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ABSTRACT 

The literature contains limited information concerning the voice 

characteristics of Multiple Sclerosis (M.S.) patients. Vocal fold perturbation 

values have been found to be an effective means in detemiining normal vocal 

fold status, yet no research has been reported for the M.S. population. Frfteen 

M.S. subjects were matched with fifteen normal subjects by age and gender. 

All subjects prolonged la.l and /i:/, and repeated the utterances. /hi:d/. /hfl:d/. 

/pi:d/ and /pa:6/, prolonging the medial sound. The data were tape recorded 

digitally, analyzed and compared in terms of differences in fundamental 

frequency, jitter, and shimmer rates. Results did not show significant 

differences between the normal and M.S. groups for fundamental frequency 

and jitter. One significant finding (.015 level of confidence) was discovered for 

shimmer in the speech utterance /hi:d/. All other speech utterances did not 

yield significant. The results were similar to previous studies conducted when 

comparing fundamental frequency; however, perturbation results appeared 

variable and inconsistent with previous studies. 
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CHAPTER I 

INTRODUCTION AND REVIEW OF UTERATURE 

According to Darley, Aronson and Brown (1975). Charcot first 

described Multiple Sclerosis (M.S.) in 1877. It was then known as 

disseminated sclerosis. Among the three neurological symptoms were 

nystagmus, intention tremor and dysarthria Akpati (1978) noted that 

dysarthria may involve respiration, phonation, articulation, resonance and 

prosody. The effects of M.S. on speech and phonation as well as the 

nonspeech symptoms will be discussed in detail. 

Paty, Poser and Schapiro (1989) classified M.S. Into four equally 

occurring types: (1) slowly progressive M.S. which eventually leads one into 

incapacitation; (2) irregular attacks of symptoms leading to a modest degree of 

disability; (3) mild case of symptoms which dissipates eventually; and (4) those 

which are bothered rarely by the symptoms of M.S. 

The irregular attacks mentioned above are referred to as exacerbations 

and remissions. An exacerbation is when the disease attacks the Central 

Nervous System (CNS) which in turn destructs the myelin and is usually 

manifested by worsening symptoms or by reoccurrence of them (Patlak, 1989). 

Remission is the lessening of symptoms, and some believe that this is when 

reconstruction of myelin occurs (Patlak, 1989). Darley et al. (1975) stated that 

two-thirds of the M.S. population has such occurrences, and the remaining 



one-third has the progressive type. According to Patlak (1989), attacks 

become more frequent as the patient ages, experiencing fewer and fewer 

remissions, and it is not until the later stages that the patient experiences 

progressive attacks with no remissions. A person who experiences 

exacerbations and remissions tends to have a better prognosis than those 

whose M.S. is progressive (Paty et al. 1989). Patlak (1989) stated that M.S. is 

rarely fatal and is not always disabling, reporting that two-thirds of the patients 

are able to walk 25 years post-onset. Patlak further stated that of those 

two-thirds, half reported no change in their activities up to 15 to 20 years after 

diagnosis. Paty et al. (1989) reported that people with M.S. usually have a 

similar life expectancy as that of a person without the disease. In fact, Patlak 

(1989) stated that the life expectancy of M.S. patients was 93% of the normal 

population. 

Prevalence and Incidence 

Patlak (1989) stated that approximately 8.000 individuals are diagnosed 

with M.S. each year. She also found M.S. occurring in women twice as often 

as in men. Matthews (1978) found similar results with a ratio of three women 

to two men who acquire M.S. In 1960. Farmakides and Boone conducted a 

study consisting of 82 patients in which 51 were women and 31 were men. 

Patlak (1989) reported that neariy 500,000 Americans with M.S. 

experience initial symptoms between the ages of 20 and 50 years of age. 



Paty et al. (1989) noted that the average age of onset is 32 years with the 

continuum ranging from 20 to 40 years of age. They also stated that the risk 

of acquiring M.S. is least below the age of 15 and above the age of fifty. They 

added that if the disease is acquired during the teen years or after age 40 they 

will usually have a more malignant form of M.S. Matthews (1978) stated that 

the symptoms begin to increase at the age of 17 and reaches its peak at 30 

years. 

Over the years there has been a pattern of occurrence identified in 

different geographic regions. Matthews (1978) stated that the occurrence of 

M.S. in tropical countries is rare or nonexistent. The prevalence in India is 

highly contrasted to the occurrence of M.S. in northern states of the U.S. and 

Canada (Matthews, 1978). He noted that the highest known prevalence was 

found in the Shetiands and Orkneys with 300 cases of M.S. to every 100.000 

people. Paty et al.(1989) stated that there may be some correlation with M.S. 

development and northern European heritage. Reports showed that the 

incidence of M.S. to be 130/100,000 in Canada and as low as 35/100,000 in 

the southern United States. Matthews (1978) reported that M.S. is rare in 

Japan, however the documented cases are much more severe. Alaska is 

another geographic area in which M.S. has been rarely reported (Matthews, 

1978). 



Nonspeech Rftiatad Svmptoms 

Beukelman. Kraft and Freal (1985) sent out questionnaires and 90% 

(656) were returned. They reported that 23% of tiieir sample stated that 

communication problems were a symptom of the disease. However, they 

claimed that they experienced other symptoms more often including: fatigue. 

77%; balance, 74%; weakness and numbness, 63%; and bladder control, 59%. 

Urinary urgency and frequency are initial symptoms of 5% of M.S. patients 

(Paty et al. 1989). They also noted that fatigue was most prominent later in the 

development of M.S.; however, Freal, Kraft and Coryell (1984) found in their 

survey that fatigue was one of the initial complaints made by M.S. patients. 

Matthews (1978) and Patiak (1989) reported dizziness to be anotiier 

characteristic of M.S. Poser, Paty and Scheinberg (1982) stated that vertigo 

was present 30% to 50% of the time at some point of the illness. Paty et al. 

(1989) noted that this sense of dizziness was "not usually a spinning vertigo 

but rather a sense of unsteadiness or of being off balance" (p.63). Numbness 

and tingling was also listed as a salient feature of M.S. by Patiak (1989). Paty 

et al. (1989) pointed out that 50% complained of sensory problems bilaterally 

or unilaterally manifested by numbness or a tingling sensation. She also 

stated that this "subtiety of sensory deficits" could lead to a conclusion of a 

motor deficit (i.e., difficulty tying shoe laces or fastening buttons). Abnormal 

deep tendon reflexes is a more specific characteristic of M.S. and is 

considered a "red flag" in diagnosing the disease (Paty et al. 1989). They also 



stated that hyperreflexia was noted in 70% of the patients with M.S. and that 

they may experience difficulty witin tactile discrimination. 

Visual problems are also prominent in M.S. Diplopia was identified by 

Patiak (1989) and also Paty et al. (1989). Diplopia stems fi-om 

ophthalmoplegia which gives a person a 20% chance of M.S., although It also 

occurs in other neurological difficulties such as a stoke or aneurysm. 

Retrobulbar neuritis was found to be the most common visual deficit, and that 

M.S. was confirmed in 20-25% of patients following a diagnosis of retrobulbar 

neuritis (Paty et al. 1989). Matthews (1978) stated that 75% of those 

diagnosed with retrobulbar neuritis develop M.S. 

Fairbanks and Boone (1960) discussed intellectual deterioration in M.S. 

patients. They stated that deterioration was most likely to occur when the 

disease progressed into the later stages. However, in the eariy stages, 

patients may experience word finding difficulties, memory loss or difficulty 

concentrating. Decreased abilities in reading comprehension, abstract thinking 

and speed of processing information may be tracked by routine cognitive 

testing. 

Speech Related Svmptoms 

Beukelman et al. (1985) stated that communication disorders are not 

always a common characteristic of M.S. Darley, Brown and Goldstein (1972) 

conducted a study with 163 M.S. subjects. They concluded that dysarthria 



affected only 41% of their M.S. patients. Beukelman et al. (1985) identified 

dysarthria as the most common speech problem in M.S. In the study by 

Beukelman et al. (1985), the communication disordered subjects stated that 

most strangers could understand their speech with relative ease, whereas 4% 

of the subjects encountered more problems when communicating with 

strangers. 

Dysarthria, in terms of M.S. is the loss of muscular control due to a 

lesion of the CNS, specifically the white matter, resulting in slow, weak and 

uncoordinated movements of the articulators. West et al, in 1968 (cited in 

Akpati, 1978), referred to dysarthria as an "impairment of articulation caused by 

damage to the nerve centers or tracts immediately involved in direct control of 

the musculature used in the enunciation and pronunciation of vowels and 

consonants" (p. 26). 

Movement of the articulators, innervation of the pharyngeal muscles and 

the vocal folds are three components of speech production. If there are neural 

impairments to the muscles used for speech, there will be a weakness and 

incoordination which will decrease one's intelligibility (Farmakides & Boone. 

1960). To compound the problem, inactivity of the muscles will eventually lead 

to atrophy which will result in greater problems than what was caused initially 

by the dysfijnction of the neuronal fansmlssion (Farmakides & Boone, 1960). 

Gordon, in 1951 (cited in Akpati. 1978). also implied that atrophy of the 

muscles could contribute to decreased intelligibility and overall involvement. 



Collet, in 1946 (cited in Akpati. 1978), observed the vocaJ folds 

approximating midline without difficulty, however, there appeared to be 

alterations between tense and flaccid states. Leutenegger. in 1975 (crted in 

Akpati, 1978), reported that aperiodic vibrations of the vocal folds, nasal voice 

quality, reduced pitch variability, weak voice, and difficulty initiating vocal 

vibration contributed to the vocal quality of M.S. patients. Farmakides and 

Boone (1960) reviewed the case histories of 82 patients diagnosed with M.S. 

They stated that 50% of all tiie cases experienced speech difficulties to some 

degree. Their speech was characteristic of an increased nasal quality, weak 

phonation, changes in pitch, and slow rate. The nasal quality was exhibited in 

speech as excessive nasal resonance due to the inability to raise the velum. 

Weak phonation was also associated with poor respiration which could be 

manifested by a voice which is too loud or which is too soft. Farmakides and 

Boone (1960) stated that most M.S. subjects' speech were characteristic of low 

intensity, which was usually attributed by an inadequate respiratory system. 

They also added that controlling a smooth flow upon exhalation for phonation 

was quite difficult, resulting in "explosive type of speech with poor patterns of 

phrasing" (p.386). 

Controlling the delicate movements required in changing pitch was also 

observed to be challenging to the M.S. patient, resulting in monotonous 

speech. They also noted difficulties in producing voiced and unvoiced 

consonants due to the inability to conti-ol phonation. Lastly, a slow rate of 



speech was observed. The patient typically had difficulty manipulating the 

tongue in order to produce the normal sounds of speech, which is 

characteristic of rapid, precise movements. Instead, the speech sounds were 

"slurred and Indistinct." Akpati (1978) noted lesions to the cerebellum may 

affect liming, range, force and direction of peripheral movements" (p.26). 

Leutenegger, in 1975 (cited in Akpati, 1978) mentioned that incoordination of 

the articulatory, phonatory and respiratory systems contributes to some degree 

to the slow rate of speech. An accelerated rate of speech may also be 

obsen/ed and Akpati (1978) explained tiiis by the inability to inhibit the 

articulatory movements. Brain, in 1962 (cited in Akpati, 1978), pointed out that 

dysarthria may be a type of spastic weakness or due to ataxia to the musdes. 

He further stated that in its initial stages dysarthria may be characterized by 

slurred articulation and later become increasingly unintelligible and explosive in 

nature. In 1911, Barth (cited in Akpati. 1978) also stated that M.S. speech may 

have similarities to spastic dysphonia. 

Scripture, In 1916 (cited in Akpati, 1978). observed samples of sustained 

vowels in M.S. patients to have irregular vibrations regardless if the abnormal 

vibrations could be perceived by ear. He also noted that these M.S. patients 

showed inappropriate intonational patterns, timing difficulties, and inconsistent 

articulatory errors. Dariey et al. (1972) reported that the deviations which 

affected the overall intelligibility of speech were adequacy of emphasis, the 

defectiveness of articulation, the amount of articulatory breakdowns, pitch 
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conti-ol and tiie effects of inappropriate pitch. They also discovered that the 

relationship between the number of involved systems and speech 

unintelligibility were directiy related. 

Dariey et al. (1972) concluded that "scanning speech" was not a 

prominent characteristic of M.S. speakers because other speech deviations 

were more notable. According to Farmakides and Boone (1960), scanning 

speech or lalling speech was defined as "the prolonged phonation of each 

word with slow and slurred articulation of the individual consonant sounds with 

abnormality of the pitch and inflection" (p.385). Impaired loudness and 

harshness was obsen/ed 70% of the time while defective articulation was noted 

50% of the time. M.S. patients revealed an impaired ability to change pitch, 

hypernasality and breatiiiness 20-40% of tiie time. Dariey et al. (1972) and 

Farmakides and Boone (1960) noted respiratory weakness, abnormal vocal 

tract tensing and slow inaccurate movement with limited range. 

In the early 1950's, Schumacher and Gordon (cited in Akpati, 1978) 

reported that weakness and incoordination of speech functions were due to 

neural impairments to the muscles. Darley et al. (1972) found that there was a 

borderiine significance between the defected articulation of a patient with M.S. 

and the severity of the impairment of cranial nerves VII, X, and XII. Poser et al. 

(1982) added that a dysfunction to the corticobulbar ti-act would lead to 

dysarthria This conclusion is reinforced by the findings of Dariey et al. (1972) 

in that a demyelinization of this tract could affect cranial nerves VII. X and XII. 



since it innervates these cranial nerves. One could condude that a patient 

may have loss of pain, temperature, touch and pressure to the face due to 

demyelinization of the fadal nerve. A patient may exhibit qualities of 

breathiness and nasality due to some demyelinization of the fibers to the vagus 

nerve. Finally, some demyelinization to the fibers of the hypoglossal nerve 

might cause the person to slur and misarticulate many of the phonemes by 

Inappropriate placements. Proper innervation of the nerve fibers to the oral 

muscles is essential for intelligible speech. If the muscles are not innervated 

appropriately production errors may occur and be characterized by 

substitutions, omissions or deletions of sounds. For instance, tiie articulatory 

placement required for the cluster /st/ may be reduced to /sp/. /Another 

example was noted in a study by Akpati (1978). He noted substitution errors 

to be the most common error type, (19.9%) of the 16 M.S. subjects analyzed 

There were 11 females and five males with a mean age of 49 years. Sixty-four 

monosyllabic. CVC, English words were used in imitative and spontaneous 

tasks. Of the substitutions errors, 61.2% were one-feature changes. 21.5% 

were two feature changes, 2.4% were three-feature changes, and 14.7% 

involved other substitutions such as /st/ for /z/ and / 7 / for /dr /. Additional 

results showed omissions were the next most fi-equent error noted with 2.7% 

Correct productions were noted 76.8% of the time. The phonemes /t/. /k/ and 

/n/ proved to be tiie easiest productions witii 14%. 10.9% and 9.3%. 
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respectively. The most difficult phonemes produced were it I, IzJ and Nf with 

percent errors of 43.7%, 34.3% and 39%. respectively. 

Benya (1970) analyzed the acoustic characteristics and Intelligibility of 

select vowels produced by adult male M.S. speakers and normal adult male 

speakers. His experimental group consisted of 20 M.S. male adults with 

duration of diagnosis ranging fi-om 36 mos. to 321 mos. The confol groups 

consisted of 20 males with no history of speech disorders of M.S. Benya's 

study analyzed /!/, /a& /, /a/, /u/. /A /. /3^/. Each of these vowels were 

presented In the "h-d" environment. Each "h-d" stimulus was preceded and 

followed by a rhyming word to ensure consistency, for example, feed, heed, 

need. The middle word contained the targeted vowels to be analyzed. The 

results revealed significant mean fundamental fi-equency differences between 

the vowels /A/, /at /, and IS I- All of the targeted sounds were produced at 

significantly different amplitude levels; and the two vowels, lal and /et/ y^ere 

produced with longer durations than the other targeted vowels. Benya 

concluded that /a/ and /SB/ may be produced with longer durations than other 

experimental vowels due to difficulty in establishing correct articulatory 

positions. He also added that the significant intensity differences between the 

two groups possibly involved the processes of respiration and phonation. 

A study by Zemlin in 1962 investigated the periodic fijnction or 

fundamental fi^equency of vocal fold vibration and the variation in periodic 

functions of vocal fold vibrations. Subjects consisted of 33 subjects diagnosed 
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With M.S. and 33 normal subjects with no known neurological disorder. He 

analyzed a 500 milliseconds sample of prolonged vowels, /a/ and / i / . He found 

that fundamental period for the normal group ranged fi-om 3.3 to 11.5 ms. The 

range of fundamental period for the M.S. group was 2.8 to 17.0 ms. Variations 

in fundamental fi-equency for the M.S. group was .1 to 11.5 ms for /!/ and fi-om 

.2 to 14.2 for /a/. The normal group's variations in the fundamental for f\/ and 

/a/ was from .2 to .9 ms. The results showed no significant differences 

between the two groups, however there was a slightiy greater fundamental 

range and the variability of the fundamental fi-equency was larger in the M.S. 

group. 

Freouencv Perturbation 

Fundamental fi-equency has been shown to reflect the vocal fold status 

and how the variables interact and perform (Baken, 1987). He defined 

fundamental frequency as the following: 

The vocal fundamental frequency is reflective of the 
blomechanical characteristics of the vocal folds as they interact 
with subglottal pressure. The blomechanical properties are 
determined by laryngeal structure and applied muscle forces. 
Adjustment of the latter, in turn, is a function of reflective, affective 
and learned voluntary behaviors, (p. 147) 

The small cycle-to-cycle changes in fundamental fi-equency are 

represented by fi-equency perturbations or what is called jitter (Horii, 1979). 

Baken (1987) noted that the amount of variability or perturbation of the vocal 

signal reflects tiie stability of the vocal mechanism and its ability to make the 

12 



necessary phonatory adjustments during speech. He also noted that jitter 

values reflect the short term variability fi-om one period to the next and 

represents those variations which are not voluntary. He quoted Beckett (1969, 

p.418), stating that "perturbation is an acoustic correlate of erratic vibratory 

patterns." Sorenson, Horii and Leonard, in 1980 (dted in Baken, 1987). 

reported that perturbation reflects a decreased ability In conti-olling the 

phonatory system. Colton and Casper (1990) also described jitter by noting 

that this instability of vocal fold vibration may be a reflection of blomechanical 

and neuromuscular control. 

Frequency perturbation values can be affected and vary in several ways. 

Horii (1979) stated that variations of pitch perturbation is inversely proportional 

to the fundamental frequency, for example when fijndamental fi-equency 

increases jitter decreases. Klingholz and Martin (1983) stated that variations of 

pitch perturbation is expected to change in relation to the degree of tension 

present in the vocal folds, where high tension refiects lower perturbation values 

and low tension reflects higher perturbation values. 

Two additional factors that affect fijndamental fi-equency perturbation are 

voice onset and termination. The onset and termination of the speech signal 

could influence the magnitude of fundamental fi'equency perturbation in 

prolonged vowels (Horii. 1979). Baken (1987) recommended that future 

researchers may not wish to evaluate sustained phonations less than 500 ms 

after initiation due to the findings of Koike (1973). He found that normal vocal 
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initiation had a jitter value of .0276 ms. whereas the steady-state phonation 

reflected mean relative average pertijrbation values of much less. .0046 ms 

(Baken, 1987). Horii (1979) utilized the midsegments of the sustained vowel 

/i:/ to lower any effects caused by Initiation and termination of the signal. 

Vocal intensity and speech sample used have also been shown to affect 

fundamental fi-equency perturbations. Jacob, In 1968 (cited in Horii. 1980), 

revealed the effects of intensity on jitter values. He found that higher jitter 

ratios were related to low pitch and intensity of sustained vowels. In view of 

phonetic context, Baken (1987) pointed out that speech "uses a range of 

fundamental frequencies in linguistically prescribed patterns to indicate word 

and sentence stress, statement form and affective content" (p. 148). Horii 

(1979) cautioned the researcher in measuring jitter derived fi-om connected 

speech because the sample is affected by the phonetic context, stress and 

intonation, not to mention the normal fundamental frequency changes and 

variation which co-exist in such voice signals. It was mentioned by Baken 

(1987) that measurement of fijndamental fi-equency in sustained vowels 

demonstrate slow changes which could affect measures of jitter. However, it 

was shown in a more recent study by Leddy and Bless, in 1989 (cited in Hall & 

Yairi, 1992), that 100 ms vowel segments taken fi-om connected speech was 

not significantly different fi-om 1,000 ms of sustained phonation. These 

findings are germane to this study and reflect that the type of speech sample 

chosen remains to be controversial. 

14 



Several studies have considered how jitter is affected in relation to 

different vowels. In 1980, Wilcox and Horii and a separate study by Horii that 

same year (cited in Baken, 1987) found that the vowels /a/ and /!/ had a 

significantiy greater jitter than /u/" (p. 182). However. Horii in 1982 (dted In 

Baken, 1987) did not discover any significant jitter values between 10 English 

vowels analyzed. Later in 1983, Sorenson and Horii (dted in Baken, 1987) 

analyzed the productions of /i/, /u/ and /a/ of women and found that /!/ had a 

significantly greater jitter than /u/ and /a/. 

Zyski, Bull, McDonald and Johns (1984) found that pitch perturbation 

measures were more usefiji than amplitude perturbation measures. However, 

the issue of using pitch perturbation values independentiy in diagnosing 

laryngeal pathologies has been challenged. Crystal et al., in 1970 (dted In 

Horii, 1979), pointed out that the use of frequency perturbation measures in 

sustained phonation to detect laryngeal pathologies has not been reliable 

when used by itself, but its usefulness becomes increasingly more valuable 

when joined with amplitude perturbation measures. Wendahl, in 1963 (cited in 

Baken, 1987), agreed that amplitude perturbation measures could increase the 

accuracy of targeting vocal pathologies. 

Amplitude Perturbation 

This section will review amplitude perturbation. Martin (1986) stated that 

amplitude is "the extent of the vibratory movement of a mass fi-om its position 
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of rest to that point furthest fi-om the position of resT (p. 54). The greater the 

force, the greater the amplitude of a sound wave (Martin. 1986). He described 

intensity as an objective measure of sound loudness and that it is the amount 

of force per unit of area Baken (1987) noted as pressure changes the 

perception of loudness also changes. He further stated that changes of 

fundamental fi-equency can affect perceptions of loudness. During the mid to 

late 1960's, Isshiki (cited in Baken. 1987) found that Vocal intensity is 

dependent on an interaction of subglottal pressure and the adjustment status 

and aerodynamics at the level of the vocal folds, as well as vocal tract status" 

(p. 106). Baken (1987) noted that fi-om these findings it is not surprising to 

discover that changes in fijndamental fi-equency can affect maximum and 

minimum vocal intensities. Black, in 1961 (cited in Baken, 1987), found that 

speakers raise their fijndamental frequency when asked to speak louder. 

Reduced vocal intensity can also be an identifying factor to some speech 

disorders, "especially those involving the central nervous system" (Baken 1987. 

p.111). 

Values of amplitude perturbation or "shimmer" are similar to jitter values. 

Shimmer measures the cycle-to-cycle variations of the vocal signal. Amplitude 

perturbation also analyzes the short-term variability of the vocal signal (Baken. 

1987). Amplitude perturbation measures are based on the maximal peak 

amplitude of each cycle measured in millivolts or millimeters (Baken. 1987). 

The literature reveals limited research in this area compared to the research on 
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frequency perturtDation (Baken. 1987 & Horii. 1980). Koike, in 1969 (dted in 

Horii, 1980), explained ttiat the lack of research may be due to the inability of 

analyzing large voice samples effidentiy with the available instrumentation. 

Horii (1980) in his discussion stated that the forces of vocal fold tension, 

mass, length and subglottic pressures can affect shimmer as well as jitter 

scores. Shimmer is also better analyzed in prolongations of single sounds 

rather than in spontaneous or connected speech (Baken. 1987). According to 

Baken (1987), connected speech contains instances of silences, its intensity is 

variable between syllables as well as in word stress, and each phoneme has 

its own acoustic pattem. Again, it is important to consider the findings of 

Leddy and Bless in 1989 (cited in Hall & Yairi. 1992). They found no 

significant differences In shimmer or jitter of connected and sustained 

phonations. 

Statement of the Problem 

The purpose of this study was to describe and compare the 

fundamental fi-equencies, variations in amplitude (shimmer) and in pitch (jitter) 

in a selected group of M.S. subjects and normal subjects. The hypotheses 

tested in this study was that there will be no significant differences in the 

fijndamental fi-equency and perturbation rates between M.S. and normal 

subjects. It is anticipated that the results of this study will show consistent 

patterns in the voice that can be used as a potential tool in diagnosing M.S. 
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Rationale 

There is a limited amount of data available to the speech-language 

pathologist or to other concerned professionals about the speech of M.S. 

patients. Investigations by Farmakides and Boone (1960) and Dariey et al. 

(1972) have given speech-language pathology literature descriptions of the 

dysarthric speech of M.S. patients. Dariey et al. (1972) also found a relation 

between the noted dysarthria and cranial nerve function, thus involving a 

neurological component. 

M.S. is known to be confined to attacking tiie CNS specifically. The 

vocal folds are driven by the cranial nerves originating within this system. If 

the myelin coating the cranial nerves which innervate speech articulators is 

destroyed or damaged, then the transmission to the vocal folds will be 

disrupted. This subsequently may cause changes in the vocal fold vibratory 

pattem. These changes may or may not be perceivable. 

Studies by Zemlin (1962) and Benya (1970) analyzed the function of the 

vocal folds and discovered dysfijnctions at the vocal fold level. There is no 

known research concerning M.S. and its effects on jitter and shimmer values. 

Baken (1987) indicated that jitter and shimmer values represent the small 

cycle-to-cycle changes during vocal fold oscillations. It would seem logical 

that there would be significant changes reflected in the jitter and shimmer 

measures, since the CNS plays such an active role in both speech production 

18 



and development of M.S. It is believed that much more may be discovered by 

looking directiy at specific characteristics of vocal fold vibration 

Perturbation measures may be of diagnostic importance for identifying 

M.S (Hall & Yairi, 1992). It is believed that subsequent studies should be 

carried out to learn more about the perturbation values. This may lead to a 

discovery of a specific range of values representative of this population. 

Perturbation measures could also be used to rate severity of voice deficits. A 

speech-language pathologist could follow a patient's progress with use of 

these measures. At the present time, however, there is not sufficient research 

to allow speech-language pathologists to carry out such measures. More 

research is needed to further describe the vocal fold vibrations of M.S. patients 

In order to better understand their speech deficits. 
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CHAPTER II 

METHODOLOGY 

Subiects 

Rfteen subjects represented the M.S. group. The M.S. subjects 

consisted of nine females and six males between the ages of 31 years and 64 

years (M = 52.5 years). The M.S. chapters of Lubbock and Midland, Texas, 

were utilized in contacting subjects in the experimental group. A descriptive 

narrative specifying the criteria for partidpation was transmitted with the M.S. 

Society's monthly newsletter requesting volunteers fi-om the West Texas area 

(cf.. Appendix A). Two hundred and ninety-four notices were delivered, and 

eight persons responded. The Midland M.S. Chapter mailed letters to 

one hundred and eighty-six of its members in the Permian Basin area 

requesting volunteers (cf.. Appendix B). Rve subjects retumed a telephone 

call agreeing to participate. Two subjects were obtained through the 

Department of Physical Medicine at Methodist Hospital in Lubbock, Texas. 

Criteria for subject selection included medically confirmed diagnosis of 

M.S. and an accompanying speech deficit. Speech deficits ranged fi-om 

subjects complaining of a speech/voice problem without a perceivable 

changes to those whose speech was severely impaired. For demographic 

information and date of diagnosis refer to Table 2.1. 
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A group of fifteen subjects with no known neurological disorder 

constituted the normal group. Family history of M.S. was not reported by any 

subject in this group. These subjects were matched for age and sex with the 

experimental group and were ftiends or family members of the researcher. 

The ages of the normal group ranged fi-om 31 years to 64 years with a mean 

age of 52.6 years. 

Soeech Sample 

The speech sample utilized in this study were prolongations of /):/ and 

/a:/ and productions of the four utterances /hi:d/, lha\6, /p\:6/, and /pa:d/. Only 

the prolonged vowel segment was analyzed. 

The present study used sustained utterances of /a:/ and /i:/ because of 

the findings of Wilcox and Horii (1980) and Horii (1980) showing that these two 

vowels did not differ significantiy. These data were also utilized so that 

comparisons could be made with the findings of Zemlin (1962) on fijndamental 

frequency for the same vowels. Perturbation measures of different vowels 

continue to be unresolved. For example, Wilcox and Horii and another study 

by Horii all in 1980 (cited in Baken, 1987) found that /a/ and /i/ showed a 

significantly greater jitter than /u/. Later, however, Horii in 1982 (dted in 

Baken, 1987) found no significance between 10 English vowels. Therefore, it 

was believed that the two vowels utilized would not skew or negatively affect 
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the validity of this study because the issue of perturbation values and their 

affects on different vowels remain conti-oversiai. 

The speech samples of /hl:d/ and /haid/ were obtained so that 

comparison measures could be reported. Benya (1970) also used the /h d/ 

phonetic environment to ensure consistency. The phonetic environment of 

/pl:d/ and /paid/ was chosen at random to compare the effects of changing the 

initial consonant on the middle vowel. 

Instrumentation 

Data Analysis 

A Sony Digital Audio Tape-corder (model #TCD-D3) was used in 

recording the vocal signal. The signal was recorded on a Sony DT-90 cassette 

tape. The signal was transduced by a Sony Electric Condenser Stereo 

Microphone (ECM-S220) with a calibrated fi-equency response of 150 - 12,000 

Hz. The vocal signal was conditioned using a low-pass antialiasing filter 

(Kruhn-Hlte Model 3550). The signal was then passed through a Data 

Translation-2821 A/D converter at a 20K Hz sampling rate. The acoustic signal 

was then analyzed using the C-Speech program (Milenkovic, 1987) on a 386 

CLUB American Technologies, Incorporated laboratory computer and 

displayed on a CLUB Super VGA monitor. Rgure 2.1 illusti-ates the steps of 

data analysis. 
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Rgure 2.2 shows a representative acoustic waveform of a normal 

subject during prolongation of /a./, and Rgure 2.3 shows a representative 

acoustic spectinjm for the utterance produced in Rgure 2.2. 

Procedures 

After the consent form was reviewed and agreement to partidpate was 

obtained the directions were read to each subject. There were tiiree sets of 

instructions given to each subject (cf.. Appendix C). Rrst, tiie subjects 

prolonged the two vowels /a:/ and /i:/. Each subject was then instixicted to 

produce the utterances /hi:d/ and /hflid/, while prolonging the vowel segment. 

Rnally, each subject was instructed to produce the utterances /pi:d/ and 

/pfl:d/, again prolonging the vowel segment. Recordings of the M.S. subjects 

took place at their homes, at nursing homes, and at Methodist Hospital. All 

recordings of normal subjects took place at their homes. Environmental noises 

were reduced to a minimum by shutting the doors to hallways, turning off 

radios or televisions, and by limiting the number of people in the room during 

the speech recordings. 

The recorded speech sample was then returned to the Speech 

Physiology Laboratory to be analyzed. For all fifteen M.S. subjects and for 

fourteen normal subjects, the researcher displayed a five second portion of the 

prolonged vowel onto the computer screen. The first 500 ms and the final 500 

ms of the speech signal were not used in digitizing the signal. The researcher 
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tiien chose a 1,300 ms segment which was judged to be the most steady ar>d 

regular in amplitude and fi-equency. This portion was used to calculate 

fundamental fi-equency, jitter and shimmer. One of the male subjects fi-om the 

normal group produced data that were physiologically and acoustically 

improbable. His fundamental fi-equency, for example, for la:/ was 446.19 Hz 

and his jitter score for /pi:d/ exceeded 100%. Therefore, tiiis subject was 

eliminated from the normal sample, and a new age and gender matched 

subject was added to the control group. For this subject, the middle 250 ms 

were taken fi-om each of his speech productions and analyzed for fijndamental 

fi-equency, jitter and shimmer. The obtained data were compared between the 

normal and experimental group for significance. 
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TABLE 2.1 M.S. Subjects Used in Thesis 

SUBJECT 

1 

2 

3 

* 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

HOMETOWN 

Lubbod<. TX 

Lubbock. TX 

Plainview. TX 

Earth. TX 

Lubbock. TX 

Lubbock. TX 

Lubbock, TX 

Big Spring. TX 

Odessa. TX 

Barsto. TX 

Pecos. TX 

Pecos. TX 

Lubbock. TX 

Lubbock. TX 

Lubbock. TX 

GENDER 

F 

M 

F 

F 

F 

M 

M 

F 

F 

F 

F 

M 

M 

M 

F 

CHRONOLOGICAL 
AGE 

(YEARS) 

53 

46 

52 

44 

54 

31 

58 

47 

55 

64 

56 

69 

60 

62 

37 

DATE OF 
INITIAL 

DIAGNOSIS 

1968 

1981 

1962 

1970 

1978 

1979 

1975 

1975 

1971 

1988 

1971 

1972 

1989 

1985 1 

1988 1 
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Time (ms) 

FIGURE 2.2 Representative acoustic waveform for /a:/ as produced by one of the 
control (i.e., normal) subjects. 

80 dB -

Ohz 2000 hz 4000 hz 6000 hz 8000 hz lOOOOhz 

Frequency 
FIGURE 2.3 Representative acoustic spectium for tiie utterance illusti-ated in 

Figure 2.2. 
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CHAPTER I 

RESULTS 

The major aim for this study was to compare fundamental frequency, 

jitter and shimmer of M.S. subjects to that of a sample of normal subjects 

matched by age and gender. It was hypothesized that the two groups would 

show significant differences in all vocal fold measurements. 

It has been established that M.S. desti-oys selected parts of the CNS. 

The vocal folds are innervated by cranial nerves originating within tiiis system. 

Previous studies have focused upon M.S. and how it affects the vocal 

mechanism. Zemlin (1962) has compared fundamental frequency 

measurements between these two groups and have found no significant 

differences. 

This thesis is unique because the M.S. subjects who participated must 

have had some degree of voice or speech involvement. No previous literature 

was found that took these parameters into consideration. It was anticipated 

that having a voice or speech involvement may lead to significant differences 

between these groups for fijndamental fi'equency, jitter and shimmer. Jitter 

and shimmer have not been compared between the M.S. and normal 

populations. It would seem likely that significant differences would be 

evidenced since these measurements portray the small cyde-to-cycle changes 

in the vocal fold oscillations. This would seem especially ti-ue considering the 
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findings of Benya (1970). He obtained significantiy different amplitude levels in 

all of the targeted sounds. One would then expect significantly different 

shimmer values between these two groups. 

For each acoustic measure scatterplots were made for each subject. All 

possible comparisons between subjects were made for these data The 

purpose for this procedure was to assess the dispersion characteristics of the 

data Visual Inspection of these eighteen scatterplots revealed random-like 

distributions for all comparisons. In other words, there was no readily 

apparent relationship among the variables or trends across six speech 

conditions. A scatterplot representing jitter values for prolongations of fa./ for 

the M.S. group is illustrated in Figure 3.1. Rgure 3.2 shows the variable jitter 

values for the normal subjects for prolongations of ja:/. 

Measurements of central tendency employed for this study (cf., Winer, 

1971; Haycock, Roth, Gognon, Finzer & Soper, 1992) include mean variance, 

skewness and kurtosis. Each of these four were calculated for each speech 

sample between the subjects. Geometric means and the harmonic means 

indicated varied patterns of distribution. The variance (as measured by 

standard deviation and coefficient variation) was also inconsistent. Skewness 

and kurtosis values were likewise varied. The majority of distributions were 

leptokurtic, meaning the data were concentrated about the mean and 

characterized by relatively few measures greater than +/- three standard 

deviations. However, these data were not bimodal or uncharacteristic of a 
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normal distribution. For these reasons parametric tests were used to 

determine statistical significance. 

A series of one-way analysis of variance (ANOVA) tests was performed 

Comparisons were made between each sample for purposes of assessing 

differences between the two groups. A total of eighteen ANOVA's were 

calculated. No significant differences were found for comparisons between 

groups for fundamental frequency. Comparison between groups for jitter did 

not yield significant differences at Uie .05 level of confidence. However, one 

comparison between groups for shimmer yielded a significant difference at the 

.015 level of confidence. More specifically, for the speech sample /hi:d/ there 

were significant differences between the normal control group and the M.S. 

group. All other comparisons for shimmer failed to yield significant differences 

Due to /hi:d/ being the only significant finding, it is difficult to justify if this 

actually has relevance to the acoustic characteristics of the M.S. population. 

This finding might have been a result of chance. The speech samples /i:/ and 

/pi:d/ were not significantiy different. 

Tables 3.1 illustrates the fundamental fi'equency values and group 

means found for each speech sample for the M.S. group. The fundamental 

fi'equency for this group for the vowel fv.l ranged from 286.06 Hz to 151.99 Hz 

with a mean frequency of 214.39 Hz. Prolongation of la\/ resulted in a range 

fi'om 382.82 Hz to 167.49 Hz with a mean of 256.47 Hz. The speech samples 

of /hi:d/ and /ha:d/ for the same group ranged fi'om 302.55 Hz to 163.70 Hz 
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and 373.73 Hz to 96.97 Hz respectively. The means for these two samples 

were 231.81 Hz for /hi:d/ and 216.16 Hz for /hfl:d/. Prolongations of the medial 

segment of /pi:d/ ranged fi'om 319.83 Hz to 175 42 Hz with a mean of 234 34 

Hz. Rnally, the fundamental fi-equency for lpa.6l ranged fi'om 336.41 Hz to 

113.03 Hz with a mean of 215.82 Hz. 

Table 3.2 shows the fundamental frequency values and group means of 

each speech sample for the normal group. The range in fundamental 

fi-equency for /i:/ was fi'om 363.68 Hz to 167.76 Hz with a mean of 239.04 Hz 

while prolongations of /a:/ ranged fi'om 340.65 Hz to 94.90 Hz witti a mean of 

204.72 Hz. The utterance, /hi:d/, reflected fijndamental fi-equencies fi'om 

369.73 Hz to 139.99 Hz with a mean of 377.32 Hz. The range in fundamental 

fi-equency for /haid/ was 366.85 Hz to 112.23 Hz with a mean of 225.30 Hz. 

Productions of /pi:d/ reflected fundamental fi-equencies ranging fi'om 316.39 Hz 

to 158.00 Hz with a mean of 203.44 Hz. Rnally, /paid/ was produced with 

fundamental frequencies fi-om 333.48 Hz to 168.57 Hz with a mean of 236 92 

Hz. 

All of the men in both the M.S. group and the normal group produced 

the lowest fundamental frequencies, and the women produced the highest 

fijndamental frequencies except in two instances. Subject fourteen of the M.S. 

group produced the highest fundamental frequency for /i:/ with 286.06 Hz. 

Subject two of the M.S. group produced the highest fijndamental fi'equency for 

/hi:d/ with 302.55 Hz. 
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Table 3.3 illusti-ates tiie results of frequency perturbation measures for 

the M.S. subjects. Group means are also reported. The range of jitter for /):/ 

was fi'om .533 ms to .011 ms with a mean of .109 ms. The speech sample, 

la\/ showed a range of .460 ms to .020 ms with a mean of .187 ms. The MS 

subjects produced the utterance, /hl:d/, with a jitter range of .714 ms to .009 

ms with a mean of .144 ms. This same group emitted jitter values for /hfl:d/ 

ranging fi-om .536 ms to .021 ms witii a mean of 117 ms. The utterance. /pi:d/ 

reflected jitter values fi-om .772 ms to .008 ms with a mean of .150 ms. The 

final jitter measure of /pa:d/ for this group ranged from .399 ms to .012 ms with 

a mean of .145 ms. 

The normal group's jitter values and group means are shown in Table 

3.4. Prolongation of /i:/ and /a./ reflected similar jitter values. The vowel /i:/ 

ranged fi-om .543 ms to .008 ms with a mean of .143, and /a:/ ranged fi'om 

.548 ms to .011 ms with a mean of .168 ms. The sample, /hi:d/, showed jitter 

values ranging fi'om .780 ms to .009 ms with a mean of .137 ms, while /hfl:d/ 

ranged fi-om .488 ms to .009 ms with a mean of .184 ms. Jitter values for 

/pi:d/ ranged fi-om .882 ms to .006 ms with a mean of .135 ms, and jitter 

values for /pa:d/ ranged fi-om .592 ms to .010 ms with a mean of .207 ms. 

Reviewing data for jitter, it appears that the women of the normal group 

consistently produced the lowest jitter values. The highest jitter values of the 

normal group were varied among the men and women. The jitter values for 
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the M.S. group reflected no pattern. The M.S. group had a slightly higher jitter 

mean than tiie normal group for utterances, /a:/, /hi:d/. and /pi:d/; however, the 

range of jitter values produced by the normal group were larger for all 

utterances except for /ha.d/. 

Table 3.5 Illustrates the amplitude perturbation results and group means 

for the M.S. group. The largest shimmer value for the production of /!:/ was 

52.53%, and lowest was 0.00% with a mean of 11.15%. Prolongation of la./ 

reflected shimmer values ranging fi-om 73.99% to 3.93% with a mean of 

39.79%. This same group emitted /hi:d/ with shimmer values fi'om 39.82% to 

0.00% with a mean of 10.24%. while /hfl:d/ ranged for 56.05% to 3.72% with a 

mean of 23.41%. Rnal analysis of /pl:d/ showed that shimmer values ranged 

fi-om 54.89% to 2.38% with a mean of 14.20%. The utterance, /pa:d/, was 

produced reflecting shimmer values ranging fi'om 64.61% to 0.00% witii a 

mean of 25.66%. 

The normal group's amplitude perturbation results and group means are 

shown in Table 3.6. This group showed shimmer values ranging fi'om 47.97% 

to 0.00% for /i:/, and fi'om 88.95% to 1.20% for /a:/ with means of 16.22% and 

35.36% respectively. Prolongations of the medial segment of /hi:d/ reflected 

shimmer values ranging fi'om 47.60% to 1.46% with a mean of 14.10%, wtille 

prolongations of the medial segment of /ha:d/ reflected shimmer values 

ranging fi-om 82.32% to 1.45% with a mean of 40.21%. Shimmer values for 

/pi:d/ ranged fi-om 44.42% to 0.00% with a mean of 9.97%. Analysis of the 
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medial segment of /paid/ showed shimmer values of 87.64% to 1.45% w ih a 

mean of 49.80%. 

Interestingly enough, three subjects in the M.S. group produced 

shimmer values of zero. Subject six reflected no shimmer for /I:/, subject 

twelve reflected no shimmer for lpa\6/ and subject eleven produced no 

shimmer for /hi:d/. There were also three normal subjects who produced zero 

shimmer values. Subject two and ten reflected no shimmer for /pi:d/, and 

subject three reflected no shimmer for /i:/. Reviewing the group means of 

shimmer between these two groups, the normal subjects showed a slightly 

higher shimmer on the utterances, /i:/, /hi:d/, /hfl:d/, and /pa:d/, and tiieir 

shimmer range was greater for all utterances except fv.l and /pi:d/. All of the 

utterances containing the phoneme /a/ were produced with a greater shimmer 

than those produced with the /i/. 

Given the failure to support the hypothesis in all but one of the eighteen 

age and gender matched comparisons no further analysis were conducted. 

Specifically, there was no justification for analyzing within group comparisons 

Failure to support the hypotheses will be discussed in Chapter IV. 
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35 



CD 

E 
a la: I 

Normal Sub|ects 
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TABLE 3.1 Individual and group means for fundamental fi-equency (in Hz) of 
the M.S. subjects. 

f M.S. 
SUBJECTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

MEAN 

/I: / 

236.61 

239.38 

208.99 

249.16 

192.06 

199.94 

162.76 

186.56 

250.07 

189.58 

194.14 

151.99 

253.24 

286.06 

215.31 

214.39 

la:/ 

205.31 

249.89 

202.40 

213.29 

357.93 

224.52 

191.97 

285.79 

334.91 

212.91 

290.11 

220.07 

308.19 

167.49 

382.82 

256.47 

/hl:d/ 

203.03 

302.55 

220.37 

253.33 

173.33 

260.75 

176.88 

263.24 

239.49 

185.70 

249.16 

163.70 

293.16 

283.79 

208.70 

231.81 

/hfl:d/ 

229.56 

161.75 

204.81 

248.12 

328.63 

223.17 

188.43 

213.79 

373.73 

209.62 

171.75 

155.04 

96.97 

230.70 

206.33 

216.16 

/pl:d/ 

195.26 

175.42 

216.08 

261.00 

208.44 

251.73 

203.85 

193.65 

248.47 

195.32 

319.83 

269.40 

267.39 

284.95 

224.17 

234.34 

/paid/ 

169.91 

173.87 

216.94 

257.30 

330.41 

291.06 

189.78 

181.18 

246.98 

233.47 

256.71 

200.00 

113.03 

166.11 

211.49 

215.82 
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TABLE 3.2 Individual and group means for fundamental fi'equency (in Hz) of 
the normal subjects. 

M.S. 
SUBJECTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 MEAN 

/ i : / 

214.40 

272.41 

248.08 

220.96 

227.73 

167.76 

167.95 

332.02 

222.54 

247.91 

239.12 

257.46 

167.91 

235.66 

363.62 

239.04 

/a:/ 

205.66 

170.34 

171.91 

206.19 

221.36 

223.28 

169.02 

293.70 

220.31 

340.65 

237.27 

94.90 

163.66 

152.97 

184.55 

204.72 

/hi:d/ 

222.67 

139.99 

206.38 

255.21 

225.85 

170.05 

170.03 

319.36 

247.22 

369.73 

230.12 

244.14 

178.50 

155.78 

198.39 

377.32 

Iha.d/ 

210.84 

112.23 

366.85 

225.60 

221.95 

228.20 

151.71 

292.17 

233.61 

353.76 

215.90 

147.56 

228.75 

113.28 

277.08 

225.30 

/pi:d/ 

225.18 

200.26 

221.79 

238.38 

223.25 

169.38 

171.38 

316.39 

235.05 

247.11 

248.80 

229.66 

169.71 

158.00 

197.29 

203.44 

/pa.dl 

206.84 

216.81 

250.05 

303.46 

214.05 

225.81 

230.03 

275.09 

230.68 

333.48 

241.38 

179.16 

196.34 

168.57 

282.00 

236.92 
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TABLE 3.3 Individual and group means for fi'equency perturbation (in ms) of 
tiie M.S. subjects. 

M.S. 
SUBJECTS 

8 

/ I : / 

.217 

.275 

.017 

.017 

.022 

.034 

.011 

.042 

/a:/ 

.044 

.288 

.027 

.020 

.048 

.106 

.135 

.244 

/hl:d/ 

.034 

.426 

.014 

.017 

.235 

.253 

.009 

.045 

/hfl:d/ 

.078 

.068 

.033 

.035 

.174 

.109 

.021 

.125 

/pl:d/ 

.042 

.033 

.013 

.008 

.076 

,119 

.012 

.045 

/pfl:d/ 

.364 

.038 

.049 

.012 

.204 

.219 

167 

.039 

.035 .243 .018 .178 .022 .073 

10 .018 .085 .030 .107 .014 .098 

11 .016 .254 .030 .055 .627 .399 

12 .143 .319 .095 .047 ,174 .046 

13 .533 .344 .714 158 .772 158 

14 .234 188 222 .536 177 .215 

15 

MEAN 

.026 

.109 

.460 

187 

.018 

,144 

.031 110 

.117 ,150 

,100 

145 
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TABLE 3.4 Individual and group means for fi-equency perturbation (in ms) of 
tiie normal subjects. 

M.S. 
SUBJECTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

MEAN 

/!:/ 

.008 

.543 

.028 

.022 

.008 

.084 

.279 

.192 

.014 

.023 

.019 

.267 

.138 

.115 

.403 

.143 

/a:/ 

.040 

.527 

.046 

.022 

.017 

.120 

.327 

.268 

.011 

.548 

.021 

.066 

.201 

.283 

.025 

.168 

/hl:d/ 

.012 

.234 

.008 

.012 

.009 

.258 

.210 

.162 

.013 

.139 

.011 

.780 

.128 

.067 

.009 

.137 

/hard/ 

.016 

.155 

.488 

.024 

.016 

.116 

.189 

.376 

.009 

.375 

.020 

.109 

.358 

.204 

.299 

.184 

/pl:d/ 

.049 

.067 

.010 

.018 

.012 

.233 

.154 

.177 

.008 

.006 

.012 

.882 

.285 

.105 

.015 

.135 

/pa:d/ 

.026 

.313 

.135 

.050 

.017 

.122 

.417 

.495 

.010 

.592 

.013 

.120 

.484 

.169 1 

.148 

.207 
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TABLE 3.5 Individual and group means for amplitude perturbation (in %) of 
tiie M.S. subjects. 

M.S. 
SUBJECTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

MEAN 

/I: / 

26.17 

28.81 

4.21 

3.69 

3.47 

0.00 

1.28 

6.15 

4.75 

3.52 

2.20 

16.19 

52.53 

10.88 

3.47 

11.15 

/aJ 

5.45 

55.80 

4.83 

4.61 

3.93 

54.21 

8.60 

60.91 

73.99 

41.51 

73.20 

41.00 

73.26 

23.71 

71.79 

39.79 

/hl:d/ 

1.76 

22.65 

2.64 

4.72 

24.09 

23.75 

1.20 

2.15 

3.48 

5.05 

0.00 

11.12 

39.82 

8.55 

2.64 

10.24 

/hfl:d/ 

7.74 

12.65 

4.12 

3.72 

23.89 

56.05 

3.93 

43.54 

50.29 

47.82 

9.77 

7.79 

30.89 

42.26 

6.65 

23.41 

/pl:d/ 

7.50 

7.19 

4.39 

2.81 

4.71 

10.44 

2.38 

6.72 

4.14 

3.79 

49.42 

26.00 

54.89 

17.28 

11.27 

14.20 

/pfl:d/ 

38.35 

7.68 

8.77 

2.48 

16.10 

41.81 

13.28 

9.37 

36.43 

47.88 

64.61 

0.00 

51.70 

28.10 

18.39 

25.66 
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TABLE 3.6 Individual and group means for amplitude perturbation (in %) of 
the normal subjects. 

M.S. 
SUBJECTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

MEAN 

/I: / 

20.38 

44.52 

0.00 

3.32 

1.53 

24.13 

11.01 

12.69 

1.99 

0.00 

4.09 

40.80 

14.68 

15.89 

47.97 

16.22 

/a:/ 

1.20 

88.95 

5.86 

3.34 

3.23 

64.15 

74.11 

74.96 

1.64 

68.23 

4.24 

15.68 

61.74 

60.05 

3.02 

35.36 

/hi:d/ 

1.94 

47.60 

3.64 

3.10 

1.66 

21.41 

16.02 

16.04 

2.34 

5.32 

2.03 

42.11 

35.96 

10.81 

1.46 

14.10 

Iha.dl 

3.15 

28.53 

64.60 

2.33 

3.78 

79.43 

61.14 

82.32 

1.45 

64.64 

4.09 

30.92 

79.98 

33.24 

63.53 

40.21 

/pi:d/ 

4.45 

0.00 

4.93 

3.39 

2.06 

23.00 

15.19 

19.36 

2.29 

0.00 

2.46 

44.42 

12.41 

13.94 

1.60 

9.97 

/pa:d/ 

5.57 

87.64 

57.64 

55.57 

4.29 

75.32 

67.21 

83.12 

1.45 

60.80 

2.36 

52.80 

75.25 

55.08 

62.88 

49.80 
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CHAPTER IV 

DISCUSSION AND CONCLUSION 

The purpose of the present study was to provide a description and 

comparison of tiie acoustic characteristics of speech, specifically fundamental 

fi'equency, jitter and shimmer of a sample of M.S. and normal subjects. 

Currentiy, there is littie research on the acoustic measures of the voice of M.S. 

patients. Dysarthric speech of this population has been described by many 

researchers in the past; however, there are few studies focusing upon the 

acoustic characteristics of the vocal folds. The results of the present study 

indicated no significant differences between these two populations, except for 

one measure of shimmer. 

Relationships of Results to Previous Literature 

This study showed similar findings with a study by Zemlin (1962). He 

analyzed the fijndamental fi-equency of vocal fold vibration, and he reported no 

significant differences between the M.S. and normal groups. Zemlin, however, 

found that the M.S. groups' fundamental fi-equency range was slightly larger 

than the normal group. The present study found that the normal subject's 

fundamental frequency range was slightiy greater than the M.S. groups' range 

of fundamental fi'equency. This comparison between studies shows that 

fijndamental frequency can be variable for each person, and that predicting a 
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mean fundamental fi'equency of a group can be difficult. This difference may 

be due to tiie fact that Zemlin had twice as many subjects in his study, thus, it 

may be more representative of tiie entire M.S. population. Also, there were 

differences in the types of subjects used in each study. Zemlin's subjects 

were all male, and he did not specify if the subjects experienced difficulty with 

tiieir speech. The present study made the speech/voice deficit a primary 

concern. There was no literature found which focused on tiiese criteria. 

What is interesting is the comparison of lengths of the speech samples 

analyzed for this study and for Zemlin's study (1962). The present study 

analyzed a much larger sample, 1,300 ms, whereas Zemlin analyzed only 500 

ms samples. The results of both studies would suggest that even very small 

samples may be a reliable means of measuring jitter. Leddy and Bless in 1989 

(cited in Hall & Yairi, 1992) reported that a 100 ms vowel segment taken fi'om 

connected speech did not show significant jitter or shimmer values fi-om a 

1,000 ms prolonged vowel segment. These findings may contribute to 

reducing some of the controversy in determining the best procedure for 

analyzing acoustic perturbations. 

A study by Benya (1970) also focused upon the acoustic characteristics 

of the vocal folds during phonation. Although he found significant mean 

fundamental frequency differences between some vowels, he found no 

significant differences between /!/ and /a/. A comparison may be made 

between the findings of Benya (1970) and the findings of the present study. 
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He found tiiat all of the targeted vowels were produced at a significantiy 

different amplitude levels. Benya speculated tiiat respiration and phonation 

could have led to this difference. This study indicated tiiat there were 

significant differences in the shimmer values for one speecti sample. This 

irregularity in amplitude may support the speculation made by Benya (1970) 

that phonation and respiration is at least partly responsible for the variability. 

The present study also found that tiie utterances containing /a/ had 

consistently higher shimmer values for both groups than utterances containing 

/!/. This may suggest that when producing /a/, it is easier to control the 

respiratory outflow of air than when producing f\/. 

The significance obtained for the utterance /hi:d/ could have also 

happened by chance. This conclusion is suggested since the speech samples 

of /i:/ and /pi:d/ were nonsignificant. One would expect to find significance 

with these two utterances as well because the targeted phoneme was the 

same. However, individual amplitude perturbations seemed to be highly 

varied, reflecting the unpredictability of this measure. 

Colton and Casper (1990) presented normative data on shimmer for /i:/. 

They found a mean shimmer in males to be 37%, whereas the present study 

found the mean for males to be 25.20%. Female shimmer normative data for 

/!:/ were also inconsistent with Colton and Casper (1990). The present study 

found the mean shimmer to be 10.21%, while they found tiie mean to be 23% 

for fv.l. A study by Hall and Yairi (1992) found a significant difference in the 
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shimmer values between stuttering and nonstuttering preschoolers. The 

stutters produced a shimmer of 6.15%, whereas tiie nonstijtters produced 

4.57%.' These lower shimmer values may have been due to the age of the<r 

subject group (Colton & Casper, 1990). Therefore, the study by Hail and Yairi 

(1992) suggests that shimmer values offer a useful tool for identifying 

stuttering. 

Jitter has been noted to indicate the irregularity of fijndamental 

frequency. There were no significant differences found between the M.S. and 

normal groups. Specifically, the vocal fold vibration patterns of the M.S. group 

were similar to that of the normal group. Colton and Casper (1990) presented 

jitter normative data for /i:/ for persons between the ages of 20-29 years, 40-49 

years, and 60-69 years. All of the M.S. and normal subjects within these ages 

evidenced lower jitter values compared to these normative data. Although the 

subjects in the present study evidenced lower jitter values, these differences 

were small. There is limited normative data to justify further interpretation of 

these findings. Finally, jitter varies between individuals and within individual 

speakers. 

It has been discussed that a higher fundamental fi'equency and jitter are 

inversely proportional, and that an increase in tension of the vocal folds reflects 

a lower fi'equency perturbation value (Horii, 1979; Klingholz & Martin, 1983). 

'On page 1005 in Table 3 of Hall and Yairi (1992) there appears to be an error in 
calculating the mean shimmer for the normal group. 
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Jacob in 1968 (dted in Horii, 1980) also noted that higher jitter ratios were 

related to a low pitch In sustained vowels. The present study, however, found 

some conflicting results. The M.S. subjects had higher group mean 

fijndamental fi'equencies and higher group mean jitter measures for la:/ and 

/pi:d/. The normal subjects had higher group mean fundamental fi'equencies 

and higher group mean jitter measures for /i:/, /hfl:d/ and /paid/. The 

utterance, /hi:d/, produced by the normal group, was the only example of an 

inverse relationship between fundamental frequency and jitter, showing a 

slightly higher group mean fundamental fi'equency and a slightly lower group 

mean jitter measure. These obtained differences, however, were 

nonsignificant. 

Limitations of the Present Study 

Several aspects of this study may have influenced the results. This 

study required each M.S. subject to demonstrate some degree of vocal or 

speech deficit. These criteria for participation made it difficult to collect a large 

number of subjects. It is believed that a larger sample size would have been 

more representative. A greater sample would have also yielded greater 

statistical power necessary for detecting small differences. 

This study has grouped together the males and females and did not 

consider the specific differences between them. Focusing upon one gender or 
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having an equal number of each gender would allow investigators to make 

specific comparisons between genders. 

Implications of this Studv 

Studies could be conducted focusing on the jitter and shimmer 

differences between male and female M.S. speakers. At the present time, 

there is littie if any research concerning M.S. and the acoustic characteristics 

of vocal fold vibration. Zemlin (1962) used the largest number of subjects 

(n=33) focusing on M.S. and the acoustic patterns of vocal fold vibration as 

compared to other studies. It would be interesting to know if tiie findings of 

larger studies would be similar to the present results. It is necessary to 

describe these measures more accurately so that speech-language 

pathologists and others could better understand the speech of this population 

Further studies may choose to focus on acoustic perturbation in 

connected speech. It has been shown by several investigators that analysis of 

fundamental frequency, jitter and shimmer in spontaneous speech samples 

yield reliable results (Leddy & Bless, 1989; cited in Hall & Yairi. 1992). 

Analyzing perturbation in this manner may show different results than 

measuring perturbation for prolonged vowels. Possible differences may have 

been influenced by coarticulation or by the varying phonetic contexts. 

This study and also those of the past have employed M.S. patients with 

different degrees of severity. Although this study has included M.S. subjects 
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witii speech deficits, more specific criteria may have been helpful. Since the 

effects of M.S. vary fi'om person-to-person and because the disease affects 

each person In different ways, it is difficult to find a group of patients that have 

similar deficits. Future researchers, however, may want to compare M.S. 

subjects whose M.S. is active to those who are in remission. 

It is necessary to compare and discuss the significant findings of 

shimmer in the present study with tiiose of Hall and Yairi (1992). as well as the 

significant differences found in amplitude by Benya (1970). Although Hall and 

Yairi (1992) focused on stuttering preschoolers, the common characteristic of 

these studies concerns shimmer. Benya (1970) suggested that respiration 

may have been responsible for the significant differences obtained between his 

M.S. and normal subjects. Horii (1980) reported that subglottic pressure can 

affect shimmer. Hall and Yairi (1992) stated shimmer may be reflective of a 

greater difficulty In controlling respiration and coordinating this process with 

laryngeal and cortical control. Future studies may want to correlate respiratory 

abilities with shimmer values. 
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N A T I O N A L M U L T I P L E SCLEROSIS S O C I E T Y 
WEST T E X A S C H A P T E R • LUBBOCk B R A N C H 
r o kOX lU^I • LUBBOCl. TEXAS «̂««0 • K » H ) loz: 

June 2A. 1992 

To Whoa It May Concern: 

Hiss Dollc Pagel has contacted this office to raqusst patient volunteers 
to aid her In her research on Multiple Sclerosis and the affects on the 
voice. Lat It be known that Hiss Pagel has our consent and approval to 
conduct this research which Involves contacting patients through this 
office and audio taping HS patient wishing to volunteer. 

Sincerely 

S. K. Drysdaie 
Patient Services 
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APPENDIX B 

LUBBOCK MULTIPLE SCLEROSIS SOCIETY MONTHLY NEWSLETTER 
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LUBBOCK BRANCH 
NATIONAL MULTIPLE SCLEROSIS SOCIETY 

*** Support Group - Thursday, March 19, 1992, 
7:00 p.m., Westmont Christian Church, 48th & Utica. 
Someone from the MS office will be speaking to us 
about the MS Super Cities Walk. 

* * * HQ CLINIC THIS MONTH 

Dolle Pagel is a graduate student at Texas Tech 
currently working on research concerning Multiple 
Sclerosis and its effects on the voice, ultimately 
hoping to discover evidence that will aid in the 
diagnosis of MS. If MS has affected your vocal 
quality and you are willing to take part in this 
voice research program, please leave word at the MS 
Office (ph. 763-2022). Only a few minutes of your 
time is required. Ms. Pagel can come by your home 
at your convenience to tape your voice with a very 
sensitive tape recorder. 
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LETTER TO THE PERMIAN BASIN MULTIPLE SCLEROSIS SUBJECTS 
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NATIONAL MULTIPLE. SCLEROSIS SOCIETY 

WffT TEXAS CHAPTCn j ^ H m i | | g f 
y ^ * " ^ CUTr«CTT. SUiTE M. FO SOX tCM trXt. -v ' ^ "i*. - ^ i* 

ATTZMTZOII PERMIAN BASIN CLIKMTS 

P l « ^ r«Jd th« l«tt«r iMlow and dacid* If you want to 
partieipato. Wa will not ralaaaa any naaaa for confi-
dantlality raasona, you mast naka tha call younalf. 
You Bay call collact. 

Ttaanica, 

Silvia Laaos 
Chaptar Sarvicas 

To Whoa It May Concam: 

Ny nana is Dolla Pagal and I mm currantly working on ay 
Nastar's dagrea at Taxas Tach Univarsity Haaltto Scianoas 
Cantar in Lubbock. In ordar to coaplata this goal I aa 
raquirad to writa a thasis papar. Tlia profassor ovarsaaing 
•y work is Or. Rayaond Linvilla, chair of tha Spaach and 
Haaring Dapartaant. Tha topic I hawa choaan conoams 
Moltipla Sclaroaia and how it can affact tha voica. 

In tha past aontha I hava baan aaaociatad with Mr. Kant 
Drysdala, chair of patiant ralatad aarvicaa of tha M.S. 
Chaptar in Lubbock. Ha haa givan hia aupport to thia 
rasaarch and haa utilisad hia poaition to aaarch out 
voluntaars. Racantly I hava apokan with Sylvia Laaoa at tha 
Midland M.S. offica. Sha haa aidad aa in contacting you, 
aaking for your participacisn. 

At this tlaa I aa lacking 10 to 12 voluntaars artd 
would graatly appraciata your involvaaant. I aa aaarching 
for M.S. patiants whoaa voi.7a .h'.s baan affactad by this 
disaasa. I «K>uld ba tapa racording your voica for a short 
aaount of tiaa which should not taka longar than 15 ainutaa. 

All inforaation will ba hald with high confidantiality. 
If you ara intarestad in participating or %#ould lika to know 
mora about this study plaaaa phona aa collact at (806) 792-
3800. Currantly thara is a liaitad aaount of raaaarch 
concaming M.S. and it's affacta on tha voica. It is 
anticipatad that tha raaulta aay banafit othar raaaarch and 
possibly laad to othar avanuaa of diagnosing M.S. Thank you 
for your tiaa and hopa to ba haaring froa you. 

Delia Pagal 
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INSTRUCTIONS TO THE SUBJECT 
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INSTRUCTIONS TO THE SUBJECT: / i : / 

I want you to take in a deep breath 
and prolong the sound f\/ for as long as you can 
without stopping. Like this, / I : / . 
You try it. 
Do you have any questions? 

When I point to you, begin. 

INSTRUCTIONS TO THE SUBJECT: la:/ 

Now, I want you to do the same thing, but with the 
sound /a/. Remember, take in a deep breath 
and prolong the sound as long as you can 
without stopping. Like this. /a:/. 
You try it. 
Do you have any questions? 

When I point to you, begin. 
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INSTRUCTIONS TO THE SUBJECT: /hi:d / 

I want you to say the word /hid/, but I want you to 
prolong the middle sound. 
Like this, /hl:d/. 
You try It. 
Do you have any questions? 

When I point to you, begin. 

INSTRUCTIONS TO THE SUBJECT: /ha.d/ 

Now, I want you to say the word /had/, but again, 
prolong the middle sound. 
Like this, /ha:di/. 
You try it. 
Do you have any questions? 

When I point to you, begin. 
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INSTRUCTIONS TO THE SUBJECT: /Di:d/ 

I want you to say the work /pid/, but I want 
you to prolong the middle sound. 
Like this, /pl:d/. 
You try it. 
Do you have any questions: 

When I point to you, begin. 

INSTRUCTIONS TO THE SUBJECT: /oa.d/ 

Now, I want you to say the work /pad/, but again 
prolong the middle sound. 
Like this, /pfl:d/. 
You try it. 
Do you have any questions? 

When I point to you, begin. 
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PROPOSAL FOR ACTIVITY USING HUMAN SUBJECTS 
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I. Title: 

"Vocal Fold Perturbation Rates: Comparison between Multiple Sclerosis and 
Normal Subjects" 

II. Rationale: 

There is limited amount of data available to the speech-language pathologist or 
to other concerned professionals about the speech of M.S. patients. Studies 
by Faimakldes & Boone (1960) and Darley, Brown & Goldstein (1972) have 
given limited descriptions of the dysarthric speech of M.S. patients. Darley et 
al. (1972) noted a relation between their dysarthria and cranial nerve function, 
thus suggesting a neurological component. 

Multiple Sclerosis is known to be confined to the central nervous 
system. The vocal folds are innervated by the cranial nerves within this 
system. It is believed that more may be discovered by directly comparing 
specific characteristics of vocal fold oscillation. 

Studies by Zemlin (1962) and Benya (1970) analyzed the functions of 
the vocal folds and discovered dysfunctions at the vocal fold level but failed to 
document perturbation features. More research is needed to adequately 
describe the vocal fold oscillations of M.S. patients. 

The primary purpose of this study will be to describe and compare 
fundamental frequency, amplitude and pitch for a group of M.S. patients and a 
normal control group. The hypothesis tested in this study is that there will be 
no significant differences in the fundamental frequency and/or perturbation 
rates between patients with M.S. and a sample of the normal population. 

A major benefit of this study will be to supplement the existing literature 
concerning the speech of M.S. patients. It is anticipated that the results of this 
study will show significant patterns of phonation which may be used in 
diagnosing M.S. 

III. Subiects: 

The experimental group will consist of fifteen previously diagnosed M.S. 
oatients with secondcuy voice problems. Fifteen normeil subjects matched for 
age and gender will be recruited for the control group. The control group will 
consist of volunteers from Texas Tech University, friends, or family members of 
the investigator. 

The Lubbock Multiple Sclerosis Society will be used to recruit subjects 
for this study. Mr. Kent Drysdaie, the office manager and chairman of patient 
services of the West Texas chapter has given several names of volunteers 
who have chosen to participate. A letter acknowledging his support of this 
studv is attached. Other M.S. Societies may also be contacted if necessary, 
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(Amarillo, Midland, or Dallas.) A copy of the letter that will be sent to 
additional M.S. Chapters is also attached. 

A further attempt to recruit subjects will also be through Methodist 
Hospital of Lubbock, Texas. Recently there have been several M.S. patients 
who have been treated at this facility. This study has also been discussed with 
Dean McManigal of the Texas Tech Health Sciences Center. She has given 
her permission to contact professionals in the Lubbock community such as, 
Jennifer Cunningham a physical therapist at the Adapted Aquatic Center. 

IV. Protocol: 

The consent form will be reviewed with each subject. A brief case 
history will be taken (e.g. age, present medication and time of onset). In order 
to test these hypotheses all thirty subjects will be directed to prolong the two 
vowels /i:/ and /a:/ for no longer than 10 seconds. They will also be instructed 
to produce the utterances /hl:d/, /ha:d/, /pj:d/ and /pa.d/. A copy of the 
directions to the subjects Is attached. The environment In which the subjects 
are tape recorded will be in an enclosed room protected from interfering 
noises. 

Both vowel prolongations will be tape recorded with a Sony Digital 
Audio Tape-Corder (model#TCD-D3.) The samples will be returned to the 
Speech Physiology Laboratory at Texas Tech University Health Sciences 
Center to be analyzed on CLUB American Technologies, Incorporated 
386-computer. The investigator will then compare the data and determine if 
there are significant differences. A mixed statistical design will be employed 
(Ventry & Schiavetti, 1986.) 

The procedures of this study will be non-invasive, obtaining only speech 
recordings. Confidentiality of each speech sample will be highly regarded and 
honored. 
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CONSENT FOR RELEASE OF INFORMATION 

I hereby give my consent for my participation in the project entitled "Vocal Fold 
Perturbation rates: comparison between multiple sclerosis and normal population.' 

I understand that the person responsible for this project Is Dr. Raymond Unville. He 
may be reached at 742-3908. He or his representative has explained that this study 
has the following objectives: to describe and compare specific characteristics in the 
voice and to study how these patterns can be used as another tool in diagnosing M.S. 

His authorized representative, Ms. Pagel has explained the procedures to be followed 
and that the total duration of my participation will not exceed 30 minutes. It has further 
been explained to me that only Dr. Raymond Unville and his authorized representative 
will have access to the recordings and all data collected for this study: and that all 
data associated with this study will remain strictly confidential. 

Dr. Raymond Unville has agreed to answer any inquiries I may have concerning the 
procedures and has informed me that I may contact the Texas Tech University 
Institutional Review Board for the Protection of Human Subjects by writing them in 
care of the Office of Research Services, Texas Tech University, Lubbock, Texas, 
79409-2073, or by calling 742-3884. 

I understsmd that I may not derive therapeutic treatment from peirticipation in this 
study. I understand that 1 may discontinue this study at £iny time I choose. 

Signature of Subject: 

Date: 

Verbal Consent was Given: 

Date: 

Signature of Project Director or his Authorized Representative: 

Date: 

Signature of Witness to Oral Presentation: 

^ Date: 
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PERMISSION TO COPY 

In presenting this thesis In partial fulfillment of the requirements 

for a master's degree at Texas Tech University, I agree that the Library 

and my major department shall make it freely available for research 

purposes. Permission to copy this thesis for scholarly purposes may 

be granted by the Director of the Library or my major professor. It 

Is understood that any copying or publication of this thesis for financial 

gain shall not be allowed without my further written permission and that 

any user may be liable for copyright Infringement. 

Agree (Permission granted) 

Student s Signature, I Date 

Disagree (Permission not granted) 

Student's Signature Date 




