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HIGHLIGHTS

o Swallowing is influenced by the
characteristics of what is being
swallowed.

e There was no difference in
swallowing capsules containing 0.50
mL or 0.95 mL.

e |arger capsules need more liquid
ingestion to make swallowing easier.

e |ndividuals older than 40 years need
a greater volume of liquid to swallow
capsules than younger adults.
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ABSTRACT — Background — People recurrently have difficulties swallowing
solid medications, which can be associated with the size of the medica-
tion and the age and gender of individuals. Objective — To evaluate the
impact of capsule size and adults’ age and gender on oral and pharyngeal
capsule transit during capsule swallows. Methods — Videofluoroscopy
was used to measure capsule oral and pharyngeal transit during swallows
in 49 healthy individuals (17 men and 32 women), with a mean age of
46 years (ranging from 23 to 88 years). Smaller capsules were filled with
0.50 mL of barium sulfate, and larger capsules were filled with 0.95 mL of
barium sulfate; the volume of liquid ingested with the capsules was also
quantified in each ingestion. The measurements included the oral prepa-
ration time, oral transit time, swallowing reaction time, time to laryngeal
vestibule closure, laryngeal vestibule closure duration, pharyngeal transit
time, and upper esophageal sphincter opening duration. Results — The
capsule size did not influence either the oral or pharyngeal transit time.
Increased liquid volume was ingested with larger capsules and by peo-
ple older than 40 years. The oral transit time was shorter in older adults
(60-88 years), and the time to laryngeal vestibule closure was longer in
women. Conclusion — The size of large capsules did not make a differ-
ence in oral or pharyngeal transit when compared with smaller capsules.
The capsule size and the participant’s age influenced the volume of liquid
ingested — larger capsules and older individuals required a larger volume.
The capsule oral transit was faster in individuals older than 60 years.

Keywords — Deglutition; aging; gender; swallowing; drugs ingestion; sex.
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INTRODUCTION

Difficulties with oral ingestion of solid medica-
tions affect 10% to 40% of adult individuals"¥. Hen-
ce, people who need to take medication this way
and have such difficulty may not receive adequate
treatment.

In these circumstances, the administration is fa-
cilitated by modifying, macerating, splitting, or ope-
ning drugs, and patients may not take all prescribed
doses®>1” When these changes are not made under
pharmaceutical and/or medical supervision, they can
limit the effectiveness of the medication and cause
complications®1®.

Swallowing is influenced by the characteristics of
what is being swallowed®??| as well as the person’s
age®? and gender®*, These factors may influen-
ce the swallowing not only of solid and liquid foods
but also capsules and tablets. The timing of capsule
swallowing did not receive attention in health people.

The acceptability of orally ingested solid medi-
cations is related to the size and shape of tablets
and capsules” 2?22 and their taste®. Difficulties in-
gesting them (either to begin swallowing them or in
the sensation that they are stuck in the pharynx) are
more frequent in young adults and women®12142930
and are associated with a smaller mouth cavity and
the higher density of taste receptors on the tongue®?.

This investigation aimed to assess the effect of
capsule size, individuals’ age and gender on capsule
oral and pharyngeal transit. The hypothesis was that
the capsule size and the subjects’ age and gender
affect the oral and pharyngeal transit time of the cap-
sule, leading to longer transit time with large capsu-
les, in older individuals and in women. It is possible
that the volume of liquid ingested with each capsule
is different.

METHODS

Ethics approval

This investigation was approved by the Research
Ethics Committee of the University Hospital of the Ri-
beirdo Preto Medical School at the University of Sao
Paulo, IRB number HCRP 3735/2017. All volunteers
signed an informed consent form, and their identities
were kept confidential.
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Participants

The study comprised 49 individuals (17 men and
32 women), aged 23 to 88 years, with a mean and
standard deviation of 46 (18) years, with no com-
plaints of swallowing changes. They were recruited
by convenience sampling recruited among indivi-
duals who accompanied patients to the university
hospital. The researchers contacted these potential
volunteers and explained the objectives and methods
of the investigations.

They were divided according to their age into the
Younger Group (YG), with 20 individuals aged 23 to
39 years (mean of 28 years); the Middle-Aged Group
(MG), with 15 individuals aged 40 to 59 years (mean
of 49 years); and the Older Group (OG), with 14
individuals aged 60 to 88 years (mean of 67 years).

Inclusion/exclusion criteria

The volunteers did not self-report neurological,
digestive, or head and neck diseases, nor had they
been submitted to any thoracic or abdominal sur-
gery.

Their everyday diet was exclusively oral, without
food restrictions; they had no complaints or signs of
difficulties swallowing liquid or solid foods or water,
with the Eating Assessment Tool (EAT-10) scoring
<3%%3 Some of them had complaints of discomfort
when swallowing solid drugs.

The exclusion criteria were as follows: indivi-
duals with complaints and signs of dysphagia when
swallowing foods or water, with EAT-10 scoring =3,
with self-reported neuromuscular diseases and/or
symptoms, head and neck, esophagus, or stomach
cancer or surgery, or any disease that might interfe-
re with swallowing®”, and who were taking antip-
sychotics®®.

Data collection

A videofluoroscopic swallowing study (VFSS)
was performed with Arcomax angiography equip-
ment (Philips, model BV 300, Veenpluis, the Nether-
lands), recording images at 30 frames per second.
The participants were seated at an approximately 90°
degree angle, maintaining their necks in the habitual
posture, feet flat on the floor. Lateral images were
taken from the oral cavity, pharynx, and proximal
esophagus.
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The participants were randomly given a sequence
of two larger and two smaller hard capsules — two
larger ones (#00 — length: 25 mm; diameter: 8 mm,;
volume: 0.95 mL) and two smaller ones (#01 — leng-
th: 20 mm; diameter: 7 mm; volume: 0.50 mL), filled
at the moment of the examination with barium sul-
fate (Bariogel® 100%, Laboratory Cristalia, Ttapira, SP,
Brazil). They were also given four plastic cups with
100 mL of liquid (5 mL of 100% barium sulfate dilu-
ted in 95 mL of water), whose consistency was level
0 (thin) in the International Dysphagia Diet Standar-
disation Initiative (IDDSD) Framework, version 2.0%7.

Individuals were instructed as follows: “Look
forward, put the capsule in your mouth, and drink
the amount of liquid you normally ingest when taking
medication”. They were not instructed to swallow the
capsules (non-cued swallows). The amount of liquid
(in mL) they ingested when swallowing the capsu-
le was verified by measuring the volume of liquid
remaining in the plastic cup with an mL-graduated
cylinder. Then, individuals were asked to check on a
numerical scale ranging from 0 to 10 their degree of
difficulty swallowing, in which 0 meant easy and 10
meant very difficult.

Videofluoroscopy analysis

The videofluoroscopic analysis was based on
dynamic images of the oral and pharyngeal phases
of swallowing. The qualitative analysis observed
whether they moved their head; whether there was
any liquid residue in the oral cavity; the number of
swallows to ingest the capsule and all the liquid;
whether they needed multiple (more than three)
swallows; and whether there was premature liquid
spill to the vallecula, liquid residue in the vallecula
and pyriform sinuses, and liquid tracheal penetration
and aspiration.

The following time measurements were taken,
in milliseconds. Some of them had similar timing
events, as previously described, but were related to
capsule and liquid transit®®:

e Oral preparation time (OPT): from bolus (cap-
sule and liquid) retention with lip closure until
the tip of the tongue was positioned behind the
incisors, beginning the oral propulsive phase.

e Oral transit time (OTT): from the beginning of
the capsule posterior movement (oral propulsi-

ve phase) until the capsule passed the mandi-
ble ramus.

e Swallowing reaction time (SRT): from the
capsule’s arrival at the mandible ramus to the
first frame showing the hyoid elevation.

e Time to laryngeal vestibule closure (TLVOC):
from the hyoid elevation to the laryngeal vesti-
bule closure.

e Laryngeal vestibule closure duration (LVCD): from
the laryngeal vestibule closure to its opening.

e Pharyngeal transit time (PTT): from the capsule’s
arrival at the mandible ramus to its total passage
through the upper esophageal sphincter (UES).

e UES opening (UESO): from the UES opening
(the first frame the liquid bolus was inside the
sphincter) to its closure (the first frame without
bolus inside the sphincter, after the liquid and
capsule transit).

The following capsule locations at the beginning
of swallowing were considered: tongue dorsum, ton-
gue base, vallecula, and UES. The videofluoroscopic
examinations were analyzed blinded to capsule size,
but not in duplicate.

Statistical analysis

The statistical analysis of the qualitative variables
was performed with a Poisson generalized linear re-
gression model with robust variance®. Comparisons
involving continuous quantitative variables were
made with the linear mixed-effects regression model
(random and fixed effects). Linear mixed-effects mo-
dels analyze data whose responses are grouped (more
than one measure per individual) and the indepen-
dence assumption between observations in the same
group is not adequate”’. The assumption in these
models is that its residues have a normal distribution
with a mean of 0 and constant variance. Response
variable transformations were used in the situations in
which this assumption was not observed. The ortho-
gonal contrast post-test was used in the comparisons.
All analyses were controlled for possible confounding
factors, such as age and gender.

Continuous data were expressed as mean and
standard deviation (SD) and categorical data as abso-
lute or relative frequency. All analyses were perfor-
med with SAS 9.4 software. In all comparisons, the
significance level was set at P<0.05.
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RESULTS

Thirty-one patients (63%) ingested one to six ta-
blets, pills, or capsules a day — a mean of 1.5 in the
Younger Group and Middle-Aged Group and 2.4 in
the Older Group. Fourteen patients (28.6%) reported
difficulties ingesting solid medications.

There was no difference in the qualitative varia-
bles between the ingestion of smaller and larger cap-
sules. A greater volume of liquid (FIGURE 1) was
ingested with larger capsules (P=0.03), by volunte-
ers older than 40 years (P=0.01), with no difference
between men and women (P=0.64).
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FIGURE 1. Volume of liquid ingested (mL) with smaller (S) and larger
(L) capsules; in younger (Y), middle-aged (M), and older adults (0);
and in men (M) and women (W). *P=0.03 vs larger; **P=0.01 vs
middle-aged and older adults.

The mean number of swallows to ingest the cap-
sules was not influenced by their size or the subject’s
age (smaller: Younger Group — 1.0+0.2; Middle-Aged
Group — 1.1+0.3; Older Group — 1.0+0.0); larger:
Younger Group — 1.1+0.4; Middle-Aged Group -
1.3+0.7; Older Group — 1.0£0.0; P>0.05).

The capsule swallowing time was not different
between smaller and larger capsules (TABLE 1). The
swallowing difficulty score for smaller capsules was
0.74 (1.33), ranging from 0 to 6; for larger capsu-
les, it was 1.18 (1.84), ranging from 0 to 8 (£<0.01).
Individuals who reported difficulties ingesting solid
medications before the examination also had the hi-
ghest difficulty scores during the videofluoroscopic
examination.

The assessment verified that age did not influence
the qualitative variables — except for head extension,
present in 20% of swallows in the Younger Group,
13% in the Middle-Aged Group, and 0% in the Older
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TABLE 1. Duration, in milliseconds, of swallowing events with
smaller and larger capsules in healthy subjects (n=49). Mean (SD).

Smaller Larger P-value
OPT 2507 (985) 2503 (883) 0.48
oTT 258 (379) 244 (280) 0.70
SRT -35 (168) -33 (65) 0.83
TLVC 166 (227) 188 (247) 0.34
LVCD 1252 (1038) 1292 (1035) 0.27
PTT 1202 (1013) 1263 (990) 0.25
UESO 1157 (1034) 1228 (1025) 0.25

OPT: Oral preparation time; OTT. oral transit time; SRT. swallowing
reaction time; TLVC: time to laryngeal vestibule closure; LVCD: laryngeal
vestibule closure duration; PTT: pharyngeal transit time; UESO: upper
esophageal sphincter opening; SD: standard deviation

Group (2<0.05). OPT for smaller capsules was lon-
ger in the Middle-Aged Group than in the Younger
Group and Older Group (TABLE 2, P<0.05), and OTT
for both capsules was shorter in the Older Group
than in the Younger Group and Middle-Aged Group
(TABLES 2 and 3, P<0.05).

TABLE 2. Duration, in milliseconds, of swallowing events with
smaller capsules in healthy subjects divided into three age groups:
younger adults (23 to 39 years, n=20), middle-aged adults (40 to 59
years, n=15), and older adults (60 to 88 years, n=14). Mean (SD).

Younger Middle-aged Older
OPT 2297 (906) 3019 (1184)* 2260 (611)
oTT 268 (313) 357 (561) 139 (105)**
SRT -17 (565) -43 (290) -51(75)
TLVC 118 (210) 216 (274) 179 (186)
LvVCD 898 (669) 1477 (1156) 1516 (1214)
PTT 918 (627) 1384 (1059) 1413 (1308)
UESO 866 (643) 1366 (1107) 1349 (1310)

*P<0.05 vs younger and older adults; **P<0.05 vs younger and middle-
aged adults. OPT: oral preparation time; OTT: oral transit time; SRT:
swallowing reaction time; TLVC: time to laryngeal vestibule closure; LVCD:
laryngeal vestibule closure duration: PTT: pharyngeal transit time; UESO:
upper esophageal sphincter opening; SD: standard deviation.

TABLE 3. Duration, in milliseconds, of swallowing events with larger
capsules in healthy subjects divided into three age groups: younger
adults (23 to 39 years, n=20), middle-aged adults (40 to 59 years,
n=15), and older adults (60 to 88 years, n=14). Mean (SD).

Younger Middle-aged Older
OPT 2432 (1062) 2852 (857) 2231 (406)
OoTT 310 (369) 273 (231) 120 (73)*
SRT -20 (59) -46 (82) -35 (52)
TLVC 123 (205) 237 (312) 228 (209)
LVCD 991 (786) 1519 (1141) 1481 (1153)
PTT 1049 (813) 1485 (1055) 1332 (1116)
UESO 1000 (813) 1491 (1148) 1272 (1119)

*P<0.05 vs younger and middle-aged adults. OPT: oral preparation
time; OTT: oral transit time; SRT: Swallowing reaction time; TLVC: Time to
laryngeal vestibule closure: LVCD: laryngeal vestibule closure duration;
PTT. pharyngeal transit time; UESO: upper esophageal sphincter opening;
SD: standard deviation.
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The predominating location of the capsules
when the swallowing was triggered was the ton-
gue dorsum in the oral phase (90% for smaller and
86% for larger capsules) and the tongue base in
the pharyngeal phase (90% for smaller and 88%
for larger capsules), which was not influenced by
the capsule size (P<0.05). Women had longer TLVC
than men (TABLE 4, P=0.03), which was the only
difference between the men and women in capsu-
les swallowing.

TABLE 4. Duration, in milliseconds, of swallowing events with capsules
in healthy women (n=32) and healthy men (n=17). Mean (SD).

Women Men P-value
OPT 2627 (850) 2276 (1040) 0.11
oTT 285 (386) 190 (183) 0.36
SRT -32(108) -39 (158) 0.89
TLVC 213 (244) 109 (211) 0.03*
LVCD 1322 (1000) 1179 (1098) 0.24
PTT 1257 (968) 1187 (1064) 0.30
UESO 1639 (988) 1107 (1103) 0.30

*P<0.05 women vs men. OPT: oral preparation time; OTT: oral transit time;
SRT: swallowing reaction time; TLVC: time to laryngeal vestibule closure;
LVCD: laryngeal vestibule closure duration; PTT: pharyngeal transit time;
UESO: upper esophageal sphincter opening; SD: standard deviation.

DISCUSSION

This investigation evaluated the hypothesis that
capsule size, age, and gender influence capsule in-
gestion. The results of the measurements indicate
that their influence was small or absent.

Larger capsules did not significantly change the
oral and pharyngeal transit. Even though volunteers
perceived the different sizes in the oral cavity and re-
ported greater difficulty swallowing the larger ones,
once the swallowing process had started, the capsule
passage time was similar. A difference in swallowing
was expected between the two sizes, as the larger
capsule provides different stimuli. However, this hy-
pothesis was not confirmed.

Volunteers aged 40 to 59 years held capsules in
their mouths for longer before swallowing them (i.e.,
oral preparation for swallowing). On the other hand,
there was no difference between the group older
than 60 years and the younger people, which indica-
tes that aging is likely not responsible for the diffe-
rence. It was speculated that older adults are more

adapted to ingesting capsules than younger and mi-
ddle-aged ones because they take medications more
often. The perception of taste and the characteristics
of the bolus in the oral cavity are complex issues that
result from the interaction of various factors (inclu-
ding aging)“?. Moreover, the integrity of oral sensiti-
vity is essential to safe swallowing“*%,

Head extension during swallows decreases
OTT“ and facilitates the opening of the airway. Ho-
wever, this head movement was not seen in the older
group. The partial loss of sensitivity in the aging pro-
cess“319 may be the explanation for the faster OTT
observed in older volunteers. The sensitivity is invol-
ved in controlling the swallowing phases“24.

The women'’s longer TLVC agrees with the avera-
ge slower passage of bolus through the pharynx in
women than in men®”, as well as other swallowing
differences between men and women’®. Women
were expected to have greater difficulties swallowing
capsules, as there are indications that they have a
smaller capacity to retain volume in the oral cavi-
ty than men“” — which may be one of the reasons
why they report difficulties®”. Although men may
have the capacity to retain a greater volume in their
oral cavity, the difference between theirs and the
women’s oral cavity may not be enough to explain
greater difficulties with medications.

The location of the capsule before swallowing
was predominantly in the tongue dorsum when trig-
gering the oral phase and in the tongue base when
triggering the pharyngeal phase, for both capsule si-
zes. The capsule size did not have the same effect on
swallowing as the increase in liquid bolus volume®?.

The liquid volume to swallow the capsule was
lower with small capsules and in younger volunte-
ers. The difference related to capsule size was small,
whereas the age effect on liquid volume was more
intense, suggesting that the increase in liquid volume
ingested was related to difficulty in swallowing, the
increase of capsule size, and older participants. The
larger volume of liquid ingested may be involved
with the faster oral transit seen in older participants
and is related to the whole capsule ingestion pro-
cess, which may cause volume ingestion even after
the capsule is already swallowed.

The increase in swallowed bolus volume, which
is the case of liquid ingested with the larger capsules,

Arq Gastroenterol ® 2024. v. 61:623092
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changes the swallowing dynamics. It causes an early
onset of anterior tongue base movement, superior
palatal movement, anterior laryngeal movement, and
early upper esophageal sphincter opening®”. The
larger bolus volume also lengthens the upper eso-
phageal sphincter opening and enlarges the sphinc-
ter diameter®?. Swallowed bolus volume is positively
correlated with the magnitude of the superior and
anterior hyoid movement®?. The increase in bolus
volume ingested does not change the oral and pha-
ryngeal transit of the capsules, although it may facili-
tate capsule ingestion.

The capsules are larger than those (15 mm) des-
cribed as a possible cause of choking®. This possi-
bility must be considered in the case of older indivi-
duals and patients with dysphagia.

This investigation has limitations. It would have
been useful to assess even older adults, with a pre-
dominance of people above 70 years old. Individuals
reporting difficulties swallowing solid medications
may make a difference when present in the various
study groups. The comparison between capsules
with a greater difference in size may lead to different
conclusions. The measurement was not performed in
duplicate, which is a limitation.

CONCLUSION

The capsule sizes approached in the study did
not cause different oral or pharyngeal transit du-
rations. Compared to smaller ones, larger capsules
needed more liquid ingestion to make swallowing
easier. Individuals older than 40 years needed a gre-
ater volume of liquid to swallow capsules than youn-
ger adults, with faster oral transit in individuals older
than 60 years.
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Gutierres LFS, Montaldi MR, Nascimento WV, Dantas RO. Avaliacio videofluoroscopica do impacto do tamanho da cdpsula, idade e

género dos individuos na ingestio de cdpsulas. Arq gastroenterol. 2024;61:€23092.

RESUMO — Contexto — Algumas pessoas apresentam recorrentemente dificuldades para engolir medicamentos solidos, o que pode estar

associado ao tamanho do medicamento, 2 idade e ao género dos individuos. Objetivo — Avaliar, em adultos, o impacto do tamanho

da cdpsula, da idade e do género no trinsito oral e faringeo de cipsulas. Métodos — Videofluoroscopia foi utilizada para medir o

trinsito oral e faringeo de capsulas em 49 individuos saudaveis (17 homens e 32 mulheres), com idade média de 46 anos (limites

de 23 e 88 anos). Cipsulas menores foram preenchidas com 0,50 mL e cipsulas maiores foram preenchidas com 0,95 mL de sulfato

de bario; o volume de liquido ingerido com as cdpsulas foi quantificado em cada ingestio. Foram medidos o tempo de preparo

oral, tempo de trinsito oral, tempo de reacao da degluticio, tempo para fechamento do vestibulo laringeo, tempo de fechamento

do vestibulo laringeo, tempo de trinsito faringeo e tempo de abertura do esfincter superior do esdfago. Resultados — O tamanho

da cdpsula nao influenciou o tempo de transito oral ou faringeo. Mais liquido foi ingerido com cdpsulas maiores e por pessoas com

mais de 40 anos. O tempo de trinsito oral foi menor em idosos (60-88 anos) e o tempo de fechamento do vestibulo laringeo foi

maior em mulheres. Conclusiio — O tamanho da capsula nio influenciou o trinsito oral e faringeo, porém houve maior volume

de liquido ingerido com a cdpsula maior e nos mais idosos. O trinsito oral da cdpsula foi mais ripido em individuos com mais de

60 anos.

Palavras-chave — Degluticao; envelhecimento; sexo; ingestio de drogas; género.
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