite pronounced and replicable over many inspirations. 

Examination of raw data tracings from the remaining PD 

subjects revealed that Subject PDOI also exhibited rib-cage 

paradoxing on inspiration during the mid-cycle session only. 

No other subject exhibited this pattern. 

Statistical analysis with a repeated-measures within

subject (one factor with two levels: drug-cycle session: 

end and middle of the cycle) MANOVA, performed on the five 

variables RCVI-I, RCVT-I, ABVI-I, ABVT-I, and breathing 

rate, failed to detect differences between the two drug

cycle sessions for the PD subjects [F(5,9)=0.858 £=0.544]. 

The analysis was repeated after removing data from Subjects 

PDOI and PD03 because of their highly atypical finding of 

rib-cage paradoxing during RTB at mid-cycle. Again, the 

mUltivariate analysis failed to detect a difference between 

the two sessions [F(5,7)=2.372, p=0.146]. 

In summary, there were no significant differences between 

the data collected from PD subjects at two times within a 

drug cycle for resting tidal breathing. However, an 
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extremely unusual chest-wall kinematic pattern was 

demonstrated during RTB by 2 subjects with PD at mid-cycle. 

Subjects PDOI and PD03 exhibited rib cage paradoxing during 

the middle portion of the drug cycle but not during the end 

of the drug cycle. 

Speech Breathing 

Results for speech breathing are described first for the 

comparison of He subjects to PD subjects, and second for the 

comparison of the two drug-cycle sessions for the PD 

subjects. For each of these comparisons, data from the 

entire breath group, from its initiation to its termination, 

and data from the speech portion of the breath group, from 

the initiation of speech to the termination of speech, are 

used to describe the chest-wall kinematic data. Breath 

groups were examined from the reading and monologue tasks. 

Two additional measures apart from the speech breath-group 

data are presented to complete the consideration of speech 

breathing. The first involves the duration of inspirations 

between speech breath groups, and the second involves 

pressure measurements taken from a syllable-repetition task. 

Data for the breath group, speech portion of the breath 

group, and inspiratory duration were examined for trial 

effects. In every case, there were no significant trial 

effects or interactions involving trial [group (or drug

cycle) x trial, task x trial, group (or drug-cycle) x trial 



160 

x task]. Therefore, data were averaged across trials for 

all analyses and the independent variable of trial was 

removed as a within-subjects factor in the repeated-measures 

analyses of variance. 

Breath Group 

Comparison of Healthy Control and 

Parkinson Disease Subjects 

To examine the breath groups produced during reading and 

monologue tasks, four variables were extracted from the 

motion-motion displays. These were the initiations and 

terminations of the rib cage volume (RCVI and RCVT) and 

abdominal volume (ABVI and ABVT) in reference to their 

respective volumes at REL. From these measures, six 

additional variables were derived: rib cage volume excursion 

(RCVE), abdominal volume excursion (ABVE), lung volume 

initiation and termination (LVI and LVT), lung volume 

excursion (LVE), and relative contribution of the rib cage 

to LVE (%RC). Individual subject data for these measures 

are provided in Appendix D. Means and standard deviations 

for the 2 groups of sUbjects aLe provided in Table 10. 

The group means for the reading task are presented in the 

first half of Table 10 and in this paragraph. For the He 

subjects, the group mean for LVI was 0.563 L (0.563 Labove 

REL), LVT was -0.234 L (0.234 L below REL), and LVE was 

0.798 L. The PD subjects had a mean for LVI of 0.611 L, LVT 

~ ___________________ 0 _______ ' 
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Table 10. Group means and standard deviations for the 

variables pertaining to the entire breath group for reading 

and monologue tasks for the HC and PD subjects (N = 14 for 

each group) . 

Reading 

Variable 

LVI 

LYT 

LYE 

RCVI 

RCYT 

RCVE 

ABVI 

ABVT 

ABVE 

%RC 

Monologue 

Variable 

LVI 

LVT 

LVE 

RCVI 

RCYT 

RCVE 

ABVI 

ABVT 

ABVE 

%RC 

M.e.an 

0.563 

- 0.234 

0.798 

0.587 

- 0.036 

0.623 

- 0.024 

-0.199 

0.175 

76.1 

~ 

0.617 

- 0 .198 

0.814 

0.610 

- 0.020 

0.630 

0.007 

-0.178 

0.184 

77.5 

J..S.lll. 

(0.322) 

(0.389) 

(0.266) 

(0.299) 

(0.354) 

(0.279) 

(0.147) 

(0.185) 

(0.078) 

(13.6) 

..iS12l.. 
(0.293) 

(0.296) 

(0.244) 

(0.265) 

(0.242) 

(0.240) 

(0.080) 

(0.145) 

(0.099) 

(12.9) 

Me.rul 

0.611 

- 0 .104 

0.715 

0.414 

-0.016 

0.430 

0.198 

- 0.087 

0.285 

61.5 

~ 

0.670 

- 0.044 

0.714 

0.383 

- 0.065 

0.448 

0.287 

0.021 

0.266 

65.1 

J..SJ:U.. 

(0.509) 

(0.543) 

(0.281) 

(0.221) 

(0.290) 

(0.176) 

(0.310) 

(0.309) 

(0.172) 

(15.9) 

..iS12l.. 
(0.422) 

(0.462 ) 

(0.284) 

(0.193) 

(0.254) 

(0.189) 

(0.328) 

(0.309) 

(0.167) 

(14.7) 

-- - ----------- ---------~---.-------.-,-~-~~-
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NQ:t..e.. 

LVI = lung volume initiation (L) 

LVT = lung volume termination (L) 

LVE = lung volume excursion (L) 

RCVI = rib cage volume initiation (L) 

RCVT = rib cage volume termination (L) 

RCVE = rib cage volume excursion (L) 

ABVI = abdominal volume initiation (L) 

ABVT = abdominal volume termination (L) 

ABVE = abdominal volume excursion (L) 

%RC = relative contribution of the rib cage (%RC) 
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of -0.104 L, and LVE of 0.715 L. RCVI was 0.587 L, RCVT was 

-0.036 L, and RCVE was 0.623 L for the HC subjects' group 

mean. RCVI was 0.414 L, RCVT was -0.016 L, and RCVE was 

0.430 L for the PD subjects' group mean. Mean ABVI was -

0.024 L, ABVT was -0.199 L, and ABVE was 0.175 L for the HC 

subjects, and 0.198 L, -0.087 L, and 0.285 L, respectively, 

for the PD subjects. The relative contribution of the rib 

cage to LVE averaged 76.1% for the HC subjects and 61.5% for 

the PD sUbjects. 

Group means for the monologue task are listed in the 

second half of Table 10 and in this paragraph. Group means 

for LVI, LVT, and LVE were 0.617 L, -0.198 L, and 0.814 L 

for the HC subjects, and 0.670 L, -0.044, and 0.714 L for 

the PD sUbjects. RCVI, RCVT, and RCVE averaged 0.610 L, 

-.020 L, and 0.630 L for the HC subjects, and 0.383 L, 

-0.065 L, and 0.448 L for the PD subjects. ABVI, ABVT, and 

ABVE averaged 0.007 L, -.178 L, and 0.184 L for the HC 

subjects, and 0.287 L, 0.021 L, and 0.266 L for the PD 

subjects. Relative contribution of the rib cage to LVE 

averaged 77.5% for the HC subjects and 65.1% for the PD 

subjects. 

The standard deviations for each variable are listed for 

the 2 groups of subjects and the 2 tasks in Table 10. 

Dispersion of the data was similar for the two groups for 

LVE, RCVT (for monologue), and %RC. Dispersion of data 

appeared to be greater for the group of PD subjects than for 
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the group of HC subjects for LVI, LVT, and the variables 

pertaining to abdominal volume. There was generally more 

variability between HC subjects than PD subjects for 

measures pertaining to rib cage volumes. 

Four variables which completely describe the data, RCVI, 

RCVT, ABVI, and ABVT, were subjected to a 2 by 2 (2 groups 

by 2 tasks) repeated-measures within-subjects MANOVA. 

Results are provided in Table 11. A significant difference 

was found between the two groups of subjects for the four 

variable profile [F(4,10)=3.65, £=0.044J. Follow-up 

univariate analyses failed to discern differences between 

the groups for LVI, LVT, LVE, RCVT, ABVT, and ABVE. The 

analyses indicated that the volumes of the rib cage and 

abdomen at initiation of the breath group were the major 

contributors to the variation between the HC and PD 

subjects. RCVI was larger [F(1,13)=16.20, p=O.OOlJ and ABVI 

was smaller [~(l,13)=8.l26'E=0.014J for the HC subjects 

than for the PD sUbjects. In addition, RCVE and %RC tended 

to be greater for the HC subjects [F(1,l3)=4.27, p=0.059, 

and F(1,13)=4.22, p=0.06l, respectively]. 

A difference between tasks was not detected with the 

MANOVA [F(4,lO)=1.12i p=0.399J, nor was a group-by-task 

interaction found [F(4,lO)=l.15, £=0.388]. Thus, the 

findings for the comparisons of the HC and PD subjects hold 

for reading and monologue. 

-----------------------
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Table 11. Multivariate and univariate analyses for the 

breath group data comparison between the PD and HC subjects 

(N = 14 subject pairs). Two tasks: Reading and Monologue. 

Multivariate Analyses (MANOVA): 

Variables: RCVI, RCVT, ABVI, ABVT 

Effee,t. 

Group 

Task 

Group x Task 

£(4,10) 

3.649 

1.123 

1.149 

Univariate Analyses (ANOVA) : 

Group 

YariabJe £(1,13) 

LVI 0.350 

LVT 1.419 

LVE 0.815 

RCVI 16.195 

RCVT 0.027 

RCVE 4.266 

ABVI 8.126 

ABVT 2.486 

ABVE 2.309 

%RC 4.219 

* Il< 0.10 

** ];2< 0.05 

*** ];2.< 0.01 

12 

0.044 ** 
0.399 

0.388 

Effect 

P-

0.565 

0.255 

0.383 

0.001 *** 

0.873 

0.059 * 

0.014 ** 

0.139 

0.153 

0.061 * 
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To summarize the findings for the comparison of breath

group data from the HC and PD subjects, the HC subjects 

initiated breath groups with a larger rib cage volume and 

smaller abdominal volume than did the PD subjects. The HC 

subjects tended to use a larger excursion of rib cage volume 

and a greater relative contribution of the rib cage to lung 

volume excursion than did the PD subjects. 

Speech Portion of the Breath Group 

Consideration of the speech portion of the breath group 

was accomplished by examining the breath group from the 

initiation of speech to the termination of speech. 

Variables reduced from the motion-motion display of the data 

were rib cage and abdominal volume initiations and 

terminations (RCVIS, RCVTS, ABVIS, ABVTSi Recall that the 

suffix "8" was appended to the variable names to signify the 

speech portion of the breath group.). In addition, the 

number of syllables produced per breath group was determined 

from transcriptions of the speech, and the duration of 

speech, excluding pauses, per breath group was determined 

from the speech waveform. From these six variables, nine 

variables were derived: rib cage volume excursion (RCVES), 

abdominal volume excursion (ABVES), lung volume initiation 

and termination (LVIS and LVTS), lung volume excursion 

(LVES), relative contribution of the rib cage to LVES 
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(%RCS), LVES per syllable, LVES per duration of speech, and 

interpause speech rate (in syllables/s). 

Mean data from individual subjects for the 15 variables 

used to describe the speech portion of the breath groups are 

provided in Appendix E. Group means and standard deviations 

are listed in Table 12. 

Group means for the reading taslt are listed in the first 

half of Table 12 and presented in this paragraph. Average 

lung volume measures were as follows: LVIS, LVTS, and LVES 

were 0.564 L, -0.213 L, and 0.777 L for the HC subjects, and 

0.608 L, -0.048 L, and 0.656 L for the PD subjects. Mean 

RCVIS was 0.587 L, RCVTS was -0.019 L, and RCVES was 0.606 L 

for the HC subjects. Mean RCVIS was 0.414 L, RCVTS was 

0.015 L, and RCVES was 0.399 for the PD subjects. Mean 

ABVIS was -0.024, ABVTS was -0.194, and ABVES was 0.171 for 

the HC subjects, and 0.194, -0.063, and 0.257 for the PO 

subjects. The relative contribution of the rib cage to LVES 

averaged 75.5% for the HC subjects and 60.2% for the PO 

subjects. The average number of syllables produced per 

breath group during reading was 17.5 for the HC subjects and 

13.6 for the PD subjects. The duration of speech on a 

breath group averaged 3.58 s for the HC subjects and 2.57 s 

for the PD subjects. HC subjects had an average LVES of 

0.047 L per syllable and 0.224 L per second of speech. PO 

subjects averaged 0.055 L per syllable and 0.271 L per 

second of speech. Mean interpause speech rate was 4.91 
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Table 12. Group means and standard deviations for the 

variables pertaining to the speech portion of the breath 

group for the reading and monologue tasks for the HC and PD 

subjects (N = 14 for each group) . 

~ding 

liC. E.Il 

Variable ~ J.Slll. ~ J.S.I:U.. 

LVIS 0.564 (0.322) 0.608 (0.503) 

LVTS - 0.213 (0.394) -0.048 (0.586) 

LVES 0.777 (0.275) 0.656 (0.254) 

RCVIS 0.587 (0.299) 0.414 (0.220) 

RCVTS -0.019 (0.360) 0.015 (0.312) 

RCVES 0.606 (0.288) 0.399 (0.179) 

ABVIS - 0.024 (0.147) 0.194 (0.305) 

ABVTS - 0 .194 (0.186) - 0.063 (0.319) 

ABVES 0.171 (0.078) 0.257 (0.127) 

%RCS 75.5 (15.1) 60.2 (18.0) 

syllables 17.5 (3.66) 13.6 (4.36) 

duration 3.58 (0.66) 2.57 (0.71) 

LVES/syllable 0.047 (0.015) 0.055 (0.021) 

LVES/duration 0.224 (0.070) 0.271 (0.087) 

speech rate 4.91 (0.48) 5.29 (0 . 92) 
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Monologue 

H..C ED. 

Variable ~ 1mll. ~ 1mll. 

LVIS 0.615 (0.292) 0.662 (0.418) 

LVTS - 0 .154 (0.314) 0.059 (0.469) 

LYES 0.769 (0.252) 0.604 (0.235) 

RCVIS 0.609 (0.264) 0.382 (0.191) 

RCVTS 0.014 (0.260) - 0.002 (0.249) 

RCYES 0.595 (0.251) 0.384 (0.190) 

ABVIS 0.006 (0.080) 0.280 (0.324) 

ABVTS - 0 .167 (0.145) 0.061 (0.312) 

ABVES 0.174 (0.095) 0.220 (0.097) 

%RCS 77.1 (14.6) 61.1 (19.7) 

syllables 15.3 (3.87) 11.2 (2.96) 

duration 3.323 (0.781) 2.21 (0.558) 

LVES/syllable 0.057 (0.013) 0.065 (0.025) 

LVES/duration 0.248 (0.061) 0.302 (0.112) 

speech rate 4.599 (0.588) 5.114 (0.818) 

N.Q.t.e.. 

Variable names are the same as those in Table 10 except that 

"s" has been added to signify the .s.peech portion of the 

breath group. In addition: 

syllable = number of syllables 

duration = duration of speech excluding pauses (sec) 

LVES/syllable = lung volume excursion per syllable 

(L/syllable) 

LVES/duration = lung volume excurstion per duration of 

speech (L/sec) 

speech rate = interpause speech rate (syllables/sec) 

--_._--------_._-



syllab1es/s for HC subjects and 5.29 syllables/s for PD 

sUbjects. 
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Group means for the monologue task are listed in the 

second half of Table 12. Group means for LVIS, LVTS, and 

LVES were 0.615 L, -0.154 L, and 0.769 L for the HC 

subjects, and 0.662 L, 0.059, and 0.604 L for the PD 

sUbjects. Mean RCVIS, RCVTS, and RCVES were 0.609 L, 0.014 

L, and 0.595 L for the HC subjects, and 0.382 L, -0.002 L, 

and 0.384 L for the PD subjects. Mean ABVIS, ABVTS, and 

ABVES were 0.006 L, -0.167 L, and 0.174 L for the He 

subjects, and 0.280 L, 0.061 L, and 0.220 L for the PD 

subjects. Relative contribution of the rib cage to LVES 

averaged 77.1% for the HC subjects and 61.1% for the PD 

subjects. The average number of syllables produced per 

br-eath group during monologue production was 15.3 for the HC 

subjects and 11.2 for the PD sUbjects. The duration of 

speech on a breath group was 3.32 s for the HC subjects and 

2.21 s for the PD subjects. HC subjects expended an average 

lung volume of 0.057 L per syllable and 0.248 L per second 

of speech. PD subjects averaged 0.065 L per syllable and 

0.302 L per second of speech. Mean interpause speech rate 

was 4.60 syllables/s for He subjects and 5.11 syllables/s 

for PD subjects. 

The standard deviations for each variable are listed for 

the 2 groups of subjects and the 2 tasks in Table 12. 

Variability was somewhat greater among the PD subjects than 
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the HC subjects for the initiations and terminations of lung 

volume and abdominal volume, and relative contribution of 

the rib cage. Dispersion of data was greater for the group 

of He subjects than the PD subjects for the rib cage volume 

measures. In addition, PD subjects generally were more 

variable for interpause speech rate, owing in part to a 

rapid rate during the monologue for Subject PD12 and a slow 

rate during the reading for Subject PD06. Little difference 

in standard deviation was apparent for LVES, ABVES, LVES per 

syllable, and LVES per second of speech. 

Differences were detected through inferential statistical 

analysis between the data for the two groups of subjects. 

Six variables which described the data completely were 

included in the repeated-measures MANOVA with two within

subjects factors (subject group and task). The dependent 

variables were RCVIS, RCVTS, ABVIS, ABVTS, syllables 

produced per breath group, and duration of speech per breath 

group. Results from this and follow-up univariate analyses 

are presented in Table 13. 

The analysis of the six-variable profile revealed a 

potential difference between the groups of subjects 

[~(6,8)=3.08, £=0.072]. Follow-up univariate analyses 

indicated that the three variables pertaining to lung volume 

did not differ between groups. Significant differences were 

found for the rib cage and abdominal volumes at the 

initiation of the breath group: RCVIS was greater 

----.. -----.~---.----~-.---~-. -.. -~-. -~-
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Table 13. Multivariate and univariate analyses for the 

speech portion of the breath group comparison between the 

PD and HC subjects (N = 14 subject pairs). Two tasks: 

Reading and Monologue. 

Multivariate analyses (MANOVA): 

Variables: RCVIS, RCVTS, ABVIS, ABVTS, syllable, duration 

Effect £ (6,8) ~ 

Group 3.081 0.072 * 
Task 6.473 0.010 ** 

Group x Task 0.660 0.140 

Univariate analyses (ANOVA) : 

GJ:QJ.112 T.a.s.k 
~aJ:iable F.(1,13) ~ £(1,13) ;p. 

LVIS 0.284 0.603 1. 614 0.226 

LVTS 2.285 0.155 2.210 0.161 

LVES 1. 641 0.223 0.896 0.361 

RCVIS 16.148 0.001 *** 0.021 0.886 

RCVTS 0.011 0.918 0.026 0.874 

RCVES 4.183 0.062 * 0.227 0.642 

ABVIS 7.929 0.015 ** 4.338 0.058 * 
ABVTS 3.527 0.083 * 5.444 0.036 ** 
ABVES 1. 823 0.200 3.543 0.082 * 

%RCS 3.971 0.068 * 0.457 0.511 

syllable 9.854 0.008 *** 23.213 0.000 *** 
duration 13.818 0.003 *** 11.457 0.005 *** 
LVES/Syl 1.504 0.242 25.949 0.000 *** 

LVES/sec 2.380 0.147 14.563 0.002 *** 

speech rate 3.298 0.093 * 10.843 0.006 *** 

* p. < 0.10 
** ~ < 0.05 
*** p. < 0.01 

---- ------~-------.-.--.- .. -.----~-- ...... -~-----~-----



173 

[F(1,13)=16.l48, £=O.OOlJ and ABVIS was smaller 

[F(1,13}=7.929, £=0.015J in the HC subjects than in the PD 

sUbjects. No differences were detected for RCVTS or ABVES. 

RCVES tended to be greater [F(1,13)=4.l83, p=0.062J and 

ABVTS to be lower [F(1,13)=3.527, p=0.083J for the HC 

sUbjects. The relative contribution of the rib cage to LVES 

was greater for the HC subjects [F(1,13)=3.97l, p=0.068]. 

HC subjects said more syllables [F(1,13)=9.854, p=0.008J and 

took more time to produce speech per breath group 

[F(1,13)=13.8l8, £=0.003J than did the PD subjects. 

Differences between subject groups were not found for LVES 

per syllable and LVES per second. Interpause speech rate 

tended to be slower for HC subjects than for PD subjects 

[~(1,13)=3.298, £=0.093J. 

A significant task effect was revealed with the MANOVA 

[F(6,8)=6.47: £=0.010]. Follow-up univariate analyses 

indicated that the measures pertaining to lung volume and 

rib cage volume did not differ between tasks. However, 

ABVIS, ABVTS, and ABVES were significantly greater for the 

monologue than for the reading task [F(1,13)=4.338, p=0.058: 

~(1,l3)=5.444, p=0.036: and F(1,13)=3.543, p=0.082: 

respectivelyJ. The number of syllables produced per breath 

group and the duration of speech on a breath group 

contributed substantially to the variation behleen the tasks 

[~(l,13)=23.2l3, £=0.000: and ~(l,13)=ll.457, p=0.005: 

respectivelyJ: both were greater for the reading than for 
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the monologue task. LVES per syllable and per second were 

significantly greater and speech rate was slower for the 

monologue task than for reading [F(l,l3)=2S.949, p=O.OOO: 

F(1,13)=14.S63, e=0.002; and F(1,13)=lO.843, p=0.006; 

respectively]. 

No group-by-task interaction [F(6,8)=0.660, e=0.140] was 

detected. Therefore, the patterns apparent between the 

subject groups are considered to be the same for the two 

tasks. 

Inspiratory Duration between Breath Groups 

The duration of inspirations between breath groups were 

measured from the lung volume data displayed across time. 

Individual subject data for this measure are provided in 

Appendix F. Group means and standard deviations and the 

results from the repeated-measures analysis of variance 

(ANOVA) with two within-subjects factors (subject group and 

task) are listed in Table 14. 

Inspiratory durations for the reading task averaged 0.588 

s for the HC subjects and 0.584 s for the PD sUbjects. For 

the monologue, inspiratory durations averaged 0.738 s for 

the HC subjects and 0.694 s for the PD sUbjects. Standard 

deviations appeared to be comparable between the groups. 

As the results for the repeated-measures ANOVA (2 within

subjects factors: subject group and task) listed in Table 15 

indicate, no difference in inspiratory duration was found 
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Table 14. Group means and standard deviations for 

inspiratory durations for the reading and monologue tasks for 

the HC and PD subjects (N = 14 subject pairs) . 

Reading 

liC. 

Yi2.:rli2.ble 11 ...lS..lll.. 

Inspiratory 

duration 0.588 (0.123) 0.584 (0.108) 

MQDQIQglJe 

liC. 

VQJ::iQble 11 J.mU. 

Inspiratory 

duration 0.738 (0.136) 0.694 (0.177) 

Table 15. Univariate analysis for inspiratory duration 

for the comparison between the HC and PD subjects 

(N = 14). Two tasks: Reading and Monologue. 

Univariate analysis (ANOVA): 

Variable: Inspiratory duration 

Effect 

Group 

Task 

Group x Task 

*** p < 0.01 

£(1,13) 

0.237 

13.365 

1.154 

J;2. 

0.634 

0.003 *** 
0.302 
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between the two groups of subjects [F(13,l)=O.24, p=0.634]. 

The difference between tasks was significant [F(13,l)=13.37, 

£=0.003] such that inspiratory duration was shorter for 

reading than for monologue production. No group-by-task 

interaction was found [F(13,l)=1.15, p=0.302]. 

Oral and Tracheal Pressure 

Means for oral and tracheal pressure data measured for 

each subject are provided in Appendix G. The number of 

pressure peaks from which these descriptive statistics were 

derived is listed as well because it varied across subjects 

and the 2 pressure variables. 

Means and standard deviations for each group of subjects 

(data for PD subjects were taken from the end-cycle session) 

are provided in Table 16. Data for subject pair #13 are 

missing from the group data because of missing tracheal

pressure data for Subject PD13. 5 However, the available 

data for Subjects HC13 and PD13 are provided in Appendix G: 

these appear to be typical for their respective groups. 

Oral pressure averaged 6.56 cm H
2

0 for HC subjects and 

4.87 cm H20 for PD subjects. Tracheal pressure averaged 

5 A calibration error made on the day of data 
collection for Subject PD13 resulted in peak-clipping for 
pressure data greater than 4.9 cm H20. Oral pressure 
measures for the end-cycle session were available because 
the peaks were lower than this limiting value. However, 
tracheal pressures often exceeded 4.9 cm H20 at end-cycle. 
The group findings for oral pressure were not affected by 
the inclusion or exclusion of data from Subject PD13. 



Table 16. Group means and standard deviations for 

pressure for the HC and PD subjects (N = 13 subject 

pairs) . 

oral pressure 

tracheal pressure 

liC. 

M J..S.lll.. 

6.56 (1.79) 

6.40 (1.14) 

EQ 

M J..S.lll. 

4.87 (1.74) 

5.84 (2.01) 
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Table 17. Multivariate and univariate analyses for 

pressure for the HC and PD subjects (N = 13 subject pairs) . 

Multivariate analysis (MANOVA) 

Variables: oral pressure, tracheal pressure 

Effect 

Group 

£(2,11) 

5.748 

Univariate analyses (ANOVA) 

Variable £(1,12) 

oral pressure 10.686 

tracheal pressure 

** n < 0.05 

*** n< 0.01 

1.135 

~ 

0.020 ** 

P-

0.007 *** 
0.308 

- -----------... -----.--~--
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6.40 cm H20 for HC subjects and 5.84 cm H
2

0 for PD subjects. 

The standard deviation for each group was comparable for 

oral pressure but was somewhat greater for the PD subjects 

for tracheal pressure. 

Results from a repeated-measures MANOVA with one within

subjects factor (subject group) and follow-up ANOVAs are 

provided in Table 17. The two variables included in the 

analysis were oral pressure and tracheal pressure. Results 

indicated that there was a significant difference between 

the two groups of subjects [F(2,11)=5.748, p=0.020]. 

Follow-up univariate analyses indicated that there was a 

difference between groups for oral pressure [F(1,12)=10.686, 

p=0.007] but not for tracheal pressure. The difference for 

oral pressure was characterized by greater oral pressure for 

the He subjects than the PD subjects. 

Summary of Speech Breathing Results for the Comparison 

between Healthy Control and Parkinson Disease Subjects 

The results for the comparison between the HC subjects 

and the PD subjects (data taken from the end of the drug 

cycle) for speech breathing are summarized in Table 18. 

Differences between the 2 subject groups were found for the 

breath group, the speech portion of the breath group, and 

pressure. Each of these three major effects involved more 

than one variable. The individual variables that differed 

significantly between the groups are listed, and the 



Table 18. Summary of the results for speech breathing 
for the comparison between the HC and PD subjects, end
cycle session. 

A. Results for the breath group. 

RCVI > *** 
RCVE > * 
ABVI < ** 
%RC > * 

B. Results for the speech portion of the breath group. 

H.C. 

RCVIS > *** 
RCVES > * 
ABVIS < ** 
ABVTS < * 
%RCS > * 
syllable > *** 
duration > *** 
interpause speech rate < * 

c. Results for the pressure data. 

oral pressure 

* p < 0.10 
** n < 0.05 

*** p < 0.01 

N.Qt&. 
RCVI = rib cage 
RCVE rib cuge 
ABVI = abdominal 
ABVT = abdominal 
ABVE = abdominal 
%RC = relative 

> *** 

volume initiation 
volume excursion 

volume initiation 
volume termination 
volume excursion 

contribution of the 

ED. 

rib cage 

179 



180 

directions of these differences are indicated. The strength 

of the differences was suggested by the magnitudes of the p

value, and is indicated in Table 18 by the number of 

asterisks listed. Because the pattern of differences 

applies to both reading and monologue, the two tasks are not 

depicted separately in Table 18. 

Differences between subject groups were found for the 

entire breath group. Rib cage volume was greater and 

abdominal volume was lesser at initiation of the breath 

groups for the He subjects than the PD subjects. In 

addition, there were trends for rib cage volume excursion 

and relative contribution of the rib cage to lung volume 

excursion to be greater for the He subjects than the PD 

subjects. 

The results for the speech portion of the breath group 

were identical to those for the entire breath group. In 

addition, a trend was detected for abdominal volume 

termination to be lesser for the He subjects than the PD 

subjects when the speech portion of the breath group was 

analyzed. The number of syllables and the duration of 

speech per breath group were examined for the analysis of 

the speech portion of the breath group, and both measures 

were found to be substantially greater for the He sUbjects 

than the PD subjects. Finally, a trend was found for 

interpause speech rate to be slower for the He than the PD 

subjects . 

. __ ._-----------
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A significant difference was found between the two groups 

of subjects for the pressure data. This finding was due to 

the difference in oral pressure, which was greater for the 

HC subjects than the PO sUbjects. 

Comparison of the End and Middle of the Drug Cycle for 

Subjects with Parkinson Disease 

Breath Group 

The variables used to describe the breath-group data are 

LVI, LVT, LVE, RCVI, RCVT, RCVE, ABVI, ABVT, ABVE, and %RC. 

Mean data for the two drug-cycle sessions for individual PO 

subjects are provided in Appendix D. The two sessions were 

conducted at approximately the middle of the drug cycle and 

approximately the end of the drug cycle. Some data are 

missing for the session which took place at mid-cycle. No 

data were collected from Subject PDD9 because he was unable 

to talk during this session apparently due to involuntary 

laryngeal spasms. Involuntary movements were problematic 

for Subjects PDD3, PD06, and PD07. Because of related 

postural adjustments, chest-wall kinematic measures for both 

tasks are missing for Subject PD03, for the monologue for 

Subject PDD6, and for one trial of the monologue for Subject 

PDD7. Temporal data and syllable counts are available for 

these 3 subjects. To allow data from Subject PDD7 to remain 

in group analyses, kinematic measures for the monologue task 
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were taken from 1 instead of 2 trials (i.e, 15 instead of 30 

breath groups). 

The group means and standard deviations for the 2 drug

cycle sessions are provided in Table 19. Data from Subjects 

PD03, PD06, and PD09 are excluded from these descriptive 

statistics in order to be consistent with their exclusion 

from the inferential statistical analyses. 

The group means for the reading task are provided in the 

first half of Table 19. Mean LVI was 0.735 L, LVT was 

-0.025 L, and LVE was -0.760 L at end-cycle. Mean LVI was 

0.583 L, LVT was -0.095 L, and LVE was 0.678 L at mid-cycle. 

Group means for RCVI, RCVT, and RCVE were 0.468 L, 0.021 L, 

and 0.447 L at end-cycle and 0.440 L, 0.034 L, and 0.406 L 

at mid-cycle. Group means for ABVI, ABVT, and ABVE were 

0.267 L, -0.046 L, and 0.313 L at end-cycle, and 0.143 L, 

-0.129 L, 0.272 L at mid-cycle. The relative contribution 

of the rib cage to LVE averaged 59.4% at end-cycle, and 

58.7% at mid-cycle. 

The session means for the monologue task are provided in 

the second half of Table 19. Mean LVI, LVT, and LVE were 

0.774 L, -0.004 L, and 0.778 L at end-cycle, and 0.595 L, 

-0.085 L, and 0.680 L at mid-cycle. Group means for RCVI, 

RCVT, and RCVE were 0.408 L, -0.077 L, and 0.485 L at end

cycle, and 0.415, -0.003 L, and 0.417 L at mid-cycle. Group 

means for ABVI, ABVT, and ABVE were 0.366 L, 0.073 L, and 

0.293 L at end-cycle, and 0.180 L, -0.083 L, and 0.263 L at 

------~--------------------. 
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Table 19. Group means and standard deviations for the 

variables pertaining to the entire breath group for reading 

and monologue tasks for the PD subjects at the end and the 

middle of the drug cycle. (N = 11) 

Reading 

Variable 

LVI 

LYT 

LYE 

RCVI 

RCYT 

RCYE 

ABVI 

ABVT 

ABYE 

%RC 

Monologue 

variable 

LVI 

LVT 

LYE 

RCVI 

RCYT 

RCYE 

ABVI 

ABVT 

ABYE 

%RC 

End-cycle 

Mean 

0.735 

- 0.025 

0.760 

0.468 

0.021 

0.447 

0.267 

- 0 .046 

0.313 

59.4 

J...S..I:U. 

(0.485) 

(0.548) 

(0.295) 

(0.214) 

(0.312) 

(0.195) 

(0.299) 

(0.303) 

(0.177) 

(16.3) 

End-cycle 

Maan 

0.774 

- 0.004 

0.778 

0.408 

- 0.077 

0.485 

0.366 

0.073 

0.293 

63.7 

J...S..I:U. 

(0.394) 

(0.469) 

(0.279) 

(0.203) 

(0.272) 

(0.197) 

(0.318) 

(0.305) 

(0.171) 

(14.4) 

Mid-cycle 

Me.an. 

0.583 

- 0.095 

0.678 

0.440 

0.034 

0.406 

0.143 

- 0 .129 

0.272 

58.6 

l.S.lll. 

(0.370) 

(0.403) 

(0.219) 

(0.237) 

(0.222) 

(0.204) 

(0.209) 

(0.230) 

(0.157) 

(20.8) 

Mid-cycle 

Me.an. 

0.595 

- 0.085 

0.680 

0.415 

- 0.003 

0.417 

0.180 

- 0.083 

0.263 

60.3 

...lSD.l. 

(0.389) 

(0.379) 

(0.157) 

(0.286) 

(0.188) 

(0.171) 

(0.180) 

(0.227) 

(0.129) 

(19.2) 
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NQt.e.. 

LVI = lung volume 'initiation (L) 

LVT lung volume termination (L) 

LVE = lung volume excursion (L) 

RCVI = rib cage volume initiation (L) 

RCVT = rib cage volume termination (L) 

RCVE = rib cage volume excursion (L) 

ABVI = abdominal volume initiation (L) 

ABVT = abdominal volume termination (L) 

ABVE = abdominal volume excursion (L) 

%RC = relative contribution of the rib cage (%RC) 
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mid-cycle. Relative contribution of the rib cage averaged 

63.7% at end-cycle and 60.3% at mid-cycle. 

The standard deviations for the group data are provided 

in Table 19. For most.variables, there was greater 

dispersion among the subjects for the end-cycle session than 

the mid-cycle session. 

A four-variable profile (ABVI, ReVI, ABVT, RCVT) was used 

to describe the breath group for the multivariate analysis. 

The data from 11 subjects (PD03, PD06, and PD09 were 

excluded as explained previously) were tested with a 

repeated-measures MANOVA with 2 within-subjects factors 

(drug-cycle session and task). Results from this analysis 

and follow-up analyses are provided in Table 20. 

A difference between the 2 drug-cycle sessions was not 

detected by the multivariate analysis [!(4,7)=2.l7, 

£=0.174J. A task effect was significant [F(4,7)=4.00, 

£=0.053J. Follow-up univariate analyses were conducted for 

the task effect; results are listed in Table 20. Most of 

the variability between tasks was explained by larger 

abdominal volumes at the initiation and termination of 

breath groups for the monologue [F(1,10)=4.3l, p=0.065; and 

!(1,10)=10.236, £=0.010: respectivelyJ. There was no 

interaction between task and drug-cycle session. 



Table 20. Multivariate and univariate analyses for the 

breath group data comparison between the two drug-cycle 

sessions (N = 11). Two tasks: Reading and Monologue. 

Multivariate Analyses (MANOVA): 

Variables: RCVI, RCVT, ABVI, ABVT 

Effect 

Drug 

Task 

Drug x Task 

£(4,7) 

2.174 

4.004 

0.714 

Po 

0.174 

0.053 * 

0.608 

Univariate Analyses (ANOVA): 

Task Effect 

Variable £(1,10) P. 

LVI 0.170 0.689 

LVT 0.068 0.799 

LVE 0.076 0.788 

RCVI 0.587 0.461 

RCVT 1.503 0.248 

RCVE 1.125 0.314 

ABVI 4.307 0.065 * 

ABVT 10.236 0.010 ** 
ABVE 0.708 0.420 

%RC 2.950 0.117 

* 12< 0.10 

** 12< 0.05 

186 
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Speech Portion of the Breath Group 

Fifteen variables described the data pertaining to the 

portion of the breath group that contained speech. The 

variables for lung, rib cage, and abdominal volume refer to 

the initiation of speech on a breath group (LVIS, RCVIS, 

ABVIS), the termination of speech on a breath group (LVTS, 

RCVTS, ABVTS), and the excursion between these two points 

(LVES, RCVES, ABVES). All of these measures were referenced 

to REL. The %RCS represents the relative contribution of 

the rib cage to LVES. Two additional variables were 

extracted from the data: the number of syllables produced 

per breath group and the duration of speech produced on a 

breath group (pauses were excluded). The remaining 

variables included to describe the data are LVES/syllable, 

LVES/second, and interpause speech rate (syllables produced 

per second of speech). 

Means for these variables are provided in Appendix E for 

individual PD subjects for the two drug-cycle sessions. 

Group means and standard deviations across the drug-cycle 

sessions are provided in Table 21 and results from 

inferential statistical analyses are listed in Table 22. As 

explained in the previous section, certain data were missing 

from the chest-wall kinematic data. Data from Subjects 

PD03, PD06, and PD09 are missing from the descriptive and 

inferential statistical analyses in this section. 
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Table 21. Group means and standard deviations for the speech 

portion of the breath group for the reading and monologue 

tasks for the PD subjects at the end and the middle of the 

drug cycle. (N = 11) 

Reading 

End-cycle Mid-cycle 

Variable ~ l..SJ2l. ~ l..SJ2l. 

LVIS 0.730 (0.478) 0.581 (0.369) 

LVTS 0.040 (0.598) - 0.064 (0.391) 

LVES 0.690 (0.269) 0.644 (0.192) 

RCVIS 0.468 (0.213) 0.440 (0.237) 

RCVTS 0.056 (0.336) 0.053 (0.204) 

RCVES 0.412 (0.201) 0.387 (0.177) 

ABVIS 0.262 (0.295) 0.141 (0.206) 

ABVTS - 0.016 (0.313) -0.116 (0.223) 

ABVES 0.278 (0.126) 0.257 (0.144) 

%RCS 57.9 (18.7) 59.1 (20.1) 

syllables 13.4 (4.27) 13.0 (4.28) 

duration 2.54 (0.751) 2.57 (0.664) 

LVES/syllable 0.056 (0.014) 0.058 (0.020) 

LVES/duration 0.286 (0.080) 0.266 (0.069) 

speech rate 5.30 (0.77) 5.09 (0.82) 
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Monologue 

End-cycle Mid-~y~le 

Variable Maan .1.S.IU. Maan J.S.llL 

LVIS 0.764 (0.391) 0.593 (0.391) 

LVTS 0.107 (0.470) - 0.043 (0.365) 

LVES 0.658 (0.223) 0.637 (0.110) 

RCVIS 0.406 (0.201) 0.415 (0.287) 

RCVTS - 0.013 (0.260) 0.022 (0.174) 

RCVES 0.419 (0.195) 0.393 (0.155) 

ABVIS 0.358 (0.314) 0.178 (0.179) 

ABVTS 0.120 (0.304) -0.066 (0.221) 

ABVES 0.238 (0.087) 0.243 (0.108) 

%RCS 61.7 (16.6) 59.6 (19.6) 

syllables 11.5 (3.11) 11.7 (3.56) 

duration 2.25 (0.58) 2.44 (0.67 ) 

LVES/syllable 0.069 (0.021) 0.068 (0.021) 

LVES/duration 0.326 (0.097) 0.298 (0.081) 

speech rate 5.20 (0.89) 4.82 (0.66) 

N.Q.t.e... 

Variable names are the same as those in Table 10 except that 

"S" has been added to signify the ,apeech portion of the 

breath group. In addition: 

syllable = number of syllables 

duration = duration of speech excluding pauses (sec) 

LVES/syllable = lung volume excursion per syllable 

LVES/duration 

speech rate 

(L/syllable) 

lung volume excurstion per duration of 

speech (L/sec) 

= interpause speech rate (syllables/sec) 
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The group means for the reading task are presented first 

in Table 21. For reading, means for LVIS, LVTS, and LVES 

were 0.730 L, 0.040 L, and 0.690 L at end-cycle, and 0.581 

L, -0.064 L, and 0.644 L at mid-cycle. Group means for 

RCVIS, RCVTS, and RCVES were 0.468 L, 0.056 L, and 0.412 L 

at end-cycle, and 0.044 L, 0.053 L, and 0.387 L at mid

cycle. Group means for ABVIS, ABVTS, and ABVES were 0.262 

L, -0.016 L, and 0.278 L at end-cycle, and 0.141 L, -0.0116 

L, and 0.257 L at mid-cycle. The %RC averaged 57.9 at end

cycle and 59.1 at mid-cycle. At end-cycle, PO subjects 

averaged 13.4 syllables per breath group and 2.538 s of 

speech per breath group. At mid-cycle, an average of 13.0 

syllables and 2.568 s of speech were produced per breath 

group. LVES expended per syllable was 0.056 L at end-cycle 

and 0.058 L at mid-cycle on average. LVES expended per 

second of speech was 0.286 L at end-cycle and 0.266 L at 

mid-cycle. Interpause speech rate averaged 5.304 

syllables/s at end-cycle and 5.090 syllables/s at mid

cycle. 

The session means for the monologue task are presented in 

the second half of Table 21. For monologue, means for LVIS, 

LVTS, and LVES were 0.764 L, 0.107 L, and 0.658 L at end

cycle, and 0.593 L, -0.043 L, and 0.637 L at mid-cycle. 

Group means for RCVIS, RCVTS, and RCVES were 0.406 L, -0.013 

L, and 0.419 L at end-cycle, and 0.415 L, 0.022 L, and 0.393 

L at mid-cycle. Group means for ABVIS, ABVTS, and ABVES 
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were 0.358 L, 0.120 L, and 0.238 L at end-cycle, and 0.178 

L, -0.066 L, and 0.243 L at mid-cycle. The %RCS averaged 

61.7 at end-cycle and 59.6 at mid-cycle. At end-cycle, PD 

subjects averaged 11.5 syllables per breath group and 2.249 

s of speech per breath group. At mid-cycle, 11.7 syllables 

and 2.440 s of speech were produced per breath group on 

average. LVES expended per syllable averaged 0.069 Land 

end-cycle and 0.068 L at mid-cycle. LVES expended per 

second of speech averaged 0.326 L at end-cycle and 0.298 L 

at mid-cycle. Interpause speech rate for the monologue task 

averaged 5.204 syllables/s at end-cycle and 4.820 

syllables/s at mid-cycle. 

An indication of the variability between subjects is 

given by the standard deviations listed in Table 21. As 

before with the results for the entire breath group, 

variability was often greater at end-cycle than at mid

cycle. The variables pertaining to syllables and duration 

of speech had comparable degrees of dispersion for the two 

drug-cycle sessions. 

A repeated-measures MANOVA with 2 within-subjects factors 

(drug-cycle session and task) was conducted with 6 variables 

which described the data completely (RCVIS, RCVTS, ABVIS, 

ABVTS, syllables, and duration). The results from this 

analysis, presented in Table 22, were not indicative of a 

distinct difference between the two drug-cycle sessions 

[F(6,8}=3.46, p=0.097]. However, the significance level 

-_. -----------------
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Table 22. Multivariate and univariate analyses for the 

speech portion of the breath group comparison between the 

two drug-cycle sessions (N = 11). Two tasks: Reading and 

Monologue. 

Multivariate analyses (MANOVA): 

Variables: RCVIS, RCVTS, ABVIS, ABVTS, syllable, duration 

Effect 

Drug 

Task 

Drug x Task 

1E.(6,5) 

3.462 

12.670 

0.446 

R 

0.097 * 
0.007 *** 

0.823 

Univariate analyses (ANOVA) : 

12Z;:l:!g-~~S~iQD 

Y;;u;:is;!bl~ .f.(1,13) R 

LVIS 1.520 0.246 

LVTS 1.014 0.338 

LVES 0.573 0.466 

RCVIS 0.012 0.916 

RCVTS 0.046 0.834 

RCVES 0.310 0.590 

ABVIS 4.498 0.060 * 

ABVTS 5.015 0.049 ** 

ABVES 0.074 0.792 

%RCS 0.006 0.940 

syllable 0.010 0.923 

duration 0.494 0.498 

LVES/syllable 0.000 0.988 

LVES/duration 0.748 0.407 

speech rate 5.411 0.042 ** 

* bl < 0.10 
** II < 0.05 
*** ;p. < 0.01 

~ 

£(1,13) II 

0.138 0.718 

0.529 0.484 

0.308 0.591 

0.602 0.456 

0.830 0.384 

0.082 0.780 

4.106 0.070 * 

14.092 0.004 *** 

2.411 0.152 

1.014 0.338 

10.562 0.009 *** 
5.022 0.049 ** 

37.319 0.000 *** 
36.972 0.000 *** 

3.131 0.107 
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from this analysis can be considered to be borderline and 

the relationships between the individual variables worth 

investigating. Follow-up univariate analyses were 

conducted, and results are listed in Table 22. No 

difference between the drug-cycle sessions was found for any 

variable pertaining to lung volume or rib cage volume. 

Likewise, there appeared to be no difference between 

sessions for ABVES, %RCS, the number of syllables produced 

per breath group, the duration of speech on the breath 

group, LVES/syllable, and LVES/second. Three variables that 

did appear to differ between the sessions were ABVIS 

[F(1,10)=4.50, E=0.060J, ABVTS [F(1,13)=5.02, £=0.049J, and 

interpause speech rate [F(1,10)=5.4l, £=0.042J -- all three 

were greater for the end-cycle session than for the mid

cycle session. 

When data were averaged over the 11 subjects, a 

significant task effect was found [F(6,5)=12.67, £=0.007J. 

Follow-up univariate analyses failed to detect between-task 

differences for variables pertaining to lung volume, rib 

cage volume, ABVES, %RC, and interpause speech rate. 

Differences were found for ABVIS [F(I,10)=4.ll, £=0.070J, 

ABVTS [F(1,10)=14.09, £=0.004J, syllables [F(1,10)=10.56, 

p=0.009J, duration [F(1,10)=5.02, p=0.049J, LVES/syllable 

[f(1,10)=37.32, £=O.OOOJ, and LVES/second [~(1,10)=36.97, 

£=O.OOOJ. ABVIS and ABVTS were greater for the monologue 

task than the reading task. Syllables produced and duration 
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of speech per breath group were lesser for monologue 

production. LVES per syllable and per second were greater 

for the monologue task. 

No interaction was detected between tasks and drug-cycle 

sessions. Therefore, the results reported for the drug

cycle sessions are consistent for both tasks, and the 

results reported for the tasks are consistent for both drug

cycle sessions. 

Inspiratory Duration between Breath Groups 

The durations of inspirations between speech breath 

groups were compared for the two drug-cycle sessions for PD 

subjects. Individual subject data are provided in Appendix 

F. Group means and standard deviations are listed in Table 

23 and the results from the within-subject (2 factors: 

drug-cycle session and task) repeated-measures ANOVA are 

provided in Table 24. 

The means and standard deviations for each drug-cycle 

session across each task are provided in Table 23. For the 

reading task, inspiratory durations averaged 0.594 s at end

cycle and 0.569 s at mid-cycle. For monologue, inspiratory 

durations averaged 0.723 s at end-cycle and 0.682 s at mid

cycle. Standard deviations were comparable between the 

sessions. 

As the results for the ANOVA listed in Table 24 indicate, 

no difference in inspiratory duration was found between the 
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Table 23. Group means and standard deviations for 

inspiratory durations for reading and monologue tasks for 

the PD subjects at the end and the middle of the drug 

cycle (N = 12). 

Reading 

Variable 

Inspiratory 

duration 

MODOlogue 

~aJ:iable 

Inspiratory 

duration 

E;nd-cycle 

M 

0.594 (0.112) 

E;nd-cycle 

M ...LSlll. 

0.723 (0.169) 

Mid-cycle 

M 

0.569 (0.096) 

MiQ-QYQle 

M J.Slll.. 

0.682 (0.189) 

Table 24. Univariate analysis for inspiratory duration 

for the comparison of the two drug-cycle sessions 

(N = 12). Two tasks: Reading and Monologue. 

Univariate analysis (ANOVA): 

Variable: Inspiratory duration 

E;ffeQt £(1,11) !2. 

Drug 2.207 0.166 

Task 8.441 0.014 ** 
Drug x Task 0.193 0.669 

** p < 0.05 



two drug-cycle sessions [F(l,ll}=2.207, E=O.166]. A 

significant difference between tasks was found 
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[F(l,ll}=8.44l, E=O.014]. This difference was characterized 

by shorter inspiratory durations for reading than for 

monologue. No group by task interaction was found 

[!(l,ll)=O.193, p=O.669]. 

Oral and Tracheal Pressure 

Means for oral and tracheal pressures for each drug-cycle 

session for individual PD subjects are provided in Appendix 

G. Group means and standard deviations for the end-cycle 

and mid-cycle sessions for the PD subjects are listed in 

Table 25. 6,7 Subjects PD12 and PD13 were not included in 

this analysis due to missing data. Tracheal pressure data 

were missing for Subject PD13 at end-cycle,8 and oral 

6 Subjp.ct PD09 was unable to talk during mid-cycle on 
the day of data collection. Instead, the pressure data that 
were recorded during his practice session, one day earlier, 
were used. These data were collected 1 hr 45 min after 
taking medication. 

7 Pressure data and chest-wall kinematic data were 
collected 3 weeks apart for Subjects HC08 and HC12. A 
calibration error resulted in peak-clipping of the pressure 
data from Subject HC08's original session. He returned 3 
weeks later to provide pressure data. The kinematic data 
from Subject HC12's original session were unusable because 
of noise interference. Therefore, the pressure data were 
taken from his original session and the chest-wall kinematic 
data were collected 3 weeks later. 

8 Peak-clipping occurred for the tracheal pressure 
data at end-cycle, as explained in Footnote 7. In addition, 
the same problem affected both oral and tracheal pressure 
measures at mid-cycle. The subject returned 1 month after 
the initial data collection session and provided pressure 

-----.---~-. 
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Table 25. Group means and standard deviations for 

pressure for the PD subjects at the end and the middle of 

the drug cycle (N = 12). 

oral pressure 

tracheal pressure 

End-cycle 

M -LSlll. 

4.87 (1.82) 

5.96 (2.05) 

Mid-cycle 

M -LSlll. 

5.39 (1.40) 

6.10 (1.86) 

Table 26. Multivariate analysis for pressure for the 

comparison of the two drug-cycle sessions (N = 12) . 

Multivariate analysis (MANOVA) 

variables: 

Effect 

Group 

oral pressure, tracheal pressure 

£(2,10) 

1. 076 

:bl 

0.377 
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pressure data were not available for Subject PD12 at mid-

cycle because the subject wore nose clips for all syllable 

productions. Available data for these subjects are included 

in Appendix G and appear to be typical for the group. 

Oral pressure averaged 4.9 cmH20 at end-cycle and 5.4 

cmH 20 at mid-cycle for PD subjects. Tracheal pressure 

averaged 6.0 cmH ° at end-cycle and 6.1 cmH20 at mid-cycle. 

The standard deviations for oral and tracheal pressures 

tended to be greater for end-cycle data. 

Results from inferential statistical analyses are listed 

in Table 26. Data were analyzed with a within-subject (one 

factor: drug-cycle session) MANOVA. The two variables 

included in the analysis were oral pressure and tracheal 

pressure. No difference was detected between the end-cycle 

and mid-cycle sessions [F(2,10)=l.076, E=0.377]. 

Summary of Speech Breathing Results for the Comparison of 

the End and Middle of the Drug Cycle for Subjects with 

Parkinson Disease 

A summary of the speech breathing results for the 

comparison of the drug-cycle sessions for PD subjects is 

provided in Table 27. Only variables that were found to be 

significantly different are included in this table. For the 

data at approximately the middle of his drug cycle (1 hr 15 
min after taking medication; UPDRS, Part III = 16.9; Part V 
= 2.5). 



Table 27. Summary of the results for speech breathing 

for the comparison between the two drug-cycle sessions 

for the PD subjects. 
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A. Results for the breath group. (No difference overall.) 

End-cycle Mid-cycle 

B. Results for the speech portion of the breath group. 

End-cycle Mid-cycle 

ABVIS > * 

ABVTS > ** 
interpause speech rate > ** 

* 12. < 0.10 

** P. < 0.05 

~. 

ABVI = abdominal volume initiation 

ABVT = abdominal volume termination 
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analysis of the entire breath group, no difference was 

detected between sessions. The results from the 

multivariate analysis which examined the speech portion of 

the breath group provided an indication of a possible 

difference between the sessions. Follow-up univariate 

analyses indicated that differences occurred between the 

end-cycle and mid-cycle sessions for 3 of 15 variables used 

to describe the data. Abdominal volume at the initiation 

and termination of speech and interpause speech rate tended 

to be greater at end-cycle. No differences between the 

drug-cycle sessions were detected for inspiratory duration 

or pressure data. 

Perceptual Studies 

Perceptual Study by Experienced Listeners 

Three speech-language pathologists each with normal 

hearing and more than 10 years experience working with 

adults with neurogenic communication disorders judged speech 

samples. Forty-two samples, comprising one reading sample 

from each of the 14 He subject and each of the 14 PD subject 

for each of the two drug-cycle sessions, were included on 

the listening tape. Listeners judged 20 characteristics, 

representing characteristics of articulation, nasality, 

voice quality, loudness, pitch, speech rate, and phrasing, 

as normal, or mildly, moderately, or severely defective. In 

addition, they judged ~"'hether the speech ,.,.as normal or 
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defective, and to what degree, overall. Listeners were 

instructed to add descriptors that were not listed if they 

perceived additional characteristics of note. 

Results for each of the He subjects are listed in Table 

28. Results for each of the PD subjects for the end-cycle 

session and mid-cycle session are listed in Tables 29 and 

30, respectively. Only characteristics judged as at least 

mildly defective by at least one listener are listed. The 

number of listeners selecting "normal" or a particular 

degree of severity is listed parenthetically. The 

characteristics for each subject are listed in order of 

presumed severity, which was determined based on the degree 

of severity judgment given by the listeners and the number 

of listeners choosing the characteristic. Judgments for the 

"OVERALL II description are included for each subject even if 

all 3 listeners selected "normal." 

Every subject, whether He or PD, received judgments of at 

least 2 defective characteristics. Only 3 He subjects were 

perceived as having normal speech by all 3 listeners. 

However, He-subject samples never received a judgment of 

moderate or severe for any characteristic, and 

characteristics were most often judged as mild by only one 

listener (62 characteristics across all 14 He subjects were 

selected as mild: 53 were by 1 listener, 7 were by 2 

listeners, and 2 were by all 3 listeners). Two 

characteristics, mild "vocal fry" and mild "lacks oral 
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Table 28. Judgments by experienced listeners for the HC 
subjects' speech samples. 

Subject HCOI 
breathy voice mild (1 ), normal (2 ) 
hoarse voice mild (1), normal (2) 
OVERALL NORMAL (3) 

Subject HC02 
low pitch mild (3 ) 
hyponasal mild ( "" ~ i , normal (1 ) 
breathy voice mild (1 ), normal (2) 
hoarse voice mild (1), normal (2) 
OVERALL NORMAL (3) 

Subject HC03 
fast rate mild (2 ), normal (1) 
hypernasal mild ( 1 ) , normal (2) 
monopitch mild (1 ), normal ( 2 ) 
OVERALL MILD ( 1 ) , NORMAL (2 ) 

Subject HC04 
imprecise articulation mild ( 3) 
hypernasal mild (2) , normal (1) 
hyponasal mild (1 ), normal ( 2) 
breathy voice mild (1 ), normal (2) 
hoarse voice mild (1), normal (2) 
low loudness mild (1 ), normal (2 ) 
low pitch mild (1 ), normal (2) 
OVERALL MILD ( 3 ) 

Subject BCOS 
hyponasal mild (1 ), normal (2 ) 
breathy voice mild ( 1 ) , normal (2 ) 
low pitch mild (l ), normal (2 ) 
fast rate mild (1 ), normal (2 ) 
OVERALL MILD (1 ), NORMAL ( 2 ) 

Subject HC06 
low pitch mild (2 ), normal ( 1 ) 
hyponasal mild (1 ), normal (2) 
breathy voice mild (1 ), normal (2 ) 
hoarse voice mild (1 ), normal (2) 
tremulous voice mild ( 1 ) , normal (2) 
OVERALL MILD (1 ), NORMAL (2) 
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Subject HC07 
low pitch mild (2 ), normal (1) 
breathy voice mild (1 ), normal (2) 
hoarse voice mild (1 ), normal (2 ) 
fast rate mild (1), normal (2) 
vocal fry mild (1 ) 
OVERALL MILD (1), NORMAL (2) 

Subject HC08 
fast rate mild (2 ), normal (1) 
hypernasal mild (l) , normal (2) 
hyponasal mild (l ), normal (2) 
breathy voice mild (1), normal (2) 
hoarse voice mild (1 ), normal (2 ) 
lacks oral resonance mild (l) 
OVERALL MILD (2 ), NORMAL ( 1 ) 

Subj ect HC09 
hyponasal mild (2 ), normal ( 1 ) 
hypernasal mild (l) , normal (2) 
breathy voice mild (l ), normal (2 ) 
hoarse voice mild (1) , normal (2) 
OVERALL MILD (1), NORMAL (2) 

SUbject HClO 
hypernasal mild (l ), normal ( 2 ) 
hoarse voice mild (l ), normal (2) 
high pitch mild (1), normal (2) 
slow rate mild ( 1 ) , normal (2) 
fast rate mild (l ), normal (2) 
inappropriate phrasing mild (1), normal (2 ) 
vocal fry mild ( 1 ) 
OVERALL MILD ( 2), NORMAL (l) 

Subject HCll 
hyponasal mild (1), normal ( 2 ) 
breathy voice mild ( 1 ) , normal (2) 
low pitch mild (l ), normal (2 ) 
slow rate mild (l ), normal (2) 
OVERALL MILD (l ), NORMAL (2 ) 

Subject HCl2 
breathy voice mild (l ), normal (2 ) 
hoarse voice mild (l ), normal (2) 
slow rate mild (l ), normal (2 ) 
OVERALL NORMAL (3) 
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Subject HC13 
hyper nasal mild ( 1 ) , normal (2 ) 
hyponasal mild (1), normal (2) 
harsh voice mild (1 ), normal (2 ) 
low pitch mild (1 ), normal (2) 
inappropriate phrasing mild (1 ), normal (2 ) 
OVERALL MILD (1), NORMAL (2) 

SUbject HC14 
imprecise articulation mild (1 ), normal (2 ) 
hypernasal mild (1) , normal (2) 
hyponasa1 mild (1 ), normal (2 ) 
breathy voice mild (1 ), normal (2) 
monopitch mild (1 ), normal (2 ) 
fast rate mild (1 ), normal (2 ) 
OVERALL MILD (1) , NORMAL (2 ) 

Table 29. Judgments by experienced listeners of PD 
subjects' speech samples from approximately the end of the 
drug cycle. 

Subject POOl 
breathy voice 
inappropriate phrasing 
tremulous voice 
accelerating rate 
imprecise articulation 
low pitch 
slow rate 
hoarse voice 
hypernasal 
high pitch 
short phrasing 
OVERALL 

Subject PD02 
inappropriate phrasing 
low loudness 
imprecise articulation 
monoloudness 
fast rate 
breathy voice 
hoarse voice 
monopitch 
accelerating rate 
short phrasing 
low pitch 
hypernasal 
tremulous voice 
OVERALL 

moderate ( 1) , mild (2) 
moderate (1) , mild (2) 
moderate (1) , mild (I), normal ( 1 ) 
moderate (1 ), normal (2) 
mild (2), normal (1 ) 
mild (2), normal (1) 
mild (2), normal (1 ) 
mild ( 1 ) , normal (2 ) 
mi ld (1), normal ( 2 ) 
mild (1), normal (2 ) 
mild (I), normal ( 2 ) 
MODERATE (1), MILD (2) 

severe (1), moderate (1), normal (1) 
severe (I), normal (2) 
moderate (2), mild (1) 
moderate (2), normal (1) 
moderate (2), normal (1) 
moderate (1), mild (2) 
moderate (1), mild (1), normal (1) 
moderate (1), normal (2) 
moderate (1), normal (2) 
moderate (1), normal (2) 
mild (2), normal (1) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (3) 



Subj ect PD03 
hoarse voice 
low pitch 
monopitch 
fast rate 
vocal fry 
strained-strangled 
low loudness 
monoloudness 
long phrasing 
OVERALL 

Subject PDD4 

moderate (1), mild (1), normal 
moderate (1), mild (1), normal 
moderate (1), normal (2) 
mild (2), normal (I) 
mild (2) 

voice mild (I), normal (2) 
mild (1), normal (2) 
mild (I), normal (2) 
mild (I), normal (2) 
MILD (3) 

moderate (I), mild (2) 
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(1 ) 
(I) 

imprecise articulation 
hoarse voice 
tremulous voice 

moderate (I), mild (I), normal (I) 
moderate (I), normal (2) 

low pitch 
accelerating rate 
hypernasal 
breathy voice 
monoloudness 
short phrasing 
inappropriate phrasing 
OVERALL 

Subject PDDS 
imprecise articulation 
accelerating rate 
short phrasing 
inappropriate phrasing 
breathy voice 
hoarse voice 
low loudness 
hypernasal 
monoloudness 
low pitch 
monopitch 
slow rate 
OVERALL 

mild (2), normal (I) 
mild (2), normal (I) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (2), MILD (1) 

moderate ( 1 ) , mild (2) 
moderate (I) , mild (2) 
moderate (1 ), mild (2 ) 
moderate (I) , normal (2) 
mild (3) 
mild (2), normal (1) 
mild (2), normal (1 ) 
mild (1), normal (2) 
mild (I), normal (2 ) 
mild (1), normal (2) 
mild (1), normal (2 ) 
mild (I), normal (2) 
MODERATE (3) 



Subject PD06 
breathy voice 
hoarse voice 
inappropriate phrasing 
tremulous voice 
strained-strangled voice 
low loudness 
low pitch 
monopitch 
imprecise articulation 
slow rate 
accelerating rate 
short phrasing 
OVERALL 

Subj ect PD07 
low pitch 
imprecise articulation 
hypernasal 
breathy voice 
hoarse voice 
monopitch 
inappropriate phrasing 
low loudness 
fast rate 
OVERALL 

Subject PD08 
imprecise articulation 
hypernasal 
breathy voice 
hoarse voice 
low pitch 
high pitch 
fast rate 
OVERALL 

Subject PD09 
hypernasal 
fast rate 
inappropriate phrasing 
low loudness 
monopitch 
imprecise articulation 
breathy voice 
hoarse voice 
monoloudness 
OVERALL 

- - - ---------------------------.---

moderate (1 ), mild (2) 
moderate (1) , mild (1), normal 
moderate (1 ), mild (1), normal 
moderate (2), normal (1 ) 
moderate (1) , normal (2) 
mild (3) 
mild (2), normal (1 ) 
mild (2), normal (1) 
mild (I), normal (2) 
mild (1), normal (2) 
mild (1), normal (2 ) 
mild (1), normal (2) 
MODERATE (3) 

moderate (1), mild (1), 
mild (2), normal (1) 
mild (2), normal (1) 
mild (2), normal (1) 
mild (2 ), normal ( 1 ) 
mild ( 2 ) , normal (1 ) 
mild (2), normal (1 ) 
mild (1) , normal (2) 
mild (1), normal ( 2 ) 
MILD (3) 

mild (2 ), normal ( 1 ) 
mild (1 ), normal (2 ) 
mild (1 ), normal (2 ) 
mild ( 1 ) , normal (2 ) 
mild (1 ), normal (2 ) 
mild (1) , normal (2) 
mild (1), normal (2 ) 
MILD ( 2), NORMAL (1 ) 

moderate (2), mild (1) 
moderate (2), mild (1) 
moderate (2), normal (1) 

normal 
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(1 ) 
(1 ) 

(1 ) 

moderate (1), mild (1), normal (1) 
moderate (1), mild (1), normal (1) 
mild (3) 
mild (2), normal (1) 
mild (2), normal (1) 
mild (1), normal (2) 
MODERATE (3) 



Subject PDlO 
fast rate 
hypernasal 
imprecise articulation 
breathy voice 
monopitch 
hoarse voice 
low loudness 
monoloudness 
inappropriate phrasing 
OVERALL 

Subject PDll 
hyponasal 
low pitch 
fast rate 
breathy voice 
OVERALL 

Subject PD12 
tremulous voice 
fast rate 
imprecise articulation 
short phrasing 
hypernasal 
hyponasal 
breathy voice 
monopitch 
accelerating rate 
inappropriate phrasing 
OVERALL 

Subject PD13 
low pitch 
imprecise articulation 
hypernasal 
breathy voice 
hoarse voice 
tremulous voice 
monopitch 
inappropriate phrasing 
OVERALL 

moderate (3) 
moderate (2), normal (1) 
moderate (1), mild (2) 
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moderate (1), mild (1), normal (1) 
mild (2), normal (1) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (3) 

moderate (1), mild (1), normal (1) 
mild (2), normal (1) 
mild (2), normal (1) 
mild (1), normal (2) 
MILD (2), NORMAL (1) 

moderate (1), mild (1), normal (1) 
moderate (1), mild (1), normal (1) 
mild (2), normal (1) 
mild (2), normal (1) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (1), MILD (2) 

mild ( 3) 
mild ( 2), normal (1 ) 
mild (1 ), normal ( 2 ) 
mild ( 1 ) , normal (2 ) 
mild ( 1 ) , normal (2 ) 
mild (1) , normal (2) 
mild (1 ), normal (2 ) 
mild (1 ), normal (2) 
MILD (2 ), NORMAL (1 ) 

---~~---------.-------------.-"----



Subject PD14 
breathy voice 
low loudness 
imprecise articulation 
fast rate 
inappropriate phrasing 
hypernasal 
hoarse voice 
monoloudness 
high pitch 
monopitch 
accelerating rate 
OVERALL 
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moderate (1), mild (I), normal (1) 
moderate (1), normal (2) 
mild (2), normal (I) 
mild (2), normal (1) 
mild (2), normal (1) 
mild (I), normal (2) 
mild (I), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (I), normal (2) 
MILD (3) 

Table 30. Judgments by experienced listeners of PD 
subjects' speech samples 
the drug cycle. 

Subject PDOI 
imprecise articulation 
monopitch 
slow rate 
hoarse voice 
hypernasal 
hyponasal 
breathy voice 
tremulous voice 
low loudness 
low pitch 
accelerating rate 
short phras ing 
inappropriate phrasing 
vocal fry 
OVERALL 

Subj ect PD02 
low loudness 
imprecise articulation 
breathy voice 
low pitch 
monopitch 
fast rate 
short phrasing 
hoarse voice 
strained-strangled voice 
mono loudness 
slow rate 
accelerating rate 
OVERALL 

from approximately the middle of 

mild (3) 
mild ( 2), normal (1 ) 
mild (2 ), normal (1) 
mild ( 2), normal ( 1 ) 
mild (1 ), normal (2) 
mild (1 ), normal (2) 
mild (1 ), normal (2 ) 
mild ( 1 ) , normal (2 ) 
mild ( 1 ) , normal (2 ) 
mild (1) , normal (2) 
mild (1 ), normal (2 ) 
mild (1) , normal (2 ) 
mild ( 1 ) , normal (2) 
mild (1) 
MILD (3 ) 

severe (1), moderate (1), normal (1) 
moderate (2), mild (1) 
moderate (2), mild (1) 
moderate (1), mild (1), normal (1) 
moderate (I), mild {I}, normal (1) 
moderate (I), mild (1), normal (1) 
moderate (I), mild (I), normal (1) 
moderate (1), normal (2) 
moderate (I), normal (2) 
moderate (1), normal (2) 
moderate (1), normal (2) 
mild (1), normal (2) 
MODERATE (3) 

----------------------------~--~~~ 
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Subject PD03 
hoarse voice moderate (1 ), mild (1 ), normal (I) 
strained-strangled voice moderate (1) , normal (2 ) 
vocal fry moderate (1 ), mild (1) 
hypernasal mild (1), normal (2) 
breathy voice mild (1) , normal (2) 
mono1oudness mild (1 ), normal (2) 
low pitch mild ( 1 ) , normal (2) 
monopitch mild (1 ), normal (2) 
fast rate mild ( 1 ) , normal (2) 
accelerating rate mild (1) , normal (2) 
short phrasing mild (1 ), normal (2) 
inappropriate phrasing mild (1 ), normal (2) 
OVERALL MILD (3) 

Subj ect PD04 
imprecise articulation moderate (1 ), mild (2) 
hoarse voice mild (2), normal (1 ) 
hypernasal mild (l ), normal (2) 
breathy voice mild (1), normal (2) 
low loudness mild (l ), normal (2 ) 
mono loudness mild (l) , normal (2 ) 
monopitch mild ( 1 ) , normal (2) 
slow rate mild (I ), normal (2) 
accelerating rate mild ( 1 ) , normal ( 2 ) 
inappropriate phrasing mild (l) , normal (2) 
vocal fry mild ( 1 ) 
OVERALL MODERATE (2), MILD (l) 

Sl1bject PDOS 
imprecise articulation moderate ( 2), mild (l) 
monoloudness moderate (2), normal (l) 
hoarse voice moderate ( 1 ) , mild (l ), normal (l) 
short phras ing moderate (I) , mild ( 1 ) , normal (1) 
low loudness moderate (I ), normal (2 ) 
monopitch moderate (l ), normal (2) 
accelerating rate moderate (1 ), normal (2) 
vocal fry moderate (l) 
breathy voice mild (3 ) 
hypernasal mild ( 2), normal (1) 
low pitch mild (2 ), normal (l) 
tremulous voice mild (1) , normal (2) 
slow rate mild ( 1 ) , normal (2) 
fast rate mild ( 1 ) , normal (2) 
inappropriate phrasing mild (I ), normal (2) 
OVERALL MODERATE (3) 



Subject PD06 
imprecise articulation 
hoarse voice 
low pitch 
slow rate 
short phrasing 
inappropriate phrasing 
strained-strangled voice 
accelerating rate 
breathy voice 
low loudness 
monoloudness 
hypernasal 
monopitch 
OVERALL 

Subject PD07 
vocal fry 
imprecise articulation 
hoarse voice 
low pitch 
inappropriate phrasing 
hyponasal 
breathy voice 
strained-strangled voice 
low loudness 
slow rate 
short phrasing 
OVERALL 

Subject PD08 
fast rate 
high pitch 
OVERALL 

Subject PD09 
fast rate 
imprecise articulation 
hyponasal 
inappropriate phrasing 
hypernasal 
breathy voice 
hoarse voice 
low loudness 
monopitch 
OVERALL 
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moderate (1 ), mild (2 ) 
moderate (1) , mild (2) 
moderate (1) , mild (1 ), normal (1 ) 
moderate (1) , mild (1) , normal (1 ) 
moderate (1), mild (1 ), normal (1) 
moderate (1 ), mild (1 ), normal (1) 
moderate (1), normal (2 ) 
moderate (1), normal (2 ) 
mild (2), normal (1) 
mild (2), normal (1 ) 
mild (2), normal (1 ) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (3) 

moderate ( 1 ) 
mild (3) 
mild (2), normal (1 ) 
mild (2), normal ( 1 ) 
mi ld (2), normal (1) 
mild (1 ), normal (2) 
mild (1), normal (2 ) 
mild (1) , normal (2) 
mild ( 1 ) , normal ( 2 ) 
mild (1) , normal (2) 
mild (1), normal ( 2 ) 
MODERATE (1), MILD (2) 

mild ( 3) 
mild (2) , normal (1 ) 
MILD ( 2 ) , NORMAL ( 1 ) 

moderate (1), mild (2) 
moderate (1), mild (1), normal (1) 
moderate (1), normal (2) 
moderate (1), normal (2) 
mild (2), normal (1) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (2), NORMAL (1) 



Subject PDlO 
imprecise articulation 
hypernasal 
hoarse voice 
fast rate 
breathy voice 
low loudness 
monoloudness 
low pitch 
monopitch 
long phrasing 
inappropriate phrasing 
OVERALL 

Subject PDll 
fast rate 
hyponasal 
breathy voice 
monopitch 
OVERALL 

Subj ect PD12 
fast rate 
inappropriate phrasing 
hypernasal 
hyponasal 
breathy voice 
hoarse voice 
OVERALL 

Subject PD13 
imprecise articulation 
breathy voice 
fast rate 
hypernasal 
hoarse voice 
tremulous voice 
OVERALL 

Subj ect PD14 
fast rate 
high pitch 
breathy voice 
imprecise articulation 
hyponasal 
hoarse voice 
low loudness 
long phrasing 
inappropriate phrasing 
OVERALL 

moderate (I), mild (2) 
moderate (I) , mild (I), normal 
moderate (I) , normal (2) 
mild (3) 
mild (2), normal (1) 
mild (2), normal (1) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (2), MILD (1) 

moderate (1), mild (2) 
mild (2), normal ( 1 ) 
mild (1), normal (2 ) 
mild (1), normal (2) 
MILD (2), NORMAL (1) 

moderate (1), mild (2) 
mild (3) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
MILD (2), NORMAL (1) 

mild ( 2 ) , normal (1 ) 
mild (2), normal (1) 
mild (2 ), normal ( 1 ) 
mild ( 1 ) , normal (2) 
mild (1 ), normal ( 2 ) 
mild (l) , normal (2) 
MILD (2 ), NORMAL (1) 

moderate (1), mild (2) 
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(I) 

moderate (I), mild (1), normal (1) 
mild (3) 
mild (2), normal (1) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
mild (1), normal (2) 
MODERATE (1), MILD (1), NORMAL (1) 
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resonance," were added to the list, each by one listener. 

Based on these results for the HC subjects, judgments of 

"moderate" or "severe" by at least 1 listener, and "mild" by 

at least 2 listeners were considered clinically significant. 

Characteristics that meet these minimal criteria are 

discussed below. 

For the samples from the end of the drug cycle, 77 

characteristics across all 14 PD subjects were selected as 

defective. Those most commonly judged as defective were 

imprecise articulation (11 subjects), low pitch and breathy 

voice (8 subjects each), and fast rate, inappropriate 

phrasing, and hoarse voice (7 subjects each). Less 

frequently selected characteristics were monopitch (6 

subjects), low.loudness (5 subjects), accelerating rate and 

tremulous voice (4 subjects each), hypernasal and short 

phrasing (3 subjects each), and monoloudness, strained 

voice, hyponasal, and slow rate (1 subject each). In 

addition, mild vocal fry was listed for 1 subject's sample 

by 2 listeners. The number of characteristics selected as 

at least mildly defective by at least 2 listeners or 

moderately defective by at least 1 listener for each subject 

ranged from 1 (for Subject PD08) to 11 (for Subject PD02). 

Overall speech defectiveness was judged as moderate by all 3 

listeners for 5 PD subjects (P002, P005, P006, PD09, PDIO), 

2 listeners for 1 PD subject (P004), and 1 listener for 2 PO 

subjects (PDOl, POI2). Overall speech defectiveness \'las 
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judged as mild by all 3 listeners for 3 PO subjects (P003, 

P007, P014), and by 2 listeners for 3 PO subjects (PD08, 

POll, P013). No PO subject's speech was judged as normal by 

2 or 3 listeners. In summary, the speech of PO subjects 

when at approximately the end of the drug cycle ranged from 

mildly to moderately defective. 

Sixty-eight characteristics were judged as defective (to 

a clinically significant degree, as defined previously) 

across all 14 PO subjects for the samples from the 

approximate mid-portion of the drug cycle. Most commonly 

selected were imprecise articulation (10 subjects), fast 

rate and hoarse voice (8 subjects each), and breathy voice 

(6 subjects). Other characteristics identified as defective 

were low loudness, low pitch, and inappropriate phrasing (4 

subjects each), short phrasing, strained voice, 

monoloudness, monopitch, slow rate, and hypernasal (3 

subjects each), and hyponasal, accelerating rate, and high 

pitch (2 subjects each). In addition, 3 subjects received 

the description of vocal fry which was considered clinically 

significant, as defined previously. The number of 

characteristics, including vocal fry, judged as defective 

for each subject ranged from 2 (for Subjects P004, P008, 

POll, and P012) to 11 (for Subjects P002, POOS, and PD06). 

Overall speech defectiveness was judged as moderate by all 3 

listeners for 3 PO subjects (PD02, PDOS, PD06), 2 listeners 

for 3 PO subjects (P004, PD09, PDlO), and 1 listener for 2 

- ----------- .. --------.~---
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PD subjects (PD07, PD14). Overall speech defectiveness was 

judged as mild by all 3 listeners for 2 PD subjects (PD01, 

'PD03), and by 2 listeners for 4 PD subjects (PDOa, PDll, 

PD12, PD13). No PD subject's speech was judged as normal by 

2 or 3 listeners. In comparison to the samples from the end 

of the drug cycle, 4 subjects' samples from the mid-portion 

of the drug cycle were judged to be less defective (PD01, 

PD09, PDIO, PD12) and 2 were judged as more defective (PD07, 

PD14) by at least 1 listener. 

In summary, experienced listeners often judged He 

subjects' speech as mildly disordered speech, but more often 

judged PD subjects' speech as disordered and more severely 

disordered across more characteristics. Speech was judged 

across 20 characteristics. Characteristics that were 

selected as moderately or severely disordered by at least 1 

listener or mildly disordered by at least 2 listeners were 

considered to be clinically significant. For the speech 

samples collected at end-cycle, the characteristics cited as 

disordered for 6 or more subjects, from most to least often 

cited, were imprecise articulation, low pitch, breathy 

voice, fast rate, inappropriate phrasing, hoarse voice, and 

monopitch. Overall speech defectiveness was described by 

the majority of listeners as moderate for 6 PD subjects, and 

as mild for a PD subjects at end-cycle. For the speech 

samples collected at mid-cycle, imprecise articulation, fast 

rate, hoarse voice, and breathy voice were described for at 
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least 6 subjects each. The majority of the listeners judged 

the overall speech defectiveness as moderate for 6 PD 

subjects and mild for 7 PD subjects at mid-cycle. The 

remaining PD subject's sample from the mid-cycle session 

received one judgment each for moderate, mild, and normal. 

Perceptual Study by Inexperienced Listeners 

Fifty-one inexperienced listeners judged pairs of speech 

samples. The pairs were composed of two recordings from 

each PD subject reading the second and third sentences of 

"The Rainbow Passage" -- one recording was from the end

cycle session and the other was from the mid-cycle session. 9 

The order of the two samples in each pair as well as the 

order of the pairs on the tape were randomly determined. 

The listeners decided in which sample the speech was 

"better." They were allowed to judge the samples as the 

"same." The number of listeners who judged each sample as 

"better" was used in data analyses. Judgments of "same" 

9 Acoustic data from the day of data collection were 
not available for Subject PD09. At mid-cycle, this subject 
appeared to experience involuntary laryngeal spasms and was 
unable to talk. During the end-cycle session, the DAT 
recording was severely distorted. An unsuccessful attempt 
was made to repeat collection of chest-wall kinematic and 
pressure data 1 month later. During the intervening month, 
this subject had his medication doses adjusted and no longer 
experienced laryngeal spasms during the mid-portion of his 
drug cycles. Acoustic recordings of reading samples at both 
the end and middle of a drug cycle (3 hr 20 min, and 50 min 
after taking medication, respectively) were obtained. These 
samples were used for the perceptual studies. 
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were considered tied events and were removed from the data 

analyses. The number of listeners who preferred each sample 

or judged the two samples as the same are listed in Table 

~1. Results of the statistical analyses performed on the 

data are also provided in Table 31. 

As a group, there was no systematic effect for the speech 

to be judged as better by inexperienced listeners for the 

end-cycle or mid-cycle session (Wilcoxon signed-rank test, 

V=63, Z=O.659, p=O.510). However, there were significant 

differences in the number of students preferring a 

particular sample in·a pair for individual subjects. The 

sign test was performed on the number of listeners choosing 

each sample for each subject. Seven of the 14 subjects were 

judged as having a sample which sounded better than its 

paired sample (see Table 31). Three of these (PD06, PD07, 

and PD10) had speech judged as better for the end-cycle 

session, and 4 (PD02, PD09, PD12, and PD14), for the mid

cycle session. 

In summary, inexperienced listeners did not indicate a 

systematic preference for speech sample produced at end

cycle or mid-cycle by PD subjects as a group. Differences 

were perceived between pairs of samples from the two drug

cycle sessions for individual subjects; speech was judged as 

better at end-cycle for 3 PD subjects and at mid-cycle for 4 

PD subjects. 
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Table 31. Results for the perceptual study by the 

inexperienced listeners. The numbers listed in the table 

under the columns labelled "mid-cycle sample," "end-cycle 

sample," and "same" are the number of listeners choosing 

that option (N = 51 listeners). 

Analysis for the group of speakers 

(Wilcoxon Signed-Rank Test): ~ = 63, Z = .659, ~ 0.510 

Analysis for each speaker (Sign Test) : 

End-cycle Mid-cycle 

Sl2eakeJ: sample sample ~ ~ 

PDOI 23 15 13 0.256 

PD02 6 33 12 0.000 * 
PD03 23 12 16 0.090 

PD04 8 19 24 0.052 

PD05 23 11 17 0.058 

PD06 22 6 23 0.004 * 
PD07 24 10 17 0.024 * 
PD08 11 20 20 0.150 

PD09 6 41 4 0.000 * 
PD10 25 12 14 0.047 * 
PD11 18 10 23 0.185 

PD12 0 50 1 0.000 * 
PD13 9 13 29 0.523 

PD14 7 31 13 0.000 * 

* !2. < 0.05 
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DISCUSSION 

Speech breathing was investigated in 14 men with moderate 

to severe idiopathic Parkinson disease (PD) and 14 men who 

served as healthy control (HC) subjects. subjects were 

matched one-to-one for age, height, and weight. Data from 

each matched pair of subjects were compared to examine 

potential differences between the subject groups. Dependent 

measures addressed four parameters of respiratory function 

which are considered to provide a complete description of 

speech breathing. These parameters are pressure, volume, 

flow, and chest-wall shape. Measures which address these 

parameters were drawn from speech tasks. 

All PD subjects in this investigation were receiving 

antiparkinsonism medication. Because people with Parkinson 

disease may exhibit variations in movement throughout the 

drug cycle, data were collected from two times within a drug 

cycle. The two times corresponded to approximately the 

middle and the end of a drug cycle. The data from the two 

sessions were compared, so that the PD subjects served as 

their own controls. This represents the first study of 

speech breathing in Parkinson disease to examine variability 

across the drug cycle. It should be noted that the 

comparison between subject groups, mentioned above, was 

conducted with data taken from the end of the drug cycle for 

the PD subjects to maximize the likelihood of observing 

speech-breathing abnormalities. 
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As presented in the previous chapter, differences were 

found between the healthy control and Parkinson disease 

subjects for resting breathing and speech breathing. Few 

differences were revealed between the two points within the 

drug cycle for subjects with Parkinson disease. 

The discussion which follows addresses the current 

findings with reference to previous studies of Parkinson 

disease and possible explanations of the findings. Topics 

for discussion are vital capacity, resting tidal breathing, 

speech breathing, perceptual studies, clinical implications, 

and future research. 

Vital Capacity 

Subjects were matched for sex, age, height (before 

disease), and weight. ~1ese criteria were selected in an 

attempt to match subjects with comparable vital capacities. 

If vital capacity for the PD subjects was found to be 

smaller than that for the matched He controls, then this 

difference was assumed to result from the disease. Because 

vital capacity was not included as a dependent measure in 

this investigation, measures of vital capacity are presented 

in the Methods chapter and not in the Results chapter. It 

is included as a topic in the Discussion because vital 

capacity often is reported to be abnormal in PD, and it 

provides helpful background information for the 

interpretation of other respiratory measures. 
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A vital capacity that is less than 80% of the predicted 

value is considered abnormal. In the present investigation, 

one of the PO subjects (P012) and one of the HC subjects 

(HC06) had vi tal capacities that \'1ere smaller than normal. 

This prevalence of abnormally small vital capacity in people 

with PO is lower than that in some of the reports in the 

literature. Five of the 19 subjects studied by Murdoch et 

al. (1989) and 4 of the 14 subjects (with idiopathic PD) 

studied by Neu et al. (1967) had vital capacities smaller 

than 80% of the predicted value. The present results agree 

with those reported by Nugent et ale (1958) and Tzelepis et 

ale (1988): none of the total of 15 subjects with idiopathic 

PO in those two investigations had abnormally small vital 

capacities. 

Reduced vital capacity is usually attributed to the 

mechanical effects of Parkinson disease on the chest wall 

(Critchley, 1981: de la Torre et a1., 1960: MacIntosh, 1977: 

Obenour et al., 1972). Decreased chest-wall compliance is 

the mechanism most often put forth. Many of the reports of 

decreased chest-wall compliance in PO are from clinical 

observations with no published data (Laszewski, 1956: 

MacIntosh, 1977: also see published comments by B. Nashold 

at the end of the Boshes, 1966, publication). However, 

evidence has been provided for increased intercostal muscle 

activity throughout the respiratory cycle by Oelhez & Petit 

(1961): this could result in decreased compliance of the 
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rib-cage wall. In addition, Obenour et ale (1972) found 

reduced chest-wall compliance but normal pulmonary 

compliance in people with Parkinson disease. These studies 

suggest that people with Parkinson disea8~'experience air 

trapping because of limitations on chest wall movement. The 

typical profile for people with air trapping, or a 

restrictive respiratory disorder, is increased residual 

volume and decreased vital capacity. However, the subjects 

in the present investigation did not appear to have a 

significant restrictive disorder. 

Resting Tidal Breathing 

Comparison of Healthy Control and Parkinson Disease Subjects 

Measures related to ventilatory function during resting 

tidal breathing (RTB) were of interest as indicators of 

general-respiratory function and chest-wall biomechanics. 

Breathing at rest was assessed during a 3-minute period of 

RTB while awake. Tidal volume, breathing rate, minute 

volume, and measures related to the movement of the chest

wall were determined for RTB. The subjects with Parldnson 

disease did not appear to differ from the control subjects 

for tidal volume, but did demonstrate signifi.cantly higher 

breathing rate and minute ventilation. In addition, 

differences were discerned between the groups for 

deformation of the chest wall from REL at the termination of 

.~-------------------



inspiration. Each of these findings will be discussed 

below. 
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Although RTB has been reported to be shallow in Parkinson 

disease (MacIntosh, 1977), data-based investigations have 

failed to substa~tiate this claim. The PD subjects in the 

present investigation had an average tidal volume of 0.56 L. 

This value is comparable to values previously reported for 

PD subjects (Gardner et al., 1986; Lilker & Woolf, 1968; 

Murdoch et al., 1989) as well as to normal values 

(Bergofsl<y, 1964; Chebotarv, Korkushko, & Ivanov, 1974; 

Comroe, Forster, Dubois, Briscoe, & Carlsen, 1962; Hoit & 

Hixon, 1987). 

RTB has been reported to be faster than normal in 

Parkinson disease (Boshes, 1966; MacIntosh, 1977), a finding 

that is supported by the data reported in this 

investigation. The breathing rate of 19.1 BPM found for the 

subjects with PD was extremely close to average breathing 

rates reported in the literature for this population CApps 

et al., 1985; Gardner et al., 1986; Lilker & Woolf, 1968; 

Murdoch et al., 1989; Neu et al., 1967). Average breathing 

rates for healthy men are typically reported to be 14 to 16 

BPM CApps et al., 1985; Gardner et al., 1986; Hoit & Hixon, 

1987; Mead, 1960), which agrees closely with the results for 

the control subjects in the present study (M = 15.2 BPM). 

Faster than normal breathing in Parkinson disease could 

be dictated by the compliance of the chest wall or by 



223 

central factors. Chest wall rigidity (bidirectional 

stiffness) could cause reduced compliance of the chest wall, 

as discussed previously. Increased respiratory rate may be 

employed as a strategy to cope with the increased work of 

breathing, as suggested by Apps et al. (1985). However, 

Apps et al. conclude from their sleep study that central 

factors also are important in determining breathing rate. 

They found that subjects with PD decreased their breathing 

rate from .an awake to a sleep state, a phenomenon not 

observed in neurologically normal subjects and one 

suggestive of the possible operation of central mechanisms. 

Resting breathing at rates that are faster than normal 

but at depths that are normal leads to a higher than normal 

minute ventilation. The PD subjects in the present 

investigation had an average minute ventilation of 10.5 LPM 

and the He subjects had an average minute ventilation of 7.3 

LPM. Although the minute ventilation for the present PD 

subjects is somewhat lower than that typically reported 

(Gardner et al., 1986: Murdoch et al., 1989: Neu et al., 

1967: however, see Lilker & Woolf, 1968), the common finding 

that people with PD have higher than normal minute 

ventilation (Gardner et al., 1986: Murdoch et al., 1989: Neu 

et al., 1967) was supported. The reason for the 

discrepancies in the absolute measures of MV between this 

study and other studies is unclear. Murdoch et al. (1989) 

suggested that the high values in their study may have been 

_______________ a _____ .~ __ ~.~. ____ • _______ "'_"""',.....,......, _____ ~_ 
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an artifact of the method used. Subjects wore nose clips 

and breathed through a tube, a technique which can result in 

unusual breathing patterns. The present data were collected 

without equipment at the airway opening. The values for the 

He subjects were slightly lower than those reported in 

previous studies of healthy elderly subjects (Chebotarv et 

al., 1974; Hoit & Hixon, 1987; Mead, 1960). The 

similarities between the control subjects in this study (7.3 

LPM) and the healthy elderly men in Hoit and Hixon (1987; 

8.5 LPM) are not surprising given that the same method was 

used. 

The reason for higher than normal resting minute 

ventilation in people with Parkinson disease is 

controversial. Arterial blood gas analyses usually result 

in negative findings (Apps et al., 1985; Feinsilver, 

Friedman, & Rosen, 1985; Lilker & Woolf, 1968; Obenour et 

al., 1972). Hyperventilation does not appear to occur in 

this population, although hypoventilation has been reported 

(Boshes, 1966). From a careful review of the literature, 

Apps et al. (1985) concluded that all reports of 

hypoventilation in parkinsonian subjects have been in cases 

of postencephalitic or familial parkinsonism presumably due 

to greater brainstem damage than that which occurs in 

idiopathic PD. 

Tzelepis et ale (1988) investigated the oxygen cost of 

breathing and efficiency of breathing during experimental 
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tasks in people with mild to moderate Parkinson disease. 

Compared to age-matched control subjects, the PD sUbjects 

had difficulty (i.e., reduced work rate) performing a task 

which required inspiring against a resistive load. The 

difficulty was associated with increased oxygen cost of 

breathing and decreased efficiency of breathing. Tzelepis 

et al. suggest that these difficulties may be due to reduced 

neural drive, changes in muscle fiber composition, or 

antagonistic muscle activity. They appear to favor the 

hypothesis of abnormal agonist-antagonist muscle activity 

and cite evidence from the respiratory and skeletal muscles. 

Because subjects were able to produce normal maximal static 

inspiratory pressures, it is unlikely that the difficulty 

was due to muscular weakness. The tasks used in the study 

by Tzelepis et ale appear to be exquisitely sensitive to 

mild abnormalities. In this mildly to moderately disordered 

group of PD subjects, abnormalities were not detected during 

single respiratory manuevers. In the more severely 

disordered subjects often studied, abnormalities might be 

detected even at rest as described above. Such 

abnormalities may well be due to reduced efficiency of 

breathing (the ratio of the work rate of breathing to the 

oxygen cost of breathing) as demonstrated in the Tzelepis et 

al. experiment. 

Differences between the PD subjects and He subjects in 

the present investigation regarding movement of the chest 
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wall during resting tidal breathing were striking and have 

not been reported previously. The position of the chest 

wall at the initiation of inspirations or the termination of 

expirations at rest (i.e., resting expiratory level, REL) 

was used as a reference point for all subjects (i.e., all 

tasks were "tagged" to this point on the data charts). 

Distortion of the chest wall from this point to the 

termination of inspirations was examined and found to differ 

between the two subject groups. Although no difference was 

found in lung volume excursion (tidal volume), the 

excursions of the rib cage and abdomen did differ. Rib cage 

volume excursion was smaller and abdominal volume excursion 

was larger for the PD subjects. Similarly, rib cage volume 

at the termination of the inspiration was lesser and 

abdominal volume at the termination of the inspiration was 

greater in the PD group. Finally, it follows from these 

results that the PD subjects used a smaller relative 

contribution of the rib cage to lung volume excursion. It 

is most instructive to concentrate on the variable of 

relative contribution of the rib cage to discuss the 

possible mechanisms behind this group difference. 

Examination of the data from individual subjects in the 

present investigation revealed that 12 of the 14 PD subjects 

used a smaller contribution of the rib cage (%RC) during RTB 

than did their matched control subjects. Although no other 

publications were found that discuss a similar finding, one 
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of two subjects reported by Zupnick et a1. (1990) appears to 

have had a smaller than normal relative contribution of the 

rib cage. Raw data tracings, obtained with respiratory 

inductive plethysmography, were published from each sUbject. 

Measurement of the tracings indicated that one subject had a 

relatively normal rib cage contribution (approximately 75%) 

but that the other subject had an extremely low rib cage 

contribution (approximately 20%). 

The difference in relative contribution of the two parts 

of the chest wall during RTB suggests that the compliance of 

the two parts may be different than normal. Normally, in 

the upright body position, the rib cage has a greater 

relative compliance than the abdomen above the resting 

expiratory level. The abdominal wall is less compliant 

because of abdominal muscle activity and because gravity 

exerts caudally directed forces on the abdominal contents 

(Hixon et al., 1973; Konno & Mead, 1967). This differential 

compliance for the rib cage and abdominal walls explains the 

greater rib cage contribution to departure from REL during 

resting breathing. That is, the action of the diaphragm 

translates to greater rib cage than abdominal displacement. 

In the subjects with Parkinson disease studied in this 

investigation, the pattern of chest wall motion suggests 

that the relative compliance of the rib cage to abdomen is 

lower than normal in the PD subjects. 

- ------------.. --------------.-------.-~--~--~~.-.----~~---
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The presumed difference in relative compliance of the rib 

cage to the abdomen could be due to reduced compliance of 

the rib cage, increased compliance of the abdomen, or a 

combination of the two. Increased activity of rib cage and 

abdominal muscles (Delhez & Petit, 1961) suggests that the 

chest wall is less compliant than normal in Parkinson 

disease. However, evidence that the rib cage is less 

compliant than the abdomen is lacking. 

The effect of posture on relative compliance of the two 

parts of the chest wall was considered. Review of the video 

tapes recorded during data collection revealed that two PD 

subjects (PDOS, PD06) were "slumped" forward somewhat in the 

chair (but not so far forward that the diaphragm could have 

acted to extend the torso). Their data for %RC were typical 

of other subjects in the group who did not exhibit marked 

postural abnormalities. However, this postural situation 

may have caused distention of the abdomen resulting in 

decreased compliance of the abdominal wall. Perhaps the rib 

cage wall also demonstrated lower than normal compliance so 

that the relative compliance of the two parts was similar to 

that of the other PD subjects. It should be noted that no 

subject leaned substantially to one side, a posture that 

could have affected the results. Although people with 

Parkinson disease tend to lean to one side, this was 

prohibited by the use of the chair's armrests. 
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No differences were found for tidal volume, breathing 

rate, or minute ventilation for the PD subjects when data 

from the two data-collection sessions were compared. Recall 

that the two sessions related to different times within the 

drug cycle. Results from another study that examined 

clinical fluctuations through the drug cycle suggested that 

fast breathing rate was more prevalent when the subjects 

were "off" (reduced positive effect from medication) and 

when subjects were experiencing severe dyskinesias (Gardner 

et al., 1986). Thus, people with excessive movement 

(levodopa-induced dyskinesia or tremor associated with PD) 

or increased rigidity (due to higher than normal muscle 

activity) may require more oxygen than normal. Along this 

same line, Lilker and Woolf (1968) reported that oxygen 

consumption was increased when the disease was severe. One 

subject in the present investigation exhibited motor signs 

and a resting tidal breathing pattern that support this 

excessive-movement/oxygen-need hypothesis. Subject PD12, 3 

hr after his last dose of medication (his typical cycle has 

a duration of 2 hr), exhibited severe tremor. In fact, the 

movement was so pronounced, that the subject accurately 

described it as "flapping" rather than as tremor. The 

subject perspired heavily during this end-cycle session, and 

reported symptoms consistent with dyspnea. His breathing 
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rate at rest (about 25 BPM) was not markedly different than 

that for other PO subjects. However, his tidal volume of 

about 1 L and minute ventilation of 25 LPM were well above 

the values for the remainder of the PO group. His resting 

tidal breathing from the mid-cycle session (1 hr 20 min 

after medication) tended to be at the low end of the normal 

range (tidal volume = 0.36 L: breathing rate = 18.5 BPMi 

minute ventilation = 5.9 LPM). It appeared that the 

excessive activity this subject experienced at end-cycle was 

similar to exercising. It is lmown that the requirement for 

alveolar ventilation is increased during exercise (Whipp & 

Pardy, 1986). Although Subject P012 achieved increased MV 

primarily by increasing tidal depth, exercise in people with 

restrictive lung disease has been associated with a 

disproportionately large increase in breathing rate (Bates, 

Macklem, & Christie, 1971). 

No systematic differences in chest-wall motions were 

found when the two drug-cycle sessions were compared. 

However, an extremely unusual kinematic pattern was observed 

for 2 of the 14 PO subjects for their mid-cycle session. 

Inspiration during resting tidal breathing for these 2 

subjects was characterized by rib-cage paradoxing, or 

IIreversed breathing. 1I That is, the rib cage moved in an 

expiratory direction during inspiration. The mechanism 

attributed to this pattern is an active diaphragm and 

relatively inactive rib cage. The diaphragm is thought to 

.--------~.--~~ 
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be relatively spared in Parkinson disease (Delhez & Petit, 

1961; Estenne et al., 1984; Nugent et al., 1958; Vincken et 

al., 1984). Normally during inspiration, the diaphragm 

contracts which, due to its attachments to the lower ribs 

and its caudally directed movement, results in simultaneous 

rib-cage elevation and abdominal distention. The normal rib 

cage resists the negative pleural pressure produced by the 

action of the diaphragm. During rib-cage paradoxing, the 

rib cage gets "sucked ii'l" because it does not provide the 

usual opposition to the pull of the negative pleural 

pressure. This pattern is usually seen in people with 

flaccid paralysis or paresis of the rib cage, such as that 

associated with spinal cord injury (Estenne & De Troyer, 

1985: Fugl-Meyer & Grimby, 1971; Hoit, Banzett, Brown, & 

Loring, 1990; Mortola & Sant'Ambrogio, 1978). It is also 

seen in infants (England, Guslits, & Bryan, 1987) and 

healthy adults (Grassino & Goldman, 1986) during rapid-eye

movement sleep. 

Rib-cage paradoxing during RTB has never been reported in 

people with Parkinson disease. The fact that this pattern 

occurred during the mid-cycle session and not during the 

end-cycle session suggests a connection between chest-wall 

motions and the subjects' response to medication. The 

therapeutic effects of antiparkinsonism medications are to 

reduce the signs associated with Parkinson disease, 

including rigidity. Overall motoric function was better at 

-----~-~-----------.---.---~--
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mid-cycle than at end-cycle for these 2 men, as reported 

subjectively and indicated in their motor examination 

scores. Thus, although overall motor function improved, 

resting breathing was highly abnormal. If the drug acts to 

decrease muscle rigidity, it may actually decrease it to 

such an extent as to render the rib-cage muscles effectively 

nonfunctional. 

It has been suggested that respiratory dyskinesias 

associated with levodopa therapy could result in rib-cage 

paradoxing (Zupnick et al., 1990). This is supported by a 

report of paradoxing of the rib cage and abdomen during 

resting tidal breathing in one subject with neuroleptic

induced respiratory dyskinesia (Kuna & Awan, 1986). 

Although Zupnick et al. acknowledge that respiratory 

dyskinesia could occur in levodopa-treated Parkinson 

disease, they did not identify evidence of it in their 2 

subjects. These subjects experienced dyspnea, tachypnea, 

and irregular breathing patterns after taking levodopa, but 

did not demonstrate paradoxical movements of the chest wall. 

These authors suggest that IIL-dopa-induced respiratory 

dysfunction is not the accentuation of an akinetic-rigid 

movement disorder, nor the result of a drug-induced chorea ll 

(p. 113). Rather, ilL-dopa may improve the respiratory 

disability of Parkinson's disease yet produce a new 

disability, misleadingly labeled as 'respiratory 

dyskinesia 'll (p.113). Although rib-cage paradoxing was 

- - ~----------------------------
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identified in 2 subjects in the present investigation, this 

is not taken as evidence of respiratory dyskinesia. 

Dyskinesia is defined as involuntary, unpredictable (thus, 

noncyclic) movement. The rib-cage paradoxing observed for 

Subjects PDOl and PD03 during their mid-cycle sessions was 

consistent from cycle-to-cycle and did not appear to cause 

irregularity in the timing of the breathing cycles. In 

addition, Subject PD03 experienced dyskinesias during this 

session, but these involuntary movements were not in 

synchrony with his breathing cycles. 

Additional indirect evidence that the medications taken 

by the subjects in this study may reduce rib-cage rigidity 

is available from the data regarding relative contribution 

of the rib cage for the 12 subjects who did not exhibit 

paradoxing. Of the 4 subjects who differed in relative 

contribution of the rib cage by more than 10% between the 

two drug-cycle sessions, all 4 (PD05, PD06, PD08, PD09) had 

greater %RC during the mid-cycle session. The rationale 

provided earlier regarding decreased rib-cage contribution 

with decreased rib-cage compliance associated with the 

disease applies here. If rib-cage compliance increases 

because of medication-related reduction in rigidity, then 

relative contribution of the rib cage would be expected to 

be greater. It would be interesting to monitor subjects 

continuously through a drug cycle for changes in relative 

contribution of the rib cage. However, it should be 
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emphasized that no consistent pattern was detected across 

all of the sUbjects. In fact, when the multivariate 

analysis of RTB data was repeated without the 2 sUbjects who 

exhibited paradoxing (Subjects PDOI and PD03), a significant 

difference between the two drug-cycle sessions was not 

detected (F(S,7)=2.372, p=.146). 

In summary, the results from the resting tidal breathing 

task for the subject-group comparison indicated that RTB is 

faster and minute volume is greater for the PD subjects. 

The relative contribution of the rib cage to lung volume 

displacement is lesser in the PD subjects. These results 

may be consistent with lower chest-wall compliance in PD 

subjects than in He subjects. Decreased compliance of the 

chest wall was expected based on the nature of the disease. 

That is, muscle rigidity is a classic feature of the 

disease: it tends to increase muscle stiffness, hence, 

decrease compliance. Surprisingly, the results seem to 

suggest that the rib cage was affected more than the abdomen 

regarding the decrease in compliance. No differences were 

found when comparing data from the two drug-cycle sessions 

for the PD subjects, suggesting that fluctuations in motor 

signs don1t necessarily relate systematically to changes in 

RTB. However, rib-cage paradoxing during inspiration t'las 

observed in 2 of the 14 subjects when they were at 

approximately the middle of the drug cycle. 

-- -------~----.------".---"---~--~~-~-
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Speech Breathing 

Speech breathing was described according to measures 

related to chest-wall motion, the quantity of speech 

produced, temporal characteristics of the speech-breathing 

events, and pressure. Chest-wall kinematic data were 

described according to volumes of the lung, rib cage, and 

abdomen in relation to their volumes at the resting 

expiratory level (REL). The quantity of speech was assessed 

by counting the number of syllables produced per breath 

group. Temporal measures included the duration of speech 

produced per breath group exclusive of pauses, and the 

duration of inspirations between breath groups. Finally, 

measures of oral and tracheal pressure were determined. 

Two comparisons were made: between the two groups of 

subjects (HC and PD, end-cycle session), and between the two 

drug-cycle sessions for the PD subjects (end-cycle and mid

cycle). The sUbject-group comparison is discussed first, 

and the drug-cycle session comparison is discussed second. 

Each comparison includes a discussion of the kinematic data 

and the pressure data. 

Chest-wall kinematic data were analyzed from the entire 

breath group and from the portion of the breath group from 

the initiation to the termination of speech ("speech 

portiontl) for the speech-breathing tasks. The overall 

results from the two analyses were similar, and so the 

discussion which follows will address speech breathing in 

------.--.--- •.. ~--~.--. ~-~-~-~--. --. -
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general, relying primarily on the data from the speech

portion of the breath group. A brief discussion of the few 

differences that did occur between the two analyses is 

provided following the discussion of the speech-breathing 

results in general for each comparison. 

Differences between the two tasks, reading and monologue, 

were found, but there were no interactions between the 

subject groups and tasks, or between drug-cycle sessions and 

tasks. Therefore, the differences between the tasks 

appeared to hold for both group comparisons. Tasks 

differences are discussed separately from the group results. 

Comparison of Healthy Control and 

Parkinson Disease Subjects 

When data from subjects with Parkinson disease (PD) and 

matched healthy control (HC) subjects were compared, 

differences were found for certain kinematic measures as 

well as for the quantity and duration of speech produced. 

Initiation of speech was characterized, on average, by a 

smaller rib cage volume and a larger abdominal volume for 

the PD subjects than the HC subjects. There were tendencies 

for rib cage volume excursion to be lesser, for abdominal 

volume termination to be greater, and for the relative 

contribution of the rib cage to be lesser for the PD 

subjects than the HC subjects. In addition, PD subjects 

produced fewer syllables and used less time to produce 
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speech per breath group than did the HC subjects. The data 

from the HC subjects in the present investigation concur 

with previously reported data for a similar subject 

population {Hoit & Hixon, 1987}. Specific comparisons 

between data for the healthy 50- and 75-year-old men in the 

study by Hoit and Hixon and the healthy control subjects in 

the present study will be made as appropriate throughout 

this discussion. 

Comparing the data regarding chest wall motion to other 

studies is difficult because, as previously reviewed, there 

are few studies of speech breathing in PD that used 

kinematic measures. The most notable study in this regard 

is that of Murdoch et a1. (1989) which was designed to 

document the speech breathing behavior of 19 PD and 19 

control subjects. The data from the Murdoch et a1. study 

are not easily accessible because they are not reduced 

numerically. More importantly, as discussed earlier, the 

data are of questionable validity because of the 

transduction method used for sensing abdominal motion. 

From the description of the placement of the ahdomina1 

strain-gauge belt in the Murdoch et a1. (1989) study, it 

appears that the belt encircled part of the lower rib cage. 

If true, rib cage motion would contribute to the signal 

sensed by the abdominal belt. It would be expected that an 

abdominal signal contaminated in this way would be greater 

in magnitude than it should be in truth. Thus, the adjusted 
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isovo1ume line would overrepresent rib cage displacement, 

and the speech breathing data would appear to reflect 

greater abdominal contribution io lung volume displacement 

than would truthfully exist. In fact, measurement of the 

sample data tracings Murdoch et a1. displayed for reading 

and conversational speech revealed that the average relative 

contribution was 63 %RC for their control subjects. Hoit 

and Hixon (1987) reported an average relative contribution 

of 84 %RC for 20 healthy 50- and 75-year-old men, and 

average relative contribution was 76 %RC for the control 

subjects in the present investigation. Comparison of the 

data from the study by Murdoch et a1. and the latter two 

studies, which used a proven technique for accuracy and 

validity, indicates that the relative contribution of the 

rib cage to lung volume displacement for the control 

subjects in the former study is strikingly low. Thus, the 

argument that Murdoch et a1. used a faulty transduction 

system for assessing abdominal motion independent of rib 

cage motion is supported. 

Although comparisons of the present data to previously 

reported data regarding speech breathing in Parkinson 

disease are not possible, the present results are now 

considered in terms of what is known about normal speech 

breathing. Based on the review of the literature and the 

knowledge that rigidity occurs in Parkinson disease, the 

chest-wall probably is less compliant than normal. From 
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this concept, the hypotheses that excursions of lung, rib 

cage, and abdominal volumes would be lesser in PD subjects 

than in HC subjects were put forth. The present 

investigation provided support for reduced rib cage volume 

excursion, but not for reduced lung or abdominal volume 

excursion for the PD sUbjects. 

The chest-wall kinematic results from the resting tidal 

breathing task appeared to support a mechanism of reduced 

relative compliance of the rib cage to the abdomen in the PO 

subjects as compared to the HC subjects. Relative 

contribution of the rib cage during speech breathing would 

be expected to be lesser for PO subjects, and indeed it was. 

Based on the suspected constraint of rigidity acting on the 

chest-wall muscles, it was hypothesized that the deformation 

of the chest wall from its position at rest (REL) would be 

less for the PO subjects than for the HC subjects. 

Critchley (1981) stated that, because of rigidity, the 

"respiratory organs remain in a fixed, neutral position 

during speech apart from limited, synchronous movements of 

the pectoral and diaphragmatic muscles" (p.752). Although 

the situation Critchley describes appears to be an 

exaggeration, the present results indicated that the 

position of the rib cage at the initiation of speach was 

smaller than normal (i.e., closer to REL), and that the 

position of the abdomen at the termination of speech was 

closer to REL than normal. However, the PO subjects 
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initiated speech with an abdominal position that was 

displaced outwardly compared to its position at rest, 

whereas the HC subjects initiated speech with approximately 

the same abdominal position as its resting position. 

The reason that abdominal volume was greater during 

speech production for the PO subjects than for the HC 

subjects could be related to the mechanism discussed 

previously for resting tidal breathing. Inspirations before 

speech breath groups could be instrumental in determining 

the general configuration of the chest wall at which 

inspiratory-to-expiratory transitions for speech occur. 

Supposing a lower than normal relative compliance of the rib 

cage to the abdomen, the abdomen would be expected to be 

displaced outwardly more than normal, and the rib cage would 

be displaced outwardly less than normal during inspiration. 

This in fact describes the average position at the 

initiation of speech for the PO subjects. 

Normally during speech, expiratory action by the rib cage 

and abdominal muscles occurs and the abdominal expiratory 

action predominates (Hixon et al., 1976). This mechanism 

can be inferred from chest-wall kinematic data (Hixon, 1982) 

based on the position of the speech data on the motion

motion display and the changes in position over the history 

of the breath group (Hixon, 1982). The relation of the 

speech data to the relaxation characteristic is instrumental 

to inferring mechanism. However, people with PO are unable 

--------------------------------
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to relax. The REL point used as a reference in this study 

is probably not the same as the relaxed configuration of the 

chest wall at tidal end-expiration. Therefore, the finding 

of a larger abdominal volume than REL for the PO sUbjects 

during speech does not necessarily indicate an abnormal 

mechanism. Unfortunately, drawing inferences about muscular 

mechanism in PO based on the results of this study is 

tenuous. If the position of the chest wall at the resting 

expiratory level is the same as its position at relaxation, 

then the present findings suggest that muscular mechanism 

for the PO subjects is similar to that described for normal 

subjects (Hixon et al., 1976). That is, expiratory muscle 

activity by the rib cage and abdomen is occurring, and the 

abdominal muscular forces predominate. The finding that 

relative contribution of the rib cage to lung volume 

excursion is lesser in the PO than in the He subjects 

suggests that the abdominal forces may predominate somewhat 

less in Parkinson disease than they would normally. 

The normal inward displacement of the abdomen during 

speech is advantageous in that it "tunes" the diaphragm for 

quick inspirations, as explained previously (Hixon et al., 

1976). By maintaining a relatively stiff abdominal wall 

during speech, the rib cage activity is most effective for 

displacing lung volume and generating pressure changes. If 

rib cage muscles produced expiratory forces against a highly 

compliant abdomen, the rib cage motions would be spent on 
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altering chest-wall shape rather than being devoted to lung 

vOlume displacement and compression (Hixon et al., 1976). 

Because the rib cage and abdomen are arranged in parallel 

mechanically, the two parts act together to achieve a 

desired goal or target. This arrangement allows for one 

part to compensate for the other under certain 

circumstances. In Parkinson disease, rib cage compliance 

appears to be decreased relative to that of the abdomen. It 

is possible that, in this situation, the abdomen could be 

used as a compensatory aid to supplement or assist actions 

that normally are produced by the rib cage. In other words, 

the abdomen may contribute more to displacing lung volume 

for speech breathing in Parkinson disease than it would in 

healthy control subjects because of its relatively higher 

compliance in comparison to the rib cage. 

In the present investigation, the number of syllables and 

the duration of speech, excluding pauses, produced per 

breath group were found to be substantially lesser for the 

PD subjects than for the He subjects. Hoit and Hixon (1987) 

reported an average of 17.3 syllables produced per breath 

group by healthy 50 and 75 year old men. Similarly, the 

present healthy control subjects averaged 16.4 syllables per 

breath group. In contrast, the PD subjects averaged only 

12.4 syllables per breath group. Apparently because of the 

fewer syllables produced per breath group, the duration of 

-~-~----------------.-----~-.------~--
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speech per breath group was shorter for the PO subjects than 

the HC subjects (2.4 s versus 3.5 s). 

The interpause speech rate was determined by dividing the 

number of syllables by the duration of speech produced per 

breath group. Interpause speech rate was found to be 

somewhat greater on average for the PO subjects than the HC 

subjects. Speech rate is usually reported for normal and 

disordered subjects in terms of overall speech rate 

including pauses (Alp, 1988: Goldman Eisler, 1968: Johnson, 

1961). However, overall speech rate and interpause speech 

rate for a total of 10 people with Parkinson disease and 10 

control sUbjects were measured by Hammen (1990) and by 

Hammen et ale (1989). In these studies, pauses that were 

longer than 150 ms were excluded from the IIspeaking rate II 

measure. Even with this minor difference in definition for 

a pause (in the present study, pauses longer than 250 ms and 

all inspiratory durations regardless of length were 

excluded), the results from the present investigation agree 

with those from the Hammen and Hammen et al. studies. Their 

healthy control subjects averaged 260 syllables/min and the 

control subjects in the present study averaged 294 

syllables/min (units converted from syllables/sec for this 

comparison). Their PO subjects averaged 326 syllables/min 

and the present PO subjects averaged 318 syllables/min. 

Indications of average air flow during speech were 

obtained by dividing lung volume excursion by duration of 
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speech (LPS) or by syllables (L/syllable). It was 

hypothesized that air flow during speech would be greater 

for the PD subjects than for the He subjects. Results from 

this investigation failed to detect differences for these 

variables between the two groups of subjects. Inspection of 

the group means for these variables in the present study 

indicates that lung volume excursion per second and per 

syllable was greater for the PD subjects, but the result was 

not statistically significant. 

Previous reports provide discrepant results regarding 

airflow during speech in Parkinson disease. Mueller (1971) 

found no difference between 5 men and 5 women with 

parkinsonism and 5 men and 5 women control subjects for 

sustained-vowel productions (0.15 LPS for the parkinsonian 

men, 0.18 LPS for the control men) but found that the 

parkinsonian subjects had substantially lower airflows than 

did control subjects for (voiceless fricative) consonant

vowel syllable repetitions (0.48 LPg for parkinsonian men, 

0.60 LPS for control men). Smith (1964) calculated lung 

volume expenditure per syllable during a (voiced stop) 

consonant-vowel syllable repetition task, and found that 23 

PD subjects used an average of 0.07 L/syllable, a volume 

expenditure which is considered greater than normal (Warren 

& Wood, 1969, report 0.05 L/syllable for normal speakers as 

an average for a syllable-repetition task). It seems likely 

that the mixed reports in the literature regarding flow 
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differences for PO and healthy speakers (Mueller, 1971: 

Smith, 1964) could be related to subject sampling and to 

task differences. 

The present investigation is the first to provide 

measures of average flow during natural speaking tasks in 

people with PO. In normal speakers, average flow during 

oral reading has been reported to be approximately 0.17 LPS 

(Horii & Cooke, 1978). Air flow during vowels which are 

embedded in running speech utterances is normally considered 

to be approximately 0.20 LPS (Melcon et al., 1989: Sant et 

al., 1970). The present data are best compared to the value 

given by Horii and Cooke because the measure used in their 

study and the present study encompasses both consonants and 

vowels. The HC subjects in the present study had average 

flows that were somewhat higher (0.22 LPS for reading, 0.25 

LPS for monologue) and the data for the PO subjects were 

substantially higher than the value offered by Horii and 

Cooke (0.27 LPS for reading, 0.30 LPS for monologue). 

Measures of lung volume expenditure per syllable during 

natural speaking tasks were reported for healthy 50 and 75 

year old men by Hoit & Hixon (1987) to be approximately 0.05 

L/syllable for reading and 0.08 L/syllable for monologue. 

The present data indicate that, whereas the lung volume 

excursion per syllable was somewhat greater for the PO 

subjects than for the HC subjects (by about 0.01 L/syllable 

for each task), the data were within normal limits (0.06 

-~---~-----.------------.---~~ 
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L/syllable for PO subjects, 0.05 L/syllable for HC subjects 

averaged over tasks). 

Inspiratory duration was measured between speech breath 

groups and was not found to differ between subject groups. 

Both PO and HC subjects averaged approximately 0.6 s for 

inspirations during the reading task and approximately 0.7 s 

for the monologue task. Similarly, average inspiratory 

duration for healthy adults was reported to be 0.6 s during 

reading by Horii and Cooke (1978) and 0.7 s during 

conversation and monologue (picture description) tasks by 

Loudon, Lee, and Holcomb (1988). Thus, it appears that 

diaphragm function is within normal limits for the temporal 

aspects of inspiration for speech. It should be noted that 

the inspiratory duration measure for the present 

investigation did not include periods of apnea at the 

beginning or end of inspirations. The results suggest only 

that, once inspiration has started, the average time 

required to complete the inspiration is the same for the PO 

and HC subjects. The measure was not designed to address 

whether PO subjects had difficulty starting the inspiration 

or the expiration, although the investigator's subjective 

assessment was that there was no noticeable difference 

between subject groups in this regard. 

The finding of normal inspiratory duration and abnormal 

abdominal position for the PO subjects appear to be 

incongruous. The presentation of the four speech-breathing 
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parameters and their perceptual correlates in chapter titled 

statement of the Problem indicated that an abnormally 

distended abdomen would relate ~o slower than normal 

inspirations. This relation of abdominal position to 

inspiratory time may only apply when the abdominal 

distension is marked. The difference in abdominal volumes 

for the PD and He subjects during speech in the present 

investigation may have been too small to achieve the result 

described. 

The measures for assessing pressure in the present 

investigation were taken from a syllable-repetition task. 

Oral pressure was measured with and without confirmation of 

airtight closure at the velopharynx and lips. If airtight 

closure at the velopharynx and lips was unconfirmed (no 

measure of airway-opening flow was taken), the measure was 

simply one of oral pressure. If momentary cessation of 

airway-opening flow occurred during lip approximation, the 

measure was considered to be an accurate reflection of 

tracheal pressure. Before the present investigation was 

conducted, it was hypothesized that oral and tracheal 

pressures would be lower for the PD subjects than for the He 

subjects. As predicted, oral pressure was found to be lower 

for the PD sUbjects. However, no difference was found 

between subject groups for tracheal pressure. Inspection of 

the individual and average data reveals that oral and 

tracheal pressures tended to be similar for the He subjects 
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(6.6 and 6.4 cmH
2
0, respectively), but oral pressures tended 

to be lower than tracheal pressures for the PO subjects (4.9 

and 5.8 cmH20, respectively). Thus, it is probable that the 

HC subjects had airtight closure of the velopharynx and lips 

when airway-opening flow was not assessed as well as when it 

was. However, the PO subjects may have lost air, and 

therefore pressure, through the velopharyx and lips when 

airway-opening flow was not assessed. A survey of how many 

subjects had difficulty achieving the criterion of zero flow 

during /p/ production indicated that 11 PO subjects and 3 HC 

subjects needed either nose clips or verbal cues for lip 

approximation (6 PO and 0 HC subjects needed both) during 

this task. Another explanation for the difference between 

oral and tracheal pressure measures across subject groups is 

related to performance. For tracheal pressure data, 

subjects were required to speak into a face mask, which 

distorted the acoustic signal somewhat. This probably is 

not an adequate explanation because this condition was the 

same for PO and HC subjects. Unfortunately, oral and 

tracheal pressure were not collected simultaneously. 

Limitations in the method notwithstanding, this study is the 

first to assess both oral and tracheal pressure and the 

results seem to suggest that tracheal, or "driving," 

pressure is close to normal in Parkinson disease. 

Previous research has indicated that oral pressure in 

Parkinson disease is lower than normal (Ewanowski, 1964: 
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Mueller, 1971; Netsell et al., 1975). Although the values 

for oral pressure for the parkinsonian and control subjects 

in the studies by Ewanowski and' Mueller were greater than 

the values found in the present investigation, the pattern 

of lower oral pressures for PD subjects is consistent. It 

has been concluded or at least suggested, based on results 

from studies measuring oral pressure, that tracheal pressure 

also is lower than normal. This conclusion is tenuous, 

especially with recent evidence that nasal airflow is 

present during production of oral consonants by people with 

PD, suggesting that velopharyngeal control is abnormal 

(Hoodin & Gilbert, 1989). However, neither Ewanowski nor 

Mueller found evidence of velopharyngeal leakage in their 

subjects (nasal pressure was assessed by Ewanowski and nasal 

flow was assessed by Mueller) . 

Comparison of the End and Middle of the Drug Cycle 

for Subjects with Parkinson Disease 

The comparison of the two sessions for the subjects with 

Parkinson disease, one at approximately the end and one at 

approximately the middle of a drug cycle, resulted in few 

differences. When subjected to a mUltivariate analyses, no 

difference between the drug-cycle sessions was detected for 

four variables that described the initiations and 

terminations of the breath group. Only a trend was found 

for a difference between drug-cycle session when six 

----------------.---
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variables pertaining to the speech portion of the breath 

group, including syllable counts and duration, were 

analyzed. Follow-up analyses iridicated that the abdominal 

volume at the initiation and termination of speech and 

interpause speech rate were greater for the end-cycle 

session than for the mid-cycle session. No differences were 

detected for inspiratory duration or for pressure measures. 

The differences detected between the drug-cycle sessions 

were in the predicted direction. That is, when differences 

were detected between the drug-cycle sessions, the 

deviations from the control-subject data were greater for 

the end-cycle session than for the mid-cycle session. 

Presumably, the motor benefits resulting from drug 

treatment accounted for the findings. If differences in 

abdominal position between PD (end-cycle session) and He 

subjects can be explained by the reduced compliance of the 

chest wall, then the closer-to-control values for abdominal 

volumes found at mid-cycle may be due to decreased rigidity 

from successful drug therapy. Interpause speech rate was 

somewhat slower at mid-cycle than at end-cycle, and this 

finding also is in the predicted direction. However, the 

mechanism for abnormal speech rate in Parkinson disease is 

not known. In addition, previous reports of the effect of 

medication on speech rate are mixed. Mawdsley (1973) and 

Wolfe et al. (1975) found no difference in speech rate, 

whereas Rigrodsky and Morrison (1970) and Metter and Hanson 
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(1986) reported improved speech rate with levodopa therapy 

(as compared to no drug therapy). Differences in speech 

rate with clinical fluctuations related to the drug cycle 

have not been reported. 

Variability 

Variability between individuals is a hallmark of 

Parkinson disease. Although there are classic motor signs 

that affect people with Parkinson disease, it appears that 

no two people present identically. In the present 

investigation, standard deviations for all of the measures 

examined were provided as indications of intersubject 

variability. Although the standard deviations were not 

subjected to inferential statisticRl tests, some general 

statements can be made regarding the issue of variability. 

Standard deviations appeared to be greater for most of 

the variables considered in the present investigation for 

the PD subjects than for the HC subjects. For example, 

dispersion among PD subjects was greater for most measures 

pertaining to lung volume and abdominal volume, and for 

temporal aspects of speech and breathing. Conversely, 

greater dispersion among He subjects occurred for variables 

pertaining to rib cage volume. 

Variability for speech breathing performance is common 

across healthy subjects (e.g., see standard deviations 

reported for speech breathing measures in Hoit & Hixon, 
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1987). Using subjects as their own controls is the best way 

to deal with between-subject variability. This design t'las 

employed for the drug-cycle comparison. When examining the 

standard deviations for the variables from the speech 

portion of the breath group, the between-subject variability 

usually was similar for the two sessions. However, when a 

difference occurred, it generally involved a greater degree 

of variability for the end-cycle session than for the mid

cycle session. 

The possibility of greater variability for PD subjects 

than He subjects requires further examination. This 

finding, if borne out, may relate not only to the 

variability caused by the disease itself but also by the 

effects of and responses to medications. Behavioral 

compensations for a disordered mechanism is another 

potential source of variability. This exploratory 

investigation was not designed to differentiate the effects 

of disease, drug response, and compensation. Now that 

differences between subject groups for average behavior and 

variability of behavior have been reported, investigations 

that address these interrelated issues are needed. 

Task Effect 

Differences between the tasks of reading and monologue 

production were found for variables pertaining to volume, 

flow, and chest-wall shape. In fact, task effects were 
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often more pronounced than group effects. Because there was 

no task-by-group interaction, the findings discussed in this 

section apply to both subject g'roups. 

A significant task difference was found when the two 

groups of subjects were compared for the speech portion of 

the breath group. It is clear from the results of the 

follow-up univariate analyses (F statistic, Table 13) that 

the number of syllables produced per breath group and the 

duration of speech on a breath group contricuted 

substantially to the significant effect. Subjects produced 

more syllables and used more time for speech per breath 

group during reading than during monologue. They used less 

lung volume per syllable and per second, and had a faster 

interpause speech rate during reading. Less prominent 

differences were found for variables pertaining to abdominal 

volume. Abdominal volume initiation and termination were 

smaller and abdominal volume excursion was greater for 

reading. Finally, inspiratory duration was significantly 

shorter for reading. 

Hodge and Rochet (1989), in a study of speech breathing 

in young women, found differences between reading and 

conversation (apparently a monologue) that were similar to 

the differences found between tasks in the present study. 

The most notable differences in the Hodge and Rochet study 

were faster speech rate, more syllables spoken per breath 



group, and fewer filled pauses for reading than for 

conversation. 
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Linguistic planning and press for time may relate to the 

differences found. Because reading is less demanding in 

terms of linguistic formulation, the subjects could spend 

more time speaking and less time formulating speech. 

Therefore, more syllables and time for speech per breath 

group and faster speech rate were expected during reading. 

Perhaps during extemporaneous speaking, people "buy time" by 

talking more slowly and taking longer inspirations. Press 

for time may have been perceived to be less during the 

monologue task, because the subjects were informed that they 

would be allowed to talk without interruption. In more 

typical conversing situations, speech rate and inspiratory 

times might have been faster as strategies to "hold the 

floor." 

The differences found between the tasks for abdominal 

volume are consistent with the timing differences just 

discussed. The smaller abdominal volume at the initiation 

and termination of speech for the reading task effectively 

"tunes" the diaphragm for quick inspirations. As explained 

previously for resting tidal breathing, the fibers of the 

diaphragm are lengthened when the abdomen is "tucked" 

thereby increasing the contractile efficiency of the 

diaphragm. The abdominal volume excursion was found to be 

greater for reading than monologue, again suggesting the 

-~-------------- ----
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increased role of abdominal muscle action to prepare the 

diaphragm for quick inspiration. Thus, the findings of 

smaller abdominal volume in relation to the resting 

expiration and quicker inspirations go hand-in-hand. 

The remaining two variables found to differ between the 

tasks were the two that give an indication of average flow 

during speech: lung volume excursion per second and per 

syllable. These were found to be greater for monologue than 

for reading. These differences may be related to linguistic 

planning and press for time as well: the subjects may use 

less efficient valving by the larynx and articulators when 

they need to formulate thoughts and do not need to rush. 

The possibility that pausing behavior could account for this 

task difference was considered. The duration and number of 

pauses that had been excluded from the measure for duration 

of speech were retrieved and examined. Substantially more 

and longer pauses occurred during monologue (20% of all 

breath groups contained at least one pause: average duration 

= 0.70 s) than during reading (7% of all breath groups 

contained at least one pause: average duration = 0.45 s). 

These results support the suggestion that speakers take time 

for linguistic formulation when required to speak 

extemporaneously. 

As with the comparison between subject groups, task 

differences were found for the comparison between the two

drug cycle sessions. Abdominal volume at the initiation and 
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termination of breath groups and of speech on the breath 

groups was smaller for reading than for monologue. The 

number of syllables produced and the duration of speech per 

breath group were greater for reading than for monologue 

production. Lung volume expended per syllable and per 

second were found to be greater for the monologue task. 

Inspiratory duration was shorter for reading. These 

findings parallel the between-task differences described 

previously for the subject-group comparison. Significant 

differences were not detected, as they were before, for 

abdominal volume excursion or interpause speech rate. 

Differences Between the Findings for the Breath Group 

and the Speech Portion of the Breath Group 

Although the general results for the study were the same 

whether the entire breath group or the portion of the breath 

group from the initiation to the termination of speech was 

measured, some differences between these two types of 

measurements occurred for some subjects. These differences 

almost invariably involved the termination of the speech or 

breath group rather than the initiation. The only 

exceptions were for data from Subjects PD01 and PD12. Their 

average lung volume at the initiation of breath groups was 

0.012 Land 0.050 L higher, respectively, than at the 

initiation of speech. This difference resulted from 3 of 60 

breath groups (5%) for PD01 and 8 of 60 breath groups (13%) 
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for PD12: for these, they exhaled before beginning to speak. 

Obviously, discrepancies between measurements taken at the 

beginning of the expiration and the beginning of the speech 

were few and inconsequential. 

More frequently, breath groups continued after speech had 

terminated. This occurred on at least one breath group for 

every subject except POlO, POll, and HC14. These 

expirations after speech termination often added excursions 

to rib cage, abdominal, and lung volumes, but the magnitude 

of these additions were usually less than 0.10 L. However, 

some subjects' data were substantially affected by this 

post-speech-expiration behavior. The subject with the most 

and largest differences between the data for the entire 

breath group and the speech portion of the breath group was 

PD12. Corresponding terminations and excursions differed by 

0.20 L (for RCVTS-RCVT, reading) to 0.75 L (for LVE-LVES, 

monologue) for this sUbject. Subject PD12 was the only 

subject in the study to experience obvious, overt 

respiratory difficulties, and this occurred only for his 

end-cycle session. He inspired deeply and would say a few 

words quickly between pauses within each breath group. 

Other subjects with volume differences between the 

termination of speech and the termination of the expiration 

that exceeded 0.10 L were PDOl, PD03, and PD14. Smaller 

differences occurred for Subjects PD05, PD07, HC02, HC04, 

HC07, and HC09. No marked differences were found between 
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the two drug-cycle sessions for the PD subjects. 

Differences occurred more often for the monologue than for 

the reading task. Only one case report of expiration 

continuing after the termination of speech in Parkinson 

disease (Till & Goff, 1986) was discovered through a review 

of previous research. 

Although a few differences existed between the results 

for the breath group and the speech portion of the breath 

group, indicating that certain subjects tended to continue 

expiration after the termination of speech, the overall 

results were not affected appreciably. In addition, this 

post-speech-expiration behavior occurred at least once in 

almost every subject, PD and HC alike. This observation has 

been reported previously in healthy subjects, but usually 

under extenuating circumstances such as during classical 

opera singing (Watson & Hixon, 1985) and in wind instrument 

playing (Bouhuys, 1964). From experience with healthy 

subjects in this laboratory, it is not unusual to see 

expiration continue after the termination of speech, but the 

volume expended is usually small and considered 

inconsequential. In most cases, this conclusion holds for 

the present investigation. 

Rib-Cage and Abdominal Paradoxing for Speech Breathing 

The technique of examining the initiations and 

terminations of breath groups (or of speech on the breath 
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group) has proven useful in this and other investigations 

(Hoit & Hixon, 1987: Hoit et a1., 1989) for capturing the 

key features of speech breathing performance. However, 

additional information is contained in the details of the 

breath group which lie between the endpoints. This was 

illustrated clearly in the previous discussion of resting 

tidal breathing. In past research, examination of chest

wall adjustments throughout breath groups have proven 

instructive in the exploration of speech-breathing contr.o1. 

For example, Putnam and Hixon (1983) reported that speakers 

with motor neuron disease exhibited rib cage and abdominal 

paradoxing, especially during monologue production and when 

in a supine posture. These findings were used as evidence 

that people with motor neuron disease are abnormal in their 

control of movement for speech breathing. However, rib cage 

and abdominal paradoxing has been observed during speech 

breathing in healthy subjects as well (Hodge & Rochet, 1989: 

Hoit & Hixon, 1986). To address the possibility that 

paradoxing occurred more often for PD than He subjects, 

frequency counts were made of occurrences of paradoxing, 

separated into those occurring at the beginning, middle, or 

end of breath groups, for the subjects in the present 

investigation. Because this informal analysis was not part 

of the study proper, it is presented here for consideration 

as a potentially interesting and informative issue. 
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Frequency counts revealed that occurrences of paradoxing 

were common for HC and PD subjects, and that paradoxing 

appeared to be an individual preference for some sUbjects. 

For example, rib cage paradoxing at the beginning of breath 

groups were common for 2 HC subjects (HC02 and HC05) and 3 

PD subjects (PD03, PDIO, and PDI4). Rib cage paradoxing was 

common during the middle portion of the breath groups for 4 

HC sUbjects (HC02, HC08, HC09, HC13) and 4 PD sUbjects 

(PDOI, PD03, PDIO, PDI2). Abdominal paradoxing occurred 

frequently during the middle portion of breath groups for 5 

HC subjects (HC02, HC04, HC07, HC09, HCIO) and 3 PD subjects 

(PDIO, PD14, PDlS). Paradoxical movement by the rib cage or 

abdomen was not common at the ends of breath groups for 

subjects in either group. p~radoxing of either part was 

rarely exhibited by 4 HC subjects (HC03, HCII, HC12, HCI4) 

and 4 PD subjects (PD02, PDOS, PDII, PDI3). 

PD subjects who demonstrated a preference for paradoxical 

movements of the rib cage or abdomen for the end-cycle 

session tended to maintain this preference for the mid-cycle 

session. The only exception was Subject PD07 for whom rib 

cage paradoxing during the middle portions of breath groups 

was frequent for the mid-cycle session but infrequent for 

the end-cycle session. This subject did not often exhibit 

abdominal paradoxing or rib cage paradoxing at the beginning 

or ends of breath groups. The two subjects who exhibited 

rib cage paradoxing during resting tidal breathing at mid-
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cycle but not at end-cycle (POOl and PD03) might be expected 

to differ in this regard during speech breathing. 

Unfortunately, speech-breathing· data for Subject PD03 could 

not be interpreted at mid-cycle due to involuntary body 

movements, so no comparison can be made. Subject POOl 

exhibited frequent rib cage and abdominal paradoxing during 

the middle portions of breath groups for both of his data

collection sessions. However, the nature of the paradoxical 

movements differed for the two sessions. Duri~g the end

cycle session, paradoxing appeared to be related to tremor. 

Tremor was present in this subject's extremities, and it 

could not be determined if the tremor detected in the chest

wall kinematic data was mechanically transferred from the 

extremities to the chest wall or if a tremor intrinsic to 

the respiratory apparatus was present. Subject POOl did not 

exhibit tremor during his mid-cycle session, thus the 

paradoxing of the rib cage and abdomen appeared more typical 

of paradoxing seen in other subjects. 

In summary, paradoxing was as likely to occur in healthy 

control subjects as in Parkinson disease sUbjects. No 

marked difference between the drug-cycle sessions was noted 

for the PO subjects. Further examination of detailed 

aspects of changes in position of the rib cage and abdomen 

over the entire breath group, as suggested by Hodge and 

Rochet (1989), may reveal subtle yet interesting differences 

between subject groups. 
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Perceptual Study by Experienced Listeners 

Reading samples produced by each of the He subjects and 

each of the PD- subJects during the two drug-cycle sessions 

were judged by speech-language pathologists experienced in 

neurogenic communication disorders. Based on the results 

for the control subjects' samples, a rating of a perceptual 

characteristic as mildly disordered by one of the three 

listeners was considered to be within normal limits. Thus, 

the characteristics discussed as disordered were selected by 

at least two listeners, or as moderately or severely 

impaired by at least one listener. 

The experienced listeners selected imprecise articulation 

as the most common defective characteristic of speech for 

the PD subjects in this investigation. Other commonly 

selected characteristics pertained to voice quality 

(breathy, hoarse), pitch (low pitch, monopitch), rate (too 

fast), and inappropriate phrasing. More characteristics 

were selected as defective for the samples taken from the 

end than from the middle of the drug cycle, but the order of 

frequency with which a characteristic was selected was 

roughly the same. Overall speech defectiveness was judged 

by a majority of the experienced listeners to be mild for 8 

PD subjects and moderate for 6 PD subjects. The judgments 

for overall speech defectiveness identified the same 

subjects as mild and moderate for the two drug-cycle 

sessions. 

------~--------------------~--~ 
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The characteristics identified as defective for the PO 

subjects generally agree with characteristics reported in 

the literature, with a few exceptions. The classic study by 

Darley et ale (1969) lists monopitch, reduced stress, 

monoloudness, imprecise consonants, and inappropriate 

silences as the five most prominent speech deviations. 

Whereas imprecise articulation, monopitch, and inappropriate 

phrasing were selected frequently by the experienced 

listeners in the present study, monoloudness was 

infrequently identified. Redu.ced stress was not included in 

the list of characteristics in the present study because it 

seemed to be redundant with other characteristics. 

Differences between the studies could relate to subject 

selection and other methodologic differences. For example, 

the 32 subjects in Darley et ale were identified as having 

parkinsonism, not necessarily idiopathic PD. In addition~ 

the judges, who were the authors Darley, Aronson, and Brown, 

knew the neurologic diagnosis when listening to the tapes of 

their subjects and decided, based on the speech samples 

themselves, which characteristics to include in the study. 

In the present study, the listeners knew that some of the 

speakers had PO, but did not know if other disorders were 

represented or which subjects were control subjects. Even 

wi th this anonymity, the PO subjects ,."ere identi fied as 

disordered and the He subjects generally were not. The 

---~~~---------------,-~~--
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listeners were given a prepared list of characteristics to 

judge, but were allowed to add characteristics to the list. 

Conspicuously missing as defective characteristics of 

speech from the present study were low loudness and, as 

mentioned above, monoloudness. Low loudness may have been 

missed because sound pressure level was not calibrated, and 

record levels were adjusted to be similar for all reading 

samples. However, acoustic cues other than sound pressure 

level can contribute to the perception of low loudness 

(Canter, 1963). Judgments of monoloudness should not be 

precluded based on the recording technique because 

monoloudness is detected from variability of loudness within 

a speech sample. An alternate explanation to the infrequent 

occurrence of abnormalities of loudness relates to the level 

of severity of the speech disorder. Despite moderate to 

severe PD, these subjects were identified as having mild to 

moderate dysarthria. Characteristics such as monoloudness 

may be more likely to occur in people with severe dysarthria 

(Metter & Hanson, 1986). 

Of greater interest for the present investigation than 

the speech characteristics themselves is how they relate to 

the findings for speech breathing. As discussed in the 

statement of the Problem chapter, the four parameters used 

to describe speech breathing have perceptual correlates. In 

the discussion that follows, the parameters and their 

_____ 0 ____ ' __ _ 



perceptual correlates are considered in relation to the 

results of the present investigation. 
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The most commonly considered perceptual correlate to 

pressure is loudness. No difference between HC and PD 

subjects was found for tracheal pressure. The finding that 

low loudness was not commonly perceived is consistent with 

this physiologic measure. The nature of the task used for 

pressure measures was not appropriate for the consideration 

of variations in pressure, a measure that could correlate 

with variations in loudness. Abnormally low oral pressure 

could relate to imprecision of articulation because the 

pressure build-up behind the articulators could be 

inadequate for the production of crisp, clear sounds. Oral 

pressure was found to be lower for the PD than for the HC 

subjects, and imprecise articulation was the most commonly 

identified perceptual characteristic. The difference in 

results between tracheal pressure and oral pressure, within 

the constraints of the task used in the pres~nt 

investigation, could be due to valving difficulties at the 

velopharynx. This possibility was discussed previously_ 

Inadequate velopharyngeal valving could relate perceptually 

to deviations in nasality_ Several subjects' speech samples 

were perceived as hypernasal, but this was not one of the 

most commonly identified characteristics. 

Lung volume excursion can relate to the perceived length 

of phrases. The results of the present investigation 
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revealed that the number of syllables and the duration of 

speech per breath group were reduced for the PD subjects as 

compared to the HC subjects. However, phrases were 

infrequently perceived as "too short." This finding could 

relate to the task used for the speech samples in the 

perceptual study. Breath groups were longer, in terms of 

number of syllables and duration of speech, for reading than 

for monologue. Therefore, even the shorter breath groups 

produced by the PD subjects may have been perceived to be 

within normal limits for length. 

The amount of air expended per syllable is a volume 

measure, but also gives an indication of flow. The amount 

of air expended over time is a measure of average flow. 

Differences were not detected between PD and HC subjects for 

either of these measures. However, breathy voice quality, a 

perceptual correlate of flow, often was perceived to be 

present in the speech samples. The possibility that this 

discrepancy in findings between the physiologic and 

perceptual measures was due to individual sUbject 

differences was considered. Inspection of the individual 

data revealed that only 3 of the 8 subjects perceived to 

have breathy voice also had values for lung volume excursion 

per syllable or per second that were among the highest for 

the PD subjects (PD02, PD06, and PDI4). In fact, two of the 

subjects judged to have breathy voice quality (PD09 and 

PDIO) had relatively low values for lung volume excursion 
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per syllable and per second. Other characteristics of 

speech apparently contributed to the perception of breathy 

voice for some sUbjects. 

One result of an abnormality in chest-wall shape could be 

reduced speed of inspirations. This relationship was 

assessed with physical measures rather than perceptual 

measures. As described previously, inspiratory duration did 

not differ between groups of subjects although differences 

were found for chest-wall shape. No perceptual correlates 

for the differences in chest-wall configuration were readily 

apparent. 

The results from the perceptual study with experienced 

listeners were consistent with some but not all of the 

speech-breathing findings. The differences between the 

results can relate to the speech samples, the tasks, the 

imperfect correlation between physiologic and perceptual 

measures, and a lack of perceptual correlates for certain 

speech-breathing measures. First, the perceptual study was 

conducted with samples of two sentences from a reading 

passage whereas the ](inematic data were collected from 

extended samples of reading and monologue productions. The 

sample used in the perceptual study is quite limited and may 

not be representative of the subjects' typical speaking 

performance. Second, reading provides a more structured and 

constrained task that could result in perceptibly improved 

speech (Rigrodsky & Morrison, 1970) which ~s not necessarily 
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reflective of the subjects· natural speech (Ramig, in press: 

Sarno, 1968). For example, a subject who was judged as 

moderately impaired by the 3 listeners (PD02) spoke with 

phonation when reading, but frequently whispered during the 

monologue task. Third, physiologic and perceptual phenomena 

may be related but do not correspond exactly. This was 

illustrated with the previous discussions of loudness and 

pressure, and of breathiness and flow. Finally, variants in 

chest-wall shape may not have specific perceptual correlates 

unless the shape is profoundly abnormal. The speech

production system may be able to compensate for chest-wall 

shape abnormalities, or the shape characteristics themselves 

may be compensatory for some undetected abnormality. In the 

present investigation, no particular perceptual 

characteristic appeared to relate to the difference in 

chest-wall shape between the Parkinson disease and healthy 

control subjects. 

Perceptual Study by Inexperienced Listeners 

A group of inexperienced listeners compared speech 

samples from the two drug-cycle sessions for the subjects 

with Parkinson disease. No systematic preference for speech 

produced at the end or the middle of the drug cycle was 

detected. This result is consistent with previous 

literature which has reported slight or no differences in 

voice production with clinical fluctuations associated with 

---------------
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the drug cycle (Hanson et al., 1984; Larson, 1988). In 

addition, it is consistent with the dearth of differences 

found between drug-cycle sessions for speech-breathing 

measures in this present investigation. 

Leanderson et ale (1971) reported that of 1 of 7 subjects 

experienced deterioration of speech with levodopa therapy, 

and that this appeared to be related to perioral 

dyskinesias. One subject in the present investigation 

(PD05) developed mandibular dyskinesias in the middle of the 

drug cycle and, although not statistically significant, 

there was a strong tendency for his end-cycle sample to be 

preferred over his mid-cycle sample (£=0.058). This 

observation cannot explain the findings for the other 

subjects with better speech at mid-cycle, as determined by 

inexperienced listeners, as they did not demonstrate oral or 

facial dyskinesias. 

An interesting observation concerning the interference of 

dyskinesia for speech production involved Subject PD09. It 

was noted previously that this subject was unable to talk 

during his mid-cycle session for kinematic and pressure data 

collection apparently due to laryngeal dysldnesias. This 

subject appeared to experience sudden severe laryngeal 

adduction which prohibited breathing and speaking during 

speech tasks. The speech samples used in the perceptual 

study were collected after his medication schedule was 

--------------~--------.-,--------.--.. ------~~'-'---.... 
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spasms. 

Clinical Implications 

270 

The respiratory system has been reported to be one of the 

first speech-production subsystems affected in Parkinson 

disease (Critchley, 1981), and goals to improve respiratory 

function often are included in behavioral therapy programs 

(Johnson & pring, 1990; Robertson & Thompson, 1984). The 

present investigation provides preliminary information 

regarding the nature of respiratory dysfunction and its 

effect, if any, on the final speech product. Armed with 

this information, the speech-language pathologist can begin 

to develop and assess specific therapy techniques for the 

client with Parkinson disease. 

The professional who works with people with PD should 

keep in mind that the presenting speech disorder reflects 

not only the effect of the disease but also the response to 

medications and the ability of the person to compensate for 

a disordered system. Fortunately, the results of the 

present investigation suggest that clinical fluctuations in 

motor state associated with the drug cycle may not affect 

speech breathing substantially. Thus, the clinician need 

not be overly concerned with the time related to medication 

ingestion when evaluation and therapy for speech breathing 

occur. Of course, there will be individual exceptions to 
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particular disorder and clinical fluctuations. 
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The results from this investigation that appear to have 

the strongest clinical applicability are that the syllables 

produced and the duration of speech per breath group were 

reduced, interpause speech rate tended to be faster, and 

oral pressure was reduced in Parkinson disease. Equally 

important for the clinician are the negative findings that 

lung volume initiation, termination, and excursion, lung 

volume excursion over time and syllable, inspiratory 

duration, and tracheal pressure were relatively normal. 

The lung volume and duration findings taken together 

provide a useful clinical picture. The lung volume results 

indicate that the amount of air inspired for speech (lung 

volume initiation) and the amount of air expended for speech 

(lung volum~ excursion) are relatively normal. The lower 

than normal amount of speech produced on one breath may be a 

strategy employed to deal with some disordered aspect of the 

speech-production system. Clients with PD who speak in long 

phrases, which would be normal for a healthy individual, may 

not have spontaneously adopted the strategy of shortening 

phrases and could be instructed to do so. This may be a 

more successful strategy than increasing lung volume 

initiation and excursion beyond their current levels, which 

were determined to be similar to normal in the present 

investigation. The individual with PD presumably has to 
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contend with a rigid chest wall, and it may be too difficult 

and costly in terms of effort and energy to maintain lung 

volume adjustments that exceed normal function. 

Another combination of findings that appear to be 

important for understanding the speech disorder of Parkinson 

disease is that tracheal pressure was found to be relatively 

normal but that oral pressure was reduced. This finding 

suggests that the. speaker generates adequate pressures to 

drive the vocal tract for sound, but loses some pressure 

downstream. Improved valving by the articulators could 

improve this situation. 

The present results support the common observation that 

interpause speech rate is faster than normal. Manipulation 

of speech rate and proportion of pause time to speech time 

had been attempted and demonstrated to be useful (Hammen, 

1990: Hammen et al., 1989: Yorkston et al., 1990). 

The findings of a larger than normal abdominal volume at 

the initiation and termination of breath groups, smaller rib 

cage volume initiation and excursion, and smaller relative 

contribution of the rib cage to lung volume excursion do not 

appear to have direct clinical application. However, it may 

be worthwhile to manipulate the chest wall (e.g., by 

strapping the abdomen or instructing the subject to contract 

abdominal muscles) and then to assess speech breathing and 

the speech product for improved performance. Of course, the 
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chest-wall position used may have been adopted to cope with 

a disordered mechanism. 

Therapy goals are tailored to the individual subject 

based on the presenting problems. Speech-language 

pathologists often rely solely on perceptual judgments to 

evaluate speech. The discussion of the relation between the 

kinematic and pressure data and the perceptual judgments 

made by speech-language pathologists exposed the imperfect 

correspondence between physiologic and perceptual measures. 

Such findings support the need for physiologic measures to 

supplement speech evaluations. 

Before leaving the topic of clinical implications, it is 

important to reiterate the exploratory nature of this 

investigation. Each of the suggestions given in this 

section should be considered extremely preliminary and 

should be subjected to further examination. Clinical 

efficacy studies for this and other speech disorders are 

rare and sorely needed. 

Directions for Future Research 

The results from the present investigation provide 

preliminary data for further exploration of speech breathing 

control in Parkinson disease. To verify and supplement the 

findings reported here, investigation of additional subjects 

using the same conceptual framework are needed. In 

addition, slight manipulations in subject selection could 
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prove instructive. Most of the subjects in the present 

investigation were affected with Parkinson disease to a 

moderate degree and had speech difficulties that were mild 

to moderate. Examination of individuals with severe to 

profound motor signs or speech signs is an obvious extension 

of this research. Subjects with less severe signs may be 

best included in investigations designed to experimentally 

manipulate and stress the speech breathing subsystem (see 

Tzelepis et al., 1988, for an example of this approach for 

general respiratory function). 

The present investigation considered average behavior for 

speech breathing as an initial step in understanding the 

general nature of speech breathing control in people with 

Parkinson disease. Standard deviations for the group data 

(in tables) were provided but not analyzed systematically. 

It would be worthwhile to examine these data as well as 

standard deviations for individual subjects for between- and 

within-subject variability. One might hypothesize that 

between-subject variability would be greater in PD subjects 

than in control subjects because of the nature of the 

disease, and that within-subject variability would be lesser 

in PD subjects because of the rigid chest wall. 

This study was not designed to assess the separate 

contributions of the disease and the medications used to 

treat the disease to speech-breathing performnnce. However, 

the present results provide evidence that this would be an 
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important venture. Drug therapy could be temporarily 

withdrawn to remove that variable from investigation. 

Examination of the effect of the drugs on speech breathing 

could then be monitored by precisely controlling the drug 

doses administered and measuring plasma dopa levels. 

Clinical fluctuations did not appear to systematically 

affect speech-breathing in the present subjects. This 

negative finding is inadequate to dismiss this issue. 

Rather, changes in speech breathing with clinical 

fluctuations need to be examined in more detail and in more 

subjects, especially those with severe fluctuations. 

The results from the resting tidal breathing task 

provided the first known evidence that the pattern of chest

wall motion in Parkinson disease is different than normal. 

In fact, rib cage paradoxing was observed in two subjects, 

but only during the middle of the drug cycle. The mechanism 

responsible for this remarkable finding was speculated to be 

related to a reduction of rib cage rigidity as a response to 

medication. This hypothesis merits further exploration. 

Investigation of the progression of speech breathing 

dysfunction with disease progression is warranted. People 

diagnosed with the early signs of Parkinson disease could be 

enlisted in a longitudinal study of speech breathing. The 

longitudinal experimental design is optimal because the 

subject acts as his or her own control, and conclusions 

regarding "changes" rather than "differences" can be made. 
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Of course, if disease progression is slow, the confounding 

effect of aging on speech breathing must be taken into 

account (see Hoit & Hixon, 1987: Hoit et al., 1989). 

The understanding of the presence and nature of speech 

breathing dysfunction in Parkinson disease is just 

beginning. The present findings provide a broad view of 

this issue and beg continued exploration and investigation. 

------------------~-------. ------~~ .. --.---~.----------~~-.-
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SUMMARY AND CONCLUSIONS 

Respiratory dysfunction often is implicated in the 

dysarthria associated with Parkinson disease. However, the 

literature on speech breathing in Parkinson disease is 

sparse and incomplete. This investigation was undertaken to 

explore the nature of speech-breathing control in Parkinson 

disease and to determine how it differs from normal 

functioning. A four-parameter framework was used to provide 

a relatively comprehensive profile of speech-breathing 

biomechanics. The four parameters are pressure, volume, 

flow, and shape. 

Fourteen men with Parkinson disease and 14 healthy 

control subjects matched for sex, age, height, and weight, 

served as sUbjects. Measures of chest-wall kinematics and 

acoustics were to used obtain information pertaining to 

volume, flow, and shape. Resting tidal breathing was 

analyzed to provide background information regarding the 

respiratory system. Speech tasks included reading aloud and 

monologue production. Pressure measures were obtained 

separately during a syllable-repetition task. In addition, 

information regarding the subjects' speech was obtained 

through perceptual analyses. To address the issue of 

fluctuations in motor signs, a common side effect of chronic 

levodopa therapy, data were collected at two times during 

the drug cycle for subjects with Parkinson disease. 
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The data from subjects with Parkinson disease when they 

were at approximately the end of a drug cycle were compared 

with the data from healthy control subjects. This 

comparison revealed the following -findings. During resting 

tidal breathing, subjects with Parl~inson disease used, on 

average, a smaller relative contribution of the rib cage to 

lung volume excursion than did healthy control subjects. 

Subject groups did not differ in terms of tidal volume, but 

subjects with Parkinson disease breathed faster at rest and, 

therefore, had a greater minute ventilation than did healthy 

control subjects. During speech tasks, rib cage volume was 

smaller and abdominal volume was larger at initiation of the 

breath groups for the subjects with Parkinson disease than 

the healthy control subjec~s. In addition, there were 

trends for rib cage volume excursion and relative 

contribution of the rib cage to lung volume excursion to be 

smaller and abdominal volume termination to be greater for 

the subjects with Parkinson disease. Subjects with 

Parkinson disease produced fewer words per breath group and 

spent less time producing speech per breath group. A trend 

was found for interpause speech rate to be faster for the 

subjects with Parkinson disease than for the healthy control 

subjects. There was no difference between groups for the 

duration of inspirations between speech breath groups. Oral 

pressure was lower for the subjects with Parkinson disease, 

-- -- ------~--------------"------------~.------.-----.~-~- -.--~----~--
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but tracheal pressure did not differ between the two subject 

groups. 

The data from the two times during the drug cycle for 

subjects with Parkinson disease were compared. For resting 

tidal breathing, there were no significant differences 

between the drug-cycle sessions. However, the unusual 

pattern of rib cage paradoxing was demonstrated by 2 

subjects with Parkinson diseaoe at approximately the middle 

of the drug cycle. Few differences were found between the 

two sessions for speech tasks. Abdominal volume at the 

initiation and termination of speech and interpause speech 

rate tended to be greater at the end than at the middle of 

the drug cycle. No differences between the drug-cycle 

sessions were detected for inspiratory duration or pressure 

data. 

Two perceptual studies were conducted to provide 

descriptions of the speech of the subjects with Parkinson 

disease. Three experienced speech-language pathologists 

participated as listeners in a study designed to assess 20 

characteristics of speech that often are associatec with 

Parkinson disease. The characteristics used most often to 

describe the speech of the present subjects with Parkinson 

disease were imprecise articulation, low pitch, breathy and 

hoarse voice quality, and fast rate. Six subjects were 

judged as having moderately defective speech and 8 were 

judged as having mildly defective speech. Judgments \'lere 

____________________________ . _.~ ______ , ~,_~, ._~. _" ,.........-.. ~":',,-~.....--f'"""" 
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similar for the speech samples from the two drug-cycle 

sessions. The second perceptual study was conducted by 51 

inexperienced listeners who heard a pair of speech samples -

- one from each of the drug-cycle sessions -- for each 

subject with Parkinson disease and \'1ere asked to select one 

sample in the pair as "better." No systematic preference 

for a speech sample produced at the end or the middle of the 

drug cycle was discerned. 

Some of the differences in the data between subjects with 

Parkinson disease and control subjects can be explained by 

decreased .compliance of the chest wall, presumably a result 

of the rigidity that usually occurs with Parkinson disease. 

The present findings provide evidence that the rib cage is 

relatively less compliant than the abdomen in subjects with 

Parkinson disease as compared to healthy control subjects. 

Indications that valving of the upper airway is abnormal 

are provided by the present data. The finding that oral 

pressure was abnormally low but that tracheal pressure was 

normal suggests that losses in pressure could have occurred 

due to inadequate valving at the velopharynx and lips. 

Airflow measures taken over connected speech tas1ts did not 

differ substantially between the Parkinson disease and 

healthy control subjects. However, the voice quality of 

many of the subjects with Parkinson disease was perceived to 

be breathy by experienced listeners. It is possible, based 

on the perceptual evidence, that laryngeal valving provides 
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a somewhat lower than normal resistance to airflow passing 

through it. The subjects with Parkinson disease produced 

fewer syllables and took less time for speech per breath 

group. This could have been adopted as a useful linguistic 

strategy to cope with other speech breathing and downstream 

valving difficulties. 

The present investigation represents an initial broad 

view of speech breathing in Parkinson disease. The findings 

provide a preliminary basis for future research. Issues to 

be explored could address the clinical efficacy of 

manipulating speech breathing performance,· the influence of 

antiparkinsonism medications on speech breathing, 

compensatory strategies used for speech breathing, 

variability in speech breathing across and within people 

with Parkinson disease, and changes in speech breathing with 

disease progression . 

... -.--.-----------.--.----.--.-------~-~~-~-~--
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APPENDIX A: 

CNS-ACTING MEDICATIONS TAKEN BY PD SUBJECTS 

Total :tllJrnb~r of 

Subject Medication per Day Doses per Day 

PD01 carbidopa/levodopa 100/1000 6 

amantidine 200 2 

brornocripti"ne 5 2 

pergolide 2 2 

PD02 carbidopa/levodopa 150/1500 6 

brornocriptine 20 4 

selegiline 10 2 

PD03 carbidopa/levodopa 125/500 5 

brornocriptine 10 4 

carbidopa 50 2 

selegiline 10 2 

PD04 carbidopa/levodopa 175/700 7 

pergolide 3 6 

PD05 carbidopa/levodopa 175/700 7 

arnantidine 200 2 

selegiline 10 2 

I PD06 carbidopa/levodopa 125/500 5 
I selegiline 10 2 I 
I 

brornocriptine 5 2 

1 
1 
I PD07 carbidopa/levodopa 400/1600 7 

I 
pergolide 3 3 

benztropine 2 2 

I 
doxepin hydrochloride 30 2 

I 
J 

I 
1 
I 

I , 
I 

I 

~~ ---------~--------~------.-... -~-.------------.~ 
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P08 carbidopa/levodopa 225/1075 5 
amantidine 200 2 
selegiline 10 4 

P09 carbidopa/levodopa 150/1500 5 
pergolide 3 3 

PD10 carbidopa/levodopa 112.5/1125 3 

PD11 carbidopa/levodopa 50/200 4 
selegiline 10 2 

PD12 carbidopa/levodopa 80/800 8 
trihexyphenidyl 13 8 
doxepin hydrochloride 90 4 
pergolide 0.375 2 

PD13 carbidopa/levodopa 200/1700 10 
bromocriptine 15 3 
selegiline 10 2 

PD14 carhidopa/levodopa 75/6250 6 

selegiline 5 1 
amitriptyline 25 1 

--------------~-----~---------~--.~----------~-.~-,.---,--"---~--.,~ 



APPENDIX B: 

PROFESSIONAL HISTORIES OF THE EXPERIENCED LISTENERS 

Listener #1 Certification obtained in 1954. 

Clinical Experience: 

Year~ Setting 

14 Hospital 

Disorders and Populations 

Neurogenic, Voice; 

Children and adults. 
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3 

5 

Clinic 

University clinic 

Neurogenic, Voice, Stuttering. 

Neurogenic, Voice. 

Listener #2 CCC-SLP obtained in 1969. 

Clinical Experience: 

Years Setting 

4 

14 

2 

Clinic 

Hospital 

University clinic 

Disorders and Populations 

Neurogenic; 

Children- and adults. 

Neurogenic; Voice. 

Supervision. 

Listener #3 CCC-SLP obtained in 1976. 

Clinical Experience: 

Years Setting 

4 

12 

1 

Public schools/ 

University clinic. 

Hospitals 

University clinic 

Disorders and Populations 

Speech, Language; 

School-age children and 

adults. 

Language, Dysphagia, 

Craniofacial; 

Children and adults. 

Supervision. 
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APPENDIX C: 
INDIVIDUAL SUBJECT DATA FOR RESTING TIDAL BREATHING * 

Healthy Control Subjects 

Illl.=.l. LYT-I .LYE. RCVI-I RCVT-I ~ 

HC01 0.036 0.514 0.479 0.019 0.456 0.437 
HC02 0.019 0.359 0.341 0.016 0.182 0.166 
HC03 0.060 0.473 0.412 0.048 0.406 0.358 
HC04 0.000 0.470 0.470 0.013 0.375 0.362 
HC05 - 0.035 0.480 0.515 - 0.027 0.348 0.376 
HC06 0.015 0.514 0.500 0.011 0.403 0.392 
HC07 0.010 0.826 0.815 0.017 0.689 0.671 
HC08 0.009 0.431 0.422 0.000 0.307 0.307 
HC09 - 0.017 0.519 0.536 - 0.017 0.392 0.409 
HC10 0.006 0.644 0.638 0.036 0.591 0.555 
HC11 - 0.062 0.601 0.663 - 0.047 0.533 0.580 
HC12 0.000 0.607 0.607 0.014 0.531 0.517 
HC13 0.021 0.421 0.400 0.014 0.321 0.307 
HC14 - 0.002 0.297 0.299 0.000 0.281 0.282 

ABVI-! ABVT-I ABYE l.RC 

HC01 0.016 0.059 0.042 91.1 15.19 7.20 
HC02 0.002 0.177 0.175 48.6 20.39 6.91 
HC03 0.012 0.067 0.054 86.8 17.80 7.34 
HC04 - 0.013 0.095 0.108 76.3 15.09 6.79 

HC05 - 0.008 0.131 0.139 73.4 11. 39 5.85 

HC06 0.004 0.111 0.107 78.2 12.51 6.11 
HC07 - 0.007 0.137 0.144 82.1 8.33 6.64 

HC08 0.009 0.124 0.115 72.7 14.66 6.16 

HC09 0.000 0.127 0.128 76.1 18.40 9.85 
HC10 - 0.030 0.053 0.083 87.1 15.20 9.39 
HC11 - 0.015 0.068 0.083 85.9 12.34 7.54 

HC12 -0.014 0.077 0.090 85.0 17.91 10.88 
HC13 0.007 0.100 0.093 76.8 17.15 6.85 
HC14 - 0.002 0.015 0.017 94.5 16.54 4.86 

- -- ----- ---------------------
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Parkinson Disease Subjects at the End of the Drug Cycle 

LYI-I LVT-I .lJlE. RCYI-I RCYT-I &YE 

PD01 0.006 0.514 0.508 0.001 0.302 0.301 

PD02 0.012 0.558 0.546 0.033 0.490 0.456 

PD03 - 0.001 0.368 0.369 - 0.002 0.176 0.178 

PD04 - 0.045 0.688 0.732 0.014 0.329 0.314 
PD05 0.015 0.519 0.505 0.013 0.260 0.247 

PD06 - 0.009 0.374 0.383 - 0.007 0.244 0.250 

PD07 - 0.006 0.544 0.549 - 0.007 0.382 0.389 

PD08 0.013 0.441 0.428 0.023 0.203 0.180 
PD09 0.017 0.296 0.279 0.014 0.230 0.216 

PD10 0.061 0.766 0.705 0.069 0.523 0.453 

PD11 0.000 0.606 0.606 0.003 0.364 0.361 

PD12 - 0.024 1.017 1.041 - 0.008 0.342 0.350 

PD13 - 0.009 0.434 0.443 - 0.009 0.234 0.243 

PD14 0.035 0.757 0.722 0.030 0.520 0.490 

ABYI-I ABYT-I l\EYE. M.C. ~ MY 

PD01 0.005 0.212 0.207 59.1 23.05 11.72 

PD02 - 0.022 0.068 0.089 83.4 21. 69 11. 81 

PD03 0.001 0.191 0.191 47.6 14.81 5.53 

PD04 - 0.059 0.359 0.418 42.7 14.88 10.90 

PD05 0.001 0.259 0.258 48.8 20.04 10.16 

PD06 - 0.002 0.130 0.133 65.4 28.48 10.90 

PD07 0.001 0.162 0.160 70.8 19.35 10.62 

PD08 - 0.010 0.238 0.248 42.1 18.22 7.80 

PD09 0.003 0.066 0.063 77.4 23.39 6.50 

PD10 - 0.008 0.243 0.251 63.0 9.14 6.39 

PD11 - 0.002 0.242 0.245 59.7 18.55 11.19 

PD12 -0.016 0.674 0.691 33.0 24.17 25.00 

PD13 0.000 0.200 0.200 55.0 14.93 6.62 

PD14 0.005 0.237 0.232 66.9 16.76 12.12 
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Parkinson Disease Subjects at the Middle of the Drug Cycle 

LYI-I LYT-I LYE. RCYI-I RCYT-I ~ 

PD01 0.094 0.475 0.381 0.069 0.140 0.070 
PD02 0.080 0.606 0.526 0.037 0.426 0.389 
PD03 0.033 0.427 0.394 0.052 0.027 - 0.025 
PD04 0.000 0.445 0.445 0.022 0.248 0.225 
PD05 0.049 0.531 0.482 0.052 0.427 0.375 
PD06 - 0.032 0.351 0.383 - 0.004 0.286 0.290 
PD07 - 0.042 0.499 0.541 -0.044 0.384 0.428 
PD08 0.035 0.467 0.432 0.047 0.317 0.270 

PD09 - 0.038 0.618 0.656 - 0.029 0.549 0.577 
PD10 0.033 0.744 0.711 - 0.003 0.445 0.448 
PD11 0.066 0.502 0.435 0.033 0.277 0.244 
PD12 0.006 0.335 0.330 0,019 0.133 0.114 
PD13 0.055 0.443 0.388 0.027 0.202 0.176 
PD14 0.040 0.589 0.549 0.052 0.427 0.375 

ABYI-I ABYT-I AIDlE. .lBC. ~ 

PD01 0.025 0.336 0.311 18.4 20.82 7.92 

PD02 0.043 0.181 0.138 73.6 19.66 10.20 

PD03 -0.019 0.400 0.419 -12.5 12.61 4.96 

PD04 - 0.022 0.197 0.220 50.7 15.25 6.79 
PD05 - 0.003 0.104 0.108 77.5 17.25 8.29 

PD06 - 0.028 0.065 0.093 76.8 26.45 10.03 

PD07 0.002 0.115 0.113 79.1 20.57 11. 09 

PD08 - 0.012 0.150 0.162 62.4 20.89 9.02 

PD09 - 0.009 0.069 0.079 88.0 20.68 13.59 

PD10 0.036 0.298 0.262 62.6 13.13 9.37 

PD11 0.033 0.225 0.192 56.0 19.72 8.53 

PD12 - 0.013 0.202 0.215 34.3 18.07 5.89 

PD13 0.029 0.241 0.212 46.4 14.56 5.67 

PD14 - 0.011 0.162 0.174 65.5 19.34 10.67 
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* Means calculated over 15 breathing cycles. 

N.Q!...e. 

LVI-I volume at the initiation of inspiration (L) = lung 
LVT-I volume at the termination of inspiration (L) = lung 
LVE volume excursion (L) = lung 
RCVI-I cage volume at the initiation of inspiration (L) = rib 
RCVT-I = rib cage volume at the termination of inspiration (L) 
RCVE 
ABVI-I 
ABVT-I 
ABVE 
%RC 
Rate 
MV 

= rib cage volume excursion (L) 
= abdominal volume at the initiation of inspiration (L) 
= abdominal volume at the termination of inspiration (L) 
= abdominal volume excursion (L) 

relative contribution of the rib cage (%RC) 
= breathing rate (BPM) 
= minute ventilation (LPM) 
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APPENDIX D: 
INDIVIDUAL SUBJECT DATA FOR THE BREATH GROUP * 

Healthy Control Subjects 

Reading 

Lll .LY1. LYE. ~ BCY.'I. B..CYE 

HC01 0.774 0.070 0.704 0.730 0.124 0.607 
HC02 0.292 - 0 .171 0.464 0.370 0.137 0.233 
HC03 0.537 - 0.497 1.034 0.537 -0.375 0.911 
HC04 0.877 0.293 0.584 1.153 0.797 0.356 
HC05 0.576 0.018 0.558 0.339 0.008 0.331 
HC06 0.624 - 0.255 0.879 0.595 - 0 .107 0.702 

HC07 0.656 - 0.184 0.840 0.594 -0.099 0.693 
HC08 0.885 0.318 0.567 0.869 0.488 0.381 

HC09 0.199 -1. 026 1.225 0.441 -0.449 0.890 

HC10 0.305 -0.516 0.820 0.269 - 0.398 0.668 
HC11 0.074 - 0.815 0.889 0.341 - 0.408 0.749 

HC12 1.264 - 0.095 1.358 1.159 - 0 .104 1.262 

HC13 0.277 - 0 . 422 0.698 0.242 - 0 .183 0.425 
HC14 0.550 - 0.002 0.552 0.582 0.069 0.513 

AEYI. AEYT AmlE. l.E.C. 

HC01 0.044 - 0.055 0.098 86.9 
HC02 - 0.077 - 0.308 0.231 53.6 

HC03 0.001 - 0 .123 0.123 88.3 

HC04 - 0.277 - 0.505 0.228 60.2 

HC05 0.237 0.010 0.227 59.0 

HC06 0.029 - 0 .148 0.178 79.6 

HC07 0.062 - 0.085 0.147 83.1 

HC08 0.016 - 0 .170 0.186 68.1 

HC09 -0.242 - 0.577 0.335 73.4 

HC10 0.035 - 0 .118 0.152 82.3 

HC11 - 0.267 - 0.407 0.140 84.8 

HC12 0.105 0.009 0.096 93.1 

HC13 0.034 - 0.239 0.274 60.6 
HC14 - 0.031 - 0.070 0.039 93.3 

-----------------.------.-----------.----.~~-.-•. ---~----., .~----~-
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Healthy Control Subjects 

Monologue 

l&.I. LTI. LYE. Ben B.CYT. B.CYE 

HC01 0.854 - 0.060 0.914 0.826 0.060 0.767 

HC02 0.489 - 0.046 0.534 0.437 0.175 0.263 
HC03 0.223 - 0.740 0.963 0.291 - 0.563 0.853 

HC04 1. 061 0.427 0.634 0.946 0.475 0.470 

HC05 0.327 - 0.383 0.710 0.247 -0.257 0.503 
HC06 0.418 - 0.266 0.683 0.423 - 0.081 0.504 
HC07 0.481 - 0.391 0.871 0.473 - 0 .192 0.665 
HC08 0.817 - 0.093 0.910 0.833 0.174 0.659 
HC09 0.647 - 0.547 1.194 0.777 - 0.017 0.793 

HC10 0.796 0.160 0.636 0.653 0.112 0.541 

HC11 0.296 - 0.394 0.690 0.420 - 0 .144 0.564 
HC12 1.208 - 0 .157 1.365 1.160 -0.108 1.268 

HC13 0.547 - 0.251 0.798 0.573 0.081 0.492 

HC14 0.474 - 0.026 0.501 0.486 0.007 0.479 

~ AE.YT ABYE. l.BC. 

HC01 0.028 - 0 .120 0.147 86.1 

HC02 0.051 - 0.220 0.271 49.4 

HC03 - 0.068 - 0 .177 0.110 89.4 

HC04 0.116 - 0.049 0.164 74.7 

HC05 0.081 -0.127 0.207 71.2 

HC06 - 0.006 - 0 .185 0.180 74.4 

HC07 0.007 -0.199 0.206 78.1 

HC08 - 0.016 -0.267 0.251 72.9 

HC09 - 0 .130 - 0.531 0.401 67.2 

HC10 0.144 0.048 0.096 86.2 

HC11 - 0 .124 - 0.250 0.126 83.6 

HC12 0.048 - 0.049 0.097 92.7 

HC13 - 0.026 - 0.332 0.307 61.8 

HC14 - 0.012 - 0.033 0.022 97.0 



291 

Parkinson Disease Subjects at the End of the Drug Cycle 

Reading 

.LYl. lJlT. lml .Rcr.l .R.CY:I .E.CYE. 

PD01 0.770 0.072 0.698 0.510 0.147 0.364 
PD02 0.387 - 0 .113 0.501 0.425 - 0.012 0.437 
PD03 0.278 - 0.250 0.527 0.214 - 0 .120 0.334 
PD04 1. 739 1.174 0.565 0.832 0.486 0.346 
PD05 0.575 - 0.015 0.589 0.275 - 0.036 0.311 
PD06 - 0.223 - 0.952 0.729 0.099 - 0.328 0.427 
PD07 0.113 - 0.781 0.893 0.243 - 0.272 0.515 
PD08 0.776 0.218 0.558 0.359 - 0.020 0.379 
PD09 0.424 0.024 0.400 0.334 - 0.010 0.343 
PD10 0.397 - 0.010 0.407 0.318 0.162 0.156 
PD11 0.542 -0.516 1.058 0.364 - 0.364 0.727 
PD12 1.526 0.484 1.043 0.901 0.561 0.341 
PD13 0.556 - 0 .118 0.674 0.489 - 0.008 0.498 
PD14 0.705 - 0.667 1.372 0.431 -0.416 0.846 

AIDlI. AEYT AIDlE. .lEe. 

PD01 0.260 - 0.075 0.335 53.2 

PD02 - 0.038 - 0 .102 0.064 87.5 
PD03 0.064 - 0.129 0.194 63.0 
PD04 0.907 0.688 0.219 62.3 

PD05 0.300 0.021 0.280 53.3 
PD06 - 0.322 - 0.624 0.302 59.8 

PD07 - 0 .131 - 0.509 0.378 57.7 

PD08 0.417 0.238 0.179 67.8 

PD09 0.090 0.034 0.056 85.6 

PD10 0.080 - 0 .172 0.251 33.7 

PD11 0.178 - 0 .153 0.331 70.4 
PD12 0.625 - 0.077 0.702 33.1 

PD13 0.067 - 0 .110 0.177 74.4 

PD14 0.274 - 0.252 0.526 59.9 

------------------...,.,....,-.>~ ... --""'---,.---.--. --."......""-.....~-. --~---.,. .. -~. -. 
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Parkinson Disease Subjects at the End of the Drug Cycle 

Monologue 

.Lll .L.Y..I. LYE. ~ B..C.Y.T. ~ 

PD01 0.617 - 0 .197 0.814 0.385 -0.110 0.495 
PD02 0.635 - 0.025 0.660 0.650 0.067 0.584 
PD03 0.507 0.041 0.467 0.396 0.117 0.279 
PD04 1.763 1.090 0.673 0.578 0.159 0.420 
PD05 0.604 - 0.056 0.659 0.288 - 0.021 0.309 
PD06 - 0.086 - 0.763 0.677 0.129 - 0.263 0.393 
PD07 0.781 0.062 0.720 0.635 0.191 0.444 
PD08 0.940 0.354 0.586 0.569 0.114 0.456 
PD09 0.445 0.140 0.305 0.354 0.080 0.274 
PD10 0.326 - 0.019 0.345 0.005 - 0 .157 0.163 
PD11 0.651 - 0.217 0.868 0.392 - 0.233 0.624 
PD12 1.139 - 0.007 1.147 0.476 0.045 0.431 
PD13 0.561 -0.145 0.706 0.351 - 0 .112 0.463 
PD14 0.499 - 0.880 1.378 0.158 - 0.788 0.946 

ABY.I. AE.YI. ~ .ute. 

PD01 0.233 - 0.087 0.319 62.1 

PD02 -0.016 -0.092 0.076 88.3 
PD03 0.112 - 0.077 0.188 59.8 

PD04 1.185 0.931 0.254 63.0 
PD05 0.315 - 0.035 0.350 47.4 

PD06 - 0.215 -0.499 0.284 60.2 

PD07 0.148 -0.129 0.276 62.5 

PD08 0.370 0.240 0.131 78.5 

PD09 0.092 0.061 0.031 90.8 

PD10 0.321 0.139 0.182 52.0 

PD11 0.259 0.016 0.244 75.7 

PD12 0.663 - 0.052 0.715 37.4 

PD13 0.211 - 0.033 0.243 66.0 

PD14 0.340 - 0.092 0.432 67.4 
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Parkinson Disease Subjects at the Middle of the prug Cycle 

Reading 

l&:I. LYT LYE. BCYI. BCY:I EQlE 

PD01 0.676 - 0 .193 0.868 0.210 - 0.047 0.257 

PD02 0.346 - 0 .149 0.494 0.538 0.161 0.378 
PD04 1.105 0.645 0.461 0.743 0.407 0.336 
PD05 0.580 - 0.035 0.615 0.564 0.100 0.464 

PD06 0.868 0.176 0.692 0.732 0.113 0.618 

PD07 - 0.043 - 0.677 0.635 0.033 - 0.235 0.267 

PD08 1.148 0.432 0.716 0.785 0.171 0.614 
PD10 0.724 0.276 0.448 0.483 0.326 0.158 

PD11 0.436 - 0.517 0.953 0.344 - 0.204 0.547 

PD12 0.143 - 0.405 0.547 0.169 - 0.028 0.196 

PD13 0.450 - 0 .149 0.599 0.389 - 0.019 0.408 

PD14 0.851 - 0.280 1.130 0.589 - 0.260 0.848 

AEY.I. AIDll: AEYE. l.B.C. 

PD01 0.466 - 0 .146 0.612 28.7 

PD02 - 0 .193 - 0.309 0.117 75.9 

PD04 0.362 0.238 0.124 74.2 

PD05 0.016 - 0 .136 0.152 75.6 

PD06 0.137 0.063 0.074 89.7 

PD07 -0.075 - 0.442 0.367 38.3 
PD08 0.363 0.262 0.102 84.0 

PD10 0.241 - 0.050 0.291 31.8 

PD1l 0.092 - 0.313 0.406 58.7 

PD12 - 0.026 - 0.377 0.352 36.0 

PD13 0.061 - 0 .130 0.191 68.8 

PD14 0.262 - 0.020 0.282 73.2 
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Parkinson Disease Subjects at the Middle of the Drug Cycle 

Monologue 

hl[I. LY.'I. ~ BCY.l RCYT B.CYE. 

PD01 0.316 - 0.468 0.784 0.126 - 0 .167 0.293 
PD02 0.757 0.139 0.617 0.784 0.290 0.493 
PD04 1.006 0.477 0.529 0.593 0.189 0.404 
PD05 1.073 0.251 0.823 0.726 0.147 0.580 
PD07 - 0.030 - 0.655 0.626 0.057 - 0.233 0.289 
PD08 1.161 0.391 0.771 0.872 0.181 0.691 
PD10 0.561 0.059 0.502 0.203 0.007 0.197 
PD11 0.106 - 0.494 0.600 0.187 -0.176 0.364 
PD12 0.401 -0.196 0.596 0.233 0.025 0.208 

PD13 0.493 - 0 .107 0.600 0.379 - 0.034 0.412 

PD14 0.702 - 0.333 1.034 0.405 - 0.256 0.661 

~ A12.YT AJ2Y.E. l..BQ 

PD01 0.190 - 0.301 0.491 37.1 

PD02 - 0.027 - 0 .151 0.124 79.7 

PD04 0.413 0.288 0.125 76.9 

PD05 0.347 0.104 0.243 70.6 

PD07 - 0.086 - 0.422 0.336 43.8 
PD08 0.290 0.210 0.080 90.2 

PD10 0.357 0.053 0.305 38.3 

PD11 - 0.081 - 0.317 0.236 63.6 

PD12 0.168 - 0.221 0.389 35.1 

PD13 0.114 - 0.074 0.188 70.4 

PD14 0.298 - 0.077 0.374 57.5 



* Means calculated over 30 breath groups (2 trials, 15 

breath groups each) . 

N.Qt.e.. 

LVI = lung volume initiation (L) 

LVT = lung volume termination (L) 

LVE = lung volume excursion (L) 

RCVI = rib cage volume initiation (L) 

RCVT = rib cage volume termination (L) 

RCVE = rib cage volume excursion (L) 

ABVI = abdominal volume initiation (L) 

ABVT = abdominal volume termination (L) 

ABVE abdominal volume excursion (L) 

%RC = relative contribution of the rib cage (%RC) 

295 
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APPENDIX E: INDIVIDUAL SUBJECT DATA FOR THE SPEECH PORTION 
OF THE BREATH GROUP * 

Healthy Control Subjects 

Reading 

.IJa.S. .I&l§. .LYE.S. RCVIS RCVTS RCVES 

HC01 0.775 0.071 0.704 0.731 0.125 0.606 
HC02 0.293 - O. 09S 0.387 0.370 0.204 0.166 
HC03 0.538 -0.496 1.033 0.537 - 0.374 0.911 
HC04 0.876 0.310 0.567 1.153 0.810 0.343 
HC05 0.576 0.045 0.531 0.339 0.027 0.313 
HC06 0.625 -0.212 0.836 0.595 - 0.066 0.661 
HC07 0.657 - 0.141 0.797 0.595 - 0.076 0.671 
HC08 0.885 0.355 0.530 0.869 0.522 0.347 
HC09 0.199 -1.023 1.222 0.441 - 0.448 0.889 
HC10 0.305 -0.516 0.820 0.270 - 0.399 0.668 
HC11 0.074 - 0.790 0.864 0.341 - 0.389 0.730 
HC12 1.264 - 0.085 1.349 1.159 - 0.097 1. 256 
HC13 0.277 -0.410 0.687 0.242 -0.175 0.417 
HC14 0.551 - 0.001 0.552 0.582 0.069 0.514 

ABVIS ABVTS ABVES ~ 

HC01 0.044 - 0.054 0.098 86.9 
HC02 - 0.077 -0.299 0.222 45.6 
HC03 0.001 - 0.122 0.123 88.4 

HC04 - 0.277 - 0.501 0.224 59.5 

HC05 0.237 0.018 0.219 58.1 
HC06 0.030 - 0.146 0.176 78.9 
HC07 0.062 - 0.065 0.127 85.1 

HC08 0.016 - 0 .167 0.183 66.6 

HC09 - 0.242 -0.575 0.334 73.5 

HC10 0.035 - 0.117 0.152 82.3 
HC11 - 0.267 -0.401 0.134 85.5 
HC12 0.105 0.012 0.094 93.3 

HC13 0.034 -0.236 0.270 60.4 

HC14 - 0.031 - 0.070 0.039 93.5 
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syllable duration LYES/syll LVES/sec speech rate 

HCOI 21.03 4.40 0.034 0.163 4.82 
HC02 12.93 3.08 0.031 0.129 4.19 
HC03 20.57 3.69 0.050 0.281 5.69 
HC04 10.93 2.39 0.057 0.256 4.58 
HC05 20.10 3.91 0.026 0.134 5.21 
HC06 14.47 3.40 0.062 0.257 4.25 
HC07 15.77 2.76 0.052 0.292 5.70 
HC08 20.40 3.93 0.027 0.140 5.26 
HC09 17.43 3.77 0.072 0.327 4.67 
HC10 21.10 4.57 0.039 0.182 4.69 
HC11 14.93 3.27 0.059 0.266 4.63 
HC12 23.10 4.57 0.062 0.316 5.13 
HC13 14.43 3.10 0.051 0.228 4.61 
HC14 17.17 3.29 0.033 0.169 5.25 

Healthy Control Subjects 

Monologue 

L2lS. .LYTS. ~ RCVIS RCVTS RCVES 

HC01 0.854 - 0.052 0.907 0.827 0.066 0.761 
HC02 0.489 0.058 0.431 0.438 0.259 0.178 
HC03 0.224 -0.736 0.959 0.291 - 0.559 0.850 
HC04 1.047 0.568 0.479 0.935 0.583 0.353 
HC05 0.321 -0.343 0.664 0.243 - 0.231 0.474 
HC06 0.419 - 0.245 0.663 0.424 - 0.061 0.485 
HC07 0.482 -0.274 0.756 0.474 - 0 .104 0.578 
HC08 0.818 - 0.064 0.882 0.833 0.196 0.637 
HC09 0.640 -0.489 1.129 0.771 0.028 0~744 

HC10 0.794 0.177 0.617 0.649 0.123 0.526 
HC11 0.296 -0.389 0.685 0.420 - 0 .138 0.559 
HC12 1.209 - 0.113 1.322 1.161 - 0.073 1.234 
HC13 0.547 -0.224 0.771 0.573 0.095 0.478 
HC14 0.475 -0.026 0.501 0.486 0.008 0.479 
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ABVIS ABYTS ABVES .iRC..S 

HC01 0.028 - 0 .118 0.146 86.4 

HC02 0.052 - 0.202 0.253 40.1 

HC03 - 0.067 -0.176 0.109 89.4 

HC04 0.113 - 0.015 0.128 74.8 

HC05 0.078 - 0 .112 0.191 71. 8 

HC06 - 0.006 - 0.184 0.179 73.8 

HC07 0.008 -0.171 0.178 80.1 

HC08 -0.016 - 0.261 0.245 73.6 

HC09 - 0.131 -0.517 0.386 66.8 

HC10 0.145 0.054 0.091 86.6 

HC11 - 0.124 - 0.251 0.127 83.6 
HC12 0.048 - 0.040 0.088 93.7 

HC13 - 0.026 -0.319 0.294 62.0 

HC14 -0.011 - 0.033 0.022 96.6 

syllable duration LVES/syll LVES/sec speech rate 

HC01 18.07 4.26 0.056 0.229 4.28 

HC02 11.93 3.16 0.042 0.143 3.92 

HC03 17.13 3.04 0.067 0.367 5.68 

HC04 9.33 1. 99 0.064 0.263 4.50 

HC05 14.37 3.65 0.052 0.181 3.87 

HC06 11. 63 2.78 0.067 0.259 4.09 

HC07 15.17 2.97 0.052 0.263 5.26 

HC08 24.40 4.47 0.038 0.207 5.59 

HC09 19.23 4.46 0.062 0.257 4.35 

HC10 15.27 3.45 0.049 0.201 4.27 

Hell 13.67 2.67 0.057 0.264 4.98 

HC12 18.03 4.21 0.086 0.349 4.19 

HC13 13.20 2.87 0.066 0.286 4.55 

HC14 12.27 2.55 0.045 0.207 4.88 
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Parkinson Disease Subjects at the End of the Drug Cycle 

Readjng 

LYI.S. LYl:.S. .LYE..S. RCVIS RCYTS RCVES 

PD01 0.770 0.112 0.658 0.510 0.172 0.338 
PD02 0.388 - 0 .113 0.501 0.425 - 0.012 0.437 
PD03 0.279 - 0.201 0.480 0.214 - 0.080 0.295 
PD04 1. 739 1.182 0.558 0.833 0.492 0.341 
PD05 0.569 0.050 0.520 0.272 0.003 0.270 

PD06 - 0.222 - 0.933 0.711 0.099 - 0.317 0.416 
PD07 0.110 - 0.778 0.888 0.242 -0.269 0.511 

PD08 0.776 0.226 0.551 0.360 - 0.014 0.374 

PD09 0.424 0.024 0.400 0.334 - 0.010 0.343 

PD10 0.397 - 0.010 0.407 0.318 0.162 0.156 

PD11 0.543 -0.516 1. 059 0.364 - 0.363 0.728 

PD12 1. 479 0.959 0.520 0.893 0.756 0.137 

PD13 0.557 -0.106 0.662 0.490 - 0.004 0.493 

PD14 0.708 - 0.562 1.269 0.445 - 0.302 0.747 

ABVIS ABYTS ABVES lBQS. 

PD01 0.260 - 0.061 0.321 52.9 

PD02 - 0.038 - 0.101 0.064 87.5 

PD03 0.065 - 0 .121 0.185 60.9 

PD04 0.907 0.690 0.217 62.1 

PD05 0.297 0.047 0.250 52.9 

PD06 - 0.321 -0.616 0.296 59.4 

PD07 - 0.132 - 0.509 0.377 57.6 

PD08 0.417 0.240 0.177 67.6 

PD09 0.090 0.034 0.057 85.6 

PD10 0.080 -0.172 0.251 33.8 

PD11 0.179 - 0 .153 0.331 70.4 

PD12 0.586 0.204 0.383 20.3 

PD13 0.067 - 0.102 0.169 75.1 

PD14 0.263 - 0.260 0.522 56.4 
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syllable duration LYES/syll LVES/sec ~peech rate 

PD01 10.10 2.22 0.069 0.292 4.45 
PD02 8.53 1.39 0.069 0.383 6.14 
PD03 18.67 3.44 0.026 0.139 5.49 
PD04 9.30 2.09 0.068 0.281 4.37 
PD05 10.03 2.39 0.053 0.212 4.22 
PD06 8.07 2.21 0.102 0.339 3.56 
PD07 15.00 3.10 0.063 0.295 4.79 
PD08 14.77 2.64 0.040 0.217 5.58 
PD09 16.30 2.43 0.026 0.170 6.70 
PD10 13.87 2.49 0.030 0.163 5.46 
PD11 17.83 3.01 0.062 0.355 5.93 
PD12 9.27 1. 42 0.063 0.384 6.46 
PD13 17.33 3.44 0.040 0.197 5.09 
PD14 21.33 3.72 0.064 0.368 5.85 

Parkinson Disease Subjects at the End of the Drug Cycle 

Monologue 

~ LY1.S. ~ RCVIS RCVTS RCVES 

PD01 0.592 - 0.076 0.668 0.372 - 0.028 0.399 
PD02 0.636 - 0.025 0.660 0.651 0.067 0.584 
PD03 0.508 0.190 0.318 0.397 0.247 0.150 

PD04 1.764 1. 091 0.673 0.578 0.159 0.420 
PD05 0.585 0.033 0.552 0.284 0.028 0.256 

PD06 - 0.085 -0.712 0.627 0.130 - 0.237 0.366 

PD07 0.768 0.135 0.634 0.625 0.243 0.382 
PD08 0.940 0.358 0.582 0.570 0.118 0.452 

PD09 0.446 0.168 0.279 0.354 0.101 0.253 

PD10 0.326 - 0.018 0.345 0.005 - 0 .157 0.162 
PDl1 0.652 -0.216 0.868 0.393 - 0.232 0.625 

PD12 1.085 0.689 0.396 0.472 0.357 0.116 

PD13 0.562 - 0 .121 0.683 0.351 - 0.098 0.449 
PD14 0.498 - 0.677 1.175 0.168 - 0.601 0.770 
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ABVTS ABVES l.E.CS 

POOl 0.220 - 0.049 0.269 62.4 

PD02 - 0.015 - 0.091 0.076 88.3 
PD03 0.112 - 0.058 0.168 24.6 

PD04 1.185 0.931 0.254 63.0 

PD05 0.302 0.005 0.297 46.9 
PD06 -0.215 -0.475 0.261 61.5 
PD07 0.144 - 0.108 0.252 62.1 

PD08 0.370 0.241 0.130 78.3 
PD09 0.092 0.067 0.026 91. 7 

PD10 0.321 0.140 0.182 51. 9 
PD11 0.259 0.016 0.243 75.7 
PD12 0.612 0.332 0.280 26.9 

PD13 0.211 - 0.024 0.234 66.1 

PD14 0.330 - 0.076 0.406 56.5 

syllable duration INES/syll LVES/sec speech rate 

PD01 9.63 2.13 0.072 0.310 4.49 

PD02 10.00 1. 73 0.073 0.399 5.84 

PD03 12.73 2.69 0.024 0.109 4.68 

PD04 8.47 2.24 0.105 0.342 3.95 

PD05 10.43 2.30 0.059 0.247 4.64 

PD06 7.80 1. 74 0.089 0.377 4.39 

PD07 9.87 2.20 0.068 0.288 4.46 

PD08 13.90 2.60 0.048 0.234 5.42 

PD09 9.60 1. 78 0.032 0.161 5.29 

PD10 10.97 2.04 0.039 0.190 5.27 

PD11 14.97 2.64 0.099 0.454 5.52 

PD12 6.77 0.94 0.065 0.434 7.10 

PD13 14.40 3.14 0.053 0.233 4.67 

PD14 16.90 2.79 0.085 0.453 5.88 
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Parkinson Disease Subjects at the Middle of the Drug Cycle 

Reading 

LYI.S. ~ L.YE.S. ReVIS ReYTS ReVES 

PD01 0.651 - 0.132 0.782 0.205 - 0.020 0.225 
PD02 0.347 - 0.148 0.495 0.538 0.161 0.378 
PD04 1.105 0.645 0.460 0.744 0.407 0.336 
PD05 0.581 0.001 0.580 0.564 0.125 0.439 
PD06 0.868 0.179 0.690 0.732 0.115 0.617 
PD07 - 0.042 - 0.671 0.629 0.033 - 0.229 0.261 
PD08 1.143 0.435 0.707 0.781 0.168 0.613 
PD10 0.724 0.276 0.448 0.483 0.326 0.158 
PD11 0.437 - 0.516 0.952 0.344 - 0.203 0.547 
PD12 0.144 - 0.313 0.457 0.169 - 0.026 0.195 
PD13 0.450 - 0 .146 0.595 0.389 - 0 . 017 0.406 
PD14 0.850 - 0.133 0.983 0.590 - 0 .113 0.703 

ABVIS ABYTS ABVES ~ 

PD01 0.446 - 0.112 0.558 26.7 
PD02 - 0.192 - 0.309 0.117 75.8 
PD04 0.362 0.238 0.124 74.1 
PD05 0.017 - 0.124 0.141 ·76.3 
PD06 0.137 0.064 0.073 89.8 
PD07 - 0.075 - 0.443 0.368 37.6 
PD08 0.362 0.268 0.095 85.0 
PD10 0.241 - 0.050 0.291 31.8 
PD11 0.092 - 0.313 0.405 58.7 
PD12 - 0.025 - 0.287 0.262 46.9 
PD13 0.061 - 0.129 0.190 68.8 
PD14 0.260 - 0.020 0.281 68.4 
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syllable duration LVES/syll LVES/sec speech rate 

PD01 9.67 2.48 0.094 0.339 3.88 

PD02 7.77 1.32 0.073 0.391 6.04 
PD03 15.87 3.14 5.06 
PD04 9.03 1. 99 0.055 0.238 4.52 

PD05 9.27 2.37 0.069 0.258 3.98 
PD06 6.43 1. 67 0.124 0.449 3.78 
PD07 9.90 2.31 0.072 0.294 4.21 

PD08 16.10 2.86 0.046 0.254 5.70 
PD10 10.97 2.11 0.044 0.217 5.15 

PD11 16.23 3.12 0.072 0.306 5.56 
PD12 16.10 2.72 0.029 0.170 6.09 
PD13 18.43 3.65 0.033 0.164 5.08 

PD14 19.47 3.34 0.054 0.301 5.78 

Parkinson Disease Subjects at the Middle of the Drug Cycle 

Monologue 

.LNS. ~ .LYES. RCVIS RCVTS RCVES 

PD01 0.292 -0.378 0.670 0.112 - 0 .153 0.265 

PD02 0.757 0.143 0.614 0.784 0.293 0.491 

PD04 1.007 0.478 0.529 0.593 0.190 0.404 

PD05 1. 074 0.353 0.721 0.726 0.214 0.513 

PD07 - 0.029 - 0.616 0.588 0.057 - 0.200 0.257 

PD08 1.162 0.392 0.771 0.873 0.182 0.691 

PD10 0.561 0.060 0.502 0.204 0.007 0.197 

PD11 0.107 - 0.493 0.600 0.188 -0.176 0.364 

PD12 0.401 -0.148 0.548 0.233 0.028 0.205 

PD13 0.493 - 0.104 0.596 0.379 - 0.031 0.410 

PD14 0.701 - 0 .165 0.865 0.423 - 0 .106 0.529 
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ABVIS ABYTS ABVES llli& 

PD01 0.180 - 0.225 0.405 40.1 
PD02 - 0.027 - 0.149 0.123 80.1 
PD04 0.414 0.289 0.125 77.0 
PD05 0.348 0.140 0.209 72.4 
PD07 -0.086 -0.416 0.330 40.2 
PD08 0.290 0.211 0.080 90.2 
PD10 0.357 0.053 0.305 38.4 
PD11 - 0.081 - 0.317 0.236 63.5 
PD12 0.168 -0.175 0.343 37.9 
PD13 0.114 - 0.073 0.186 70.5 
PD14 0.278 - 0.059 0.337 45.8 

syllable duration LVES/syll LVES/sec speech rate 

PDOI 8.17 1. 76 0.099 0.400 4.47 
PD02 7.83 1. 43 0.088 0.438 5.56 
PD03 12.77 3.06 3.95 
PD04 9.63 2.15 0.074 0.284 4.40 
PD05 9.37 2.12 0.089 0.367 4.75 
PD06 10.37 2.08 5.04 
PD07 7.80 2.14 0.093 0.318 3.41 
PD08 15.23 3.07 0.057 0.282 5.12 
PDI0 11.67 2.53 0.048 0.208 4.55 
PDl1 11.77 2.09 0.053 0.293 5.79 
PD12 13.23 2.68 0.047 0.220 4.98 
PD13 1 7.80 3.68 0.040 0.174 4.63 
PD14 16.43 3.19 0.056 0.292 5.36 

* Means calculated over 30 breath groups (2 trials, 15 breath groups each) 

No:t..e. • 
Variable names are the same as those in Appendix D except that "S" 
has been added to signify the speech portion of the breath group. 
In addition: 
syllable 
duration 
LVES/syll 
LVES/sec 
speech rate 

= number of syllables 
=duration of speech excluding pauses (sec) 
=lung volume excursion per syllable (L/syllable) 
-lung volume excurstion per duration of speech (L/sec) 
=interpause speech rate (syllables/sec) 



APPENDIX F: 
INDIVIDUAL SUBJECT DATA FOR 
INSPIRATORY DURATION (sec) * 

Healthy Control Subjects 

HCOI 
HC02 
HC03 
HC04 
HC05 
HC06 
HC07 
HC08 
HC09 
HClO 
HC11 
HC12 
HC13 
HC14 

Reading 

0.522 
0.453 
0.595 
0.416 
0.513 
0.752 
0.522 
0.494 
0.637 
0.690 
0.852 
0.692 
0.568 
0.519 

Monologue 

0.906 
0.943 
0.635 
0.573 
0.791 
0.771 
0.719 
0.655 
0.908 
0.586 
0.880 
0.720 
0.730 
0.521 

Parkinson Disease Subjects at the End 
of the Drug Cycle 

POOl 
PD02 
PD03 
PD04 
PD05 
PD06 
PD07 
PD08 
PD09 
POlO 
POll 
PD12 
PD13 
PD14 

Reading 

0.562 
0.635 
0.570 
0.601 
0.693 
0.524 
0.437 
0.753 
0.480 
0.368 
0.547 
0.700 
0.645 
0.660 

Monologue 

0.806 
0.986 
0.624 
0.838 
0.851 
0.731 
0.668 
0.739 
0.412 
0.400 
0.455 
0.825 
0.779 
0.597 
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Parkinson Disease Subjects at the Middle 

of the Drug Cycle 

Reading Monologue 

PD01 0.611 0.903 
PD02 0.539 0.805 
PD04 0.572 0.791 
PD05 0.613 0.896 

PD06 0.588 0.759 
PD07 0.450 0.605 

PD08 0.679 0.722 

PD10 0.341 0.421 
PD11 0.541 0.337 

PD12 0.658 0.457 

PD13 0.569 0.825 
PD14 0.663 0.664 

* Means calculated over 30 inspirations 

(2 trials, 15 inspirations each) . 
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APPENDIX G: 
INDIVIDUAL SUBJECT DATA FOR 

ORAL AND TRACHEAL PRESSURE (cmH20) * 

Healthy Control Subjects 

HC01 
HC02 

HC03 
HC04 
HC05 

HC06 
HC07 
HC08 

HC09 
HC10 

HC11 

HC12 
HC13 

HC14 

Oral Pressure 

(n) 

(20) 4.21 

(6) 5.72 
(15) 7.17 
(19) 5.12 
(16) 5.71 

(11) 9.07 
(10) 6.73 
(12) 5.62 

(20) 7.86 
(18) 5.95 

(15) 5.31 
(20) 6.01 
(20) 5.67 
(20) 10.77 

Tracheal Pressure 

en) 

(20 ) 

(20 ) 
(20 ) 
(20 ) 
(20 ) 

(18) 
(20 ) 
(20 ) 

(20 ) 
(16 ) 

(20 ) 

(20 ) 
(20 ) 

(15) 

4.68 
6.92 
7.18 
5.22 
6.37 

8.51 
6.45 
5.67 
6.40 
6.29 

4.80 

6.55 
6.60 
8.09 

Parkinson Disease Subjects at the End of the Drug Cycle 

PD01 
PD02 
PD03 

PD04 

PD05 
PD06 

PD07 
PD08 

Qral Pressure 

(n) 

(17) 
( 18) 

( 5) 
( 10) 

(20) 
(15) 

( 10) 
(21) 

5.00 
2.96 

6.02 

4.08 
4.01 

2.40 

4.65 
3.91 

Tracheal Pressure 

(n) 

( 6) 

( 7) 

(18 ) 

(14) 
(12) 

(11) 
(20 ) 
( 1) 

3.53 
5.06 
7.36 

4.75 
5.09 
4.12 

5.63 
6.30 
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PD09 
PDI0 
PDll 
PD12 
PD13 
PD14 

(10) 
( 3) 
(20) 
( 5) 
(14) 
( 15) 

4.95 
6.77 
4.48 
4.78 
4.37 
9.26 
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(20) 4.90 
(17) 7.83 
(20) 5.75 
(11) 4.40 
( 0) 
(20) 11.17 

Parkinson Disease Subjects at the Middle of the Drug Cycle 

PDOI 
PD02 
PD03 
PD04 
PD05 
PD06 
PD07 
PD08 

PD09 
PDI0 
PDll 

PD12 
PD13 
PD14 

Qral Pressure 

(n) 

(12) 
(12) 
(17) 
(20) 
(12) 
(18) 

( 4) 

(20) 
( 10) 
( 10) 
(10) 

( 0) 
(11) 
(10) 

5.07 
5.69 
6.76 
4.45 
4.29 
4.54 
5.78 
4.72 

4.65 
5.03 
4.48 

4.94 
9.19 

Tracheal Pressure 

(n) 

(20) 6.38 
(20) 6.05 
(16) 4.56 
(2) 3.55 
(4) 5.98 
(10) 5.01 
(20) 7.96 
(13) 4.69 

(9) 6.48 
(9) 6.98 
(14) 4.96 
(9) 6.42 
(20) 5.40 
(19) 10.61 

* Means were calculated over the number of pressure peaks 

indicated. 
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