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The Effect of Bolus Taste on Oral and Pharyngeal
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ABSTRACT

Objective. To evaluate the effect of different bolus flavors in oral and
pharyngeal transit duration of patients with stroke and normal volun-
teers. Method. The investigation had the participation of 36 patients
(44-82 years, mean age: 63 years) with occurrence of stroke from 1
month to 84 months (median: 5.5 months) and 30 normal subjects
(33-85 years, mean age: 59 years) who comprised the control group.
The scintigraphic method was used to evaluate the oral and pharyn-
geal transit. Each subject swallowed in random sequence 5 mL of a
liquid bolus of bitter, sour, sweet, and neutral taste, all labeled with
37 MBq of ®"Technetium coupled with phytate. Results. Oral tran-
sit was longer in patients with stroke than in the control subjects for
the sweet, bitter and sour tastes. Pharyngeal transit and clearance was
longer in patients with stroke for the sweet and bitter tastes. In both
groups there were no differences between neutral, sweet, sour or bitter
tastes. Conclusion. Bolus tastes evaluated did not change oral and
pharyngeal transit in normal subjects and patients with stroke.
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RESUMO

Objetivo. Avaliar o efeito do sabor na duracio do trinsito oral e fa-
ringeano de pacientes com Acidente Vascular Cerebral (AVC) e vo-
luntdrios normais. Método. Participaram da investigagdo 36 pacientes
com AVC (44-82 anos, média: 63 anos), ocorrido de 1 més a 84 meses
(mediana: 5,5 meses), e 30 voluntdrios controles (33-85 anos, média:
59 anos). Foi utilizado a cintilografia para avaliar os trinsitos oral e
faringeo. Em sequéncia aleatéria foi ingerido 5 mL de bolo liquido de
sabores amargo, azedo, doce e neutro, com 37 MBq de ™ Tecnécio li-
gado a fitato. Resultados. O transito oral foi maior em pacientes com
AVC do que nos individuos controles, para os sabores doce, amargo
e azedo. O trnsito faringeo e a depuragio foram mais longos em pa-
cientes com AVC para os gostos doce e amargo. Em ambos os grupos
nio houve diferenca entre os sabores neutro, doce, azedo e amargo.
Conclusao. O gosto dos bolos deglutidos testados nio alteraram os
trinsitos oral e faringeo de individuos normais e de pacientes com

AVC.
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INTRODUCTION

Stroke is a clinical syndrome described as a focal
neurological deficit caused by changes in cerebral blood
flow which has consequences in cognitive and sensorimo-
tor plans, according to the affected area and its extension.
Dysphagia occurs in 37% to 45% using screening tests
and in 64% to 78% using instrumental tests'. Although
swallowing difficulties improve naturally, in about 10% of
patients problems can persist for more than six months®
Taste disorder in the first week after the onset of signs and
symptoms of stroke are frequent, is associated with swal-
lowing disorders and have a good prognosis’.

Taste has influence on respiration-swallowing co-
ordination, duration of the preparatory phase of swallow-
ing and in submentonian muscle activity®. It has been
suggested that bolus taste may modify swallowing in pa-
tients with stroke®® and, associated with cold tempera-
ture, may have a role in the treatment of patients with
stroke and dysphagia’™. Sour bolus with cold tempera-
ture has a shorter pharyngeal transit than sour bolus at
room temperature’”.

Taste causes different autonomic nervous system
responses, with sweet taste inducing the weakest response
whereas the unpleasant tastes (salty, sour and bitter), in-
ducing stronger responses, with the bitter taste inducing
the strongest ones'’. Sour taste resulted in the greatest am-
plitude of submental muscle contraction during swallow-
ing, and is swallowed with more effort when compared
with other tastes. Swallowing duration for sour, salty and
bitter tastes were longer than for sweet and neutral tastes®.
The different autonomic nervous system responses and
the increase in submentonian muscle activity by taste
could cause modification in oral and pharyngeal transit
duration, in normal subjects and patients with stroke.

The aim of this investigation was to evaluate the
effect of different bolus flavors in oral and pharyngeal
transit duration of patients with stroke and normal vol-
unteers. The hypothesis was that bolus taste, which causes
a stronger muscle response during swallowing, also causes
an alteration in the time of the bolus transit through the

mouth and pharynx.

METHOD

The investigation had the participation of 36

patients, 21 men and 15 women, aged 44 to 82 years
(mean: 63 years), with a history of occurrence of stroke
from 1 month to 84 months (median: 5.5 months) and
30 subjects who comprised the control group, 13 men
and 17 women, aged 33 to 85 years (mean: 59 years)
without symptoms or diseases. Ten patients with stroke
complained of dysphagia at the scintigraphic evaluation.

The study included patients with clinical diagno-
sis and results of computed tomography and/or magnetic
resonance imaging of hemorrhagic (n=5) or ischemic
(n=31) stroke who were able to feed orally. Hemorrhagic
stroke was seen in one patient on the right and in four in
the left hemisphere, and isquemic stroke was seen in 14
patients in the right and in 17 patients in the left. The
stroke affected the vertebrobasilar territory in 11 and the
carotid territory in 25. Patients were excluded who were
severely compromised, precluding the clinical and objec-
tive assessment of swallowing, those with severe cogni-
tive impairment, those not able to feed orally, and those
with other neurological disease. The study was approved
by the Ethics Committee of the University Hospital of
the Medical School of Ribeirio Preto, University of Sao
Paulo, in October 23, 2006, protocol number HCRP
8343/2006. All participants or caregivers gave written in-
formed consent to participate in the investigation.

The subjects were evaluated sitting in front of a
gamma camera (Sopha Vision DST, Sopha Medical Vi-
sion America, Twenburg, Ohio, USA) equipped with a
collimator for low energy, high sensitivity and an appa-
ratus for detecting emissions of *™Techinectium. All im-
ages were stored on computer equipment. The gamma
- camera was positioned so as to include the mouth, phar-
ynx and esophagus.

The subjects were studied while facing forward,
head at midline and not moving during the scintigraphic
examination. An external radioactive reference of the
transition between pharynx and esophagus consisting of
a needle filled with liquid technetium was attached to the
skin of the neck over the cricoid cartilage. Each subject
swallowed in random sequence 5 mL of a liquid bolus
of bitter taste (prepared with 50 mL of water with 2 g
of leaves of Peumus boldus, pH: 6.0), sour taste (50 mL
of water with 3 g of concentrated lemon juice, pH: 3.0),

sweet taste (50 mL of water with 3 g of sucrose, pH: 6.9);



and neutral taste (water, pH: 6.8), all labeled with 37
MBq of #™Technetium coupled with phytate. The sub-
jects were instructed to keep the bolus in the oral cavity,
supporting their head straight and then swallowing when
the examiner gave them the command. This was given
approximately three seconds after the start of image ac-
quisition. Between recording sequences, the subjects were
given a sip of unlabeled water to drink to wash out any
isotope and bolus taste remaining in the mouth, pharynx
or esophagus from a previous swallow.

A series of images of each swallow was acquired
at 20 frames/second for 20 seconds for a total of 400
frames. Oral, pharyngeal and esophageal transits were an-
alyzed after the delineation of regions of interest (ROI).
The mouth was the region where the bolus was before the
swallow. The pharynx was the region between the mouth
and projection of the external reference. Time-activity
curves were generated for the mouth and pharynx. From
these time-activity curves, we measured the mouth tran-
sit duration and residues, the pharyngeal transit, pharyn-
geal clearance and pharyngeal residues with the computer
program of the nuclear medicine equipment. Residue
was defined as the counts remaining in each ROI after
the swallow, expressed as the percentage of the counts de-
livered to each ROL. Transit duration was defined as the
interval between the maximal counts and the completion
of emptying seen in a ROI. Clearance was the total ex-
posure time to the bolus in a ROI, which represents the
interval between the arrival of the bolus head into the
ROI and the departure of the bolus tail from the ROIL.
These measurements were demonstrated in previous pub-
lications'!'4.

The statistical analysis of transit, clearance times
and amount of residues was done using a linear model
with mixed effects”. The tests were performed at the
Center of Quantitative Analysis of the Medical School of
Ribeirao Preto USP (CEMEQ - FMRPUSP). The results
were adjusted to sex and age. They are reported as mean

and standard deviation (SD), unless stated otherwise.

RESULTS
Oral transit was longer in patients with stroke
than in the control group for the sweet, bitter and sour

tastes, but not for neutral taste. There was no difference

in oral residue between the control group and patients
with stroke (Table 1).

Pharyngeal transit and clearance was longer in pa-
tients with stroke for the sweet and bitter tastes and the
amount of residues in pharynx was increased in patients
with stroke than controls, excepted for the sweet bolus
taste (Table 2).

In each group, in all measurements performed,
there was no difference between neutral, sweet, sour or
bitter tastes, indicating that bolus taste does not change
oral and pharyngeal transit and residues in normal sub-
jects and patients with stroke. Lesion localization did not
have influence on the results of the effect of bolus taste

on swallowing.

DISCUSSION

Scintigraphy has shown to be a quantitative rel-
evant method for the study of swallowing, due to the
fact of being a noninvasive technique'®. Oral-pharyngeal
scintigraphic clearance is highly reliable, bolus volume
dependent and has a high predictive value for regional
dysfunction. Also, abnormal oral and pharyngeal residu-
als had positive predictive values over 90% for regional
dysfunction.

The loss of ability to perceive salty, sweet or sour
tastes, and impaired oral central representation, are ini-
tially diagnosed in patients with hemispheric stroke, and
in most cases the functional disorders persist for more
than 18 months'®. Sensory alteration is associated with
swallowing difficulty”. Central lesions involving taste
pathways seem to generate perceptions of quantitative
taste disorders (hemiageusia or hypoageusia), different of
peripheral gustatory lesions which is recognized as quali-
tative taste disorder (dysgeusia). Central taste disorders
may often go unnoticed by the physician and the pa-
tient”. Another possibility is that although the patients
have perception of bolus taste, they may have impair-
ment of efferent motor response, the effect of taste does
not causing an effective motor response in the mouth and
pharynx.

The swallowing of a sour bolus results in stronger
muscle contraction, which is demonstrated by the mea-
surement of EMG activity, and thus justifies the possible

use of a sour bolus as part of oropharyngeal dysphagia



Table 1

Oral transit and residues after swallows of a neutral, sweet, sour and bitter bolus in patients with

stroke (n=36) and controls (n=30). Mean (SD)

Transit (s) Residue (%)
Tastes Controls Stroke ? Controls Stroke ?
Neutral 0.53 (0.34) | 0.60 (0.33) 0.16 12.1 (9.3) 15.6 (7.9) 0.73
Sweet 0.53 (0.33) | 0.73 (0.44) 0.01 15.7 (12.0) | 15.0(9.6) 0.65
Sour 0.48 (0.28) | 0.72 (0.66) 0.01 13.7 (6.9) 13.1 (9.2) 0.51
Bitter 0.47 (0.27) | 0.68 (0.50) 0.01 14.3 (6.9) | 15.7(10.3) 0.35
Table 2

Pharyngeal transit, clearance and residues after swallows of a neutral, sweet, sour and bitter bolus in patients with stroke (n=36)
and controls (n=30). Mean (SD)

Tastes Transit (s) Clearance (s) Residues (%)
Controls Stroke ? Controls Stroke ? Controls Stroke ?
Neutral | 0.39 (0.15) | 0.40 (0.15) 0.71 0.72 (0.20) | 0.75(0.30) 0.69 7.40(6.1) 10.90(6.5) 0.01
Sweet 0.36 (0.13) | 0.52(0.30) | <0.01 | 0.69 (0.20) | 0.90(0.46) 0.01 8.40(8.0) 10.10(6.5) 0.09
Sour 0.38 (0.13) | 0.49 (0.23) 0.07 | 0.68(0.19) | 0.81(0.24) 0.03 6.30(3.8) 10.40(6.9) | <0.01
Bitter 0.40 (0.14) | 0.44 (0.15) 0.31 0.72(0.17) | 0.80(0.28) 0.26 7.10(5.2) 11.40(7.2) | <0.01

treatment®'. However, the sour bolus is the most difficult
bolus taste to recognize by patients with stroke’. Among
the patients included in this investigation, the identifica-
tion of bitter and sour bolus tastes had a less frequent
identification than sweet and neutral bolus tastes?. It is
not clear if the alteration of EMG activity with the sour
bolus is dependent on the perception of taste. Peripheral
taste signals are modulated and relayed through the nu-
cleus tractus solitarius and the taste nucleus of the thala-
mus projecting bilaterally onto the anterior insula®. The
insula is the cortical site for taste processing in humans®.
Taste pathways may be involved by the cerebrovascular
lesion. Although there is a response of muscle function
to bolus taste, the control subjects did not have alteration
of oral and pharyngeal transit with the different boluses.
It is possible that the swallowing in these normal subjects
is not changed by bolus taste because the bolus response
is already the most appropriate for the bolus volume and
consistency swallowed. In patients with stroke, the swal-
low is impaired and the bolus characteristic might change
the swallow to a similar behavior of normal subjects. It
is not clear if the bolus taste alone has influence in oral

and pharyngeal transit, but when associated with cold

temperature, the pharyngeal transit is closer to that of
controls””.

The findings on the oral and pharyngeal transit
of this investigation showed that there was no difference
among the flavors for each group separately. As the initial
hypothesis was that the flavors cause differences on the
swallows, in terms of oral and pharyngeal transit dura-
tion, the results did not confirm this hypothesis. Previ-
ous investigation did not find difference between patients
with stroke and controls in oral transit, pharyngeal transit
and pharyngeal clearance after swallows of a 5 mL bolus
of water, which has a neutral taste'. These patients were
able to have oral feeding and most of them did not have

dysphagia, thus the oral function seems to be preserved.

CONCLUSION

Therefore, we conclude that the duration of oral
and pharyngeal transit and clearance are longer in stroke
patients than in controls. The amount of pharyngeal resi-
dues after swallows is higher in stroke patients than in
controls. The bolus taste alone does not affect the oral
and pharyngeal swallowing in patients with stroke and

normal subjects.
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