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Abstract 

Results ofthis investigation support previous studies whichfound that bolus 

volume and consistency significantly affect average duration and amplitude ofmuscle 

activity durmg swallowing m adults. Electromyographic(EMG)activityfrom submental 

(SM)and laiyngeal strap muscles(LSM)wasrecorded as participants swallowed boluses 

that varied m volume and consistency. Participants m this study mcluded ten adult 

females(mean age=22.6 years). Methodological differences between this study and 

previous physiologic investigations mcluded the use ofsix differentfood and banum 

consistencies(water,pudding,cheese paste,Cheenos®,barium liquid and banum paste) 

m addition to five different bolus volumes(1,3,5,10,and 20 ml). 

Regarding bolus consistency,findings ofthis mvestigation mdicated that average 

duration ofSM and LSM activity increased sigmficantly when participants swallowed 

pudding,cheese paste and banum paste and Cheerios® when compared to water For 

bolus volume,sigmficantincreases in average duration ofSM andLSM activity occurred 

when participants swallowed boluses of20mlcompared to boluses of1 ml. Similarly, 

average amplitude ofmuscle activity dunng swallowing was significantly affected by 

bolus volume and consistency,howeverthe effects ofbolus consistency depended upon 

the muscle involved. Average amplitude ofSM activity mcreased sigmficantly when 

participants swallowed:1)puddmg,cheese paste,Cheenos®,barium liquid,and banum 

paste consistencies compared to water,2)cheese paste only compared to water,and for 

barium paste compared to banum liquid. Average amplitude ofLSM activity increased 

sigmficantly when participants swallowed puddmg,cheese paste and banum paste when 
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compared to water,and for swallows ofthick paste compared to barium liqmd. 

Regarding bolus volume,sigmficantincreases in the average amplitude ofSM and LSM 

activity occurred when participants swallowed boluses of20mlcompared to boluses of1, 

3,and5 ml. 

Currently,bolus volume and consistency are not controlled or standardized when 

performing swallowing evaluations(asin a modified banum swallow study)or during 

treatment ofswallowing disorders. Results ofthis investigation indicate that muscle 

activity IS not consistent across volumes and consistencies presented in this study These 

findings supportthe adoption ofstandardized measures for bolus volume and consistency 

for use during swallowmg evaluations and m treatmentofswallowing disorders. 
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CHAPTERI 

Introduction and Review ofLiterature 

Introduction 

Previous research on swallowing in adults indicates that variables such as bolus 

volume and consistency sigmficantly affectthe oral and pharyngeal stages ofswallowmg. 

From the existing data however,there are limited and conflicting results regarding these 

quantitative electrophysiologic effects. In adults,bolus volume and consistency may 

affect the amplitude as well asthe duration ofmuscle activity. Quantitative information 

regarding the effects ofbolus volume and consistency on muscle activity during 

swallowing is needed to aid m the effective evaluation and treatment ofswallowmg 

disorders. 

Effects ofBolus Volume and Consistency on Aspects ofSwallowing in Adults 

Reimers-Neils,Logemann,and Larson(1994)conducted astudy examining the 

effects ofbolus consistency on total duration and average amplitude ofmuscle activity 

durmg swallowmg. Using electromyography(EMG),activity ofthe submental(SM)and 

infrahyoid(IE)muscle complexes offive normal volunteers(one male and fourfemales) 

wasrecorded during swallowmg Three differentfood consistencies(thm liquid,thin 

paste,and thick paste)were presented. The volume ofthe boluses was held constant at3 

milliliters(ml). Results ofthis study indicated thatthe total swallow duration increased 

significantly across consistencies(from liquid and thin paste to thick paste consistencies). 

Average amplitude ofSMEMG activity increased significantly for swallowsofthick 

paste compared to swallowsofthm liquid and thin paste. Additionally,amplitude ofIH 

muscle activity demonstrated effects similar to those observed forSM activity. 



However,no results were reported for thin versus thick pastes(Reimers-Neils et al., 

1994). 

In an investigation ofswallowing activity usingEMG,Ruark,Peters,and 

McCullough(1999)examined the effects ofchangesin bolus consistency on average 

amplitude and duration ofmuscle activity during swallowing m children and adults. This 

studyinvolved ten typically developing five-year-old females,ten typically developing 

eight-year-old females,and ten young adultfemales. Bi-polar surface electrodes were 

placed atfour target sites including the right upper lip(RUL),the rightlower lip(RLL), 

the submental area(SM),and the laryngeal strap muscles(LSM,targetmg the 

thyrohyoid). Participants were presented with five differentfood substances,including 

water,thickened liquid,pudding,cheese paste,and gummybears. Bolus volume was 

held constant(3 mlofwater,thickened liquid,pudding,and paste,and one gummy bear). 

Overall,the average duration ofSM andLSM activity m the adults increased 

systematically across bolus consistencies. Results ofanANOVAfor average duration of 

muscle activity revealed sigmficantinteractions between muscle and consistencyfor both 

children and adults. Post-hoc analyses revealed that average duration ofSM activity 

increased sigmficantly for swallows ofcheese paste compared to swallows ofwater. 

Significant increases m average duration ofLSM activity occurred for swallows of 

pudding and cheese paste versus water,and cheese paste versusgummybears(Ruark et 

al., 1999) 



In regard to average amplitude ofmuscle activity,statistical analyses revealed a 

sigmficant mam effect for bolus consistency. Specifically,swallowsofcheese paste 

produced significantly greaterEMG amplitudes than other consistencies(water, 

thickened liquid,pudding and gummy bears). In addition,average amplitude ofmuscle 

activity was significantly greater during swallows ofgummybears compared to swallows 

ofwater. 

Additional studies have examined the effects ofbolus volume on muscle 

coordination during swallowmg m conjunction with bolus consistency Dantas and 

Dodds(1990)conducted a study ofthe effects ofbolus volume and consistency on the 

magnitude(amplitude)and duration ofSM andIHEMG activity,hyoid movement,and 

bolus transitthrough the mouth and pharynx. The studyincluded nine healthy adult 

males. Each participant swallowed various volumes(2,5,10,and 20ml)ofbarium 

liquid and banum paste. Swallowing activity was quantified via videofluoroscopy and 

electromyography The results ofthe study indicated that bolus volume did not alter the 

duration or amplitude ofSM andIHEMGactivity forbanum liquid or paste(Dantas& 

Dodds,1990) Regardmg the effects ofbolus consistency,average normalized amplitude 

ofSM andIH activity dunng swallowmg increased sigmficantly for swallows ofbanum 

paste compared to swallowsofbarium liquid,regardless ofbolus volume. Additionally, 

the average duration ofSM andIH muscle activity dunng swallowmg increased 

sigmficantly for swallowsofbanum paste compared to swallowsofbanum liquid. The 

researchers concluded from the results ofthis study that while bolus volume did not affect 



SM orIHEMG activity,bolus consistency(barium paste versus banum liquid) 

significantly affected the average amplitude and duration ofmuscle activity dunng 

swallowing. 

In a similar study,Dantas et al.(1989)studied the effects ofbolus volume and 

consistency on the oral and pharyngealphases ofswallowing This study combined 

videofluoroscopy,manometry,andSMEMGrecordingsfor 2,5,10,and20mlofbanum 

liquid and paste in 10 healthy adult males. Theresearchers found thatincreased bolus 

volume was caused an earlier onset ofanterior tongue base movement,antenorlaryngeal 

movement,and supenor palatal movement,as well as earlier upper esophagealsphmcter 

(UES)relaxation and opemng. However,increases in bolus volume did not significantly 

affect the amplitude or duration ofSMEMG activity. Results ofthe study also mdicated 

that bolus consistency was directly related to the oral and pharyngealtransit time(transit 

times increased for barium paste versus liquid across all volumes;Dantas et al., 1989) 

Asmthe previously discussed study,only bolus consistency(barium paste versus banum 

liquid)wasfound to affectSM andIH muscle activity durmg swallowing. 

Conflicting resultsregaxdmg the effectofbolus volumeon swallowmg 

coordination werefound m astudy conducted by Ertekin et al (1997). SMand 

cncopharyngeal(CP)EMGwere used to measurethe effects ofswallowing saliva(dry 

swallow),as well as 3,10,and20mlofliquid(water)and semisolid(pudding) 

consistencies in 14female and 11 male healthy volunteers. Contraryto the findmgsof 

previous studies examining the effects ofbolus volume on muscle activity(Dantas& 



Dodds,1990;Dantas et al., 1989),the researchers found thatthe duration ofSMEMG 

activity,as well asthe average duration ofCPEMG activity increased significantly as 

bolus volumeincreased firom 3to 20mlofwater. Furthermore,this studyfound the peak 

amplitude ofSMEMG activity to be significantly higher dunng dry swallows than for 

swallows of3,10,or20mlofwater(Ertekm et al., 1997). The researchers concluded 

that the apparent conflict between the results ofthis study and previous investigations 

(e.g.,Dantas&Dodds,1990;Dantas et al., 1989)examimng the effect ofbolus volume 

on swallowmg maybe attributed to the use ofdifferent textures(water and pudding 

versus banum liquid and paste). 

SummaryofReview ofLiterature 

Studies examiningthe effects ofbolus consistency onswallowmg have 

consistently indicated that bolus consistency affects the amplitude and duration ofmuscle 

activity during swallowmg. Reimers-Neils et al (1994)and Ruark et al.(1999) 

conducted investigations usingEMGto examine the effects ofbolus consistency on 

muscle activity dunng swallowmg. Forthese investigations,bolus volume was held 

constant at3ml. Results mdicated that bolus consistency sigmficantly affected the 

amplitude and duration ofmuscle activity dunng swallowmg(Reimers-Neils et al., 1994; 

Ruark et al., 1999). 

Dantas and Dodds(1990)and Dantas et al.(1989)investigated the effects ofbolus 

volume and consistency on muscle activity dunng swallowmg. Results ofthese 

investigations found thatthe average amplitude ofSM andIH muscle activity dunng 



swallowing increased significantly for swallowsofbanum paste compared to banum 

liquid. Bolus volume was notfound to significantly affectthe amplitude or duration of 

muscle activity dunng swallowing. 

Although previous studiesfound similar results regarding the effects ofbolus 

consistency on swallowing coordmation,the literature is mixed with regard to the effects 

ofbolus volume on duration and amphtude ofmuscle activity dunng swallowing. 

Results from two studies(Dantas&Dodds,1990;Dantas et al., 1989)usingEMGto 

quantify muscle activity dunng swallowmg mdicated that bolus volumehad no effect on 

muscle activity during swallowing. Conflictmg results regarding the effects ofbolus 

volumeon the amplitude and duration ofmuscle activity were obtained from a third study 

(Ertekin et al., 1997). Theseresults revealed that bolus volume significantly affected the 

duration ofmuscle activity during swallowmg. However,methodological differences 

exist between these studies(water and pudding consistencies versus banum liquid and 

paste). 

Purpose ofStudy andResearch Questions 

The purpose ofthis study was to compile quantitative,normative data for adult 

females with regard to the effects ofvanous holus volumes with changes m consistency 

on the average duration and amphtude ofsubmental and laiyngealEMG activity dunng 

swallowing. 



This study investigated the following: 

(1)Does bolus volumeinfluence the average duration ofSM andLSMEMG activity 

during swallowmg in adults? 

(2)Doesbolus volumeinfluence the average amplitude ofSM andLSMEMG activity 

during swallowmg in adults? 

(3)Doesbolus consistency influence the average duration ofSM andLSMEMG activity 

during swallowing m adults? 

(4)Does bolus consistency mfluence the average amplitude ofSM andLSMEMG 

activity dunng swallowmg m adults? 



CHAPTERII 

Method 

Participants 

Ten adultfemales22-25 years ofage(mean age=22.6 years)served as 

participants for this study. Onlyfemale participants wereincluded in order to controlfor 

any possible effects ofgender differences on swallowing. Participants were 

undergraduate and graduate students in speech-language pathology atthe University of 

Tennessee,Knoxville. Participants m this investigation received extra credit toward a 

class related to the study. Each participant completed one experimental session,which 

was approximately one hourin length. 

Selection Criteria 

Each participant completed aParticipantInformation Sheet(see Appendix A)to 

ensure normalfeeding history and alack ofneurologicalimpairment. Participants were 

free ofany allergy or sinus-related congestion or upper respiratory mfection at the time of 

the study. 

Screening Tasks 

Screening tasks were admimstered prior to the expenmentalsession. These 

screening tasks ensured that all potential participants metthe selection cntenafor 

appropriate swallow pattem,cramalnervefunction,and normal oral mechamsm structure 

and function. Each participant was examined by a graduate studentin speech-language 



pathology with the supervision ofacertified speech-language pathologistin order to 

venfythe mclusionary criteria. 

ScreeningforNormalSwallow 

All participants were screened for normalswallowmg patterns.Each participant 

was observed while swallowing a sip ofwater fi-om acup. The investigator observed the 

participant for evidence ofan abnormal swallowing pattern(e.g.,tongue protrusion 

durmg imtiation ofthe swallow). In addition,the swallow wastimed by palpating the 

submental and laryngeal area to feel forimtiation and completion oftongue movement 

and laryngeal elevation. Participants were determmed to have anormalswallow ifthe 

entire swallowing sequence occurred within approximatelytwo seconds,via counting, 

and ifthe swallowing pattern wasdetermmed to be withm normallirmts. 

Screeningfor CranialNerveFunction 

Each participant was given acramalnerve screening. This screenmg was 

completed to ensure adequate fimctiomng ofcranial nerves V,VII,IX,Xand XII(see 

Appendix B). 

ScreeningforNormalOralMechanism 

Each participant was given the Oral Speech Mechamsm Screening Examination-

Revised(St.Louis&Ruscello, 1987). This screening was completed m order to confirm 

that her oral mechamsm was withm normallimits for structure and fimction(see 

Appendix C). 



EMGRecordingSites 

Surface bipolarEMGrecordings provided acomprehensive description ofmuscle 

activation patterns that occurred during swallowing and were obtamed byamethod that is 

mimmallyintrusive(Ruark&Moore,1997). EMGrecords were obtained using 

Ag/AgCl disk electrodes(In Vivo Metncs,4mm outside diameter)filled with 

hypoallergemc electrode cream(Synapse Conductive Electrode Cream,Med-

Tek/Synapse,Arcadia,CA)and were attached using adhesive electrode collars. 

EMG activity wasrecorded from two sites:(1)submental areatargetmg the 

bilateral anterior belly ofthe digastric(SM)and(2)the right laryngeal strap muscle 

(LSM)targeting the thyrohyoid. Activity from other submental and laryngeal strap 

muscles mayhave been mcluded inthe recordings;however,these muscles are 

considered to be synergistic with the target muscles durmg swallowing. 

EMG signals were amplified using GrassP511 physiologic preamplifiers 

(bandpass=30-3000kHz)and filtered at500Hzto prevent aliasing. All channels were 

recorded on aTEACRD-2000PCMDATrecorderfor offline digitization and analysis. 

Channels were recorded in thefollowmg order: 

1) FM audio recording ofon-lme descnptions oftarget behaviors bythe pnncipal 

investigator(Ms.Will), 

2) submental muscleEMG activity, 

3) nghtlaryngeal strap musclesEMG activity. 
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4)FM audio recording ofthe sound spike obtained from the participant durmg the 

swallow,and 

5) audio commentariesregardmg ongoing changes m experimental 

conditions by investigator#2(Dr.Jacki Ruark). 

ElectrodePlacement 

Each participant was seated at a small table after passing the screening tasks. 

Seating was arranged to mimmize extraneous movementand possible entangling ofthe 

electrode wires. Before electrode placement,the investigator explained the studyto the 

participant and obtained wntten and verbal consent(see Appendix D). TheSM 

electrodes were placed immediately postenorto the mentalsymphysis,.5 cm apart and 

1.5 cm from the bodyofthe mandible(Green et al., 1997). The placement site oftheSM 

electrodes was based on palpation ofthe main mass ofthe muscle as the participant 

opened her mouth. TheLSM electrodes were placed.5cm apart,perpendicular to one 

another,and2cm supenor and lateral to the thyroid prommence. The placement site of 

these electrodes wasbased on palpation ofthe main massofthe muscle asthe participant 

swallowed asip ofwater. Pnorto electrode placement,the participant's skin was 

scrubbed with alcohol gauze pads. 

An mvestigator sat across from the participant atthe table and elicited the target 

behaviors. The audio signals ofthe principal investigator wererecorded using a wireless 

microphone attached to the shirtofthe participant. EMGand audio signals were 

continuously recorded throughoutthe session. 
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Experimental Tasks 

Each adult participant completed six experimentalswallowing tasks composed of 

six different bolus consistencies. Each ofthe six tasks contained five volumes. These 

swallowing tasks were selected based on their potential to demonstrate varying effects in 

EMGamplitude and duration across bolus volumes and consistencies and are also 

comparable to tasks performed by adultsin sirmlar studies(Ertekm et al., 1997;Reimers-

Neils et al., 1994). Fourofthe six swallowmg tasksincluded vanousfood consistencies, 

and two mcluded barium consistencies. A practice swallow of3mlwas completed prior 

to the initiation ofswallowmg tnals for each consistency. The practice swallow allowed 

the participant to observe the consistency being presented and to become acclimated to 

the taste and texture before beginning the actual trials. Three swallowmg tnals werethen 

completed for each ofthe five volumes(1,3,5,10,and20ml)for each ofthe six 

consistencies,for a total of96swallows(90 experimental trials plus six practice 

swallows)per participant. Specifically,the swallowmg tasks mcluded* 

1)water-measured volumes ofwater were presented in apaper cup, 
4 

2)Kraft® HandiSnacksPuddmg,KraftFoods,RyeBrook,NY-measured volumesof 

chocolate pudding were presented on a plastic spoon, 

3)Nabisco® Easy Cheese,Nabisco Foods,Inc.,EastHanover,NJ-measured volumesof 

cheese paste were presented on a plastic spoon, 

4)HoneyNutCheerios®,General Mills Sales,Inc.,Minneapolis,MN-measured 

volumesof1,3,5,or 10Cheenos® were presented m apaper cup, 
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5)Liquid E-ZPaque® Barium,E-Z-EM,Inc.,Westbury,NY-measured volumesof 

banum liquid diluted to40%were placed on the anterior portion ofthe tongue using a 

syringe,and 

6)Barium paste-paste prepared in the laboratory using 100g ofSmuckers® strawberry 

syrup added to 350g ofE-ZHD® barium sulfate,E-Z-EM,Inc,Westbury,NY,was 

measured and presented with a plastic spoon for 1,3,and5 mlboluses(alarger metal 

spoon was used to present the 10 and20mlboluses ofpaste). 

Each participant was given specific instructions prior to each task(see 

Appendix E). The occurrence ofeach swallow was verified by the presence ofasound 

spike on an audio channel. The swallow sound was amplified and recorded by placing an 

amplified stethoscope(Luminaud Inc.)on the left laryngeal strap muscles,contralateral to 

the nghtLSM target area. Ifa participant refused afood item or a particular volume of 

anitem,data from that participant was still included in the study. 

Data Digitization 

Target behaviors for each task were identified and parsed from the continuously 

taped experimental session and stored m separate files for subsequent digitization and 

analysis. EMG signals and the sound spike ofeach swallow were digitized at a rate of 

1,000 samples/second per channel. Onlytarget behaviors that werefree ofmovement 

artifact or other unacceptable instances(e.g.,60-cycle line noise)were digitized. Thetwo 

EMGchannels and the swallow sound spike were digitized. Thesound spike was used 

onlyfor data verification and was not mcluded m the data analyses. 
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Data Analysis 

Twoindependenttechniques were used to quantify swallowing as indicated by the 

EMGsignals. Analyses ofthese data included measurementsofthe average amplitude 

and duration ofEMG activity dunng swallowing across each volume and consistency. 

These measurements were obtained using algonthms custom designed for MATLAB 

(v.5.1;The Mathworks,Inc., 1999),acommercially available signal processmg package. 

AverageDuration 

This analysis encompassed automatic and computer-assisted identification of 

onsetand offsetofindividualEMGbursts. Imtially,therawEMG datafor the two 

signals were rectified and smoothed using an 8-pole Butterworth filter(low-pass cutoff 

30Hz) A custom-designed algorithm was used to assistin the identification ofEMG 

onsetand offset and low-level line noise. The algorithm computed and drew a line one 

SD above the lowestlevel(jxV)ofmuscle activity for each channel. This line was used 

as areference to help the investigator manually selectEMGonsetand offset for each 

burst. Figure 1 shows an example ofthe duration analysis used to calculateEMGonset 

and offset. TheEMGsignalsshown m this figure were obtained from an adult as she 

swallowed3mlofwater. 

AverageAmplitude 

A custom-designed algonthm was used to calculate the average amplitude ofeach 

EMG signal. TherawEMGsignals ofthe two muscles were displayed on the computer 

screen. After the algonthm demeaned,rectified,and filtered each signal,Ms.Will 
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placed a cursorimmediately prior to the onsetofEMG activity and immediately 

following the offset ofEMG activity that occurred during the swallow Thesetwo data 

points were previously determined via the durational analysis. The algorithm then 

calculated the cumulative sum ofthe area underthe curve and then divided thesum by 

the time penod ofthe selected data. The averageEMGamplitude(//V x sec/time)was 

obtained for each channel per task. 

PercentAgreement 

Percent agreementfor data selection and analysestechmques for averageEMG 

amplitude and duration wasdetermmed. For mtrajudge agreementfor data selection,Ms 

Willtranscnbed and re-transcnbed two complete data sets. Selected data that were 

within three seconds ofthe original transcribed data were considered to bein agreement. 

Intrajudge agreementfor data selection was97%. For mtequdge agreementofdata 

selection,two complete data sets were transcribed by asecond graduate student and 

compared to the data selection ofMs.Will. Inteijudge agreement was95%forthe data 

selection process. Ms.Will received training in datatranscnption from Dr.Jacki Ruark 

and through data transcription experience from aprevious mvestigation. The second 

graduate student wastrained in datatransaction byDr Jacki Ruark 

Ms.Will analyzed and reanalyzed two complete data sets in orderto determme 

mtrajudge agreementfor data analyses. For duration analyses,data that were within 500 

msofthe onginal analyses were considered to bein agreement. Intrajudge agreementfor 

duration analyses was94%. For amplitude analyses,datathat was within.10;uV ofthe 
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onginaltranscnption wasconsidered in agreement. Intrajudge reliability for amplitude 

data was94%ofthe data. For mtequdge agreementfor data analyses,Ms.Will and Dr. 

Jacki Ruark each analyzed two specific files. Ms.Willcompared her results,point by 

point,with those obtained byDr JackiRuark,and a mean percent agreementof95%for 

duration and amplitude was determined. Ms.Willreceived training in data analysis from 

Dr.Jacki Ruark and through data analysis experience from apreviousinvestigation. 

Statistical TreatmentandAnalyses 

For each participant,data analyses yielded a mean duration and mean average 

EMGamplitude for each task. AppendixF contains individual mean average duration 

valuesfor each task. Appendix Gcontains the mdividual and normalized mean average 

amplitude valuesfor each task. Prior to statistical analysis,the average amplitude values 

ofeach participant were normalized by dividing individual swallowing tnals bythe 

average amplitude value ofSM activity for20mlofcheese paste. This particular tnal 

wasselected as it was predicted to produce the greatest amplitude ofSM activity across 

participants. Specifically,the medianSM value for20mlofcheese paste was calculated 

to equal 100% and all otherswallowing trials within the participant were converted to a 

percentage ofthe original value. This procedure was previously used by Ruark and 

colleagues(1999)m asimilarEMGstudy. ANOVAsfor repeated measures and 

subsequent post-hoc analyses were performed to determine the effects ofbolus volume 

and consistency on average duration and normalized amplitude ofmuscle activity during 

swallowing. 
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CHAPTERin 

Results 

This experimentwas designed to determmeifbolus volume and consistency 

affectthe amplitude and duration ofmuscle activity during swallowing m adults. Mean 

normalized amplitude and duration values ofEMG activity were compared within the 

group across bolus types and muscles 

Data Set 

All ofthe participants completed the experimental protocol. Each session lasted 

approximately one hour. Individual sessions involved six swallowing tasks,including the 

following consistencies: 1)water,2)puddmg,3)cheese paste,4)Cheenos®,5)banum 

liquid,and6)barium paste. For each ofthe six tasks,five different bolus volumes were 

presented(1,3,5,10,and20ml). Participants were encouraged to swallow three trials of 

each volume for each ofthe six consistencies,for a total of90swallows per participant, 

plus the six practice trials Ofthe900total swallows mcluded m the experiment protocol, 

890,or98.8%ofthe trials were selected for analysis. Seven swallows were missing due 

to random participant refusal ofparticular consistencies,and three swallows were 

excluded dueto data contamination(inability to identify the swallow jfrom surroundmg 

muscle activity). 

StatisticalProcedures 

Three-way ANOVAsfor repeated measures were used to testfor mean differences 

in the average duration and normalized amplitude ofmuscle activity within the group 
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across tasks.Main effects and interactions identified by the ANOVA were further 

evaluated using post-hoc analyses(TukeyHSD procedure)to determine pairwise 

differences amongtasks. 

AverageEMGDuration 

In order to facilitate comparisons ofaverage duration ofmuscle activity durmg 

swallowmg,the results from individual participants were combined to obtain a group 

average duration value for the five volumes ofeach consistency each muscle. Table 1 

showsthe group meansand standard errors for the average duration ofmdividual 

muscles,volumes,and consistencies for the group. Statistical analyses were performed 

using athree-way ANOVAforrepeated measures. In orderto correctfor lack of 

sphencity m the covariance matnx,Huynh-Feldt correction was used,with a.05 alpha 

level. Results ofthe ANOVA revealed a significant mam effect for both volume,F(4, 

36)=5.118,/?=.002,and consistencyF(3.424,30.813)=8.145,p=.000(see Table 2). 

Tukey post-hoc analysis for bolus volume revealed that boluses of20ml yielded a 

sigmficantincrease m average duration ofmuscle activity when compared to boluses of1 

mlregardless ofmuscle or consistency(see Figure 2). Further analyses using pairwise 

comparisons for bolus consistency revealed a significant increase in average duration of 

muscle activity for boluses ofpudding,cheese paste,Cheenos®,and banum paste when 

compared to boluses ofwater(see Figure 3) 
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Table 1. Group mean(in seconds)and standard error(SE)for average duration ofmuscle activity 
for bolusesthat vary by volume and consistency 

SM Mean SB LSM Mean SE 

Water 1ml 0.989 0.05 Water 1ml 1.055 0.06 

Water3ml 0.977 0.05 Water3ml 1.000 0.05 

Water5ml 1.066 0.07 WaterSml 1.142 0.07 

Water 10ml 1.036 0.06 Water 10ml 1.059 0.04 

Water20ml 1.060 0.05 Water20ml 1.033 0.04 

Pudding 1ml 1.223 0.03 Pudding 1ml 1240 0.04 

Pudding3ml 1.254 0.05 Pudding3ml 1.254 0.04 

Pudding5ml 1228 0.06 PuddingSml 1.286 0.08 

Pudding 10ml 1296 0.08 Puddmg 10ml 1.304 0.07 

Pudding20ml 1285 0.05 Pudding20ml 1267 0.03 

Cheese paste 1ml 1266 0.07 Cheese paste 1ml 1299 0.06 

Cheese paste3ml 1.198 0.08 Cheese paste3ml 1217 0.08 

Cheese paste5ml 1227 0.04 Cheese pasteSml 1.252 0.04 

Cheese paste10ml 1291 0.06 Cheese pastelOml 1.321 0.05 

Cheese paste20ml 1.328 0.05 Cheese paste20ml 1.317 0.05 

Cheerios 1ml 1.297 0.08 Cheerios 1ml 1.300 0.07 

Cheerios3ml 1276 0.04 Cheerios3ml 1297 0.03 

CheeriosSml 1.315 0.06 CheeriosSml 1.337 0.05 

Cheerios lOml 1268 0.05 Cheerios 10ml 1287 0.04 

Cheerios20ml 1.354 0.07 Cheerios20ml 1.367 0.07 
Barium Liquid 1ml 1.110 0.05 Barium Liquid 1ml 1.166 0.05 
Barium Liquid 3ml 1.176 0.04 Barium Liquid3ml 1238 0.03 

Barium Liquid5ml 1.173 0.06 Barium Liquid Sml 1.212 0.05 

Barium Liquid 10ml 1.229 0.06 Barium Liquid 10ml 1.236 0.05 

Barium Liquid 20nil 1.276 0.06 Barium Liquid20ml 1.261 0.05 

Barium Paste 1ml 1.183 0.07 Barium Paste 1ml 1.228 0.06 

Barimn Paste3ml 1.265 0.07 Barium Paste3ml 1.294 0.06 
Barium Paste Sml 1.372 0.08 Barium PasteSml 1.387 0.08 

Barium Paste 10ml 1.421 0.09 Barium Paste 10ml 1.385 0.08 
Barium Paste20ml 1.484 008 Barium Paste20ml 1.463 0.08 
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Table2. ANOVAfor average duration ofEMG muscle activty 

Effect F Ratio df Error df Significance 

Muscle 2.999 1.000 9.000 0.117 

Consistency 8.145 3.424 30.813 0.000 

Volume 5.118 4.000 36.000 0.002 

Muscle X Consistency 0.590 2.225 20.021 0.581 

Consistencyx Volume 0.964 11.396 102.568 0.485 

MuscleX Volume 7.424 4.000 36.000 0.000 

MuscleX Consistencyx Volume 0.927 15.933 143.398 0.540 
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NormalizedEMGAmplitude 

A mean normalized amplitude value was obtained for each participantfor each of 

the five volumesofthe six swallowmg tasks In order to facilitate compansonsofthe 

average normalized amplitude ofmuscle activity,amplitude values ofindividual 

participants werecombmed to obtain a group average amplitude value for the five 

volumesofeach consistency and for theSM andLSM muscles. Table 3shows the group 

means and standard errors for the normalized amplitude values ofthe mdividual muscles, 

volumes and consistencies. Statistical analysis ofthe normalized amplitude values was 

performed using athree-way ANOVA for repeated measures. Significantmam effects 

for volume,consistency,and muscle were identified(Huynh-Feldtcorrection procedure 

was used). Analysis ofthe data also revealed a significant interaction between muscle 

and consistency. Table4contains the findings ofthe three-way ANOVA. Post-hoc 

analysis(Tukey)for bolus volume revealed a sigmficant mcrease in the normalized 

amplitude ofmuscle activity for swallows of20mlcompared to swallows of1,3,and 5 

ml,regardless ofmuscle or consistency(see Figure 4). 

To further evaluate the interaction between muscle and consistency,one-way 

ANOVAsfor repeated measures were performed to compare each muscle separately 

across consistencies. Results ofthe analyses determmed that normalized amplitude of 

SM activity increased significantly for swallowsofpuddmg,cheese paste,Cheenos®, 

barium liquid and banum paste when compared to boluses ofwater. In addition, 

normalized amplitude values forSM activityincreased sigmficantly for swallows 
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Table 3. Group mean(in uV)and standard error(SE)for average normalized amplitude ofmuscle 
activity for bolusesthat vary by volume and consistency 

SM Mean SE LSM Mean SE 

Water 1ml 0.6021 0.04 Water 1ml 03854 0.03 

Water3ml 0.6002 0.05 Water3ml 0.3808 0.02 

Water5ml 0.5778 0.04 Water5ml 0.3767 0.01 

Water 10ml 0.6275 0.06 Water 10ml 04069 002 

Water20ml 0.7024 0.05 Water20ml 04637 0.02 

Pudding 1ml 07993 0.04 Pudding 1ml 0.4505 0.04 

Puddmg3ml 09258 0.06 Puddmg3ml 0.5134 004 

Pudding5ml 0.8705 0.05 Pudding5ml 0.512 0.03' 
Pudding 10ml 0894 0.07 Puddmg 10ml 0.5274 0.05 

Puddmg20ml 0.9787 0.07 Pudding20ml 0.5821 0.04 

Cheese paste 1ml 0.9719 0.05 Cheese paste 1ml 0.5063 0.03 

Cheese paste3ml 1.0068 0.08 Cheese paste3ml 0.5528 0.05 

Cheese paste5ml 0.9992 0.07 Cheese paste 5ml 05529 0.04 

Cheese paste10ml 1.1116 005 Cheese paste10ml 0.5832 0.04 

Cheese paste20ml 1.0153 001 Cheese paste20ml 0.6469 0.04 

Cheenos 1ml 0.9279 0.08 Cheerios 1ml 0.4925 0.05 

Cheerios3ml 10317 0.09 Cheerios3ml 0.5111 0.05 

Cheenos5ml 1.0777 0.0012 Cheerios5ml 0.5325 0.05 

Cheerios 10ml 1.0398 000108 Cheerios 10ml 0.5557 0.07 

Cheenos20ml 1.0819 009 Cheerios20ml 0.5865 0.06 

Banum Liquid 1ml 07922 0.04 Barium Liquid 1ml 0.4678 0.05 

Barium Liquid 3ml 0.8855 0.05 Barium Liquid 3ml 0.4739 0.04 

Banum Liquid5ml 08776 0.07 Banum Liquid 5ml 04646 0.04 

Barium Liquid 10ml 0.8778 0.06 Barium Liquid 10ml 0.4809 0.04 

Barium Liquid 20ml 0.9671 0.06 Barium Liquid20ml 0.5523 0.04 

Barium Paste 1ml 0.9575 .0.03 Barium Paste 1ml 0.5064 0.04 

Barium Paste 3ml 0.9608 005 Barium Paste3ml 0.5423 0.05 

Banum Paste5ml 1 0635 0.05 Barium Paste5ml 0.5444 005 

Barium Paste 10ml 0.9744 005 Banum Paste 10ml 05875 0.05 

Barium Paste20ml 12547 007 Barium Paste 20ml 0.7021 0.04 
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Table4. ANOVAfor average amplitude ofEMG muscle activity 

Effect F Ratio df Error df Significance 

Muscle 89.016 1.000 9.000 0.000 

Consistency 17.000 2.739 24.648 0.000 

Volume 20.891 2.890 26.013 0.000 

MuscleX Consistency 11.491 4.307 38.766 0.000 

Consistency x Volume 1.225 15.004 135.035 0.260 

Muscle X Volume 0.808 2.772 24.946 0.493 

Muscle X Consistency x Volume 1.843 11.676 105088 0.052 
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ofcheese paste compared to swallows ofpuddmg,and swallowsofbarium paste 

compared to swallows ofbanum liquid. 

Normalized amplitude ofthe LSM muscle increased significantly forswallows of 

pudding,cheese paste and banum paste when compared to swallows ofwater. Swallows 

ofcheese paste and banum paste yielded a significant increase m normalized amplitude 

ofLSM muscle activity compared to swallowsofliquid barium. Figure5showsthe 

results ofthe post-hoc analysis ofthe interaction between muscle and consistency for 

normalized amplitude ofmuscle activity. 
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Figure 5 
The mean and standard error of average normalized amplitude of submental (SM) 
and larygeal strap (LSM) muscle activity for each bolus volume combined across 

bolus consistencies and muscles 
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CHAPTERIV 

Discussion 

Findings oftins investigation indicate that bolus volume and consistency 

sigmficantly affectthe amplitude and duration ofSM andLSM muscle activity during 

swallowing in adults. These findmgs maybeofimportance m the evaluation and 

treatment ofindividuals with dysphagia. 

AverageDuration 

Consistency Effects 

Results from previous studies indicate that bolus consistency sigmficantly affects 

the duration ofmuscle activity during swallowmg. Reimers-Neils et al.(1994)found an 

increase in the total swallow duration from liquids to thm pastes and fromthm pastes to 

thick pastes. Ruark et al.(1999)determined that the average duration ofbothSM and 

LSM activity systematically increased across bolus consistencies. Specifically,Ruark 

and colleaguesfound thatforSM activity,significant increases m average duration 

occurred for swallows ofcheese paste compared to swallows ofwater. Significant 

mcreasesin average duration ofLSM activity occurred for swallowsofpuddmg and 

cheese paste versus water,and cheese paste versusgummybears(Ruark et al., 1999). 

Reimers-Neils et al.(1994)found that thin paste consistencies yielded longer duration of 

muscle activity than liquids. 
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Certain findings ofthe presentstudy were similar to resultsfound byReuners-

Niels et al.(1994)and by Ruark et al.(1999),while other findings were dissimilar. Asm 

the previous research,the present investigation identified a consistency effectfor average 

duration ofmuscle activity. Results ofthis studyfound that swallowsofpuddmg,cheese 

paste,Cheerios®,and banum paste produced a significant mcrease m average duration of 

muscle activity compared to boluses ofwaterregardless ofvolume or muscle. Although 

significant differences werefound only with swallowsofthe thicker consistencies 

compared to swallowsofwater,the average duration ofmuscle activity increased 

systematically across bolus consistency(see Figure 3,p.23). 

Conversely,someofthe results ofthe currentstudy did notsupport findingsof 

Reimers-Neils et al.(1994)and Ruark et al.(1999). Reimers-Neils and colleaguesfound 

thatthick paste consistencies yielded longer duration ofmuscle activity than thin paste 

consistencies. However,results ofthe presentstudy did notreveal asigmficant 

difference in duration for these consistencies(see Figure 3,p.23). Additionally,findmgs 

ofthis investigation did notsupport specific findmgsofRuark et al.(1999)forSM and 

LSM activity. The current mvestigation found that bolus consistency similarly affected 

the average duration ofSM and LSM activity durmg swallowing. The differences in the 

current findmgsand those ofReimers-Neils et al.(1994)and Ruark et al.(1999)maybe 

explained bythe methodological variations between the studies(i.e.,forthe present 

study,multiple volumes and additional consistencies were presented). 

31 



In contrast to the fhidings ofDantas and Dodds(1990),the current investigation 

did notfind significant differences in average duration ofmuscle activity for swallows of 

banum paste versus barium liquid. Again,methodological variation between these 

studies may accoimtfor the conflicting results. Methodological differences for the 

presentinvestigation include the following-1)the presentinvestigation utilized a 

calculated standard deviation in the data selection process and,2)additional volumes and 

food consistencies were presented m addition to banum liquid and paste. 

VolumeEffects 

Ofthe existing research,only the study by Ertekm et al.(1997)found bolus 

volume to affectthe duration ofmuscle activity during swallowing. Results from this 

study revealed that duration ofmuscle activity increased as bolus volumeincreased from 

3to 20mlofwater(Ertekin et al., 1997) Results ofthe presentinvestigation also 

indicated thatthe average duration ofmuscle activity increased as a result ofbolus 

volume. However,significant differences occurred only when participants swallowed 

boluses of20mlas compared to boluses of1 ml. ^ 

AverageAmplitude 

Consistency Effects 

Ruark et al.(1999)found bolus consistency to have similar effects onSM and 

LSM muscle activity. Conversely,results ofthe investigation by Reimers-Neils et al. 

(1994)indicated that the effects ofbolus consistency on amplitude ofmuscle activity 

during swallowing are dependent upon the muscle involved. Resultsofthe present 
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investigation supportthis finding. Reimers-Neils et al.(1994)found thatthe average 

amplitude ofSM activity increased significantly for swallowsofthick paste compared to 

swallows of liquid and thin paste. The present mvestigation found that the normalized 

amplitude ofmuscle activity increased significantly for swallowsofpudding,cheese 

paste,Cheenos®,barium liquid and banum paste when compared to swallows ofwater. 

Significant mcreases in the normalized amplitude ofSM activity also occurred for 

swallowsofcheese paste compared to swallows ofpudding,and forswallows ofbarium 

paste compared to swallows ofbanum liquid. Reimers-Neils and colleagues(1994)and 

the present mvestigationfoundSM activity to be more sensitive to changes m bolus 

consistencythanLSM activity,as the normalized amplitude ofSM activity was 

sigmficantly affected by a greaternumberofconsistencies. 

Reimers-Neils et al.(1994)found thatthe average amplitude ofIH muscle activity 

mcreased significantly forswallowsofthick paste compared to swallowsofliquid. 

However,no results were observed for thin versus thick pastes(Reimers-Neils et al., 

1994). The presentinvestigation also found sigmficant mcreasesin the normalized 

amplitude ofLSM activity for swallows ofpuddmg,cheese paste and barium paste 

compared to swallows ofwater. Swallowsofcheese paste and banum paste also 

produced sigmficant increases m normalized amplitude ofLSM activity when compared 

to swallowsofbanum liquid. 
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Dantas and Dodds(1990) reported that the average amplitude ofSM andIH 

muscle activity increased sigmficantly for barium paste as compared to barium liquid. 

Results ofthe current mvestigation are consistent with this finding. 

VolumeEffects 

Effects ofbolus volumeon average amplitude ofmuscle activity were not 

observed in studies conducted by Dantas and Dodds(1990),Dantas et al.(1989),or 

Ertekm et al.(1997). The current investigation,however,found that normalized 

amplitude ofmuscle activity increased sigmficantly for swallowsof20mlcompared to 

swallowsof1,3, and 5 mlregardless ofmuscle orconsistency. In comparison to Dantas 

and colleagues(1989;1990), the presentinvestigation mcluded food substances(i.e. 

water,puddmg,cheese paste,and Cheerios®)m addition to barium consistencies(liquid 

and paste). In the investigation byErtekin et al.(1997),food substances were limited to 

water and pudding,andEMG activity for the laryngeal strap muscle wasnotrecorded. 

These methodological differences may explain whythese investigations did not find 

effects ofbolus volume on the amplitude ofmuscle activity. 

ClinicalSignificance 

The results ofthis investigation indicate that bolus volume and consistency 

significantly affectthe amplitude and duration ofmuscle activity durmg swallowing. 

Bolus volume and consistency are important considerations when performing swallowmg 

evaluations,asin a modified barium swallow study,or dunng treatmentofswallowmg 

disorders. Durmg a modified banum swallow study(MBS),vanous volumes and 
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consistencies offood and barium textures are presented. Currently,no standardized 

measures ofvolume or consistency are used when performing this type ofevaluation. 

Results ofthis study mdicate that muscle activity durmg swallowing is not consistent 

across bolus volume and consistency. Therefore,according to these results,standardized 

measuresfor bolus volume and consistency should be adopted for use during swallowmg 

evaluations and m treatmentofswallowmg disorders. 

Limitationsofthe CurrentStudy 

The currentstudy examined the effects ofbolus volume and consistency on the 

amplitude and duration ofmuscle activity dunng swallowing in 10 young adultfemales. 

Limitations ofthe current studyinclude the limited sample size and the narrow age range. 

In addition,the lack ofvideofluoroscopy to accompany theEMGdataincreased the 

difficulty ofidentifying the swallow. 

SuggestionforFutureResearch 

Results ofthis investigation both support and dispute findingsofprevious 

investigations Thus,furtherresearch is suggested. In order to examine the effects of 

bolus volume and consistency onthe muscle activity in other age groups,this study is 

part ofalarger investigationincluding 10typically developing five-year-old female 

children. Additionally,the current study could be extended by comparing each 

consistency ofbanum liquid mcluded in modified barium studies,as well asthe 

thickened liquids thatthey represent. Finally,the use ofvideofluoroscopy in conjunction 

withEMGwould enable more definitive identification ofthe swallow and allow further 

35 



conclusions as to the effects ofbolus volume and consistency on muscle activity during 

swallowing. 

Summary 

In conclusion, results ofthis investigation indicate that bolus volume and 

consistency significantly affect the amplitude and duration ofSM andLSM muscle 

activity dunng swallowing m adults In regard to average duration ofmuscle activity, 

sigmficant mam effects were observed for both volume and consistency. For normalized 

amplitude ofmuscle activity,results ofthe analyses revealed a significant main effect for 

volume,in addition to asigmficant mteraction between muscle and consistency. These 

findings suggestthat bolus volume and consistency influence swallowmg coordmation 

and should be considered m the evaluation and treatmentofmdividuals with dysphagia. 
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PARTICIPANTINFORMATIONSHEET 

Researcher's name._ 
Date; 

A. Background History: 
Name: 

Date ofBirth. Age 
Address: 

Phone, (work) (home) 

B. Related MedicalHistory 
Checkthefollowing ifthe answer is YES,place comments nexttosentence 

I am currently free ofupper respiratory infection 

Myhearing is normal 

I have no middle ear problems atthistime 

I have no neurological difficulties(ie.history ofseizures,brain trauma,etc.) 

_ I have no current illness/medication thatmay affectspeech/language/swallowing 
(Please list all current medications) 

_My general health is OK 

I have no history ofspeech and/or language delay and no history ofreceiving 
remedial servicesfrom the school systems 

_ I have no history ofdelay in developmental milestones 

_ I have no gross motor difficulties 

I speak English as my primary language 

Iam not allergic to any ofthe foods being presented in this study 
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Cranial Nerve Screening 

1. Trigeminal Nerve(V) 

• SensoryFunction 

When a Q-tip is lightly brushed over maxilla and mandible,participant raises hand in 

response 

Whenthe teeth and anterior two-thirds oftongue are lightlytouched with atongue 

depressor,participant raises hand in response. 

• MotorFimction 

No deviation or weakness is noted duringjaw opening and closing. 

When teeth are clenched,masseter and temporalis muscle contraction can be felt by 

palpation. 

2 Facial Nerve(VIII 

• MotorFunction 

Smiling reveals equal areas ofthe upper and lowerteeth on both sides. 

No difference is noted between automatic and voluntary facial responses. 

3. Glossopharvneeal(IX) 

• Posterior one-third oftongue 

Participant detects light pressure to the back ofthe tongue. 

4. VagusNerve fX") 

• SoftPalate 

When participantsays"ahhh",the soft palate elevates and the uvula moves posteriorly. 

5. HvpoglossalfXir) 

• MotorFunction 

Whentongue is protruded at midline,there is no apparent deviation or atrophy. 

Participant is able to movetonguefrom side to side and up and down. 
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Oral Speech Mechanism Screening Examination -Revised 

The Oral Speech Mechanism Screening Examination- Revised(OSMSE-R^ was 

developed to screen the anatomy and physiology ofthe oral speech mechanism. The 

structures tested include the lips,tongue,jaw,hard and soft palate,pharynx,respiration, 

velopharyngeal mechanism,and diadochokmetic rate. This test wasformally 

standardized on211 subjects. Normative data is provided for individuals ages 5:3 to 

77:7, howeverthe test may be used with individuals outside ofthis age range. 
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THEUNIVERSITYOFTENNESSEE 
KNOXVILLE 

CollegeofAns&Sciences 
Departmentof Audiology&.Speech Pathology 

457SouthStadium Hall 
Knoxville,Tennessee37996-0740 

(423)974-5019 
FAX(423)974-1539 

Consentto Participate in a Research Study 

Title: Oral-faaal musda activity in children and adults 

Investigaton JadoLRuark,Ph.D. 
444South Stadium Hail 

Umveisity ofTennessee,KnoxvDIe 
Knoxvflle,Tennessee37996 

Descitpticn 
ThereIS I'lttte known aboutthe developmentofspeech movementsand theirrelabonship tootheronal 

movements,suchaschewing.Anunderstandingoftherelationship betweenspeechand nonspeechoral 
movements(e.g.,chewing,swallowing)isneeded,sothatwecan understand howspeechdevelops,and 
how wecan help those children with developmental motorspeech disorders. 

You will parbdpateIn astudy to help us understand how orolaaal musdesare used forspeech and 
nonspeech acbvrties. The procedure we use to measure orofaaal activity is simple and causes no 
dlscomtdil WewQIsimply measurethe activity in yourorofiaoal musdesasyou eatasnack. 

Asyousitin a chair,smallsurfece electrodes(Le.,sensors)wih be placed on yourfiaceand on your 
neck. You will then eat a snack. During this bme,orofaoal musde activity will be recorded onto a 
multichanneltape recorder.Theexpenmentwllltake approximately45mmutes,however,you maystop 
atany tune if you wish to discontinue thestudy. 

In add'rtion to the snack,we would like to include an optional task for you to perform. This task 
indudesswallowing asmallamountofbanum powder mixed with waterand flavored syrup,andasmall 
amountof banum paste mixed with syrup. Banum is a safe substance,and is used dally in studies at 
dinicsand hospitals. The total amountofbanum will be5.5oz. Thistask Iscompletely optional,and if 
you choose notto partlopata In this task,you will sbll beinduded in the remainderofthestudy. 

Before partiopating in thestudy,youwillanswersomequestionspertainingto yourhealth histoiy,and 
you wiD receiveaswallowing and oid mechanism screening byacertified speech language pathologist 

Risk and Benefits 

There are no known risks associated with the procedures In this study. This electrode procedure 
causesnodiscomfortto you,and theitemsweaskyoutoswallowaresafe.Wehaveused thisprocedure 
on infants,smallchildren,and adultswith no difliculties. All equipmentis stenlized beforeeach session. 

You win not benefit directly from partidpating in this study However,this information will help us 
understand how orofaoal musdes are used for speech and nonspeech activities, and how the 
coordination oforofaoal musdeschangesovertune. 
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understand how orofacial muscles are used for speech and nonspeech activities, and how the 
coordination of orofacial muscles changesover time. 

Costand Payments 
There will be no charge to you At your request, you may withdrawfrom the study atanytime 

Confidentiality 
Any information obtained from you for this research project wili be kept confidentiai. The data 

being obtained will be for the sole use ofthe named investigator 

Rightto Refuse or End Participation 
You are free to refuse participation in this research project or to withdraw at any time without 

penalty 

Voluntary Consent 
I certify that I have read the preceding or it has been explained to me and that i understand its 

content Any questions that I have regarding this research project have been answered by the 
investigator. Acopy ofthis consentform will be given to me Mysignature below meansthat I have 
freely agreed to participate in this research study. 

Name ofsubject'. 

Subject's signature Date. 

Investigator's signature Date 

Witness 

I also verify thatI have read the list offoods thatare used in this study and thatto myknowledge, 
Ido nothave any known allergiesofthese foods 

Subject's signature. 
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EXPERIMENTALTASKINSTRUCTIONS 

50 



Experimental Task Instructions 

Foreach trial, theparticipant was instructedtoswallow when the computerscreen 
wasclearofEMG activity or movementartifact 

Water: "Putthis in your mouth. Hold itthere but don'tswallow yet" "OK,swallow". 

Pudding: "Putthis in your mouth. Chew it up and get it readyto swallow,but don't 

swallow yet Raise your hand when you are ready to swallow". "OK,swallow". 

Cheese Paste*"Putthis m your mouth. Chew it up and getit ready to swallow,butdon't 

swallow yet. Raise your hand when you are readyto swallow". "OK,swallow". 

Cheerios: "Putthis in your mouth. Chew it up and get it ready to swallow,but don't 

swallow yet. Raise your hand when you are readyto swallow". "OK,swallow". 

Barium Liquid: "I'm gomgto putthis in your mouth. Hold itthere butdon'tswallow yet." 

"OK,swallow". 

Barium Paste* "Putthis in your mouth. Chew it up and get it readyto swallow,butdon't 

swallow yet. Raise your hand when you are readyto swallow". "OK,swallow". 
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