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ABSTRACT 

Many patients undergo endotracheal intubation, a procedure in which a tube is 

placed into the trachea via the oral cavity. This procedure is performed to assist patients' 

respiration while their muscles are paralyzed due to anaesthesia. The placement of the 

tube has been cited in the literature as one possible cause of postintubation changes in 

phonation. Even though there have been studies of laryngeal damage and estimations of 

how long it takes a patient's voice to return to normal, the time course of these changes 

has not been objectively investigated in terms of recovery. The purpose of this study was 

to determine objectively whether phonation returned to normal within previous 

researchers' estimated time frame of up to 72 hours . Baseline electroglottographic 

(EGG) and acoustic vocal measures were taken before ten subjects' surgeries, and post-

test ECJG and acoustic measures were taken following surgery and at 24 hour intervals 

up to 72 hours. Identical protocols were followed with ten subjects who did not have 

surgeries to insure that differences were caused by intubation and not normal daily 

changes in their voices. To take ECJG fundamental frequency (fg) measurements, two 

electrodes were placed anterior to each subject's thyroid laminae. Simultaneous audio 

recording of all samples were made to obtain acoustic measurements of the second and 

third formants, jitter, shimmer, and noise-to-harmonic ratio (NHR). Samples of five 

prolonged vowels and a short reading passage were obtained in a pretest and four 

consecutive post-test conditions. The EGG and audio recordings were analyzed using a 

Kay Elemetrics Computerized Speech Lab (CSL) system. Average fundamental 



frequencies of all samples were computed using ECJG data. The second and third 

formants, jitter, shimmer, and NHR were determined using the CSL program for acoustic 

analysis of audio samples. Means comparisons of data revealed no main effect for group 

and no two way factorial effects statistically. However, descriptive results indicated some 

consistent patterns of changes between non-intubated and intubated groups. Even so, the 

results were not uniform across vowels, variables, and tests. Therefore, further research 

is warranted. 
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CHAPTER l-INTRODTirTfON 

Review of the Literature 

Endotracheal intubation is the insertion of a tube into the trachea via the 

oral cavity. This procedure is preformed on many surgical patients, or in those patients 

who must be artificially ventilated because there bodies temporarily lack the ability to 

respirate (Gleeson & Fourcin, 1983). Dobell (1994) reported that the procedure was 

introduced as eariy as 1858 by Bouchut. Dobell also noted O'Dwyer, Macewan, and 

Matas were utilizing the procedure on a number of human subjects from 1885 through the 

early I900's. Dobell (1994) reported that the last modification to the tube's design was 

made in the 1890's when Victor Eisenmenger added an inflatable cuff to be used as a seal 

at the level of the larynx. 

Although it had been developed as an effective means of ventilation so early, the 

endotracheal tube did not obtain wide use until the 1950's (Dobell, 1994). Endotracheal 

intubation has since become one of the most common procedures in modem medical 

practice (Gleeson & Fourcin, 1983) and the procedure is now a well established method 

of obtaining an artificial airway (Holdgaard, et al., 1993). 

EfTects of Intubation on the Voice 

It was shown by previous studies that the placement of an endotracheal tube 

through the glottis was one cause of noticeable postintubation changes in the voice 

(Gleeson & Fourcin, 1983; Beckford, et al., 1990; Holgaard, et al., 1993). Complaints of 

transient hoarseness following this procedure became so common that they were 



considered an unavoidable consequence (Beckford, et al., 1990) Hoarseness, dysphonia, 

aphonia, and laryngitis were the primary pathologies associated with this procedure. 

Measurements of effects 

In 1983, Gleeson and Fourcin analyzed laryngeal trauma secondary to intubation. 

They reported gross changes in fundamental fi-equency (f̂ ) distributions with 

asymmetrical plots due to a low frequency component, and diplophonic speech as two 

notable vocal effects. Beckford, et al. (1990) wrote that noticeable effects on the voice 

were decreased intensity, increased roughness, and decreased affect. Upon objective 

analysis they found an increased cycle-to-cycle variation of f̂, without consistent changes 

in sustained vowel or conversational f̂ . They also found that frequency contour 

histograms were unable to localize the vocal folds as cause of glottic instability A study 

by Lee, et al. (1993) revealed similar cycle-to-cycle variation. Further investigation into 

complications following intubation by Holgaard et al. (1993) showed perceptible 

hoarseness in nearly half of its patients. Santos, Afrassiabi, and Weymuller (1994) 

recognized hoarseness and aphonia in over half of their patients in a study of the effects 

of prolonged intubation. Lesser and Lesser (1991) saw the postoperative hoarse voice 

as an increase in the difference observed between lower formants, and an increase in the 

fijndamental frequency. The latter change was thought to be a subconscious compensation 

for the hoarseness. Finally, in research of postoperative throat complaints, Christensen, 

et al. (1994) reported hoarseness in over fifty percent of their patients. 



Causal Factors The morbidity rate associated with endotracheal intubation was 

reported to be negligible by McGovem and colleagues (1971). Even so, the procedure 

produced various degrees of temporary, and sometimes permanent, damage to the 

laryngeal mechanism ranging fi-om microscopic alterations of the mucosal tissues, to gross 

tissue damages to the mucosa, connective tissues, and muscles, and to dislocation of 

laryngeal cartilages requiring corrective surgery (Gleeson &, Fourcin, 1983; Horii & 

Fuller, 1990) Damage may have included edema, hemorrhage, and granulatomous 

formation (Horii & Fuller, 1990). Less severe damage may have resulted only in 

hoarseness and microscopic mucosal changes undetectable by gross visual examination 

of the vocal fold surface (Horii & Fuller, 1990). Temporary changes in vocal function 

following short-term intubation had not been extensively researched. 

Recovery. A patient who had been intubated for 87 days was reported to have 

recovered his original voice six months postextubation (Iqbal, 1995). In cases of short-

term surgical intubation, a study conducted by Lee (1993) and colleagues wrote that 

objective measurements of voice after intubation returned to baseline within 24 hours. 

Holgaard, et al. (1993) wrote that vocal symptoms persisted longer than five days in some 

subjects. Beckford, et al. (1990) reported this recovery to entail 12 to 72 hours. Horii 

and Fuller (1990) expected observed effects to diminish within a few days. Three days 

was the recovery period reported by Yonick, et al. (1990). Priebe, (1988) and his 

colleagues described vocal recovery within four days, and finally, Gleeson and Fourcin 

(1983) published an estimate of up to seven days. 



Acoustic Analysis of Voice 

Acoustic analysis of the voice has entailed multiple measures including 

measurements of intensity, vocal fundamental frequency (fo), sound spectrography, and 

perturbation measures. Pertinent literature was reviewed regarding these measures and 

their relation to endotracheal intubation. 

Fundamental Frequency (Q. The fois the lowest frequency or first harmonic of a 

periodic signal. In speech, fo is the first harmonic of the voice or the frequency at which 

the vocal folds adduct and abduct while producing a speech signal. Average measures 

may be found in several ways. Six measurement types were investigated to determine the 

best technique for accurately finding a subject's fo. 

The first manner investigated for measuring average fo was a waveform display to 

measure the duration of the fundamental period and thus the fundamental frequency of 

voiced speech (Kent & Read, 1992). In this procedure, ten glottal periods were marked 

Next, the duration of this segment was recorded. Then, the average duration of one 

period was found. Finally, since duration and period are inverses, the fo of the marked 

segment was found by calculating the inverse of the duration. This procedure was 

repeated and averaged to give average fo with reduced error. It may also have been 

repeated to find f Q measures for other regions of the waveform in question, for example, 

areas of rising and falling intonation, or areas of pitch breaks, etc. This procedure was 

time consuming if many measurements were to be made. 



Another investigated method for obtaining fo measures utilized wide- and 

narrow-band spectrograms. In the case of analog analysis of a wide-band spectrogram, 

glottal pulses seen as vertical striations between cursors were counted manually The 

duration between cursors was determined by the investigator, then the number of pulses 

was divided by this duration yielding an average fo. In this method the possibility of error 

was high due to measurement error. The digital narrow-band method utilized a digital 

spectrograph which computed and plotted f^. Of these methods, the digital technique was 

more precise. 

"There [were] also devices that [were] specifically designed to measure and plot 

fj) contours. Two of these [were] the Kay Visi-Pitch^^ and the Voice Identification PM 

Pitch Analyzer^^. These both [measured] fo period-by-period. Even though they [were] 

efficient and portable, they [were] not entirely accurate (Kent & Read, 1992, p.78)." 

The most efficient method investigated was the electroglottograph (EGG). This 

device tracked the motion of the vocal folds by passing high-frequency electrical waves 

through the larynx and measuring changes in impedance caused by the opening and 

closing of the folds. This method eliminated the problem of interfering harmonics by not 

utilizing the speech signal (Baken, 1987). The waveform produced was fairly simple, and 

was easily interpreted to find fo of any given speech signal. 

Measurements such as fo were important parts of a diagnostic protocol as they 

provided more objective data. Changes in fowere shown to be significantly ahered by 



various laryngeal pathologies including edema and variously sized masses appearing on 

the vocal folds (Horii and Fuller, 1990). 

An important aspect of measuring fo was reported in the literature. Fitch (1990) 

reported that temporal resolution was considered to be a critical factor in measuring fo. 

He stated that greater resolution (higher sampling rates) yield more accurate fo 

measurements. 

When investigating 4 researcher's have reported that it was important to consider 

the measurement of continuous speech. In his study of the consistency of fo and 

perturbation. Fitch (1990) obtained fo values from a combination of sustained vowels, 

conversational speech and reading samples. Most previous researchers have used this 

combination to present a representative sample of their subjects' foin sustained vowels 

and conversational speech. Fitch reported that a reading sample presented the most 

consistent fo measurements resulting in the highest test-retest correlation. He further 

reported that fo measurements obtained from sustained vowels did not correlate with 

fundamental frequencies obtained in conversational speech; whereas high correlation did 

occur between the fundamental frequencies of running speech and the reading sample. His 

analyses confirmed that sustained vowel samples may not provide an accurate 

representation of fo. 

A system by Muta, et al. (1988) examined hoarseness of running speech with four 

fundamental periods. Their system requires a very short voice sample, consisting of only 

four fijndamental periods. The sample may be obtained from conversational speech as well 



as sustained vowels. They developed a pitch-synchronous analysis consisting of pitch-

extraction, pitch-synchronous spectrum analysis, and calculation of signal-to-noise ratio. 

They found that a hoarse voice has a greater nonharmonic component and a less pure 

harmonic component than a normal voice. However, their procedure was applied only 

in cases of mild or moderate hoarseness. 

Sound spectrography. The analysis of second and third formants was included in 

this study. Sound spectrography was reported as an effective means of determining these 

measures. Kent and Read (1992) reported that since the 1940's spectral analyses has been 

utilized by a large number of researchers. The spectrograph made it possible to collect 

extensive data, allowed the pooling of data across subjects to become common, and 

provided a better delineation of energy concentrations of speech. Another contribution 

of the device was that it enabled researchers to visualize how energy concentrations 

changed as a function of time. The spectrogram displayed how spectral energy, namely 

fo, and the formants of speech, changed over relatively brief periods. 

Spectral analyses were fihered and processed into various components. There 

were two common filtering techniques. The first was developed from the theory presented 

by Jean Baptiste Joseph Fourier in the late I700's. Fourier's theory stated that periodic 

waveforms, no matter how complex, could be analyzed into a series of sine waves with 

different frequencies, amplitudes, and phase relationships. He presented each frequency 

of component waves (harmonics or formants) were integer multiples of the fundamental 

frequency. 



Fourier analysis was the system developed to reduce the complex signals into their 

component frequencies. Manual computation took an impractical amount of time. Eariy 

digital computers required a similariy impractical amount of time to process these data. 

Also, there were three problems to deal with in the process' development with respect to 

speech. First, speech is not a true periodic wave, but in effect, quasiperiodic. Second, 

Fourier proved his theorem for continuous waveforms, not the discrete samples speech 

scientists would be working with, and third, the Fourier's analysis is computationally 

difficult. The first problem was dealt with by windowing, the gradual increasing and 

decreasing of a signal's amplitude rather than turning it on and off abruptly. Discrete 

Fourier Transforms (DFTs) were developed to apply Fourier's theorem to sampled data 

The third was addressed when Cooley and Tukey developed a mathematical process, the 

Fast Fourier Transform (FFT), which simplified the process and decreased the time 

required to derive the calculations. 

Another filtering technique was Linear Prediction or Linear Predictive Coding 

(LPC) which evolved from time-series analyses. Linear predictive coding was based on 

the hypothesis that any sample was a linear function of those that preceded it (Kent & 

Read, 1992). This method was a representation of a signal over time that had valid 

interpretation in terms of frequency. 

In comparing these methods for the purpose of this thesis, it was found the FFT 

represents the harmonics of the fundamental frequency (fo), whereas, the LPC spectrum 

represents formant frequencies and amplitudes. The Fourier analysis assumed there was 
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a harmonic structure whereas Linear Prediction analysis made no such assumption (Kent 

& Read, 1992). In the Fourier spectrum, fo was also the difference between two 

harmonics. In the LP spectrum ^ was not indicated, yet it may have been derived because 

the glottal source should have been the main component of the error term in the LPC 

equation. 

Through spectral analysis researchers were able to determine fo, formant 

frequencies, and harmonics of sustained vowel prolongations as well as speech. Baken 

(1987) reported that any change in the acoustic characteristics of the speech signal must 

represent a change in the status of the organs of speech. Yonick, et al. (1990) pointed out 

that subtle differences indicative of laryngeal trauma after short-term intubation may be 

measured using this analyses. 

Perturbation measures. There were five major perturbation measures: jitter, 

shimmer, harmonics to noise ratio (HNR), coefficient of variation of amplitude (CVA), 

and coefficient of variation of frequency (CVF). These were all measurements of 

instability levels within the voice or "acoustic measures of cycle-to-cycle variation in the 

acoustic waveform" (Askenfeh & Hammarberg, 1986, p. 52). Certain levels of instability 

were considered normal. Whereas, higher levels may have been self-perceived as an 

abnormal voice, or even perceivable to one's listeners as abnormal, reflecting significant 

laryngeal problems (Sherer, et al., 1995). 

Significant changes in jitter and shimmer have been attributed to edema and 

variously sized masses on the vocal folds (Yonick, et al., 1988; Horii and Fuller, 1990). 



Examinations of these variations have provided significant objective indicants of the 

degree of subjects' hoarseness (Muta, et al., 1988). 

Baken (1987) reported that a characteristic feature of hoarseness is the 

replacement of harmonics by noise energy, and that one of the best measures for 

hoarseness might be the ratio of one to the other. The NHR compared the two 

components of the voice, periodic waves with random noise He assumed that any voice's 

average periodic wave was increasingly contaminated by random noise as hoarseness 

worsened. The NHR was the mean amplitude of the average wave divided by the mean 

amplitude of the isolated noise components and was expressed in dB SPL. Similarly, in 

this study NHR was used to identify hoarseness, the eminent condition of the 

postextubated voice, and to determine when this hoarseness abated. 

Electroglottography 

One may have used an electroglottograph (EGG) in order to study the vocal fold 

mechanism without harmonic interference. The output of the E( JG represented the 

translaryngeal electrical impedance, (Baken, 1987). Because human tissue was a good 

conductor of electricity. Ohm's law of resistance applied. In other words, current through 

a given structure was proportional to the applied voltage and inversely proportional to 

the net resistance. Maximal resistance indicated full vocal fold abduction and minimal 

resistance represented full closure or adduction. Baken (1987) provided a schematic 

example of this laryngeal "resistor". He stated that current flowing between the two 

electrodes placed on the anterior surface of the thyroid laminae is insulated against by air 

10 



in the glottis. When the vocal folds were entirely abducted there was maximal air in the 

glottis causing the greatest resistance to the current. As the folds came together the 

resistance lessened until the point of total adduction, when resistance was least. This 

process continued with the glottal cycle and was recorded as a waveform that represented 

glottal contact. 

A critical review of EGG by Childers and Krishnamurthy (1984) reported that the 

EGG showed promise for examining laryngeal fianction and malfunction. In a later study 

Childers, et al. (1990) confirmed that certain EGG features, namely, the instant of opening 

of the glottis, the instant of the closing of the glottis, and the instant of the maximum 

opening of the glottis, were associated with specific vibratory characteristics of both 

normal and pathological voices. 

Electroglottography attracted a great deal of attention because it was entirely 

noninvasive (Baken, 1987) making it more attractive to human subjects. Furthermore, 

EGG data consisted of only laryngeal contact and electrical impedance. No acoustic 

interference occurred in this type of study. However, some problems did exist. The ECJG 

may not accurately indicate {Q in subjects whose vocal folds did not come in contact with 

each other during the glottal cycle (e.g., in cases of paralysis). Also, it was difficult to get 

an accurate ECJG tracing in some subjects, particulariy those with additional adipose 

tissue or those whose larynges had not descended into the aduh position. 

Rationale 

Previous research on effects of short-term intubation have questioned the function 

11 



of the vocal mechanism, the various types of laryngeal trauma, and changes in acoustic 

characteristics of the voice caused by the procedure (Gleeson & Fourcin, 1983; Beckford, 

et al., 1990; Holgaard, et al., 1993; Lee, et al., 1993; Santos, et al., 1994; Christensen, et 

al., 1994; Iqbal & Zuleika, 1995; Horii & Fuller, 1990; Yonick, et al., 1990; Lesser & 

Lesser, 1988). These researchers have each reported that following short-term intubation 

there is a period of hoarseness that may have continued following extubation anywhere 

from 12 hours to longer than five days. This inconsistency in the reported literature 

regarding vocal recovery time following extubation warranted further research. 

Earlier research has also proposed a need for further objective studies of how 

short-term endotracheal intubation effected the larynx and the voice (Gleeson & Fourcin, 

1983; Beckford, et al. 1990; Yonick, et al., 1990). Yonick, et al. (1990) concluded that 

acoustic analysis may have been used to identify and monitor even minor laryngeal trauma 

resulting from the procedure. Postintubation hoarseness was more accurately 

characterized by Beckford, et al. (1990) as decreased intensity, increased roughness, and 

decreased affect or suprasegmental features. Although it was demonstrated that intubation 

causes laryngeal trauma and temporary hoarseness of the voice, voice recovery time 

postextubation had not been systematically researched. 

Purpose Statement 

This study investigated electroglottographic and acoustic aspects associated with 

the duration of vocal recovery following short-term intubation. Objective parametric 

characteristics of phonation (i.e., fo, jitter, shimmer, NHR) were measured once before 

12 



the procedure and four times following the procedure to determine each subject's vocal 

recovery time, the length of time in which objective vocal measures influenced by the 

intubation procedure took to return to baseline values. It was expected that the duration 

of the intubation would affect the vocal characteristics studied for a duration of 12 to 72 

hours and possibly longer (Holgaard, et al., 1993; Lee, et al., 1993; Beckford,et al., 1990; 

Fuller, 1990; Yonick, et al., 1990). The information collected in this study was to be 

useful in describing patients' recovery time following short-term endotracheal intubation. 

Hypotheses 

Previous research showed that endotracheal intubation caused laryngeal trauma 

and changed objective vocal measures. The research also estimated that changes to the 

voice resulting from short-term endotracheal intubations dissipate and voices "recovered" 

in 12 to 72 hours. These researchers analyzed this topic and made speculations, but their 

analyses were only subjective. In the present study, it was asked if patients receiving 

short-term, one-to-five and one-half hour, endotracheal intubations recover their normal 

laryngeal function within 72 hours? Alternatively, patients may have not recovered 

normal laryngeal function within the test period. In this case, the recovery time estimated 

by previous researchers would have been proven inaccurate. Further, if no significant 

changes in vocal measures were found across tests, then it could be stated that within this 

study short-term intubations had no effect on laryngeal function. 

13 



An additional purpose of this study was to describe potential factors relating to 

the recovery of baseline phonatory measures. Specifically, The type of guide used, the 

length of time from insertion of the guide into the mouth until the actual placement of the 

tube, whether the vocal folds were visualized, the number of intubation attempts, tube 

size, cuff inflation level, changes in the length of surgery, and the number of laryngeal 

spasms were documented. See table 3.1 for variables which changed across subjects. The 

relevance of these factors was discussed in the clinical impressions section of chapter four. 

14 



Chapter H - Methods 

Subjects 

Subjects for the experimental group were patients undergoing surgical 

endotracheal intubation at University Medical Center in Lubbock, Texas. Direct, person-

to-person solicitations by members of the surgical staff and research team were used in 

recruitment. The control group were Texas Tech University Health Sciences Center 

Department of Communication Disorders faculty and students considered to be normal 

speakers for the purpose of this study. All subjects were male English speakers between 

the ages of 20 and 40 years with no prior history of alcohol abuse or voice disorders. The 

experimental group subjects underwent surgery for durations ranging from one to six 

hours. The normal group received no surgery. See tables 2.1 and 2.2 for subject 

information including age, gender, surgery type and duration for the experimental group. 

Instrumentation 

Voice samples were recorded through a Realistic microphone (model 33-992D) 

positioned anteriorly approximately five inches from the lips. Electroglottographic data 

were recorded using a Sony digital audio tape recorder (model TCD-D3). Vocal fold 

contact areas were obtained with a Laryngograph, Ltd. electroglottography (ECJG) unit 

(model 6094) using surface electrodes positioned on the skin corresponding to the left and 

right thyroid lamina. Acoustic data were collected simultaneously using a Marantz tape 

recorder (model PMD-430 ). Sustained vowels and a reading passage were measured. 

The Kay Elemetrics Computerized Speech Lab (CSL) was used for ECJG and 
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spectrographic analysis of the sustained vowels and reading passage recordings. The 

sampling rate was set at 25,000 Hz for all measures. When an acoustic sample was 

distorted by noise artifacts, the CSL noise reduction program (NRP), which removes 

spectral artifacts from a signal, was utilized. For this study, a sample was considered to 

be distorted when fo measures taken from the ECJG program were 50 Hz greater than 

those reported by the Muhidimensional Voice Program (MDVP). The 25,000 Hz 

sampling rate was chosen to match the sampling rate of the MD\T, and the NTIP spectral 

subtraction program was enlisted to removed the spectral components of background 

noise from the sample. 

After allowing the program two passes to remove these components from each 

distorted sample, the sample was saved and exported to the MDVP The sample was then 

reanalyzed. In each of the instances this process was utilized, the new 5, reported b\ the 

MDVP was within +/-17 Hz of the sample's original 4 

For validation purposes, a normal voice was recorded in a noise free setting and 

the NRP procedure was followed investigating whether the NRP would distort this 

sample's fo. The ^ and other measures reported by the MDVP prior to the NRP 

procedure perfectly matched the fo and other measures reported after. 

Procedures 

Prior to participation , subjects or care givers signed a consent form. A protocol 

of procedures written in non-scientific language was also provided for the subject or 

caregiver (see Appendix A). 
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Identical procedures of data collection were used with each subject. After placement of 

the ECXJ surface electrodes, subjects were required to sit upright and instructed to speak 

into the microphone. Data collection time required fi\ e to ten minutes. 

Speech Sample Subjects were instructed to sustain the following vowels: /a:/, 

/ae:/, /£:/. fv.L and /u:/ for a minimum duration of five seconds. Eguchi and Hirsh (1969) 

asserted that these five vowel sounds include a wide range of \ocal production in human 

speech. Each of these productions were repeated a minimum of three times in a random 

order 

Fitch (1990) had reported that from his protocol a reading sample presented the 

most consistent 5) measurements resuhing in the highest test-retest correlation He also 

presented that there was significant correlation of f̂  in the reading sample and running 

speech. Such samples should be utilized in any study using measures of 5) Therefore, 

subjects of this thesis were instructed to read the grandfather passage, which was chosen 

for its common use within the literature, and its coverage of each of the phonemes in the 

English language 

Fundamental Frequencv. Fundamental frequenc}' was determined for each of the 

sustained vowels using the EGG. Each of these measures was recorded for later 

comparison with later measures. The MDVP on the CSL was used to record average 

fiindamental frequencies of a selected phrase within the reading passage. These measures 

were also recorded for each subject to be used for pre- and post-test comparisons. 

Formants. The second and third acoustic formants of each of the sustained vowels 
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were determined using the CSL program. Each formant was identified in the middle of 

the utterance. The second and third formant values of each vowel were then documented 

and used in pre- and post-test comparisons. 

Perturbation measures. Acoustic measures of jitter, shimmer, and NHR were each 

obtained for sustained vowels. From the reading passage, acoustic NHRs of a selected 

phrase were also documented. 

Research Design 

The design for this thesis was a pretest/post-test control-group design. The 

independent variable was the endotracheal intubation procedure. The dependant variable 

was the length of time vocal measures (i.e., fo, jitter, shimmer, NHR) required to return 

to their baseline levels. 

Statistical Analysis 

The IMP statistics program was utilized for ANOVA of all measures to find main 

and two-way effects between groups, tasks (vowels), variables (fo formants, jitter, 

shimmer, NHR), and tests. Cjroup means were also computed for normal and 

experimental subjects' pretest and post-test measures for each vowel and grandfather 

passage phrase. The group means (descriptive graphics were constructed using Quattro 

Pro™, version 6.0) were compared to find difference patterns between groups. 
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Table 2 1: Experimental subject information. 

Duration Cin minutes) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

35 

40 

26 

32 

21 

34 

20 

20 

35 

25 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Knee Orthoscopy 

Fistula Repair 

Oculectomy 

Bowel Resection 

Shoulder Reconstruction 

Hernia Repair 

Knee Orthoscopy 

Lumbar Disc Repair 

Splenectomy 

Knee Orthoscopy 

14745 

241.28 

135:34 

121.22 

328:33 

77 14 

265:20 

147:50 

240:00 

148:32 

Table 2.2: Normal subject information. 

Subject 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Age (in vears) 

34 

37 

32 

27 

33 

26 

29 

35 

23 

25 

Gender 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 
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CHAPTER 3-RESIILTS 

The results were analyzed using an ANOVA. There was no significant main effect 

for group (F=.1241, df=l,19, p>.05). There was no significant two-way interaction 

between group/task (F=.8285 , df^l,5 ,/? >.05), group/variable (F=1.7758 , df^l,5, 

p>.05), group/test (F=.69S1, df^l,4,/?>.05), task/test (F=.5781 , df^l,19,/? >.05), and 

variable/test (F=.6\95 , df=l,19,/? >.05). Descriptive statistics suggest a increasing post

extubation then decreasing across tests pattern between control and experimental groups' 

means across vowels for ^ jitter, shimmer, and NHR. However, no significant statistical 

differences were obtained. Therefore, a descriptive analysis was used for data evaluation 

and while no statistical inferences may be drawn from these data several trends were 

apparent. See appendix B for the graphic illustrations used for the descriptive analyses. 

Vocal Measure Changes 

Fundamental frequency. A "consistent pattern" was not found for fo group means 

of the grandfather passage phrase. The means for both groups, when pooled across 

tests, revealed no consistent patterns (see figure B l ) . Conversely, for the vowel 

prolongations, consistent patterns did arise (see figures B.2 through B.6). The intubated 

group's fundamental frequencies were greater (104.49 Hz to 142.84 Hz) and spanned a 

greater range than the non-intubated group's (116.52 Hz to 123.85 Hz). Four of five of 

the intubated group's vowel's (/a:/, /S:/, /i:/, and /u:/) fo means increased for the first post-

test measures obtained following surgery. All other fo post-test means varied without a 

"consistent pattern." 

20 



Second formant The second formant group means had no significant pattern of 

changes when pooled across vowels and tests. Both group's means increased and 

decreased in what appeared to be a random fashion. See figures B.7 through B 11. 

Third formant Cjroup means for the third formant also showed no reliable pattern 

of changes when pooled across vowels and tests. Again, the intubated and non-intubated 

groups' means increased and decreased in no consistent pattern when pooled across 

vowels and tests. See figures B. 12 through B. 16. 

Jitter. The mean jitter measurements did show a pattern of changes when pooled 

across tests. For the non-intubated group no significant variance in fo was noted. The 

group's mean jitter measurements fluctuated no more than 0.14% when the measures 

were pooled across vowels and across tests. The intubated group's mean jitter 

measurements fluctuated as much as 0.57% across vowels across tests. The fluctuation 

in the intubated group means followed a pattern of increasing from pretest levels by 

0.57% and then falling to below the pretest mean for the vowels /a:/, /ae:/, /S:/, and I'v.l 

by 0.17%. 

Shimmer. Likewise, mean shimmer measurements revealed a consistent pattern 

of changes when pooled across vowels and tests. The non-intubated group mean shimmer 

measurements fluctuated no more than 0.123 dB SPL when pooled across vowels and 

tests. The intubated group jitter means fluctuated as much as 0.316 dB SPL when pooled 

across vowels and tests. Again, the intubated group's mean measures rose following the 
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pretest by 0.316 dB SPL and then fell across subsequent post-tests This pattern was 

noted for all vowels when pooled across tests (see figures B.22 through B.26). 

Noise-to-Harmonic ratio Analysis of NHR group means revealed a consistent 

pattern of changes across three vowels. For the vowels /a:/, /ae:/, and /£:/, the non-

intubated group's NHR means varied no more than 0.043 dBSPL. On each of these 

vowels the intubated group's NHR means increased on the test immediately following 

surgery (see figures B.27, B.28, and B.29). For the remaining vowels, changes in the 

NHR means for both groups followed no consistent pattern (see figures B.30 and B.31). 

Upon analysis o^ X\\t grandfather passage NHRs, the previously reported rising 

then falling pattern was also noted for the intubated group. The intubated group's first 

post-test NHR mean increased from the pretest mean and subsequent mean NHR 

measures declined (see figure B.31). The non-intubated group's pretest was high. Their 

first and second post-test means were low and their final post-test NHR mean was high 

(see figure B.32). 

Other variables. Five of the eight variables, specifically anaesthesiologist rating, 

vocal fold visualization, guide type, tube size, and cuff inflation were the same across 

intubated subjects. The first of the variables was the anaesthesiologist rating of perceived 

difficulty with the intubation of each patient. These ratings of the intubations were 

obtained to investigate whether difficulties in placement of the endotracheal tube might 

result in laryngeal traumas causing changes in the voice. All of the experimental subjects 

were given "least difficult" procedure ratings by the anaesthesiologist because there was 

22 



no resistance to the intubation procedure from any of the intubated subjects 

Another similarity across intubated subjects was vocal fold \isualization It was 

thought that if the folds were not \isualized prior to placement, trauma which could alter 

objective measures may occur. In each surgery within this stud\ the folds were 

visualized. It was also presumed that tube size and cuff inflation might adverseh effect 

the vocal folds. Each subject in this study received a 7.5 millimeter s\iastic endotracheal 

tube with the cuff inflated with six cubic centimeters of air 

Three of the variables differed across intubated subjects These were placement 

duration, number of laryngeal spasms at extubation, and duration of intubation They are 

presented here and in table 3.1. First, it w as presumed that placement duration and 

laryngeal spasms upon removal of the tube might have some effect on lar\Tigeal 

structures. Placement durations varied from 30 to 70 seconds with a mean placement time 

of 35.5 seconds. Laryngeal spasms were recorded and had a range of one to seven 

spasms with a mean of 3 4 spasms for each patient. The final variable which differed 

across intubated subjects, the duration of intubation, was recorded Durations ranged 

from 77 minutes to 328 minutes with a mean of 177.1 minutes 

Results summary. Some patterns of consistent changes in measured quantities 

were observed with descriptive analysis of electroglottographic and acoustic data 

Akhough a pattern of consistent changes in measured quantities was not observed upon 

measurement of the average 5, from readings of a phrase from the grandfather passage. 

there was a consistent pattern among prolonged vowel 5) data. The intubated group had 
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higher fundamental frequencies with a greater range when pooled across vowels and tests. 

On four of the five vowels the intubated group's first post-test fo means increased from 

pretest measures. Analysis of group means for the second and third formants revealed no 

similar patterns. Intubated group jitter and shimmer mean measurements followed an 

increasing then decreasing pattern when pooled across vowels and tests, while there was 

little variance in the non-intubated group means when pooled across vowels and tests. 

The intubated group's noise-to-harmonic ratio means were found to increase in the first 

post-test across three vowels, specifically /a:/, /ae:/, and /£:/, and the reading of the 

grandfather passage phrase. There were few other variable changes observed across the 

intubated subjects. 
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Table 3.1: Other variables which changed across experimental subjects. All durations 
were recorded in minutes. 

Subject 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Placement duration 

00:30 

00:30 

00:30 

00:30 

00:40 

00:45 

00:70 

00:15 

00:30 

00:35 

Larvngeal spasms 

3 

4 

2 

4 

3 

2 

7 

6 

1 

9 

Surgerv duration 

147:45 

241.28 

135:34 

121.22 

328.33 

77:14 

265:20 

147:50 

240:00 

148:32 
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CHAPTER 4 - DISCUSSION 

Review of Rationale, Methodology, and Results 

The purpose of this study was to investigate acoustic and electroglottographic 

affects associated with the duration of vocal recovery following short-term intubation. 

Characteristics of phonation (i.e., fo, formant frequencies, jitter, shimmer, and NHR) of 

ten intubated and ten non-intubated subjects were measured in this study. Fundamental 

frequency was measured using ECJG data and formants, jitter, shimmer, and NHR were 

computed on the acoustic recordings. Samples of prolonged vowels and a short reading 

passage were obtained. Samples were taken once in the morning as baselines for each 

normal subject. Three sets of subsequent samples were also obtained from the normal 

subjects. This protocol was administered in the morning before each experimental 

subject's surgery to obtain baseline measures, and four subsequent times following the 

intubation procedure. All measurements were analyzed factorially to determine if effects 

had occurred as a result of the intubation. The point at which intubated subjects' post-test 

measures returned to pre-test levels was considered to be indicative of each experimental 

subject's vocal recovery time. Previous researchers have agreed that there are perceptual 

changes to the voice following short-term intubations (Gleeson & Fourcin, 1983; 

Beckford et al., 1990; Holgaard, et al., 1993); even so, this was the first study to attempt 

to define the time it takes a voice to recover from these changes. 

Ten surgery patients ages 20 to 40 were chosen for this study, with surgeries 

ranging from 1.0 to 5.5 hours. To eliminate the chance that the test protocol effected the 
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data, the protocol was also implemented with ten normal male subjects ages 20 to 40. 

Electroglottographic measures of fo and acoustic measures of the second formant, third 

formant, jitter, shimmer, and NHR were taken for prolonged vowels. Average fo 

computed using EGG data and NHR computed using acoustic data were taken for a 

phrase from the reading passage. The hypothesis of this study was that the intubated 

subjects' phonation measures would return to baseline levels within the test period. 

Means comparisons of all of the data revealed no main effect for group and no two way 

factorial effects. However, descriptive results indicated some consistent patterns of 

changes between non-intubated and intubated groups. 

Discussion of Results 

Statistics. The first statistical result, that there was no significant main effect for 

group (7^=1241, df=l,19,/?>.05), indicated that the intubated group's measures did not 

significantly differ from the non-intubated group's when pooled across tests. No 

statistically significant difference was found possibly as a result of too few subjects and 

too many variables. By increasing the number of variables with a small group of subjects 

a researcher lessens the power of the ANOVA. Also, if the intubated group's post-test 

measures in fact returned to pretest levels, then the numbers compared statistically may 

have averaged to become statistically insignificant. It was proposed that future research 

follow the possible changes in phonation with a greater number of more closely spaced 

post-tests to obtain statistically significant measurements. 
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There was also no significant two-way interaction between group/task (F=.S2S5, 

df^l,5,/7>.05), group/variable (F=1.7758 , dM,5,p>.05), group/test (F=.69S7 , df^l,4, 

p>.05), task/test (F=.5781 , df^l,19, p >.05), and variable/test (F=.6\95 , df^l,19, 

p>.05). No significant difference between group and task indicated that for each vowel 

prolongation and the reading of the grandfather passage phrase there was no significant 

difference between the intubated and non-intubated groups' measurements. Further, no 

statistical significance between group and variable meant that across groups, f̂  formants, 

jitter, shimmer, and NHR measures did not differ significantly. Similarly, no significant 

two-way interaction between group and test showed that for each group, pre- and post-

test measures did not significantly differ. No significant interaction between task and test 

indicated that for each vowel and the reading the pre- and post-test scores did not vary 

significantly. Finally, absence of significant interaction between variable and test meant 

for fo, formants, jitter, shimmer, and NHR values did not change significantly across tests. 

Each of these two-way interactions may not have been significant for this thesis 

because there were too few subjects and too many variables. If the number of subjects is 

small the power of the ANOVA is lessened as the number of variables is increased. 

Again, the intubated group's post-test measures returning to pretest levels within the 72-

hour test period may have rendered the numbers statistically insignificant. Because of the 

relatively small number of subjects, if between subject and within group measures varied 

in a certain way, say half of the group's measures increased while the other half of the 

group's measures decreased, group means would have not changed. Thus, no significant 
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difference could have been found. It was therefore proposed that the study be duplicated 

with a greater number of subjects to obtain statistical significance using these measures. 

Vocal Measure Changes 

All measures were computed using the CSL. The MDVP was used to determine 

5) for the EGG data. The MDVP uses a Fourier analysis to determine fo Jitter, shimmer, 

and NHR were determined from acoustic data using the MDVP. To determine jitter, 

shimmer, and NHR from these data the MDVP used the Fourier and LPC analyses. 

Formants were originally determined from acoustic samples using the CSL's LPC 

automatic formants. It was found that the second and third formants reported by this 

program were actually averages of the second through fourth formants and the fifth and 

sixth formants respectively. Therefore, the researcher determined these measures from 

sound spectrograms created by the CSL. These spectrograms are created by the CSL 

using the Fourier system. Formant bands were hand traced for three seconds from the 

middle of each sample. Average formants for each sample were determined in this 

manner. 

Fundamental frequencv. Results from average fo measures for the reading of the 

grandfather passage phrase showed no consistent pattern of changes. It is likely that the 

amount of subjects affected these data. If a greater number of subjects had been used for 

this study the previously mentioned patterns of change may have occurred when resuhs 

were pooled across subjects and tests. Gleeson and Fourcin (1983) studied fo contours 

and had stated for short-term intubations that these measures returned to normal within 
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24 hours. Other previous researchers (Horii and Fuller, 1990; Yonick et al., 1990) found 

that fo measures returned to normal within up to 72 hours. Therefore, a 72-hour test 

period was used with measures obtained at 24-hour intervals within this study. The 

fundamental frequencies of five prolonged vowels were obtained in each test. In the 

present study, since the mean intubated group measures for the 24-, 48-, and 72-hour 

post-tests, post-tests 2, 3, and 4, were below the pretest level for eight of the ten subjects 

for all of the five vowels and mean fo measures only revealed a consistent pattern of 

change for the first post-test it may be stated that these fo measures did return to pretest 

levels within the test period. It may also be stated that because the only changes noted for 

all subjects were on the first post-test that these data agree with Gleeson and Fourcin's 

5) contour data for intubated subjects, and that recovery of fo did occur within 24 hours. 

Second and third formants. Unlike mean fo, jitter, shimmer, and NHR 

measurements, mean second and third formant data followed no consistent patterns of 

change when pooled across vowels and tests. Baken (1987) reported that second and 

third formant frequencies are the factors by which a vowel sound is identified. Kent and 

Read (1992) reiterated the theory that as one speaks they constantly monitor themselves 

and make anatomical adjustments so that the words or sounds they are attempting to 

produce are perceived correctly. This may answer why the second and third formants 

were not indicative of changes in phonation within this study. In this study second and 

third formant frequencies varied randomly without any consistent pattern of change. It 

may not be stated that intubation had any effect on formant frequencies. However, it may 
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be stated that in this study formant frequencies were not indicative of vocal recovery. 

Even so, the question persists that if changes in any of the measurements were large 

would this have affected the second and third formants? Further research regarding 

whether formants change significantly when other vocal parameters change significantly 

is warranted. 

Jitter and shimmer. The intubated group's jitter and shimmer measurements 

followed a consistent rising and falling pattern across vowels and tests. Horii and Fuller 

(1990) stated that jitter measurements were more indicative of post-intubation phonatory 

changes than ^. Yonick et al. (1990) analyzed fo cycle-to-cycle variation (jitter) and SPL 

cycle-to-cycle variation (shimmer) as well as other measures. They reported that jitter and 

shimmer were the best indicators of post-intubation phonation changes. This may also be 

seen in the present study. While the results of this study were not statistically significant, 

a consistent pattern of change was observed. The group mean measures that did change 

returned to pretest or below pretest levels by the final post-test which indicated that vocal 

recovery may have taken place within the 72-hour test period. Even so, without statistical 

evidence this is merely an assumption based on descriptive data. More comprehensive 

investigative studies of jitter and shimmer after intubation should be performed with 

greater number of subjects to better define vocal recovery. 

Noise-to-harmonic ratio. The intubated group's mean noise-to-harmonic ratio 

measurements were also found to increase in the first post-test when pooled across the 

vowels /a:/, /ae:/, and /£:/ and the reading of the grandfather passage phrase. Preibe and 
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colleagues (1988), Horii and Fuller (1988), and Beckford and colleagues (1990) all found 

that NHR was indicative of post-intubation changes in phonation. This is seen here in the 

pattern of increase across the three vowels and the reading. Even so, because two of the 

vowels did not follow this pattern, it would be presumptuous to postulate that the other 

vowels patterns are indicative of postintubation changes. 

Other variables Other variables tĥ at did not change may or may not have caused 

damage to laryngeal structures or mucosa which would influence changes to phonatory 

measures within the test period. Variables which did change across intubated subjects 

within the study were not proven to have influenced the minor changes which were noted 

in descriptive analysis. Further research should encompass larger groups or question the 

association of these variables with post-intubation phonatory changes to discover whether 

any of these variables influence these changes. 

Implications of the Study 

The common belief that the benefits of short-term intubation far outweigh the 

detriments were reinforced by this study. However, it was noted that there were possibly 

some "minor phonatory changes" that did recover within the test period 

From this study it was ascertained that there were no statistically significant 

changes in acoustic or electroglottographic measures caused by these short-term (up to 

five and one-half-hour) intubations. However, there were some consistent changes noted 

when mean data was descriptively analyzed. Even so these notations were inconclusive. 
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Limitations of the Study 

The major limitation for this study was the number of experimental subjects. Due 

to surgical changes, cancellations, time allotted to the study, and patient reftisals the ten 

subjects required for this study were difficult to recruit. Also, a greater number of 

subjects could allow for within groups analyses of recovery from the procedure. For 

example, researchers may wish to see if significant differences arise across various lengths 

of surgical procedures. 

Another problem attributable to sample size within this study may be noted in the 

ANOVAs. It was postulated that due to lack of subjects the statistical analyses of these 

data were insignificant. If a greater number of subjects were used it would have been 

likely that statistical significance would have been found. 

The final limitation of this study may have been its design. It is possible that the 

distribution of tests influenced the statistical insignificance within this study. Setting the 

tests 24 hours apart may have caused the data to average across tests and become 

insignificant. Future studies should have more closely spaced post-tests to eliminate this 

possibility. It is also possible that the choice of variables may have caused the 

insignificance. It was showoi that the different variables had different resuhs. Future 

researchers may wish to only measure jitter and shimmer because they seemed to be the 

most indicative in this study and previous researchers (Yonick et al, 1990, Horii and 

Fuller, 1990) have reported these variable's strengths in identifying post-intubation 

phonatory changes. One may also wish to investigate whether anesthesia effects these 
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measures. This might be done by comparing a group of endotracheally anesthetized 

surgical patients with a group of locally anesthetized surgical patients. It is further 

possible that this researcher's choice of vowels rendered the obtained data insignificant 

The vowels /a:/, /ae:/,/£:/,/i:/, and/u:/were chosen because Eguchi and Hirsh (1969) 

asserted that they include the wide range of vocal production found in human speech. 

This wide range of production may have nullified the statistics in the case of this study. 

Previous researchers of post-intubation phonation changes have used only one vowel and 

fewer variables in their studies (Priebe et al.,1988; Yonick et al.,1990; Horii and Fuller, 

1990) and their statistics were significant. 
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APPENDIX A: 
CONSENT FORM FOR SUBJECTS 
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CONSENT FORM FOR PAnTICIPATION IN RESEARCH STUDY 
fCDPY TO BE PROVIDED TO PFRSONS SIGNING) 
TO BE WRITTEN IN THE FIRST PERSON NARRATIVE 

TITLE OF STUDY: Effects of Thermal Burns on the Laryngeal Mucosal Wave: Addendum 

PRIN''-/?AL INVESTIGATOR responsible for (his research project is John Gfiswdd. MP p,A C S. 

Title: Aj^sndale Professor. Deot. of Suroen/ 

Phone: (806) 743-1615 

Other investigators involved in the study if the principal investigator is not available: 
Ravmond Linville. Pti.D.. CCC-SLP Title: Assistant Dean & Chairman. Dec!. Communira|inn nisorderg 
Phone: (806) 742-3908: Jennifer Pascua. B.S. Title: Graduate Research Assistant. Dent Com
munication Disorders. Phone: (606) 742-3908: M'chael Pearson. B.S.. Title: (}r^rt„^\o Rosearcti 
Assistant. Deot. Communication Disorders. Phone: (806) 742-3908: Traci Hnnnicutt. B S • TU'e-
Graduate Research Assistant. Dent. Communication Disorders. Phone: (806) 742-3908: Garen HaiL.Titie-
Undergraduate Research Assistant. Deot. Communication Disorders. Phone: (806) 742-3906; and 
Veronica Chavez. Title: Undergraduate Research Assistant. Deot. Communication Disorders. PhOnn: 
(806) 742-3908. 

PURPOSE of this research is: 

To continue research plans initinlod oaflier in an approved (IRB tt95\Q7) investigation o( laryngeal trauma 
and their subsequent medical and communicative treatments. In this study, an attempt will be made to 
quantify the vocal fold contact areas and resultant acoustics associated with tracheal intubation. More 
specifically, we wish to determine if intubation has direct correlates with patients' vocal quality following 
extubation. 

PROCEDURES whicti involve me in exact order are: 

1 I will have a small elastic band containing two contact microphones placed aroun-i niy neck. 
2. I will assume a seated po"?ition. 
3. I will say each of four different speech sounds ten times while speaking into itie microphones 

and accompanying tape recorders. 

Tl IG RESEARCH QR EXPFRIMFN TAL PARTfS) of this research are: 

The research part of this study involves examining the data collected from patients who have b^'^n 
intubated during surgery and using the results to determine how intubation effects their voices following 
extubation. 

RISKS AND DISCOMFORTS: 

I will e.xperience no risks as a result of participating in this study. However. I do understand that some 
people might experience sligfit discomfort associated with the elastic neck band (i.e.. similar to weanng a 
neck tie). 

Line Rev. 1/90 
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MY MEDICAL RECORns for purposes of this research will be made available to (NOTE: The FDA may 
inspect all records pertaining lo this study, including all medical records which are directly related to the 
study). 

My medical records will only be available to the investigators listed at the beginning of this form. 

CONFIDENTIALITY of recnrris identifying me will be maintained in the followinQ manner 

All information identifying me will be given a random code to further ensure confidentiality. 

DURATION - time which it will take for mv participation in this study should be: 

The entire procedure for data collection will take between five (5) to ten (10) minutes of my time. 

VOLUNTARY PARTICIPATION; I do not have to be involved in this study. If 1 sign this form, it means that I 
do wish to volunteer. If I change my mind later. I can discontinue my participation in this study at any time I 
choose. My withdrawal will not affect my future treatment at this institution. The investigator(s) may also 
terminate my participation in this study at any time. 

NONCOMPENSATION CLAUSE: I understand that in the event of injury resulting from research 
procedures descnbed to me. Texas Tech University Health Sciences Center, University Medical Center 
and their affiliates are not able to offer financial compensation or to absorb the cost of medical treatment. 
However, necessary facilities, emergency treatment, and professional services will be available to research 
subjects just as they are to the general community. For information regarding your rights as a research 
subject or further information about any of the above matters please contact the Office of Sponsored 
Programs at (806) 743-2960. Texas Tech University Health Sciences Center, Lubbock. Texas 79430. 

SIGNATURE OF SUBJECT DATE 

SIGNATURE OF PARENT/GUARDIAN OR AUTHORIZED REPRESENTATIVE 

ADDITIONAL SIGNATURE OF PARENT/GUARDIAN (if necessary) 

SIGNATUR^&F Pl^OJECT DIRECTOR OR AUTHORIZED REPRESENTATIVE 

NOT VALID 
WITHOUT THE 
TTUHSCIRB 
STAMP OF 
APPROVAL!! 
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142.84 

Pretest Post-test 1 Post-test 2 
Test 

Post-test 3 

Control 

Experimental 

Post-test 4 

Figure B l : Experimental and control group mean fo measurements for the Grandfather 

passage phrase 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.2: Experimental and control group mean fg measurements for the prolonged 
vowel I a: I 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.3 Experimental and control group mean fo measurements for the prolonged 
vowel /ae:/. 
Note: Post-test I was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.4. Experimental and control group mean C, measurements for the prolonged 
vowel £:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Figure B.5: Experimental and control group mean fg measurements for the prolonged 
vowel I'v.l. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.6: Experimental and control group mean fo measurements for the prolonged 
vowel /u:/ 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.7 Experimental and control group mean second formant measurements for the 
prolonged vowel /a:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 

47 

X 
• ™ ^ » ' - ^ - ^ - • - * — • » • • 



1"63.8 

Pretest Post-test 1 Post-test 2 
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Post-test 3 Post-test 4 

Control 
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Figure B.8: Experimental and control group mean second formant measurements for the 
prolonged vowel /ae:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.9: Experimental and control group mean second formant measurements for the 
prolonged vowel It:I. 
Vote: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Figure BIO: Experimental and control group mean second formant measurements for the 
prolonged vowel I'v.l. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Figure B. 11: Experimental and control group mean second formant measurements for the 
prolonged vowel /u:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B. 12: Experimental and control group mean third formant measurements for the 
prolonged vowel /a:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B. 13: Experimental and comrol group mean third formant measurements for the 

prolonged vowel ae / , • J 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Figure B. 14; Experimental and control group mean third formant measurements for the 
prolonged vowel /£:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Pretest Post-test 1 Post-test 2 Post-test 3 Post-test 4 
Test 

Figure B.l5: Experimental and control group mean third formant measurements for the 
prolonged vowel I'v.l. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B 16: Experimental and control group mean third formant measurements for the 
prolonged vowel /u:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Figure B. 17: Experimental and control group mean jitter measurements for the prolonged 
vowel /a:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B. 18: Experimental and control group mean jitter measurements for the prolonged 

vowel /ae:/. u • j -
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B. 19: Experimental and control group mean jitter measurements for the prolonged 
vowel /s./. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Figure B.20: Experimental and control group mean jitter measurements for the prolonged 

vowel I'vl. . 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.21: Experimental and control group mean jitter measurements for the prolonged 
vowel /u:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure 
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Figure B.22: Experimental and control group mean shimmer measurements for the 
prolonged vowel /a:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.23: Experimental and control group mean shimmer measurements for the 
prolonged vowel /ae:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.24: Experimental and control group mean shimmer measurements for the 
prolonged vowel /£:/. 
Note: Post-test I was not administered to control group because it was the immediate 
post-surgical measure. 

64 



0.5 

(0 0.4 
Vi 
9> 

§0.3 
a 
Z0.2 
0) 

£ 
I 0.1 

0.263 
Control 

Experimental 

Pretest Post-test 1 Post-test 2 Post-test 3 Post-test 4 
Test 

Figure B.25: Experimental and control group mean shimmer measurements for the 
prolonged vowel I'vl. 
Note: Post-test I was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.26: Experimental and control group mean shimmer measurements for the 
prolonged vowel /u:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.27 Experimental and control group mean NHR measurements for the prolonged 
vowel /a:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.28: Experimental and control group mean NHR measurements for the prolonged 
vowel /ae:/. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.29: Experimental and control group mean NHR measurements for the prolonged 

vowel lz:l. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.30: Experimental and control group mean NliR measurements for the prolonged 
vowel I'vl. 
Note: Post-test I was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.31: Experimental and control group mean NHR measurements for the prolonged 
vowel lu:l. 
Note: Post-test I was not administered to control group because it was the immediate 
post-surgical measure. 
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Figure B.32: Experimental and control group mean NHR measurements for the 
Grandfather passage phrsLse. 
Note: Post-test 1 was not administered to control group because it was the immediate 
post-surgical measure. 
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