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Evaluation of gustatory functions in patients with
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Abstract

Objective: The aim of the study is to evaluate the gusta-
tory functions in patients with laryngopharyngeal reflux
(LPR).

Methods: The study population consisted of the control
and the reflux groups. There were 50 patients in each
group. Reflux symptom index and reflux symptom scor-
ing system were used in the diagnosis of reflux group.
These two groups were subjected to taste test described
by Goins et al., and taste test was applied separately to
the back, middle and anterior parts of the tongue and
the results were compared.

Results: When the demographic characteristics of the
groups were compared, there was no statistical dif-

Gastroesophageal reflux (GER) is the backward escape of
stomach contents into the esophagus without retching or
vomiting." However, it has been reported for the first time
since the late 19th century that GER may also cause extrae-
sophageal complications.” Clinically, typical form of GER
is characterized by symptoms of retrosternal burning and
regurgitation, which are caused by esophagitis involving
lower esophageal segment. In atypical GER, in which typ-
ical symptoms are not predominant, clinical manifestations
vary according to the system or organ in which the signs or
symptoms are manifested.”' In these atypical forms of the dis-
ease, also called extraesophageal clinical signs or supra- eso-
phageal complications, symptoms and findings affecting the
larynx, pharynx, oral cavity, nose, paranasal sinuses and lungs
may be encountered.™”

ference in terms of sex, age and smoking habit. In our
study, we found a statistically significant decrease in the
perception of bitterness, sourness and salty taste at the
back, mid- dle and 1/3 anterior part of the tongue in the
LPR group when com- pared to the control group. There
was no significant difference between groups in terms of
sweet taste.

Conclusion: While laryngopharyngeal reflux disease af-
fect negatively the salty, bitter and sour taste functions,
we found the sweet taste as the most resistant taste to
LPR. Histopathological examination in animal exper-
iments may be useful in order to prove the hypothesis
concerning loss of taste caused by LPR.

Keywords: Larynngopharyngeal reflux, loss of taste, re-
flux symptom index, reflux symptom score.

The forceful backward escape of the stomach contents
through the upper esophageal sphincter without retching
or vomiting is defined as extra-esophageal reflux (EER), su-
pra- esophageal reflux or laryngopharyngeal reflux (LPR)."”
LPR is an atypical form of gastroesophageal reflux. With the
identification of LPR that is among the laryngopharyngeal
manifestations of GER, hundreds of studies on the diagno-
sis and treatment of LPR have been performed up to day."”
With the development of diagnostic methods, the number of
patients diagnosed with LPR has increased in recent years.
Recent studies have shown that between 4% and 10% of the
patients admitted to the otorhinolaryngology clinics are re-
ceiving the diagnosis of LPR.""

Taste is a chemical sense just like smell and plays an im-
portant role in one’s quality of life.” Taste generally means
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recognizing and identifying the melted stimuli in the mouth.
While receptors receiving sense of taste are present in the
fetus and genetic factors play a role in the preference of taste,
this preference generally occurs with experience and may
vary according to the needs of the body.” Smell, touch and
eyesight also affect this preference. Though taste disorders
are frequently seen, it may be overlooked by the patient or
skipped by a physician who considers these tests to be te-
dious and time-consuming. Many factors such as infection,
drug use, genetics, and trauma lead to impairment of gus-
tatory functions. However, these disorders need to be diag-
nosed accurately, as they can indicate a serious illness and
may affect various aspects of patient’s private life as nutrition,
taste and personal hygiene.

Many studies have been conducted in the literature on
the possible adverse effects of laryngopharyngeal reflux, but
studies on gustatory functions seem to be inadequate. Our
aim in this study is to investigate the effects of LPR disease
on gustatory functions.

Materials and Methods

In order to perform this study, the approval of the Ethics
Committee of Zonguldak Biilent Ecevit University Ap-
plication and Research Hospital was obtained (date: 05.
20.2014, decision no: 2014/10).

"This study was carried out on 100 patients as a prospec-
tive randomized clinical trial in Zonguldak Biilent Ecevit
University Application and Research Hospital between April
1,2014 and April 1, 2015 to evaluate the gustatory functions
in LPR patients. Required information about informed con-
sent was provided to all individuals who partic- ipated in the
study and their consents were obtained. Then, relevant data
were collected.

After EN'T examination of the reflux group participated
in the study was performed, reflux symptom index (RSI) and
reflux symptom score (RSS) forms that evaluate LPR and
developed by Belafsky and Koufman were filled out. Pa-
tients receiving more than 13 and 7 points from RSI and
RBS tests, respectively, were considered to have LPR and
taste tests were applied.

Regional taste test described by Goins et al. was used.
The control group was also subjected to EN'T examination
and the same taste test. In both groups (reflux and control
groups), patients with chronic sinonasal infections, allergic
rhinitis, active upper respiratory tract infections, septum
deviations, nasal polyps, chronic otitis media, history of ear
surgery for any indication and/or head trauma, patients who
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have lost their gustatory sensation after upper respiratory
tract infection, patients with malignancies related to intrac-
ranial and taste pathways, patients receiving RT due to head
and neck malignancies, individuals who had drug use history
due to chronic diseases, patients who lost their sense of smell
for any reason and those with psychiatric or neuro- logical
diseases were excluded from the study.

Regional Taste Test application

The taste test used in this study is a regional taste test devel-
oped by Goins et al. to assess cranial nerves receiving taste
sensation. The solutions were prepared with sterile deion-
ized water and stored at +4°C. The solutions were applied to
the 3 regions of the tongue (anterior, middle and posterior
parts) with sterile cotton tipped applicator. Sodium chloride
(saline, 0.32 molar), sucrose (sweet, 1.2 molar), caffeine (bit-
ter, 0.041 molar), citric acid (sour, 0.041 molar) were used as
stimulants. Stimuli were applied from midline to anterior,
middle and posterior regions of the tongue. Sumuli to each
region were applied at 1 minute intervals. Then the patient
was asked to compare the gustatory senses he/she perceived
at anterior, middle and posterior parts of the tongue Scoring
was done to assess the sense of taste of the groups. Indi-
viduals who did not perceive any sense of taste and those that
lightly perceived received 1+ point. Patients who per- ceived
the taste moderately or strongly received 2+ and 3+ points,
respectively. Before application of each stimulus, the mouth
was rinsed with water. The patients were asked not to eat,
drink, smoke or use a toothbrush for one hour before the
taste test.

Statistical analysis

Data were analyzed using the IBM Statistical Package for
Social Sciences v19 (SPSS Inc., Chicago, IL, USA). A nor-
mal distribution of the quanttative data was checked using
Shapiro-Wilk test. Parametric tests were applied to data of
normal distribution and non-parametric tests were applied
to data of questionably normal distribution. Continuous
data were presented as meansstandard deviation or median
[minimum-maximum)], as appropriate. All differences asso-
ciated with a chance probability of 0.05 or less were consid-
ered statistically significant.

Results

A hundred patients who applied to ENT Clinic of Bulent
Ecevit University Medical Faculty Hospitals between
01.04.2014 and 01.04.2015 were included in our study. The
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patients were divided into two groups. Each group consist-
ed of 50 patients. The control group consisted of 25 (50%)
female and 25 male (50%) patients. Reflux group comprised
of 29 (58%) female and 21 (42%) male patients. There were
no gender differences between the groups (p=0.422). The
mean ages of the participants included in the study were
38.1£10.4; 37.72+10.38 (range: 20 to 59) and 38.56+10.54
(range: 17 to 60) years in the control and reflux groups, re-
spectively. No statistically significant difference was found
between the groups (p=0.712). Twenty (40%) out of 50 pa-
tients in the control group were smokers and 30 patients
(60%) were non-smokers. Of the 50 patients in the reflux
group, 19 (38%) were smokers. The remaining 31 patients
(62%) were non-smokers. No statistically signifi- cant differ-
ence was found when the groups were examined in terms of
smoking habit (p=0.838).

Intergroup differences regarding the perception of
tastes according to the tested part of the tongue are shown in
Table 1. When the levels of salty taste perceived at the pos-
terior 1/3, middle 1/3 and anterior 1/3 parts of the tongue
were compared between the groups, a statistically significant
difference was found (p=0.001, p=0.002 and p<0.001, respec-
tively). A statistically significant intergroup difference was
not found when the sweet taste levels per- ceived at the pos-
terior 1/3, middle 1/3 and anterior 1/3 parts of the tongue
were compared (p=0.160, p=0.815 and p=0.096, respective-
ly). A statistically significant intergroup difference was found
when the bitter taste levels perceived at the posterior 1/3,

middle 1/3 and anterior 1/3 parts of the tongue were com-
pared (p<0.001, p<0.001 and p<0.001, respectively). A statis-
tically significant difference was found when the sour taste
levels perceived at the posterior 1/3, middle 1/3 and anterior
1/3 parts of the tongue were com- pared (p<0.001, p=0.002
and p<0.001, respectively).

Discussion

Although the symptoms of LPR are considered to be voice
distress, throat clearing, night-choking sensation, post-nasal
discharge, earache, chronic cough and swallowing difficulty,
many of these symptoms are non-specific and often they
should be correlated with laryngoscopic evaluation to sus-
pect a diagnosis.”"” Among laryngoscopic findings, interary-
tenoid erythema, edema, pseudosulcus, ventricular oblitera-
tion and postcricoid hyperplasia are more prominent."” In
our study, complaints of throat clearing were detected in 32
(64%), feeling of postnasal discharge in 11 22%), hoarse-
ness in 7 (14%), swallowing difficulty in 14 (28%),choking
sensation in 4 (8%) and chronic coughing in 6 (12%) pa-
tients. Endoscopic examination revealed interarytenoid
edema in 38 (76%), erythema in 29 (58%), posterior com-
missure hypertrophy in 24 (48%) and vocal cord edema in
17 (54%) patients.

According to the literature, two mechanisms are held re-
sponsible for the pathophysiology of LPR. First one is the
irritation caused by gastric acid in the esophagus stimulates
the vagal reflex, which in turn leads to cough and bron- chos-

Table 1. Distribution of tastes, regions of the tongue and taste scores in patients with and without reflux (the values given in the Table are ex-

pressed as number of persons and percentages).

Control, n (%)

Reflux, n (%)

3+ 2+ 3+ 2+ 1+ p-value
Salty taste Posterior 1/3 26 (52%) 20 (40%) 4 (8%) 15 (30%) 15 (30%) 20 (40%) 0.001
Middle 1/3 22 (44%) 16 (32%) 12 (24%) 8 (16%) 15 (30%) 27 (54%) 0.002

Anterior 1/3 29 (58%) 18 (36%) 3 (6%) 11 (22%) 20 (40%) 19 (38%) <0.001

Sweet taste Posterior 1/3 25 (50%) 22 (44%) 3 (6%) 24 (48%) 17 (34%) 9 (18%) 0.160
Middle 1/3 20 (40%) 18 (36%) 12 (24%) 22 (44%) 15 (30%) 13 (26%) 0.815

Anterior 1/3 34 (68%) 13 (26%) 3 (6%) 25 (50%) 16 (32%) 9 (18%) 0.096

Bitter taste Posterior 1/3 20 (40%) 24 (48%) 6 (12%) 7 (14%) 8 (16%) 35 (70%) <0.001
Middle 1/3 22 (44%) 16 (32%) 12 (24%) 7 (14%) 13 (26%) 30 (60%) <0.001

Anterior 1/3 28 (56%) 14 (28%) 8 (16%) 4 (8%) 9 (18%) 37 (74%) <0.001

Sour taste Posterior 1/3 21 (42%) 25 (50%) 4 (8%) 5 (10%) 15 (30%) 30 (60%) <0.001
Middle 1/3 23 (46%) 19 (38%) 8 (16%) 10 (20%) 17 (34%) 23 (46%) 0.002

Anterior 1/3 29 (58%) 16 (32%) 5(10%) 8 (16%) 13 (26%) 29 (58%) <0.001
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pasm; and the second one is the direct destructive effect of
gastric acid which passes over the upper esophageal sphincter
and reaches the laryngeal pharynx resulting in adverse effects
of acid and activated pepsin on the mucosa.” Direct effect
of reflux acid on the laryngeal mucosa is more destructive
than its effect on the esophageal mucosa. This is because the
laryngeal mucosa lacks the protective effect of the carbon-
ic anhydrase enzyme. Some animal studies have shown that
reflux acid has a destructive effect on the laryn- geal mucosa
even within a few days.” In addition to direct effect of gastric
acid on cells, gastric pepsin, which has high protease proper-
ties, is also responsible from this direct effect. Pepsin has an
optimum effect between pH 2-3.5, and pepsin shows a rapid
destructive protease activity within this interval.""

In a study investigating the histopathological effects
of LPR, a mixture of acid and pepsin prepared in labora-
tory conditions was administered using an apparel to the
ani- mal models with induced vocal cord damage and local
ulcerative lesions and granulation formation were ob-
served in vocal cords after 4 weeks. In the same study, it was
stated that the inflammation score was higher in the reflux
acid-exposed cord and the collagen fibrin was increased
in the lamina propria of cords exposed to reflux acid."”
In a study conducted by Johnston et al., laryngeal tissue
biopsy was obtained from 9 patients with LPR dur- ing
pH monitoring and 12 control subjects and pepsin lev- els
were found to be statistically higher in the LPR-detect- ed
group than the control group."”In an animal model study
performed by Little et al., the researchers reported that re-
flux caused subglottic stenosis and formation of lesions on
laryngeal mucosa."”

Habesoglu et al. induced an experimental reflux model in
18 rats, and microscopic examination of soft palate of the ani-
mals exposed to reflux revealed a significant difference between
the control and study groups in terms of the hyperplasia, in-
flammation, subepithelial edema, muscular atro- phy, vascular
dilatation and dilated secretory gland channels in submucous
glands. In the background of histopathologi- cal evaluations,
they thought that these findings could show the relationship
between LPR and upper respiratory obstruction."”

In the literature, many clinical studies have discussed
the relation of LPR with larynx, pharynx, sinuses and middle
ear pathologies."”"” Among them, predominantly chron-
ic cough, laryngitis, recurring croup, subglottic stenosis,
globus, laryngeal carcinoma, sinusitis, adenoid hypertrophy,
laryngomalacia, recurrent ear pain and otitis media with ef-
fusion are seen.”™"*"
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Although histopathological and functional effects of
LPR on many organs have been investigated, there is in-
sufficient study of the effects of LPR on the tongue and
taste sensation. 'Taste is a chemical sense just like smell and
plays an important role in one’s quality of life. There are
approximately 7900 taste receptors in human mouth, sepa-
rated by subclasses according to their location, mor- phol-
ogy and innervations. Taste buds are mainly concen- trated
on the tongue. However, they are also found at the palate,
pharynx, epiglottis and upper end of the esophagus. Papilla
fungiformis is intensely settled at the tongue tip and is re-
sponsible for sweet tastes. Papilla foliata are con- centrated
on the edges of the tongue and are rather responsible for
sour tastes. The papilla circumvallata is located in front of
the sulcus terminals and is mainly responsible for the bitter
and sour taste in the 2/3 posteri- or part of the tongue.
There are about 2400 taste buds in the human body.”"

Clinical investigation of taste disorders is difficult be-
cause most of the patients with olfactory disorders also
complain of loss of taste. The reason is that 80% of the fla-
vor of the aroma in the meals is perceived together with
olfactory stimulants.”” Any mucosal disease, infections and
mucosal changes due to radiotherapy in the oral cavity and
bad oral hygiene affect the sense of taste. A decrease in taste
perception is observed in patients receiving RT directed at
the head and neck region. The mechanism of this loss of
taste has not been fully explained. Since the loss of taste after
irradiation of parotid is observed, it is stated that this situ-
ation is especially related to xerostomia. However, within a
few months after the end of the thera- py, the taste sensation
slowly recovers.”’ Zheng et al. eval- uated the patients’ taste
sensations during radiotherapy in a prospective study of 40
patients with head and neck can- cer. They examined the
relationship between the degree of taste disorder and time.
They hypothesized that taste disorders that occur during
radiotherapy may be due to damage to the taste buds in
the area of radiotherapy.”” The taste sensation may also be
affected iatrogenically. Among them, taste disorders due
to damage to the tym- panic cord after ear surgery are the
most frequently known functional disorders. Another one is
taste disorder due to injury to the glossopharyngeal nerve
or lingual branch of this nerve developed after tonsillecto-
my or uvu- lopalatopharyngoplasty.””

Various methods are being used to evaluate the gus-
tato- ry functions. Some of them are regional taste tests.
In a study by Landis et al.,”” the authors used the taste
test described by Mueller et al. to evaluate taste functions
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in patients with chronic otitis media and cholesteatoma.
This test was performed by applying the taste strips con-
taining 4 different concentrations of sweet, salty, sour and
bitter tastes to the tongue. In our study, we used the re-
gional taste test described by Goins et al.””

In our study, the reduction in the perceptions of salty,
bitter and sour taste may be due to neuroepithelial effects
exerted on taste receptors as a result of mucosal changes
developed secondary to LPR. Chronic exposure of the lar-
ynx, pharynx and oral mucosa to acid and pepsin can also
lead to deterioration of the salivary secretion, which may
result in decreased taste perception. In addition, impaired
taste and impaired oral hygiene after chronic exposure to
acid and pepsin may also contribute to this reduction. In
our study, we detected the sweet taste as the most resist-
ant of the four main taste senses to acid. The resistance
of sweet taste to acid may be due to the high concentra-
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