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RESUMO

As medidas de duragdo e a localizacdo do bolo no disparo da fase faringea sao
significantes no estudo da degluticdo. Objetivo: avaliar a interferéncia da consisténcia
alimentar e da idade do sujeito na duracdo das fases oral, de transigéo e faringea na
degluticdo de alimentos e capsulas e avaliar a localizagdo de capsulas no disparo da
fase faringea em adultos assintomaticos. Método: Realizou-se a videofluoroscopia em
60 sujeitos, entre 27 e 55 anos de idade, avaliados com alimentos contrastados nas
consisténcias liquida e pudim, na colher de sopa; e capsulas gelatinosas duras #00 e #3
contendo sulfato de bario, deglutidas com alimentos nas consisténcias liquida e pudim,
em livre oferta. Realizou-se analise intra e inter julgadores. A analise estatistica baseou-
se nos testes Mahn-Whitney, Wilcon-Cox, Macnemar, no modelo log-linear Gama e
modelo com resposta Gama e funcado de ligagdo inversa. Resultados: Avaliou-se 14
sujeitos do sexo masculino e 46 do feminino. Alimentos contrastados nao apresentaram
diferencas estatisticamente significantes na duracio das fases oral e de transicdo (p=
0,419 e p=0,482) entre as consisténcias liquida e pudim, porém em relacdo a fase
faringea a consisténcia mais viscosa apresentou maior tempo de duracdo (p= 0,000).
Houve aumento da duragéo das fases oral e faringea e diminui¢cdo da fase de transicéo
de adultos mais velhos, em ambas as consisténcias. Na avaliagdo da duracdo com
capsulas #00 a fase faringea ndo mostrou diferenca estatisticamente significante (p=
0,325) entre as consisténcias liquida e pudim e a fase oral apresentou maior tempo de
duracéo (p= 0,000) na consisténcia mais viscosa. A duragdo das fases oral e faringea
aumentaram em adultos mais velhos, em ambas as consisténcias. A capsula #3
apresentou maior porcentagem de localizagdo em dorso de lingua em comparagéo a
#00, e cpsula #00 maior porcentagem em base de lingua e valécula em comparacao a
#3. Foram encontradas diferencas estatisticamente significantes entre as diferentes
capsulas na degluticao com liquido (p= 0,016) e pudim (p= 0,037). Conclusao: A
consisténcia alimentar interferiu na duragao da fase faringea de alimentos contrastados
e na duragao da fase oral de capsulas #00, com aumento do tempo para alimentos mais
viscosos. O aumento da idade influenciou na duracao das fases da degluticao, tanto de
alimentos contrastados quanto na degluticdo de capsulas, em ambas as consisténcias,
com aumento das fases oral e faringea e diminuicao da fase de transicao na degluticao
de alimentos sem céapsulas. Capsulas menores desencadearam o disparo da fase
faringea em regido mais anterior em comparagao as capsulas maiores.

Descritores: Degluticao — Adulto — Fase oral — Faringe — Capsulas
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ABSTRACT

Measurements of duration and location of bolus in pharyngeal phase triggering are
significant in deglutition study. Objective: to evaluate interference of food consistency
and age of individuals in duration of oral, transition and pharyngeal phases of food and
capsules deglutition; evaluate capsules position in triggering of pharyngeal phase in
asymptomatic adults. Methods: Videofluoroscopy was performed in 60 individuals, all of
them between 27 and 55 years of age, which were tested with liquid and pudding
consistencies food that were administered by tablespoon; and also were tested hard
gelatin capsules #00 and #3 fulfilled with barium sulphate, which were swallowed along
with liquid and pudding consistencies food, in free volume. It was performed intrajudge
and interjudge analysis. Statistical analysis was based on Mahn-Whitney, Wilcon-Cox
and Macnemar tests and on Gamma log-linear model and model with Gamma response
and inverse-link function. Results: 14 male subjects and 46 female subjects were
evaluated. There was no statistically significant difference in duration of oral and
transition phases (p= 0,419 e p=0,482) between liquid and pudding consistencies,
however in pharyngeal phase the most viscous consistency had a longer duration (p=
0,000). In older adults, it was observed an increment in duration of oral and pharyngeal
phases and there was reduction in duration of transition phase, in both consistencies
tested. In evaluation with capsules #00, in pharyngeal phase there was no statistically
significant difference (p= 0,325) between liquid and pudding consistencies and oral
phase had a longer duration (p= 0,000) with the more viscous consistency. Duration of
oral and pharyngeal phases increased in older adults considering both consistencies
tested. Capsule #3 presented higher percentage of occurrence in tongue dorsum
compared to capsule #00, and capsule #00 presented higher percentage of location
occurrence in tongue base and vallecula compared to capsule #3. There was statistically
significant difference between different capsules swallowed with liquid (p= 0,016) and
pudding (p= 0,037). Conclusion: Food consistency interfered with the duration of
pharyngeal phase of food tested and interfered with oral phase of capsules #00, with
time increased for more viscous food. Older age affected the duration of deglutition
phases considering food and capsules tested, in both consistencies, with increased
duration of oral and pharyngeal phases and decreased duration of transition phase in
deglutition of food without capsules. Smaller capsules onset pharyngeal phase in most
anterior region compared to larger capsules.

Keywords: Deglutition — Adult — Oral stage — Pharynx — Capsules
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1. Introducao



O processo da degluticdo apresenta variabilidades entre os individuos,
dificultando a definicdo de referéncias normativas que auxiliem nas decisdes clinicas e
anadlises cientificas. Trata-se de um processo continuo que envolve diferentes estruturas
e mecanismos neuromotores, essenciais para a coordenacgdo, organizagdo e
interrelagdo entre suas fases. Baseadas em caracteristicas anatémicas e funcionais
estas fases recebem trés ou quatro divisbes a depender dos autores. Dodds (1989) e
Logemann (1983) as descrevem com as seguintes denominacdes: preparatoéria oral,
oral, faringea e esoféagica [1-2].

A fase preparatéria oral é caracterizada pela mastigacéo, tendo como objetivo a
transformacéao do alimento em um bolo coeso, preparando-o para a degluticido. Na fase
oral inicia-se a propulsdo do bolo alimentar pelos movimentos ondulatérios antero-
posteriores da lingua que ejetam o alimento para a faringe. Durante a fase faringea
ocorre a elevacao e anteriorizacao da laringe, protecao das vias aéreas, movimentacao
do palato mole em direcdo a parede posterior da faringe, contracdo dos musculos
constritores e ampliagdo promovida pelos musculos dilatadores. A fase esofagica é
responsavel pela peristalse esofagica, que tem como objetivo transportar o bolo através
do es6fago cervical e toracico até o estémago([1-2].

Com base nos conhecimentos sobre a dindmica simultdnea e sequencial da
degluticdo, a coordenagéao entre o final da fase oral e o inicio da fase faringea é também
importante. D4a-se o nome de fase de transicio ou "delayed swallow reflex". E
caracterizada pela presenga do alimento na faringe antes do inicio da elevagéo
laringea. Inicia-se quando a cabeca do bolo atinge o ponto em que a borda inferior da
madibula cruza com a base da lingua e finaliza com a elevagéo laringea [2-4].

A identificacdo de um referencial para a localizacdo do disparo da fase faringea
€ ainda objeto de estudo. Sdo diversas as estruturas descritas na literatura como sendo
locais de disparo, tais como dorso da lingua, base da lingua, valécula e seios piriformes,
nao havendo concenso mesmo em estudos com sujeitos assintomaticos [5]. Mesmo
sem localizacbes de referéncias, alguns estudos utilizaram-se do termo "atraso no
disparo da fase faringea" como uma das caracteristicas de pacientes disfagico [6-8].

Além do disparo da fase faringea, outro dado citado nos estudos sobre o
processo da degluticdo é a duracdo das suas fases. O estudo de medidas temporais
fornece dados objetivos que podem auxiliar na avaliagéo, orientacao e reabilitacdo de
pacientes disfagicos. Apesar de sua importancia nao se observou concenso sobre seus

valores referenciais [9].



Alguns fatores podem influenciar na duracao das fases da degluti¢do, entre eles,
a viscosidade do alimento, expressos em centipoises (cP) ou miliPascal por segundo
(mPa/s). Trata-se de uma propriedade fisica, e caracteriza-se pela resisténcia de um
fluido contra uma forga aplicada. A caracteristica da viscosidade do bolo pode interferir,
por exemplo, na forga de ejecao da lingua e no transporte faringeo [10].

Outro fator que pode influenciar na degluticio é a idade, que por si S0,
progressivamente e com maior impacto a partir dos 40 anos, causa mudancas
quantitativas e qualitativas nas fases oral, faringea e esofagica. Os estudos sobre o
impacto das modificagcdes advindas do processo de envelhecimento mostraram que,
mesmo entre adultos, o avanco da idade poderia ser perceptivel através de alteracoes
funcionais. Entre estas modificacbes estdo a diminuicdo do controle neuromuscular,
perda da elasticidade e atrofia dos tecidos (mucosa, estruturas musculares, tecidos
subjacentes e de sustentacéo), diminuicdo quantitativa da salivacdo ou xerostomia,
alteragbes sensoriais entre outros [11-12].

Estudos com diferentes consisténcias e volumes alimentares séo faciimente
encontrados na literatura, porém sdo escassos o0s estudos com degluticdo de
medicamentos, apesar da alta importéncia no tratamento de pacientes disfagicos. A
compreensdo do mecanismo neuromuscular necessario para a degluticao de
medicamentos, visando encontrar a forma mais segura e eficaz, € relevante na
orientagdo adequada ao paciente e da industria farmacéutica.

Entre os estudos nesta area destaca-se o trabalho de Channer e Virjee (1982)
realizado com 50 sujeitos entre 20 e 87 anos, avaliados pela videofluoroscopia. Durante
a degluticdo de cépsulas gelatinosas duras observou-se a correlagdo positiva entre
maior tempo de transito da capsula e histérico de disfagia, queixas pregressas de
dificuldade e sensagao de incOmodo na degluticado de comprimidos [13].

Estudo de Perakis, Burkhead e Postma (2009) também procurou simular a
degluticdo de medicamentos. Avaliou-se a degluticdo de pilulas testes (drageas de
M&M ) em 60 pacientes com idade entre 40 e 54 anos que apresentavam queixas de
disfagia. Os sujeitos que apresentaram dificuldade na degluticdo das pilulas durante a
nasofibroscopia foram avaliados por meio da videofluoroscopia que detectou alteragdes
esofagicas. O resultado demonstrou que a inclusdo destas pilulas durante os exames
aumentou a sensibilidade para o diagnéstico de patologias do eséfago. [14].

Apesar da importancia do estudo sobre a degluticao de medicamentos observou-
se escassez de trabalhos nesta area.



Levando-se em consideragao que o processo da degluticdo € um ato complexo,
com respostas motoras que se modificam por alteragcdes tais como consisténcia
alimentar e idade do sujeito, estudos sobre a duragcdo das fases da degluticao e
localizagdo do disparo da fase faringea com diferentes consisténcias alimentares e
capsulas gelatinosas duras sao relevantes para que referéncias normativas possam ser
estabelecidas.

Dessa forma, esta tese é composta por trés artigos que apresentam os
resultados das avaliacbes de adultos assintomaticos, de diferentes faixas etarias,
avaliados por meio da videofluoroscopia. Sendo os dois primeiros submetidos a
publicacao internacional e o terceiro a revista nacional de indexacgéao internacional.

O primeiro artigo teve como objetivo a avaliagdo da duracdo das fases da
degluticdo de diferentes consisténcias alimentares. O segundo, avaliou a duragdo das
fases da degluticao de capsulas gelatinosas duras #00 com alimentos nas consisténcias
liquida e pudim. Por fim, o terceiro avaliou a localizagdo de capsulas de diferentes
tamanhos, deglutidas com diferentes consisténcias, no disparo da fase faringea.



2. Objetivos



Objetivos

2.1 - Objetivo geral:

Avaliar a interferéncia da consisténcia alimentar e da idade nas duracbes das
fases da degluticdo e avaliar a influéncia do tamanho das capsulas na localizagcdao do
disparo da fase faringea de adultos assintomaticos.

2.2 - Objetivos especificos:

1- Avaliar a interferéncia da consisténcia alimentar e da idade na duracao
das fases oral, de transicdo e faringea na degluticdo de alimentos nas consisténcias
liquida e pudim em adultos assintomaticos;

2- Avaliar a influéncia da consisténcia alimentar e da idade na duracéao das
fases oral, de transicdo e faringea na degluticdo de capsulas gelatinosas duras #00
deglutidas com alimentos nas consisténcias liquida e pudim em adultos assintomaticos;

3- Avaliar a localizagdo de capsulas gelatinosas duras #00 e #3 deglutidas
com alimentos nas consisténcias liquida e pudim no disparo da fase faringea da
degluticdo de adultos assintomaticos.
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IMPACT OF FOOD CONSISTENCY AND AGE ON THE DURATION OF THE PHASES
OF SWALLOWING IN ASYMPTOMATIC ADULTS

Erica Mayumi Takase

Irene Harumi Kamata Barcelos

Deborah Brandao

Lucia Figueiredo Mourao

Agricio Nubiato Crespo

ABSTACT

Swallowing is a complex process, with motor responses that are modified by changes in
food characteristics as well as the subject’s age. Objective: Evaluate the impact of food
consistency and the age on the duration of the oral, transition and pharyngeal phases of
swallowing in asymptomatic adults. Methods: By means of videofluoroscopy, 60
subjects, between the ages of 27 and 55 years, were evaluated with liquid and pudding
consistencies. Results: Analysis of the duration measures of the oral and transition
phases showed no statistically significant differences (p=0.419 and p=0.482) between
the liquid and the pudding consistencies. To the pharyngeal phase, the pudding
consistency presented a greater duration time (p=0.000) in relation to the liquid
consistency. With respect to older age, an increase in duration of the oral and
pharyngeal phases (for adults over 41 years of age) and a decrease in the transition
phase was observed with both consistencies. Conclusion: Food consistency does have
an impact on the duration of the pharyngeal phase, with a rise in swallowing time for a
bolus of higher viscosity. Aging gradually increases the duration of both the oral and
pharyngeal phases in adults over the age of 41 years and decreases the duration of the

transition phase.

KEY WORDS: Videofluoroscopy — Adult — Deglutition — Oral — Pharyngeal —
Measurement

Previous studies on swallowing have found that variability across individuals is
large, which makes it difficult to define normative references that constitute limitations for
clinical decision-making and scientific analysis [1]. The swallowing process usually
occurs smoothly and effortlessly; a fact which belies the complexity of the neuromuscular
apparatus that executes and orchestrates the swallowing sequence [2]. Based on what
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is known about the simultaneous and sequential dynamics of the oral, transition and
pharyngeal phases, time is significant because it is the first step toward establishing
objective measures of swallowing function and can provide assistance in understand the
physiology of the process. Previous studies have found that there is a relationship
between the duration of oral transit in swallowing and the pharyngeal clearance of the
bolus. Slower in the first was associated with a slower in the second [3].

Viscosity is one of several factors that influence the duration of the swallowing
phases. Swallowing tolerance and suitable viscosity can be determined via
videofluoroscopy. The viscosity value, expressed incentipoises (cP or millipascals
(mPa/s), defines the resistance of a fluid against an applied force. This rheological
characteristic can be reproduced following defined prescriptions. Food viscosity affects
intra-bolus pressure, oral ejection level force, and pharyngeal transport. Thus,
establishing viscosity values suitable for a dysphagia patient permits the qualification of
their real swallowing tolerance[4].

Another important factor identified as being responsible for changes in the
duration of the oral, transition and pharyngeal phases is age. The natural aging process
leads to physiological changes in the swallowing process, such as decreased strength in
the muscles responsible for mastication, a reduction in ejection force, reduced hyoid
elevation, etc [5]. Understanding the nature of swallowing in individuals without
swallowing problems is a prerequisite for an evaluation of the nature and the extent of
dysphagia in persons with compromised swallowing. The intent of the present study was
to examine how the duration of the oral, transition and pharyngeal phases of swallowing
varies with age and bolus viscosity in a comprehensive sample of the normal adults.

MATERIALS AND METHODS

PARTICIPANTS

Dynamic videofluoroscopic swallowing studies were performed on 60
consecutive normal adult volunteers. This research was conducted with the approval of
the Committee of Ethics in Research of the State University of Campinas (Unicamp)
under number 863/2009 and the signed Consent Form of all the participants.

All the subjects met the following inclusion criteria: aged between 25 and 55
years, preserved oral sensitivity, not users medicines that could cause dysphagia as

collateral effect and absent of a history of central nervous system or neuromuscular
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disorders, head and neck cancer, neurological surgery, psychiatric disorders, diabetes
mellitus or craniofacial abnormalities as well as complaints and signals of dysphagia.

The subjects were volunteers recruited by the research team on the premises of
the State University of Campinas, and consisted mainly of relatives of patients at the
Hospital das Clinicas (Unicamp).

EVALUATION OF VIDEOFLUOROSCOPIC SWALLOWING STUDY

The subjects were studied by means of videofluoroscopy (VFS) in the Radiology
Department of the University of Campinas (Brazil) and were assisted by the speech
language pathologist, the radiology technician and the radiology physician.

Swallowed material was presented to the subject using a tablespoon. Subjects
were offered: two tablespoon (7ml) of liquid (35g of condensed milk added to 150 ml of
liquid barium sulfate Bariogel® 100% and two tablespoons of water - 350 cP) and two
tablespoon (7 ml) of pudding (359 of condensed milk added to 150 ml of liquid barium
sulfate Bariogel® 100% and two tea spoon of thickener Thicken-easy®- 5400 cP). The
food consistencies were reproduced as studies of Sordi, Mourdo and Silva (2012) and
the classification was based on the description put forth by American Speech-
Language-Hearing Association [6-7]. To analyze the data we chose to use the second
swallowing performed with each consistency, the first of which served as adaptation to
examination.

The videofluoroscopic swallowing examination (VFS) provided X-ray imaging of
the oral and pharyngeal stages, which could be recorded onto videotape or digital
imaging systems. The fluoroscopy exposure was at a maximum of 5 minutes. The VFS
was analyzed frame-by-frame and the time of the physiologic events in the swallowing
phases was recorded in milliseconds.

VFSs were conducted using remote controlled Xray equipment (Flexavision-
Shimadzu, 800mA, 120 kVp). All the fluoroscopy studies were recorded with a
Panasonic Super-VHS PV-S7670 videocassette recorder. Participants were positioned
standing and viewed radiographically in the lateral view. The fluoroscopic tube was
focused on the oral cavity anteriorly from the lips, posteriorly to the pharyngeal wall, and
superiorly from the nasopharynx.

The duration of swallowing was obtained using the Virtual Dub software (25 fps,
40 milliseconds per frame). Data from each subject were blindly analyzed by two
independents researchers. The two investigators reviewed each videotape and analyzed

10



liquid and pudding swallows using slow-motion frame-by-frame analysis.

The measurement criteria for the duration of the oral phase beginning at moment
the tongue base starts moving to eject the bolus, finishing when the bolus tail passes the
point where the lower edge of the mandible crosses the tongue base; transition phase
("delayed swallow reflex") beginning when the bolus head reaches the point where the
lower edge of the mandible crosses the tongue base, finishing at the onset of laryngeal
elevation. Only subjects who showed the transition phase in both consistencies are part
of this analysis; and pharyngeal phase beginning when the bolus head reaches the point
where the lower edge of the mandible crosses the tongue base, finishing when the bolus
tail passes the pharyngo-esophageal sphincter[8-10].

The authors defined the bolus head as the first part and the bolus tail as the final
part of the bolus to cross the line.

STATISTICAL METHODOLOGIES

INTRA-JUDGE AND INTER-JUDGE ANALYSIS
For intra-judge reliability, the investigator randomly selected and reanalyzed 30%
of the patient’s VFS tapes. For inter-judge reliability, a second judge analyzed 100% of

the patient’s videotapes.

ANALYSIS OF THE IMPACT OF FOOD CONSISTENCY ON THE DURATION OF THE
PHASES OF SWALLOWING

In order to evaluate the time differences between liquid and pudding
consistencies for each of the swallowing phases, descriptive analysis and the Mahn-
Whitney test were performed in each phase on data which had a level of significance of
0.05.

ANALYSIS OF THE IMPACT OF AGE ON THE DURATION OF THE PHASES OF
SWALLOWING

To evaluate age’s influence on the duration of the swallowing phases, the
Gamma log-linear model as well as the model with Gamma response and inverse-link
function were applied. In order to correlate the mean duration time with age, a technique
of generalized linear models with Gamma distributions and a log link functions were
employed.

11



RESULTS
- INTRA-JUDGE AND INTER-JUDGE ANALYSIS

For intra-judge analysis, a significant correlation between the first and second
ratings was observed (oral phase liquid r = 0.137, pharyngeal phase liquid r= 0,932,
transition phase liquid r= 1,000, oral phase pudding r= 0,142, pharyngeal phase r= 0,
686, transition phase pudding r= 0,581, p < 0.05).

For inter-judge analysis the results of the primary investigator were compared to
the results of the second investigator. Significant correlations between judges were
observed (oral phase liquid r = 0.778, pharyngeal phase liquid r= 0,533, transition phase
liquid r= 338, oral phase pudding r= 0,078, pharyngeal phase pudding r= 0,505,
transition phase pudding r=0,068, p < 0.05).

The findings indicated that adequate reliability was achieved in the two
categories, both on the intra-judge and the inter-judge assessments. Data analysis
indicated that the judges were consistent and suggested that the VFS was reliable for an
examination of how the timing of the oral, transition and pharyngeal swallowing phases
varied with age and bolus viscosity. The results of the first investigator were used for
data analysis because they showed more consistency in the intra-judge analysis.

The study group consisted of 14 males (22,2%) and 46 females (77.8%) who
ranged in age from 27 to 55 years.

12



ANALYSIS OF THE IMPACT OF FOOD CONSISTENCY ON THE DURATION OF
SWALLOWING PHASES

15 20 25 30
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e
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ORAL PHASE TRANSITION PHASE PHARYNGEAL PHASE

Boxplot 1: Times of the oral, transition and pharyngeal phases for pudding and liquid food

consistencies

Boxplot 1 presents the duration measurements for the the oral, transition and
pharyngeal phases, demonstrating that the oral and transition phases do not show
statistically significant differences (p=0.419 and p=0.482) between the liquid (mean of
0.628s and 0.431s) and the pudding (mean of 0.701s and 0.585s) consistencies.
However, with respect to the pharyngeal phase, the pudding consistency (mean of
0.935s) presented greater duration time (p=0.000) in relation to the liquid consistency
(mean of 0.625s).

38.33% of the individuals in the sample presented the transition phase with both

consistencies and only these individuals were considered for analysis in this phase.

ANALYSIS OF THE IMPACT OF AGE ON THE DURATION OF SWALLOWING
PHASES

13



COTIG DI, TPy

[wmnse

OO EE DN QU

Do ance

MNoamal Q-3 Phod

M E i

Monmal Q-G Plat

=
ko
s -

HED, ) gamntie

Time

Time

ol I

oAt

Pudding (oral phase)

/
o
-}__,..-"
/ f
T T T T
Age

Liguid (oral phase)

oM ans

Age

Grafic 1: Representation of correlation between the subject's age and the duration of the oral

phase when swallowing liquid and pudding.

One can see that the duration of the oral phase when swallowing liquid and

pudding consistencies increased as age increased.
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Grafic 2: Representation of correlation between the subject's age and the duration of the
transition phase in the swallowing of liquid and pudding

Grafic 2 affirms that with an increase in age there is a decrease in duration of the
transition phase of swallowing with both consistencies. It is important to highlight the fact
that only the subjects that exhibited this phase with both consistencies were included in
this analysis (38.33%). Older adults were most likely to exhibit this phase, as shown in
Grafic 3:
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Grafic 3: Distribution of the the subjects’ age in the analysis of the oral and pharyngeal phases

(A) and in the transition phase (B)

Statistical analysis of the pharyngeal phase with the pudding consistency
demonstrated that subjects with ages less than or equal to 41 years (50%) and
individuals with ages greater than 41 years (50%) presented different results, making it
necessary to distribute these subjects into two groups: Group 1 and Group 2,
respectively.
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Grafic 4 demonstrates that with liquid and pudding (group 2) consistencies when
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there was an increase in age there was also an increase in the duration. In Group 1, the
opposite occurred with the younger adults; with an increase in age there was a decrease
in duration when swallowing food in the consistency of pudding.

Pudding
o —
Lap ] o]
o
o] =]
g - =1
c | |
o :
0 |
SR s
o e
= i
T T
Group 1 Group 2

Grafic 5: Times of the pharyngeal phase in Group 1 and 2 for food in the consistency of pudding.

Grafic 5 shows the pharyngeal phase times for Groups 1 and 2, demonstrating
that individuals in the second group exhibited longer duration times when swallowing
pudding.

DISCUSSION
- IMPACT OF FOOD CONSISTENCY ON THE PHASES OF SWALLOWING

The process of swallowing occurs in a dynamic, sequential and simultaneous
manner. Knowing the duration time of the phases allows an individual’s complaints and
signals of incoordination/slowness in the actualization of the oral, transition and
pharyngeal phases to be objectively observed — a occurrence which may affect the
diagnosis and development of care for patients with dysphagia[9].

Certain factors, including food consistency, are cited as being responsible for
changes in the temporal relationship between the onsets of specific motor events [11].
Results from previous studies demonstrate that when swallowing foods of thinner
consistencies one can observe a decrease in tongue strength [12], as well as shorter
times related to ejection and the duration of hyoid bone movement, consequently
serving to shorten the oral phase [13]. In this study, the times related to swallowing
liquid were found to be less than the times related to swallowing pudding. However, this
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difference was not significant.

Similar to the studies of Cassiani et al (2011), the results obtained in this study
showed that, with respect to the oral phase, modifications to food consistency did not
alter duration times. Although the mean times for the oral phase in the studies of
Cassiani et al (2011) was 0.42s for liquid and 0.41s for pudding (ranging in quantity from
5mL to 10mL) in subjects aged from 29 to 77 years, they were less than the mean times
found in this study (mean time of 0.628s and 0.701, respectively), while food was
administered in the quantity of 7mL [3].

Similar to the findings obtained from studies on the oral phase of swallowing,
literature regarding the transition phase also demonstrates great variability. Some
studies present mean values between -0.22 and 0.52 seconds, which are in agreement
with our results. Studies about the temporal variability of swallowing in asymptomatic
adults confirm that consensus has yet to be achieved with respect to defining the
duration values of the swallowing phases. Differences in results could be attributed in
part to the different volumes and consistencies of the food boluses being studied, the
different locations used to define the start and end of each phase, the broad spectrum of
groups which have been examined and the small number of individuals assessed in
these works[14].

There is a lack of studies on the duration of the the oral and transition phases of
swallowing in comparison to studies on the pharyngeal phase, and there is no
consensus on the impact of food consistency on pharyngeal transit [15].

Some studies affirm that more viscous food boluses cause more prolonged
peristaltic waves of contraction, consequently reducing the speed of propagation[16-17].
Other studies have concluded that both the pharyngeal pharyngeal transit time and the
pressure amplitude of the bolus in the hypopharynx increase with the greater viscosity of
the food[18]. In opposition to these findings, other studies have failed to confirm that an
increased viscosity of the food bolus, despite causing an increase in the amplitude of the
pharyngeal contraction, would increase the pharyngeal transit time and the bolus
pressure on the hypopharynx [19-21].

With respect to the present study, comparisons between the two food
consistencies (liquid and pudding) relating to the duration of the pharyngeal phase
demonstrate that there is an increase in duration with a consistency of greater viscosity.
This finding corroborates previous assertions put forth by studies that were performed
using a smaller number of subjects. These studies also conclude that food consistency
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does interfere with pharyngeal transport. Among these, the studies carried out with 9
and 11 asymptomatic adults associated an increase in viscosity with an increase in the
duration of the peristaltic waves of the pharyngeal muscles, the duration of hyoid
movement, and the duration of the opening and relaxation of the upper esophageal
sphincter. Although the volume of the bolus was not measured in this study, one of the
hypotheses for the increase in pharyngeal transit time was attributed to foods which
were more viscous and of greater volume, causing a lower flow and therefore the greater
permanence in the pharyngeal cavity compared to less viscous food [22-23].

As previously mentioned, in this study there was no significant difference
between the different consistencies in the values obtained during the oral phase.
Therefore, the changes found in the pharyngeal phase do not appear to be influenced or
dependent on variations in the time of the oral phase. As previously mentioned, in this
study there was no significant difference between the different consistencies in the
values obtained during the oral phase. Therefore, the changes found in the pharyngeal
phase do not appear to be influenced or dependent on variations in the time of the oral
phase. Changes in the pharyngeal transit time are attributed to different food
consistencies and other factors such as the ejection form of the bolus, the protection of
airways and other interdependent and mutually reinforcing events that propel the bolus
through the oropharyngeal cavity[24].

Previous studies have cited variations between 0.3s and 1s in the duration time
of the pharyngeal phase[25]. The present study found a mean time of 0.625s for liquid
and 0.935s for pudding, in accordance with other findings [26-27]. The results presented
here corroborate the claims of previous studies and demonstrate that even in

asymptomatic adults there is wide variability in findings [28].

- THE IMPACT OF AGE ON THE DURATION OF THE STAGES OF SWALLOWING

The decline of physiological functions accelerates with advancing age. There is a
cumulative effect in the progressive degeneration of the organism [29-30]. This fact
corroborates our present findings which found that progressively older subjects
presented longer durations in the oral and pharyngeal phases (Group 2) with both
consistencies. Although they all performed the duties of the swallowing phases
satisfactorily, subjects of older age already differentiated from other subjects in the
sample with regards to the levels of performance achieved — a result already observed
in some research [31-32].
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This occurrence could be caused by gradual changes that result from aging —
changes which can interfere in all the stages of swallowing. With advancing age, there is
an increase in the tongue’s fatty and connective tissue, a decrease in muscle tone and
mucosa elasticity as well as in underlying and supportive tissues, a reduction in
sensitivity and coordination, among other neuromuscular changes. Slowing mobility and
an increase in the opening time of the cricopharyngeal sphincter as well as other
characteristics all may relate to difficulties in triggering the pharyngeal phase [33-34].

With regards to the results obtained from Group 1, adults under 41 years of age
presented a decrease in pharyngeal phase duration with increasing age. A large number
of the subjects in this group were concentrated in their thirties (36.66%), i.e. close to the
minimum age. This large concentration of could have had an affect on the results.

Some studies have compared certain swallowing characteristics of older and
younger adults, including one study that observed a decrease in the duration of the
supraglottic closure and the maximum vertical excursion of the hyoid bone with
increasing age [35]. These findings, identified even in an adult age group, demonstrate
some of the changes which aging could cause and which are relevant to the
understanding of the swallowing process.

A study conducted with adults from different age groups showed that subjects
between the ages of 18 and 40 years present two zones of acceleration of the bolus in
the pharynx, one on the base of the tongue and the other directly above the esophageal
sphincter; of the two, the second was absent in most older individuals (70 to 85 years).
Besides this characteristic, the study also noted that there was a decrease in the
gradient pressure of the bolus in more distal locations in both types of subjects, although
this decrease was more accentuated in the older subjects compared to the younger
subjects [36]. These are theories that corroborate our findings that there is an increase

in duration of the oral and pharyngeal phases (Group 2) in older subjects.

Taking into consideration the fact that only patients who exhibited the transition
phase with both consistencies could be analyzed (38.33%), it is relevant to point out that
mostly older adults participated in this comparative study. In this group of subjects,
laryngeal elevation occurred with food positioned in more posterior locations. The
transition phase is also known as being the “delay in the triggering of the pharyngeal
phase”. The results showed that, unlike what happened in the oral and pharyngeal
phases (Group 2), older adults presented a decrease in duration, possibly resulting from
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compensatory strategies [37]. These results differ from previous studies, in which the
transition phase in older adults as well as other time measures exhibited an increase in
duration [7, 38].

In the analysis of Group 2, we considered that the possible utilization of
compensatory strategies could relatively reduce phase time. For example, the
supraglotic closure in older adults is faster than in young adults.This could be a reflex in
the attempt to protect the airways from the relative delay of the pharyngeal phase or a
consequence of the fact that the oral phase is relatively more difficult, requiring more
propulsion and resulting in faster laryngeal elevation [39].

Some of the methodological limitations of this work should be pointed out here,
including a discrepancy in the number of subjects of different sexes and a non-uniform
distribution of the different age groups. This shows us that it is necessary to have
studies with sufficient sample sizes so that normative references can be identified.

CONCLUSION

Food consistency does have an impact on the duration of the pharyngeal phase,
with a rise in swallowing duration for a bolus of higher viscosity. Aging gradually
increases the duration of both the oral and pharyngeal phases and decreases the
duration of the transition phase.
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ABSTRACT
There are several factors that can affect the process of swallowing, including food
consistency and age. Objective: Evaluate the effect of food consistency and age on the
duration of the oral, pharyngeal and transition phases in the swallowing of capsules in
asymptomatic adults. Methods: By means of videofluoroscopy, 60 subjects (14 male
and 46 females), between the ages of 27 and 55 years, were evaluated with hard
gelatin capsules #00 containing barium sulfate, swallowed with food in the consistencies
of liquid and pudding in free supply. Results: Analysis of the transition phase was
disregarded because only one of the subjects exhibited this phase with both
consistencies. Pharyngeal phase showed no statistically significant difference (p=0.325)
between the liquid and pudding consistency. In the oral phase, the pudding resulted in a
longer duration (p=0.000) compared to the liquid. With regards to age, an increase in
duration of the oral and pharyngeal phases was observed with both consistencies in
older adults. Conclusion: Swallowing capsules with the food consistency of pudding
presented higher transit times than with the liquid consistency. The duration of oral and
pharyngeal phases increases with advancing age.
KEY WORDS: Videofluoroscopy — Adult — Deglutition — Oral — Pharyngeal —
Capsules

Swallowing is a complex process, with motor responses that modify according to
stimulus, volume, age and consistency of the bolus — a continuous process that involves
different structures and neuromotor mechanisms and is essential to the coordination and
interaction between swallowing phases [1]. One of the factors that may modify the
process of swallowing is aging. With advancing age, changes associated with aging
occur throughout the body, including changes which affect the structures responsible for
the phases of swallowing. Among these changes are the loss of mucus elasticity,
sensory alterations, weakness, and decreased coordination [2]. Going beyond the
necessity for studies on the swallowing process of different types and quantities of food,
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it is also important to assess the swallowing of capsules in asymptomatic subjects of
various age groups. Previous studies on the affect posture and drink volume has on
swallowing capsules concluded that there was a positive correlation between a history of
dysphagia, difficulty in swallowing tablets and sensing tablet stasis (mainly in the throat),
and delayed capsule transit [3].

Another study of 60 patients with dysphasia complaints, who were submitted to
Functional endoscopic evaluation swallowing (FEES) with different food consistencies,
also looked at the swallowing of “testing pills” (caplets of M&M candy), taken in safe
consistencies for each subject (liquid or honey/pudding). Four subjects could not swallow
these “pills”, and regurgitated them. These patients did not have difficulties swallowing
solids. After the FEES, the subjects were submitted to a videofluoroscopy of swallowing,
and this procedure produced a wide variety of pathologies in the upper portion of the
esophagus which had not been detected in the FEES. Therefore, the inclusion of a pill
swallowing assessment during an exam, improves the diagnosis of esophageal
pathologies, provides further information that may affect the patient's care, and among
other things, allows for better guidance on the best food consistency for each subject in
order to help them swallow their medicines [4].

In addition to appropriate consistency, another important factor in swallowing
studies is the temporal measurement of the swallowing phases. This provides the
standardization of quantitative measures to create normative data. Measuring the
temporal aspects of swallowing allows investigators to make comparisons between
different populations, identify changes in swallowing physiology and establish normative
data on the duration of specific events. This data allows for the more accurate
identification of swallowing abnormalities and more objective descriptions of how they
deviate from the norm. Most of these swallowing measures reflect the duration of
specific motor responses, such as the duration of laryngeal closure, the upper
esophageal sphincter (UES) opening or bolus transit times. Normative data for many
measures have not been established, which includes temporal measures for the
swallowing of capsules [5-9]. Capsules, which are unlike virtually any other substance
humans ingest, are lighter than water and subsequently float on it, making them difficult
to swallow. This study measures duration and evaluates the impact of age on the
duration of the swallowing phases with pills taken with two different consistencies.

MATERIALS AND METHODS
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PARTICIPANTS

Dynamic videofluoroscopic swallowing studies were performed on 60
consecutive normal adult volunteers. This research was conducted with the approval of
the Committee of Ethics in Research of the State University of Campinas (Unicamp)
under number 863/2009 and the signed Consent Form of all the participants.

All the subjects met the following inclusion criteria: aged between 25 and 55
years, preserved oral sensitivity, not users medicines that could cause dysphagia as
collateral effect and absent of a history of central nervous system or neuromuscular
disorders, head and neck cancer, neurological surgery, psychiatric disorders, diabetes
mellitus or craniofacial abnormalities as well as complaints and signals of dysphagia.

The subjects were volunteers recruited by the research team on the premises of
the State University of Campinas, and consisted mainly of relatives of patients at the
Hospital das Clinicas (Unicamp).

EVALUATION OF VIDEOFLUOROSCOPIC SWALLOWING STUDY

The subjects were studied by means of videofluoroscopy (VFS) in the Radiology
Department of the University of Campinas (Brazil) and were assisted by the speech
language pathologist, the radiology technician and the radiology physician.

For the evaluation, the subjects were offered four hard gelatin capsules #00
(0,95mL, between 500 and 1000mg), in which barium sulfate Bariogel® 100% paste was
inserted in order to visualize the capsule path during the videofluoroscopy (the lateral
position was the privileged). Two capsules were taken with the liquid consistency (75 cP,
water + soluble powder juice, flavor passion fruit) and two with the pudding consistency
(7350 cP, 4 tea spoons of thickener Thicken-easy® in 100 mL of water + soluble powder
juice, flavor passion fruit) in unlimited volume. The food consistencies were reproduced
as studies of Sordi, Mourdao and Silva (2012) and the classification was based on the
description put forth by American Speech-Language-Hearing Association [10-11]. To
analyze the data we chose to use the second swallowing performed with each
consistency, the first of which served as adaptation to examination.

The unlimited volume aspect may be clinically important because it provides
results which are closer to each subject’s normal swallowing habits, besides serving as
an additional tool for establishing etiology and the location - oral, pharynx, esophagus —
of the causes of dysphagia or odynophagia [12].

Instruction given: “Place the capsule on the tongue along with the amount of food
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you usually use when you take medication. Look foward and swallow”.

The videofluoroscopic swallowing examination provided X-ray imaging of the oral
and pharyngeal stages, which could be recorded onto videotape or digital imaging
systems. The fluoroscopy exposure was at a maximum of 5 minutes. The VFS was
analyzed frame-by-frame and the time of the physiologic events in the swallowing
phases was recorded in milliseconds.

VFSs were conducted using remote controlled Xray equipment (Flexavision-
Shimadzu, 800mA, 120 kVp). All the fluoroscopy studies were recorded with a
Panasonic Super-VHS PV-S7670 videocassette recorder (25 fps). Participants were
positioned standing and viewed radiographically in the lateral view. The fluoroscopic
tube was focused on the oral cavity anteriorly from the lips, posteriorly to the pharyngeal
wall, and superiorly from the nasopharynx.

The duration of swallowing was obtained using the Virtual Dub software (40
milliseconds per frame). Data from each subject were blindly analyzed by two
independents researchers. The two investigators reviewed each videotape and analyzed
liquid and pudding swallows using slow-motion frame-by-frame analysis.

The measurement criteria for the duration of the oral phase beginning at moment
the tongue base starts moving to eject the capsule, finishing when the capsule tail
passes the point where the lower edge of the mandible crosses the tongue base;
transition phase ("delayed swallow reflex") beginning when the capsule head reaches
the point where the lower edge of the mandible crosses the tongue base, finishing at the
onset of laryngeal elevation. Only subjects who showed the transition phase in both
consistencies are part of this analysis; and pharyngeal phase beginning when the
capsule head reaches the point where the lower edge of the mandible crosses the
tongue base, finishing when the capsule tail passes the pharyngo-esophageal sphincter
[5, 6, 13].

The authors defined the capsule head as the first part and the capsule tail as the

final part of the capsule to cross the line.

STATISTICAL METHODOLOGIES
INTRA-JUDGE AND INTER-JUDGE ANALISYS

For intra-judge reliability, the investigator randomly selected and reanalyzed 30%
of the patients’ VFS tapes. For inter-judge reliability, a second judge analyzed 100% of
the patients videotapes.
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ANALYSIS OF THE IMPACT OF FOOD CONSISTENCY ON THE DURATION OF THE
PHASES OF SWALLOWING

In order to evaluate the time differences between liquid and pudding
consistencies for each of the swallowing phases, descriptive analysis and the Mahn-
Whitney test were performed in each phase on data which had a level of significance of
0.05.

ANALYSIS OF THE IMPACT OF AGE ON THE DURATION OF THE PHASES OF
SWALLOWING

To evaluate age’s influence on the duration of the swallowing phases, the
Gamma log-linear model as well as the model with Gamma response and inverse-link
function were applied. In order to correlate the mean duration time with age, a technique
of generalized linear models with Gamma distributions and a log link functions were

employed.

RESULTS
INTRA-JUDGE AND INTER-JUDGE ANALISYS

For intra-judge analisys, a significant correlation between the first and second
ratings was observed (oral phase liquid r = 0,091, pharyngeal phase liquid r=0,377, oral
phase pudding r= 0,142, pharyngeal phase pudding r= 0,739, p < 0.05).

For inter-judge analisys, the results of the primary investigator were compared to
the results of the second investigator. Significant correlations between judges were
observed (oral phase liquid r = 0,331, pharyngeal phase liquid r= 0,080, oral phase
pudding r= 0,061, pharyngeal phase pudding r= 0,613, p < 0.05).

Analysis of the transition phase was disregarded because only one subject
exhibited this phase with both consistencies. While only one subject exhibited this phase
when swallowing with the liquid consistency, only eight subjects exhibited this phase
when swallowing with the pudding consistency.

The findings indicated that adequate reliability was achieved in the two
categories, both on the intra-judge and the inter-judge assessments. Data analysis
indicated that the judges were consistent and suggested that the VFS was reliable for an
examination of how the timing of the oral, transition and pharyngeal swallowing phases
varied with age and bolus viscosity. The results of the first investigator were used for
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data analysis because they showed more consistency in the intra-judge analysis.
The study group consisted of 14 males (22,2%) and 46 females (77.8%) who

ranged in age from 27 to 55 years, distributed according to Grafic 1:

Oral and Phanmygeal phase

Humbers of subjects
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Grafic 1: Distribution of subject ages

ANALYSIS OF THE IMPACT OF FOOD CONSISTENCY ON THE DURATION OF THE
PHASES OF SWALLOWING
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Boxplot 1: Duration (ms) for the oral and pharyngeal phases of swallowing capsules #00 with the

consistencies of liquid and pudding.

According to the data from Boxplot 1, duration measures of the pharyngeal phase
showed no significant difference in swallowing capsules #00 (p=0.325) between the
liquid and pudding consistencies. However, in relation to the oral phase, a statistically
significant difference was found (p=0.000) in which the pudding consistency exhibited a
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higher duration time in relation to the liquid consistency (p<0.05).

ANALYSIS OF THE IMPACT OF AGE ON THE DURATION OF THE PHASES OF
SWALLOWING
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Grafic 2: Representation of correlation between the subject’'s age and the duration of the oral
phase when swallowing capsules with the help of liquid (A) and pudding (B).

From grafic 2, it is possible to observe that, when swallowing capsules with the
help of food in the consistencies of liquid and pudding, the duration of the oral phase
increased as age increased.

One of the subjects (a 50 year old female with a duration of 2.12s) exhibited
discrepant results in the duration of the pharyngeal phase compared to the other
participants. Here we present the results obtained with and without the data from this
subject:
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Grafic 3: Normal g-q Plot without adjustment (A), with adjustment (B) and the representation of

correction between the subject’'s age and the duration of the pharyngeal phase (C)

Grafic 3 shows that an increase in age caused an increase in the duration of the
pharyngeal phase when swallowing capsules with the help of food in the consistency of
liquid. With regards to the swallowing of capsules with food in the consistency of
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pudding, the following results were obtained:
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Grafic 4: Representation of correlation between the subject's age and the duration of the

pharyngeal phase when swallowing capsules with pudding

According to the data in grafic 4, it is possible to affirm that with increasing age,

there is the longer duration of the pharyngeal phase.

DISCUSSION

THE IMPACT OF FOOD CONSISTENCY ON THE DURATION OF SWALLOWING
PHASES

The greater understanding of swallowing in asymptomatic adults is relevant
since the data in these types of studies help patients with dysphagia. There are still no
standardized values on time duration for the oral, transition and pharyngeal phases
during the swallowing of food, despite the fact that there are various studies in this area
[5, 13-15]. A review of the literature on the temporal measures of swallowing in
asymptomatic adults found 119 different temporal parameters — the three most frequent
intervals were duration of the transition phase, pharyngeal transit time and duration from
the laryngeal closure to the opening of the upper esophageal sphincter [16].

Besides the need for studies with food, other types of materials should also be
evaluated, including the swallowing of capsules — data which is lacking in the literature.
Research performed on healthy volunteers enabled us to study the dynamics of
swallowing capsules for dysphagic patients and evaluated the transit time of the capsule
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from the mouth to the stomach (6.0+ 2.4s). Four of the fourteen subjects who ingested
the capsule with 15ml of water exhibited the retention for the upper esophageal
sphincter, in the bronchoalveolar constriction or in the lower esophageal sphincter. Of
these for subjects, three said they were unaware of stasis [17].

The present study aimed to evaluate the transit time of the capsule. Unlike the
previously cited study, measures of duration times were based on the phases of
swallowing and were performed with the aide of different food consistencies. The results
obtained from this study regarding the pharyngeal phase demonstrate that modifying
food consistency when swallowing capsules did not alter duration time.

These results contradict studies which evaluated the duration of the pharyngeal
phase when swallowing food without the presence of capsules, where statistically
significant differences demonstrated a longer duration for food of higher viscosity [18-
19]. Among such studies is Dantas et al (1990) which reported values of pharyngeal
transit times of 0.47s and 0.40s for foods with the consistencies of liquid and pudding —
values higher than those found in our study (0.331s and 0.333s) [20].

With respect to the oral phase, an increase was observed in duration for the
thicker consistency. Processes occurring during the oral phase, including the
qualification of food, were characterized by the perception of the bolus’s characteristics,
such as its consistency, volume, density, degree of humidity, and other physical-
chemical specificities which can affect the organization and the ejection of food and,
consequently, the duration of the oral phase [21]. The oral cavity is rich in sensory
receptors that can transmit specific patterns and intensities which inform the swallowing
centers in the nervous system [22].

Previous studies have shown that when swallowing food of thinner consistencies
there is a decrease in the strength of the tongue [23]. This claim is compatible with our
findings, since this can alter the speed of bolus propulsion and, consequently, increase
the duration of the oral phase. Other authors conclude that, for foods of thinner
consistencies, times for ejection and the duration of hyoid bone movement were lower,
shortening the oral phase [24]. There is no consensus on these results, and additional
studies are necessary.

The bolus transit time is commonly regarded as the time it takes for the passage
of the head and the tail of the food bolus. In the present study, however, the passage of
the head and the tail of the capsule, not of the food bolus which led, was evaluated.
Accordingly, the anteriorposterior dimension of the capsule is notably smaller than the

35



anterior-posterior dimensions of the entire bolus. Thus, the evaluation of the duration
time of swallowing performed in this study cannot be compared to studies done with
other methods [25].

Only one subject presented the transition phase with liquid. Eight presented the
transition phase with pudding. Only one subject presented the transition phase in both
consistencies. The duration of the swallowing phases were evaluated within each
subject, and therefore statistical comparisons of the duration of the transition phases can
not be established. However, our results do allow us to affirm that the triggering of the
pharyngeal phase in a more posterior region was more frequent with the presence of a
more viscous bolus versus a liquid.

These finding are relevant to the care of patients with dysphagia. Choosing a
safer and less difficult consistency is extremely important because it enables improved
swallowing functions [26].

IMPACT OF AGE ON THE DURATION OF THE PHASES OF SWALLOWING

Age is another characteristic that should be considered. The aging process
occurs in a gradual and continuous manner, and among adults there can be differences
that affect swallowing. Neuromuscular changes; changes in coordination, force, and
sensitivity; and changes in a patient’s need for medical care all stem from aging [27]. In
this way, understanding if older adults present different duration values for the phases of
swallowing compared to younger adults could point to modifications and difficulties in
this process.

Previous studies have analyzed the affect of age on the phases of swallowing in
adults of different age groups. They observed that older age delays hyolaryngeal
excursion, transit time between phases, the duration of the pharyngeal phase, the
opening of the upper esophageal sphincter, and total swallowing duration [28]. There is
consensus among the studies regarding the continuous and progressive increase in
swallowing difficulty due to aging. The results of this study corroborate this information.
When swallowing capsules with different consistencies, advancing age was associated
with gradual increases in the durations of the oral and pharyngeal phases.

This increase could be due to several factors, such as a need for compensatory
maneuvers, slowness of the muscle contraction onset, and other sensory difficulties [29].

Study performed with pills contrasted with barium, simulating the swallowing of
pharmaceutical pills, revealed variation in speed though the hypopharynx, pharynx and
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upper esophageal sphincter in all age groups. In young adults, two zones of acceleration
were observed: one on the base of the tongue and the second in the passage through
the upper esophageal sphincter. In older adults, only the first zone was found. A
decrease in the gradient pressure was observed in all subjects, being higher in older
adults. The kinetic and dynamic condition of the bolus was significantly altered in these
subjects when compared to the younger ones [30]. These findings reinforce our results.
The decrease in gradient pressure and in bolus acceleration zones could be responsible
for longer durations in the oral and pharyngeal phases in older adults when swallowing
capsules.

Selecting the most appropriate and safe food consistency for a subject of a
particular age group can assist in the clinical guidance of those who require medication.
Additional studies are needed.

CONCLUSION

When swallowing capsules with the help of liquid and pudding food
consistencies, the duration of oral and pharyngeal phases increases with advancing
age. Swallowing capsules with the food consistency of pudding presented higher transit
times than with the liquid consistency. Age and consistency both influence the process
of swallowing capsules.
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RESUMO

A localizacao do bolo no disparo da fase faringea traz informacdes sobre o
modelo sensorio-motor do inicio da degluticdo. Objetivo: avaliar a localizagdo de
capsulas gelatinosas duras no disparo da fase faringea em adultos assontomaticos.
Métodos: Realizou-se videofluoroscopia da degluticio em 60 individuos (14 homens e
46 mulheres), entre 27 e 55 anos foram avaliados com capsulas gelatinosas duras #00
e #3 preenchidas com sulfato de bario, ingeridas com alimentos liquido e pudim em livre
oferta. Considerou-se o primeiro movimento de elevag¢ao laringea como indicador do
disparo da fase faringea da degluticdo. A analise estatistica utilizou-se o teste de
Macnemar. Resultados: Capsulas #3 apresentaram maior porcentagem de localizacao
no dorso da lingua em comparagéo a capsula #00, e capsulas #00 apresentaram maior
porcentagem de localizagado na base da lingua e valécula em comparacao a #3. Foram
encontradas diferencas estatisticamente significantes entre as diferentes cdpsulas na
degluticdo com liquido (p= 0,016) e pudim (p= 0,037). Conclusao: O tamanho da
capsula influenciou na localizacdo do disparo da fase faringea. Capsulas menores
iniciaram a fase faringea na regido mais anterior (dorso da lingua) em comparacao as
capsulas maiores.

Palavras chaves: Videofluoroscopia — Adulto — Degluticao — Capsulas — Faringe

ABSTRACT

The location of the bolus during the pharyngeal phase triggering provides
information about the initiation of the sensorimotor model of the deglutition onset.
Objective: evaluate hard gelatin capsules position in triggering of pharyngeal phase in
asymptomatic adults. Methods: Videofluoroscopy was performed in 60 subjects (14
male and 46 females), between the ages of 27 and 55 years, were evaluated with hard
gelatin capsules #00 and #3 containing barium sulfate, swallowed with food in the
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consistencies of liquid and pudding in free supply. The first moviment of laringeal
elevation was the criteria for the location of triggering of pharyngeal phase. Statistical
analysis was based on Macnemar test. Results: Capsule #3 presented higher
percentage of location in tongue dorsum compared to capsule #00, and capsule #00
presented higher percentage of location occurrence in tongue base and vallecula
compared to capsule #3. There was statistically significant difference between different
capsules swallowed with liquid (p= 0,016) and pudding (p= 0,037). Conclusion: The
capsule size influenced the location of the pharyngeal phase triggering. Smaller
capsules started pharyngeal phase in the most anterior region (tongue dorsum)
compared to larger capsules.

KEY WORDS: Videofluoroscopy — Adult — Deglutition — Pharyngeal —
Capsules

A degluticdo normalmente é um processo fisiolégico ordenado, com um sistema
de complexos neuromusculares que executam e orquestram as agdes de modo
sequencial, coordenados pelo cértex cerebral, tronco cerebral e nervos cerebrais ' 2.
Esse processo € dividido em trés (oral, faringea e esofégica) ou quatro fases (incluindo-
se a fase preparatéria oral) *. A fase faringea pode ser descrita como o momento em
que ocorre a protecdo das vias aéreas, com fechamento involuntario da laringe pela
epiglote, prevencado da regurgitacdo nasal pela aproximag¢do do palato mole contra a
parede posterior da faringe, inicio da contragdo muscular dos musculos constritores da
faringe, movimentagao do bolo através do complexo faringolaringeo que neste momento
esta receptivo ao bolo devido a ampliagdo promovida pelos musculos dilatadores e pela
elevaco e anteriorizagao de todo complexo incluindo a laringe *.

Estudos prévios relataram que a localizagdo do bolo no disparo da fase faringea
€ um importante dado, pois fornece informagdes sobre o modelo sensério-motor do
inicio da degluticdo. A auséncia ou maior duracao deste processo pode ser considerado

como um sinal significante de disfagia, entretanto, a posicao do bolo no disparo da fase
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faringea pode variar entre os sujeitos. O disparo da fase faringea depende de varias
influencias, dessa forma, este dado ndo pode ser utilizado isoladamente na distincao
entre pacientes assintomaticos e disfagicos °. Este processo requer rapida sucesséo de
movimentos e coordenagdo para que haja protecdo das vias aéreas. Alguns a
consideram como resposta reflexa em cadeia e outros como processo decorrente de
uma sequéncia programada como uma unidade pelo centro encefélico °

Estudos realizados com alimentos sugeriram que em sujeitos assintomaticos o
disparo da fase faringea poderia ocorrer antes da entrada do alimento na faringe
(valécula, parede posterior da faringe, seios piriformes ou transicao faringo-esofagica),
sendo que estas localizacdes poderiam nZo ser resultantes de alteracdes " 1ém do
estudo com diversos tipos e consisténcias alimentares ®'', é importante que se realize
pesquisas sobre o processo da degluticdo de outros tipos de materiais, tais como as
capsulas, que podem ser ingeridas com diferentes alimentos. Este estudo teve como
objetivo a avaliacdo da localizacao de capsulas de diferentes tamanhos, ingeridas com

diferentes consisténcias alimentares, no disparo da fase faringea da deglutigéo.

MATERIAL E METODO
PARTICIPANTES

Esta pesquisa foi submetida e aprovada (863/2009) pelo Comité de Etica em
Pesquisa e recebeu o consentimento e assinatura de todos os participantes. Realizou-
se a videofluoroscopia da degluticido em 60 adultos assintomaticos com idade entre 27
e 55 anos, voluntérios recrutados pelos pesquisadores.

Todos os sujeitos tiveram como critérios de inclusdo: sensibilidade oral
preservada, ndo uso de medicamentos que podem causar efeitos colaterais que alterem
a alimentacdo, auséncia de queixas e sinais de disfagia, auséncia de histérico de

doencas do sistema nervoso central, doencas neuromusculares, cancer de cabeca e
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pescogo, cirurgias neuroldgicas, desordens psiquiatricas, diabetes mellitus ou anomalias
craniofaciais.
ESTUDO COM VIDEOFLUOROSCOPIA DA DEGLUTICAO

Os sujeitos foram avaliados por meio da videofluoroscopia da degluticao (VFD),
em posicao lateral, e foram assistidos por uma fonoaudiéloga, um técnico de radiologia
e uma médica radiologista.

Foram oferecidas aos sujeitos quatro capsulas gelatinosas duras #00
(capacidade de 0,95mL, peso de 500 a 1000mg) e quatro #3 (capacidade de 0,3mL,
peso de 200 a 300mg) preenchidas com sulfato de bario, permitindo suas visualizacoes
durante as avaliacdes. Duas capsulas de cada tamanho foram ingeridas com alimentos
na consisténcia liquida (centipoise= 75cP, constituido por agua + suco em pé soluvel,
sabor maracuja) e duas capsulas de cada tamanho com pudim (centipoise= 5350cP,
constituido por 4 colheres de espessante alimentar Thicken-easy® + 100 mL de agua +
suco em poé soluvel, sabor maracuja) em livre oferta. A consisténcia alimentar foi
reproduzida a partir de estudos de Sordi, Mourao e Silva (2012) e a classificacao foi
baseada na descricdo apresentada pela American Speech-Language-Hearing Asso-

ciation > 1

. Para a andlise dos dados optou-se por utilizar a segunda degluticao
realizada com cada capsula e cada consisténcia, sendo que a primeira serviu como
adaptagao ao exame.

A livre oferta é considerada clinicamente importante pois fornece resultados
proximos a degluticdo habitual de cada sujeito, servindo como ferramenta adicional para
o estabelecimento e localizacdo — oral, faringea, esofagica — das causas de disfagia e
odinofagia .

Os sujeitos receberam a seguinte instrugao: “coloque a capsula sobre a lingua

juntamente com a quantidade habitual de alimento que vocé utiliza quando toma alguma

medicacao. Olhe para a frente e degluta”.

43



A videofluoroscopia da degluticao (VFD) utilizou-se de imagens dinamicas de
raio-x das fases oral e faringea. Os pacientes foram submetidos a no maximo 5 minutos
de exposicao. Os exames puderam ser posteriormente analisados quadro-a-quadro em
milissegundos.

VFD foram realizadas em um aparelho de raio-x telecomandado
(FlexavisionShimadzu, 800mA, 120 kVp) e todos os exames foram gravados no
videocassete Panasonic Super-VHS PV-S7670 videocassette, 25 frames por segundo.
Os participantes permaneceram em pé e realizou-se incidéncia do tubo fluoroscépico
em posicao lateral.

As imagens foram avaliadas utilizando-se o software Virtual Dub (milisegundos).
Os exames foram avaliados por dois pesquisadores independentes, que nao tiveram
acesso a identidade de cada sujeito. Cada investigador revisou cada videotape e

avaliou a degluticdo utilizando andlise quadro-a-quadro em slow-motion.
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CRITERIO DE LOCALIZAGAO DO BOLO

Figura 2: cabeca de capsula em base de lingua

I;:igu.ra 3: cabeca de capsula em valécula

METODOLOGIA ESTATISTICA
ANALISE INTRAJULGADORES E INTERJULGADORES

Para a reavaliacdo intrajulgadores, a pesquisadora randomizou, selecionou e
reavaliou 30% dos exames de videofluoroscopia gravados em arquivo digital. Para
reavaliacao interjulgadores, uma segunda avaliadora analisou 100% dos exames.

ANALISE DA LOCALIZACAO DO BOLO
Para a analise da localizagao da cépsula no inicio da fase faringea utilizou-se o
teste de McNemar para considerar os dados pareados, nivel de significancia de 0,05.

RESULTADOS

Os resultados indicaram que a confiabilidade adequada foi alcangada nas duas
categorias, tanto na intra-julgadores quanto nas avaliagdes inter-julgadores. Para a
andlise dos dados os resultados do primeiro investigador foram utilizados visto que

apresentaram maior consisténcia na analise intra-julgadores.
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COMPARAGCAO DA LOCALIZACAO DO ALIMENTO NO INICIO DA FASE FARINGEA
Considerou-se o primeiro movimento de elevacao laringea como indicador do
inicio da fase faringea da degluticdo, observando-se a localizagdo em que se
encontrava a cabeca da capsula. Dessa forma, obteve-se os seguintes resultados:
(A) (B)

85% T1.67%

p~vwalor=0,037

p-waler = 0,016

28, 33%

DORSO DA LINGUA BASE D& LINGUA + VALECULA L DORSO D& LINGUA EASE DA LINGUA + VALECULR

O CAPSULA #00 W capsuLs sz I CAPSULA #00 W capsuLs =2

Grafico 1. Comparacao da localizagao da capsula com (A) auxilio de alimento na consisténcia
liquido, (B) auxilio de alimento na consisténcia pudim.

A partir dos resultados do grafico 1, realizou-se o teste de McNemar. Os
resultados apresentaram diferencas estatisticamente significantes entre as proporgées
das localizagdes das capsulas # 00 e 3 no disparo da fase faringea, tanto na degluticao
com a consisténcia liquida quanto pudim. Os resultados demonstraram maior
porcentagem de localizagdo no dorso da lingua para ambas as cépsulas, porém com
concentracdo mais elevada na degluticdo de cépsula #00 em comparagao a #3, com
diferencas estatisticamente significantes na degluticio com liquido e pudim.
Diferentemente do ocorrido na porgao posterior (base de lingua e valécula) em que a
concentragcdo da capsula #3 foi maior em relagdo a #00, com diferencas também

estatisticamente significantes em ambas as consisténcias.
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DISCUSSAO
O disparo da fase faringea na degluticdo é um tema discutido na literatura visto

que nao ha um consenso acerca de seu processo. Algumas teorias o definiram como
uma série de movimentos musculares involuntarios, plenamente coordenados e
controlados pelo sistema nervoso central, que utiliza os nucleos dos pares cranianos
bulbares: glossofaringeo (IXpar), nucleo ambiguo do vago (X par) e hipoglosso (XII par).
Impulsos destes nervos sao transportados para a formacgao reticular no tronco cerebral,
onde se localiza o centro da degluticdo, que se coordena com o centro respiratério, de
modo que durante a degluticao a respiracéo seja interrompida '°.

Outras teorias descreveram o reflexo da degluticdo como sendo suscitado a
partir de areas especificas da faringe e laringe, tais como valéculas, parede posterior da
faringe, recessos piriformes ou transi¢cdo faringoesofégica, que séo ativadas apés uma
variedade de estimulos (quimicos, mecanicos, elétricos) que desencadeiariam uma
série de eventos fisiolégicos ™°.

O inicio da fase faringea de individuos saudaveis poderia ocorrer apos a entrada
do alimento na faringe, fato que isoladamente néo significaria alteracdo ou sinal de
disfagia '". Os resultados aqui encontrados demonstraram que a maioria dos individuos
apresentaram inicio da fase faringea da degluticdo antes da entrada da capsula na
faringe, ocorrendo predominantemente no dorso da lingua, tanto para cépsulas #00
quanto para #3.

Diversos autores se utilizaram da cabeca do bolo como ponto de referéncia para
o inicio do disparo da fase faringea. Porém ndo houve consenso quanto a estrutura a
ser considerada como marco, sendo apontadas como possiveis pontos de referéncia as
fauces, valécula, base da lingua e juncdo da lingua com a mandibula '®. Apesar do
predominio da localizagdo no dorso da lingua, neste estudo, assim como em outros
realizados previamente, foi possivel observar que o posicionamento variou entre
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individuos, ndo havendo uma localizagao especifica, como por exemplo o conceito de
que sejam os pilares anteriores (palatoglosso) a sede da maior sensibilidade aferente e
que a resposta faringea iniciar-se-ia por seu estimulo ' 2.

A localizagao do bolo alimentar no disparo da fase faringea da degluticdo pode
ser utilizada na atuacéao clinica da disfagia, visto que esta informagdo demonstraria o
inicio do reflexo sensoério-motor do processo. Porém, como citado anteriormente, a
posicao do bolo alimentar no inicio da fase faringea pode variar entre individuos, nao
podendo ser utilizada como unico critério na distin¢gao entre a degluticao assintomatica e
a degluticao do paciente disfagico, sugerindo que o desencadeamento da degluticao
depende de mudltiplas influéncias.

Entre estas influéncias encontra-se a percepgdo proprioceptiva sensorial
oferecida pelo bolo. Estudo prévios indicaram que a motilidade da faringe se modificou

com a natureza do alimento deglutido '

e que a consisténcia de maior viscosidade
estaria relacionada a um maior controle neuromuscular em comparacdao as
consisténcias menos viscosas, de modo a oferecer maiores estimulos proprioceptivos
que influenciariam o inicio da fase faringea em estruturais mais anteriores, tais como
base da lingua 2*® Esta teoria ndo pode ser observada neste estudo, visto que
capsulas maiores apresentaram disparo da fase faringea em localizagdo mais posterior
em comparacao as menores apesar de oferecerem maiores estimulos proprioceptivos.
Este fato pode ser resultante da maior dificuldade do controle na ejegéo e coordenagéo
entre capsula e alimentos, agravado pelo tamanho da céapsula.

Levando-se em consideragao que a cavidade oral € um local rico em receptores
sensoriais que podem transmitir padrdées e intensidades especificos que levam

informacdes para os centros da degluticdo no sistema nervoso central ¢, o tamanho do

bolo poderia influenciar na organizagdo e ejecdo do alimento %®. Porém no presente
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estudo, a menor capsula, apesar de gerar estimulos menos perceptiveis, resultou no
inicio da fase faringea em localizagcdo mais anterior.

Estudos anteriores realizados com diferentes volumes de bolo alimentar
concluiram que a maior ou menor percepgao do alimento na fase oral néo interferiu na
modulacdo da forca da lingua %, na taxa ou duracdo da elevacdo méxima do 0sso
hidide ?® ou na duracdo da atividade eletromiografica da submentoniana ou infra-
hidideos 2°. Outro trabalho observou também que o intervalo de tempo entre o
movimento inicial de anteriorizacdo do hidide e a chegada do bolo na faringe
permaneceram constantes apesar da alteracdo no volume *°. Apesar de apresentarem
objetivos distintos, os achados deste presente estudo diferiram dos trabalhos acima
citados visto que o volume do material deglutido interferiu nos resultados encontrados.

No presente estudo consideramos a capsula como referéncia e ndao o alimento
que a acompanhou. Portanto, a comparagéo da localizagao do disparo da fase faringea
de nosso estudo talvez ndo possa ser comparada a outros estudos que se utilizaram do
alimento como referéncia.

Outros estudos sobre a degluticdo de capsulas sao necessarios, visto que a
literatura mostrou-se escassa. Trabalhos nesta area podem fornecer informacoes
adicionais que auxiliem as industrias farmacéuticas e no cuidado ao paciente.

Devem-se apontar aqui algumas limitagdbes metodolégicas deste trabalho, entre
eles a discrepancia entre o numero de sujeitos dos diferentes géneros, a distribuicao
nao uniforme das diferentes faixas etarias, a livre oferta do alimento, cujo volume variou
entre os participantes e a nao possibilidade de visualizagcdo do alimento (nao

contrastado). Mostram-se necessarios estudos com amostras amplas, de modo que

referencias normativas possam ser encontradas.
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CONCLUSAO

O tamanho da capsula influenciou na localizacao do disparo da fase faringea,
sendo que capsulas menores apresentaram maior porcentagem de localizagdo em
regido mais anterior (dorso da lingua) em comparagao as capsulas maiores, tanto na

degluticdo com alimentos na consisténcia liquida, quando pudim.
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4.Conclusoes
Gerais



Conclusoes Gerais

Do estudo da interferéncia da consisténcia alimentar e da idade na duracao das
fases da degluticdo com e sem capsulas e avaliagdo da localizagcdo de capsulas
gelatinosas duras no disparo da fase faringea em adultos assintomaticos, podemos
concluir que:

1- A consisténcia alimentar interferiu na duracdo da fase faringea de alimentos
contrastados e na duragao da fase oral de capsulas #00, com aumento do tempo para
alimentos mais viscosos.

2- O aumento da idade influenciou na duracdo das fases da degluticdo, tanto de
alimentos contrastados quanto na degluticdo de capsulas, em ambas as consisténcias,
com aumento das fases oral e faringea e diminuigdo da fase de transi¢cao na degluticao
de alimentos sem cépsulas.

3- O tamanho da capsula interferiu na localizacdo do disparo da fase faringea.
Cépsulas menores desencadearam o disparo da fase faringea em regiao mais anterior

(dorso da lingua) em comparagao as capsulas maiores.
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ANEXO | - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Eu,
RG

dou meu consentimento livre e esclarecido para participar como voluntario(a) do projeto de
pesquisa: Avaliacao do disparo da fase faringea na degluticao de capsulas e de
alimentos de diferentes consisténcias em adultos assintomaticos, sob responsabilidade
dos pesquisadores prof? dr® Agricio Nubiato Crespo e Erica Mayumi Takase. Receberei uma
copia deste termo. Fui esclarecido(a) pelos pesquisadores responsaveis e fui informado (a)
que:

- O objetivo desta pesquisa € estudar a degluticdo (engolir), mais especificamente
observar onde se localiza o alimento no momento em que ocorre 0 processo de
protecdo que impede que o alimento va da garganta até os pulmdes.

- Para isso realizarei uma entrevista inicial em que darei informagbes pessoais, tais como
dados sobre minha saude, uso de medicamentos, doencas etc. Para a realizacdo de exame
serdo realizadas radiografias no momento da degluticdo dos alimentos com a consisténcia
parecida com suco engrossado, pudim e capsulas de dois tamanhos, parecidas com as
capsulas de medicamentos, mas que terdo apenas uma substancia que auxiliara na
visualizacdo das radiografias, e que serdo ingeridas com agua e com alimento na
consisténcia parecida com pudim.

- Utilizarei um avental que me protegera da cintura ao joelho.

- Nao ha desconfortos previsiveis, porém caso ocorram, os procedimentos poderao ser
interrompidos a qualquer momento pelas pesquisadoras ou por minha solicitagao;

- A participagdo na pesquisa ndo implica em nenhum gasto adicional e, portanto, os
pesquisadores ndo prevéem nenhuma forma de reembolso. Estou isento (a) de qualquer
gasto financeiro referente a pesquisa. No caso de ocorrerem quaisquer despesas em funcao
da participagdo na pesquisa, estas serdo pagas integralmente pelos pesquisadores. O
reembolso destina-se as despesas que ocorram pela participacdo exclusiva na pesquisa e
que néo teria se ndo participasse.

- Os pesquisadores responsaveis garantem o sigilo da minha identidade e de dados
confidenciais ou que, de algum modo, possam me provocar constrangimentos ou prejuizos,
garantindo que os dados serdo utilizados exclusivamente para fins de estudo e/ou de
pesquisa.

- Tenho liberdade de interromper minha participagdo neste estudo a qualquer momento, sem
prejuizo de qualquer espécie.

- Posso solicitar quaisquer esclarecimentos sobre a pesquisa a qualquer momento.

Data:

Assinatura:

Contatos:

Pesquisadores: (19) 9711-6157

Comité de Etica em Pesquisa da UNICAMP: (19) 3521-8936

Gastrocentro Unicamp: Rua Carlos Chagas, 420 Cidade Universitaria Campinas — SP
tel:3521-8563
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