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A B S T R A C T

Introduction: Even the most modern radiation techniques still result in some degree of toxicity to adjacent
normal tissues. Consequently, the radiotherapy treatment in head and neck neoplasms potentially leads to
gustatory dysfunction even in cases when the treatment area is outside or adjacent to the oral cavity. In this
study we quantitatively and qualitatively assessed gustatory function in patients with head and neck cancers who
underwent radiotherapy inside and outside of the oral cavity.
Methods: Fifty-six patients with head and neck cancer responded to a specific questionnaire and had their
gustatory function tested before, immediately after, and at 3 and 6 months following radiotherapy treatment.
The irradiation field did not include the oral cavity in 29 patients and included it in 27 patients.
Results: All patients suffered a severe loss of taste immediately after radiotherapy. The identification of sweet
and bitter tastes decreased in both groups, but the sour decrement was exclusive to those who had the oral cavity
irradiated. Fourteen percent of patients complained of qualitative changes of taste, namely taste distortions. No
impact of xerostomia on the taste measures was apparent.
Conclusion: We found that patients with head and neck neoplasms submitted to radiotherapy have disturbed
taste even when irradiation does not include the oral cavity. This deficit is worse immediately after the end of
radiotherapy. Our findings do not support the hypothesis that decreased salivary flow is the major cause for
radiation-induced changes in taste function.

Introduction

Radiotherapy in patients with head and neck cancer can lead to
taste disturbances when the focus of the radiation includes the oral
cavity [1–10]. Among symptoms are partial or total loss [1–2], dys-
geusia (distortion of gustatory sensation), and phantogeusia (gustatory
sensations in the absence of stimuli) [11] – symptoms that can lead to
nutritional deficits, reduced quality of life, and depression [12–19].
Presently the degree of reversibility of gustatory loss after completion of
radiotherapy is not entirely clear and heterogeneous findings abound
[1,6,8,10,20–23]. This suggests that there is considerable individual
variation in susceptibility to taste dysfunction from radiotherapy of the
head and neck region.

Despite the strong evidence that direct irradiation of the oral cavity

can impair taste [1,2,4], whether or to what degree head and neck
radiation outside the oral cavity impacts taste is not known. Even
though improvements in limiting the field of radiation have been made,
current radiotherapy techniques, such as three-dimensional conforma-
tional radiotherapy (3DCRT), intensity modulated radiotherapy
(IMRT), stereotactic radiotherapy, and volumetric arc therapy, still
produce some degree of toxicity in normal surrounding tissues [20–23].
Therefore, gustatory function may potentially be compromised in head
and neck radiotherapy patients even when the irradiation field does not
directly focus on the oral cavity.

In this study, we quantitatively assessed gustatory function in pa-
tients with malignant tumors of the head and neck whose oral cavities
had been exposed directly or indirectly to the field of radiotherapy. To
assess changes over time, testing was performed before, immediately
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after, and at 3 and 6 month intervals following the completion of
radiotherapy treatment. Our objectives were to verify and compare the
degree of recovery of the gustatory function after direct and indirect
irradiation of the oral cavity, calculate the prevalence of qualitative
disturbances of such treatments, assess whether each of the four basic
taste qualities were impacted differentially, and determine the asso-
ciation of radiotherapy-induced xerostomia with the taste test mea-
sures.

Methods

Design

Fifty-six patients with head and neck malignant neoplasms were
examined before, immediately after, and at 3- and 6-month intervals
following the completion of radiotherapy treatment. Data were col-
lected at a tertiary hospital between December 2012 and November
2015. Individuals with previous gustatory complaints, upper airway
infections, history of head trauma, chemotherapy introduced after
radiotherapy, neurological or psychiatric illnesses (except depression),
submitted to glossectomy or surgical excision of the submandibular
gland and fewer than 50% of completed test items in the initial gus-
tatory test were excluded. Three patients were tracheostomized, and
none had percutaneous endoscopic gastrostomy. Patients were divided
into two groups according to the planning target volume (PTV). One
included those patients on which PTV included the oral cavity (direct
group; Table 1), and the other those whose radiotherapy did not include
the oral cavity (indirect group). All patients provided written informed
consent and the study was approved by the local ethics committee.

Radiotherapy

Patients were treated using conventional radiotherapy with two
opposite and lateral irradiation fields and a low anterior cervical field.
Each patient received 25 fractions of 1.8 Gy/day in the first treatment
phase, totaling 45 Gy. After this period, marrow collimation and three
sessions of 1.8 Gy/day - totaling 50.4 Gy - were performed. Finally, a
BOOST of 10 more sessions of 2 Gy/day was performed at the lesion
site, with the total received of 70.4 Gy. Some individuals were treated
differently according to the location of the lesion. Patients with parotid
tumors received the radiation in incident fields only on the side of the
lesion, forming an angle of 40–50° between them, divided into 35

fractions of 2 Gy/day, totaling 70 Gy. Patients with tumors in the lar-
yngeal region received irradiation in two parallel and opposing fields,
with an angle of 180°, at a dose of 2 Gy/day in 30 fractions, totaling
60 Gy.

Gustatory function and xerostomia

Gustatory function of the four classic taste qualities was tested using
a modified global gustatory test [24]. Solutions used were NaCl 0.31 M
(for salt), citric acid 0.015 M (for sour), sucrose 0.49 M (for sweet), and
caffeine 0.04 M (for bitter). The solutions were presented as oral sprays.
The examiner presented 16 tastes (four of each type) from a pre-de-
termined random order. Patients were asked to perform the test without
knowing the taste of each vial. The patients were required to choose, on
a given trial, whether the sensation was perceived as sweet, sour, bitter
or sour. An answer was required even if no taste sensation was evident
(i.e., the test was forced-choice). The test score was the total number of
correct answers (0 to 16 points). Gustatory function was classified as
normogeusia (13–16 correct answers), mild hypogeusia (10–12),
moderate hypogeusia (7–9), severe hypogeusia (4–6), and ageusia
(< 4).

The evaluation of the qualitative taste disorders (dysgeusia and
phantogeusia) of the taste was carried out through a questionnaire. All
patients were questioned, at each evaluation, about the occurrence of
taste distortions in the presence or not of a gustatory stimulus. If so, the
participant was invited to describe the event that occurred. Dysgeusia
was defined as a distorted perception of the taste and phantogeusia as a
gustatory perception in the absence of external stimulus [11]. Hypo-
geusia complaints were not considered among qualitative disorders. All
patients were questioned about the occurrence of salivation disorders,
such as tongue or oral mucosal dryness before the start of radiotherapy,
in the end, 3 and 6 months after radiotherapy.

Statistical analysis

After verification of normality by the Shapiro-Wilk test, we com-
pared age, irradiation dose focused on the tumor, and global gustatory
test scores using the Student's t-test among the two groups. Gender,
chemotherapy, smoking, prevalence of qualitative alterations of palate
and staging were compared using the Fisher's Exact Test. The global
gustatory test scores were compared among groups using a random-
effect mixed model with repeated measures, with the factors of the time

Table 1
Patient characteristics of the direct or indirect oral cavity radiation groups.

Direct group Indirect group P value****

Subjects (n) 29 27
Local Oropharynx (3), oral cavity* (13), hypopharynx(1)**,

nasopharynx (7), parotid gland (3);
Larynx *** (20), hypopharynx (2), cervical nodes (4),
medulloblastoma (1);

Age (mean, range) 54.8(20–76) 59.7(29–80) 0.11
Sex (m = male, f = female) 23 m, 4f 25 m, 4f 1.0
Radiotherapy to primary site (Gy) 69.2 64.3 0.003
Chemotherapy 58.6% 62.9% 0.78
Previous chemotherapy 51.7% 44.4% 0.60
Concomitant chemotherapy 43.7% 57.1% 0.51
Smoking 79.3% 70.3% 0.54
Xerostomia after radiotherapy 85.7% 60.8% 0.06
TNM classification I 1 I 3 0.35

II 9 II 8
III 8 III 10
IV 11 IV 5
na 0 na 1

na = not applicable.
* Oral cavity: base of the tongue, tonsils, palate.
** Although the tumor was located in the hypopharynx, the planning target volume (PTV) included the tongue.
*** Larynx: supraglottis, infraglottis, glottis.
**** Based on Fisher’s Exact and T Tests.
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of the visit (pre, immediately post therapy, and 3 and 6 months after
therapy), direct or indirect radiotherapy to the tongue, and the inter-
action between visit with tongue being a radiotherapy target or not. The
Wilcoxon Mann-Whitney test was used to compare separately the
number of correct answers from each of the 4 flavors throughout the
follow-up period in the direct and indirect groups. Multiple linear re-
gression was used to verify the possible effects of gender, age, history of
smoking, staging, xerostomia, and previous or concomitant che-
motherapy, on the post-radiotherapy taste function. The dependent
variable in this model was the initial taste test score minus that of the
end of the radiotherapy treatment. Significance level was set at 5% and
power at 90%. Considering a mean pre-radiotherapy score of 13, post-
radiotherapy of 10, and a standard deviation of 2.0, 11 patients were
needed in each group to make the planned comparisons.

Results

As shown in Fig. 1, both groups showed a decrease in mean gusta-
tory test scores immediately after radiotherapy [direct group = −5.4
points (CI 95% −7.5 to −3.4; p < 0.001; indirect group = −3.4
points (CI 95% −5.3 to −1.5; p < 0.001)]. Patients’ gustatory mean
scores returned to baseline values by six months after the end of
radiotherapy (p = 0.89). Although the group indirectly irradiated in
the oral cavity tended to present a slower recovery than that of the
direct group three months after radiotherapy, this effect was not sta-
tistically significant (p = 0.34).

Fourteen percent of patients presented qualitative taste distortions
during and after radiotherapy. This phenomenon tended to be more
prevalent in the group irradiated directly to the mouth (19% vs 8.7%),
although the difference was not statistically significant (p = 0.40).
Some patients complained of phantogeusia (e.g., presence of a sour
taste in the mouth) or dysgeusia (described as changes in food texture,
water with bad taste, and a continuous salty taste). One patient had a
referred palate paresthesia, an atypical symptom. In one third of the
cases, qualitative distortions started 3 months after the end of treat-
ment. The remaining cases occurred during radiotherapy or shortly
after its end.

There was a partial taste loss for sweet and bitter immediately after
radiotherapy in both groups (Figs. 2 and 3). Also, at this time, only
patients in the direct group presented partial loss for the sour tasting

stimulus (p = 0.02). All directly irradiated individuals recovered com-
pletely their gustation three months after radiotherapy, as measured by
our tests (p = 0.11). On the other hand, patients in the indirect group
only recovered initial capacity of sour identification at 6 months after
radiotherapy.

The presence of xerostomia was evaluated in each interview to as-
sess its association with recovery and gustatory loss. All patients in the
direct group received radiation in the major salivary glands. After
radiotherapy, 87.5% of these patients reported xerostomia versus
61.9% in the indirect group, a difference that was not statistically sig-
nificant (p = 0.09). In the third evaluation, 100% of the patients in the
direct group reported xerostomia after their taste function had returned
to normal. This contrasts with 60.9% of the patients in the indirect
group.

Gustation loss immediately after the end of radiotherapy was not
influenced by sex, age, field of radiotherapy, previous or concomitant
chemotherapy, xerostomia, staging, or smoking behavior of the patients
(Table 2).

Discussion

In addition to confirming previous findings of the deleterious effect
of direct radiotherapy of the oral cavity on taste function [1,4–5,7,25],
our study demonstrates, for the first time, the independent negative
effect of indirect irradiation to the oral cavity on such function. This
effect was present after controlling for age, previous or concomitant
chemotherapy, smoking, tumor stage, and xerostomia. Intensity-
modulated radiotherapy and inferior radiotherapy techniques, due to
the intrinsic properties of the beam photons, generate a low to mod-
erate dose of irradiation in tissues beyond the immediate focal area and
presumably is the basis of our finding [23]. Although some authors
have demonstrated harmful effects of radiation on gustatory function
when applied in different parts of the tongue [4,21] or in different re-
gions of head and neck [10], none had excluded the oral cavity from the
treatment field. Our study is the first to document that damage to
gustatory function can occur even when the radiation field does not
directly involve the tongue and, consequently, the taste buds.

Regarding qualitative gustatory disturbances, this study is the first
to show that dysgeusia and phantogeusia also occur in some patients
when irradiation is not directly applied to the oral cavity. As with
lessened function, the potential cause is also the spreading of small
doses of radiation to the oral cavity. The prevalence of qualitative
gustatory distortion in the group directly irradiated to the mouth of our
sample was 19%, similar to 15.2% estimated by McLaughlin et al. [10].
As would be expected, we found a higher prevalence of qualitative
changes in taste function in the group whose oral cavity was the target
of the radiation and who received higher doses of radiotherapy (19%
direct group vs. 8.7% indirect group). In regard to the type of changes,
previous studies depicted presence of a persistent metallic or bitter
taste, tingling sensations, and burning [10,11]. We observed that some
subjects perceived a sour taste in the mouth, changes in the perception
of food texture and in the taste of water, and persistent salty sensations.
Previous research has found that head and neck patients who experi-
ence qualitative disturbances of taste from radiotherapy exhibit greater
weight loss than those who do not experience such disturbances [10].

We found that the capacity to identify sweet, bitter and sour tastes
was affected by radiotherapy. These changes were more pronounced in
individuals irradiated directly in the oral cavity. Previous studies have
shown that the detection of all four classic tastes (sweet, bitter, sour,
and salty) is affected by radiotherapy, being bitter and sweet the most
impacted [1,7]. This fact suggests that the sweet and bitter identifica-
tion capacity is more sensitive to external aggressions or that a smaller
number of cells in the gustatory bud are capable to perceive sweet and
bitter. Probably, in our sample, salt identification was not compromised
because the higher concentration of NaCl in the test employed com-
pared to previous studies. In chemosensory research, standardization of
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Fig. 1. Mean score in the gustatory test before and after radiotherapy between
patients who received direct and indirect radiation in the oral cavity for head
and neck cancer treatment. There was a significant decrease in gustatory
function after radiotherapy in both groups (ps < 0.001). Three months after
the end of the radiotherapy, the direct group returned to normal rates. The
indirect group returned to gustatory function baseline only by the sixth month
after radiotherapy.
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the tests in the studies done worldwide is a goal that has yet to be
achieved.

The concept that xerostomia, per se, is the direct basis for the de-
creased taste function of those patients whose major salivary glands
were impacted by radiation (100% of cases of direct radiation of the
oral cavity) does not receive strong support from our findings. In accord
with evidence that xerostomia is commonly difficult to resolve [24,26],
the gustatory function of our patients returned to normal three months
after radiotherapy even though all of the patients continued to report
the presence of xerostomia. While it is possible that at some point
xerostomia had some degree of impact on taste function, such an impact
did not reverse return of taste function over time. A more likely ex-
planation of our findings is the role of cellular apoptosis within the taste

buds and the reduction and subsequent replacement of the gustatory
cells responsible for the dysfunction [8,27].

It is important to note several potential limitations of our study.
First, because much of “taste” is really due to smell (via molecules
reaching the olfactory epithelium via the nasopharynx during degluti-
tion) [28], a number of our patients’ complaints of taste dysfunction
could reflect radiation effects on the olfactory system. Second, to in-
crease the participation and adherence of the patients to the study
protocol, we chose a brief whole-mouth test that focused only on the
ability to identify classic taste sensations. Hence, threshold sensitivity,
which may be more sensitive to taste deficits, was not assessed.
Moreover, the ability to taste other agents known to activate taste re-
ceptors, such as umami, was also not evaluated. Third, although the

Fig. 2. Mean of the four taste qualities in the direct irradiation group. At the end of radiotherapy there was a statistically significant decrease in the ability to identify
sweet, bitter and sour.

Fig. 3. Mean of the four taste qualities in the indirect group. At the end of radiotherapy there was a statistically significant decrease in the identification capacity of
sweet and bitter.

J.L. Barbosa da Silva, et al. Oral Oncology 95 (2019) 115–119

118



whole-mouth approach to testing is a direct assessment of a patient’s
overall perception of taste, it may have underestimated radiation-in-
duced damage to more specific regions of the tongue given the com-
pensation from redundancy of innervation of the taste buds by multiple
cranial nerves [29] (Doty et al., 2015). Finally, due to the gravity of the
disease and morbidity of the treatment, many patients did not complete
the study protocol as a result of death or indisposition to repeat the
tests.

Conclusion

Our study indicates that patients undergoing head and neck radio-
therapy suffer from severe loss of taste bud-mediated taste sensations.
The impairment not only occurs when the oral cavity is direct irra-
diated, but also the irradiation field is not focused on the oral cavity.
The deficit is worse immediately after the end of radiotherapy. Some
patients have qualitative taste distortions after radiotherapy, regardless
of whether the taste buds were directly or indirectly irradiated. The
most affected gustatory bud cells were found to be those responsible for
the detection of sweet, bitter and sour sensations. Decrease in salivary
flow due to radiotherapy does not appear to be the primary basis for the
radiation-induced changes in taste function.
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