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Abstract: Taste and smell are considered to be functions that contribute to the maintenance of good
nutritional status. The present study evaluates taste and smell function in patients with burning
mouth syndrome (BMS) versus a control group. A cross-sectional study was made of 36 consecutive
patients with BMS and 56 healthy patients. Smell was assessed using the Sniffin” Sticks test, while
taste was evaluated with Taste Strips. Oral quality of life was assessed with the Oral Health Impact
Profile-14 (OHIP-14), and the severity of dry mouth with the Thompson Xerostomia Inventory.
The patients with BMS had a mean age of 60.4 & 10.5 years, while the controls had a mean age
of 61.3 £ 19 years. No significant differences in smell were recorded between the two groups. In
contrast, significant differences in taste function were observed between the patients with BMS and
the controls. In the patients with BMS, 44.4% suffered taste alterations compared with the 3.4%
healthy controls. Further studies in such patients are needed to allow improved management of the
chemosensory problems, mouth dryness, and oral health-related quality of life in BMS.
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1. Introduction

Burning mouth syndrome (BMS) is a chronic condition characterized by pain and/or
burning sensation in the oral cavity, in the presence of an oral mucosa of normal appearance
and with no local or systemic disorders [1-3]. The prevalence of BMS ranges widely from
1-14.8%, depending on the diagnostic criteria used [1-3]. The syndrome affects mainly
women, particularly after menopause [1-5]. While the etiopathogenesis of BMS is not fully
clear, there is growing evidence defining it as a neuropathic pain disorder and, thus, a
direct consequence of a lesion or disorder affecting the somatosensory system [4,5], but the
gustatory system has also been implicated in this condition [2].

Taste alterations are common in patients with BMS and manifest as distorted taste
sensation, dysgeusia, or phantom taste perception [6,7]. Taste and smell disorders receive
little attention but can adversely affect food intake and the choice of foods, giving rise to
malnutrition, immune disorders, and worsening of diseases [8,9].

Smell sensation, such as the smell of a rose or lemon, is mediated by the first cranial
nerve (olfactory nerve), while somatosensory sensations, such as warm, cold, or irritant, are
mediated by the ophthalmic and maxillary divisions of the fifth cranial nerve (trigeminal
nerve). The smell receptors are located within the olfactory neuroepithelium, a region found
in the cribiform plate, superior nasal septum, and the posterior segment of the superior
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concha. The free nerve endings of the fifth cranial nerve are distributed throughout the
nasal respiratory epithelium, including the regions of the olfactory neuroepithelium [9-11].

Taste sensation, in turn, is mediated by four peripheral nerve pairs: taste in the anterior
portion of the tongue is dependent upon the chorda tympani, a branch of the seventh
cranial nerve (facial nerve), while the posterior portion of the tongue and the pharynx are
dependent upon the ninth cranial nerve (glossopharyngeal nerve). The soft palate in turn is
dependent upon the superficial petrosal nerve (a branch of the seventh cranial nerve), and
taste sensation in the larynx/esophagus is dependent upon the tenth cranial nerve (vagus
nerve). The central taste pathways appear to be more divergent than the central smell
pathways. Taste sensation is based on 5 different core flavors: sweet, salty, acid, bitter, and
umami [5-7,12]. Parageusia and phantogeusia are qualitative taste disorders that cause
distorted or hallucinatory taste sensations in the presence, or absence, of external stimuli,
respectively. Collectively, taste disorders are grouped under the general terminology of
dysgeusia, a term that generally refers to any kind of impaired taste sensation [13,14].

The overall oral sensory experience is the interaction of smell, taste, irritation, texture,
and temperature and is defined as a perception resulting from the stimulation of a com-
bination of taste buds, the olfactory organs, and chemoesthetic receptors within the oral
cavity [10]. Indeed, this sensory interaction is what allows us to identify the different foods.
Any factor capable of affecting taste, smell, or tactile sensation will affect the flavor of food.
In this regard, saliva plays a role in the aforementioned sensory experience, contributing
to the acceptance of flavors [8,15-17]. In this regard, carbonic anhydrase VI (CA VI), a
secretory isozyme of the a-CA gene family highly expressed in the salivary and mammary
glands and secreted into saliva, has been shown by many papers to be involved in taste
perception, particularly bitter taste [18-20].

Taste alterations are found in 11-69% of all patients with BMS [21]. Of these subjects,
67-88% report phantom taste perception and 59-67% describe dysgeusia [22]. Phantom
taste perception is described as bitter, metallic, or both. Acid and bitter taste may be
described as more intense, sweet as more weak, and salty taste as more intense or weak
than before onset of the disease [21-25].

Studies on taste detection thresholds and taste intensity in patients with BMS have
confirmed the clinical findings of objective taste alterations in these patients [21-28]. In
BMS, the salty and bitter taste detection thresholds are reported to be increased [21].
Patients with BMS also experience difficulties in identifying and remembering the quality
of flavors [22]. A study involving taste strips found patients with BMS to be significantly
less sensitive than the controls to different taste solutions, such as saccharose, citric acid,
sodium chloride, and quinine hydrochloride [28].

Taste is closely linked to smell sensation, and any imbalance in this relationship affects
patient quality of life and feeding habits [24]. The present study was carried out to evaluate
taste and smell chemosensory function in patients with burning mouth syndrome (BMS)
versus a control group.

2. Materials and Methods

The present study was conducted in accordance with the ethical principles of the Dec-
laration of Helsinki and Good Clinical Practice and was approved by the Ethics Committee
of the University of Murcia (Murcia, Spain).

All subjects provided written informed consent before inclusion, and their partic-
ipation was coded throughout the course of the study. The reporting of data followed
the STROBE (Strengthening the Reporting of Observational studies in Epidemiology)
statement. The patients with BMS were recruited on a consecutive basis.

Inclusion criteria: patients over 18 years of age, diagnosed with BMS in department
Oral Medicine of the University of Murcia according to the criteria of the International
Headache Society (IHS) [29], which defines the disorder as an intraoral burning or dyses-
thetic sensation, manifesting for more than two hours daily over more than three months,
in the absence of clinically evident causal lesions.



Nutrients 2021, 13, 722

30f9

Exclusion criteria: patients with oral symptoms that could be attributed to conditions
other than BMS, such as oral lichen planus, lichenoid reactions, candidiasis, drugs or
diseases conditions known to affect taste sensation, patients receiving chemotherapy, indi-
viduals with upper respiratory viral infections, chronic diseases, such as gastroesophageal
reflux or diabetes, vitamin deficiencies, patients with a history of middle ear surgery,
oral infections, third molar surgery, the presence of materials causing contact sensitivity
reactions, chronic smoking, and pregnant women.

The healthy controls were recruited from the Dental School of the University of Murcia,
consisting of patients with the same sociodemographic characteristics as the patients with
BMS, and matched for age and gender.

The participants were instructed to avoid eating, drinking, and smoking for at least
one hour before the appointment. A trained professional in Oral Medicine compiled the
case history and the conduction of complementary examinations. The duration of the
disorder was also recorded.

Pain was scored using a visual analog scale (VAS) from 1-10 (0 = no pain, 10 = extreme
pain), which consists of a straight line with the endpoints defining extreme limits, such as
no pain at all and pain as bad as it could be. The subject is asked to mark his pain level on
the line between the two endpoints to indicate the level of pain they experienced.

2.1. The Sniffin” Sticks Test Smell Examination

Smell sensation was measured using the Sniffin” Sticks test (Burghart Messtechnik,
Wedel, Germany). The subjects identification test (were instructed to smell each of the
12 odor sticks and choose one of the four suggested answers describing the smell sen-
sation) [30]. The hood of each stick was removed for 3-4 s, and the stick was placed
approximately 2 cm from both nostrils of the patient. The participants were allowed to
smell the stick repeatedly if they were not sure about the smell sensation. A 30-s interval
was observed between the successive sticks. The participants were asked to choose a de-
scribing answer even if they smelled nothing or were not sure about the right answer—in
this case rejecting the most unlikely answers. The test result was provided by the score of
correct answers, based on a standardized classification: anosmia (score: 0-5), hyposmia
(score: 6-9), and normosmia (score: 10-12)

2.2. Taste Examination

Taste sensation was examined after providing the participants with a detailed expla-
nation of the test involved. Measures of taste function were obtained using validated filter
paper strips impregnated with solutions covering four basic or core taste qualities: sweet,
acid, salty, and bitter (sweet: 0.4 g/mL of saccharose; acid: 0.3 g/mL of citric acid; salty:
0.25 g/mL of sodium chloride; bitter: 0.006 g/mL of quinine hydrochloride) [31]. The taste
strips (length 8 cm, area of the tip 2 cm?) (Burghart Messtechnik, Wedel, Germany) were
gently rubbed onto the anterior portion of the extended tongue. The different taste qualities
were presented on a random basis, and the subjects were asked to identify the taste in
each case. An interval of about 25 s was observed between the successive strips. The
participants were allowed to rinse their mouth with water during the test. A dichotomic
scale was used to score taste perception (0 = correct identification of the taste, 1 = unable to
identify the taste). Those patients with alterations were questioned about the presence of
qualitative taste disorders or strange taste sensations in the mouth. The frequency (constant,
occasional) of these alterations was recorded.

2.3. Oral Health Impact Profile-14 (OHIP-14)

This questionnaire, in its short version, was applied. The instrument consists of
14 items that explore different aspects of oral function and quality of life. The patients were
questioned about problems relating to speaking, taste perception, eating discomfort, and
problems with dentures. The score ranged from 0-56, with higher scores corresponding to
poorer oral quality of life [32].
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2.4. Xerostomia Severity Test

The Xerostomia Inventory, validated by Thompson et al. in 1999, was used. The
test assesses the situation of dry mouth and consists of 11 questions that explore the
frequency of appearance of the defined symptoms during the last four weeks, scored from
0-5 (0 = never, 5 = always), with a maximum score of 55 points [33].

2.5. Statistical Analysis

Normal data distribution was assessed by the Kolmogorov-Smirnov test. The Student
t-test for independent samples was used to compare continuous variables with a normal
distribution in both the patient and control groups. A chi-square test was used to compare
dichotomous variables for smell or taste alterations in patients with BMS and healthy
controls. Statistical significance was considered for p < 0.05. The SPSS version 19.0 statistical
package for MS Windows (SPSS Inc., Chicago, IL, USA) was used throughout.

3. Results
The study sample consisted of 36 patients with BMS (6 males and 30 females) with a
mean age of 60.4 + 10.5 years, and 56 controls (13 males and 43 females) with a mean age

of 61.3 & 19 years. There were no significant differences between the two groups in terms
of either gender (p = 0.449) or age (p = 0.788) (Table 1).

Table 1. Description and comparison of demographic variables and habits of the two study.

Group
Total p-Value
Control Case
Gender, 1 (%) 0.449
1 Male 19 (20.7) 13 (23.2) 6 (16.7)
2 Female 43 (76.8) 30 (83.3)
Age, mean (SD) 60.9 (16.3) 61.3 (19.1) 60.4 (10.5) 0.788
Smoking, 1 (%) 0.933
Non-smoker 64 (70.3) 40 (71.4) 24 (68.6)
Smoker 14 (15.4) 8 (14.3) 6 (17.1)
Ex-smoker 13 (14.3) 8 (14.3) 5(14.3)
Alcohol, n (%) 0.117
No 65 (76.5) 36 (70.6) 29 (85.3)
Yes 20 (23.5) 15 (29.4) 5(14.7)

Statistical significance was established as p < 0.05.

With regard to smell sensation, none of the subjects in either group presented anosmia.
Two patients in the BMS group presented hyposmia, versus a single patient in the control
group, the difference being not significant (p = 0.407).

In relation to oral quality of life as assessed by the OHIP-14, the BMS group had
significantly poorer quality of life than the control group (27.5 £ 7.90 in the BMS group
versus 10.39 mean =+ 2.54 sd (standard deviation) and in the control group; p < 0.001).
The BMS group also presented significantly greater problems referred to dry mouth, as
evidenced by the Xerostomia Inventory (18.89 £ 10.6 in the BMS group versus 11.27 4 0.73
in the control group; p < 0.001).

A total of 44.4% of the patients with BMS presented taste alterations, versus a 3.4%
of the controls, the difference being statistically significant (p < 0.001). No significant
differences were recorded in the identification of sweet (p = 0.731) and salty taste (0.382)
between the controls and the patients with BMS, though significant differences were noted
in the identification of acid (p = 0.035) and quinine hydrochloride taste (p = 0.047).

In the present study, the most frequent tastes in the BMS group were a metallic flavor
at 11 (64%), followed by bitter sensation at 4 (23.5%), and others at 2 (11.8%). The taste was
described as being present most of the day on a constant basis in 58.8% of the cases, and
occasionally in 41.1%.
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The duration of BMS was 2.24 £ 2.2 years, and the VAS burning sensation-pain score
was 7.94 £ 1.89. Neither this score nor the duration of BMS affected identification of any of
the flavors evaluated (Table 2).

Table 2. Taste examination in patients with burning mouth syndrome (BMS).

Response, Mean (SD)

p-Value
No Yes
Taste alteration
VAS_burning pain
score (0-10) 7.85 (1.81) 8.07 (2.05) 0.743
Duration years 2.48 (2.56) 1.93 (1.71) 0.483
Sweet
VAS_burning pain
score (0-10) 9.67 (0.58) 7.78 (1.90) 0.1
Duration years 1.17 (0.76) 2.34 (2.29) 0.388
Salty
VAS_burning pain
score (0-10) 8.33 (2.08) 791 (1.91) 0.715
Duration years 1.50 (0.87) 2.31 (2.30) 0.552
Acid
VAS_burning pain
score (0-10) 7.57 (2.37) 7.72 (1.93) 0.871
Duration years 1.07 (0.53) 1.78 (0.97) 0.085
Quinine
Hydrochloride
VAS_burning pain
score (0-10) 8.33 (2.06) 7.31 (1.96) 0.232
Duration years 1.39 (1.11) 1.69 (0.81) 0.448

VAS: visual analog scale; (0 = no pain, 10 = extreme pain) Statistical significance was established as p < 0.05.
4. Discussion

Few studies to date have analyzed taste function in patients with BMS, and publi-
cations on smell sensation are practically no existent. Smell is one of the most important
evolutive defense mechanisms in humans. In the present study, we recorded no statistically
significant differences in smell function between the BMS group and the controls. The
intact olfactory system allows us to identify food in poor condition and to detect certain
toxic gases in the environment, for example, thereby contributing to avoid health risks.
Smell moreover plays a role in the experience of eating, emotions, and quality of life [9].

Reduced or distorted taste sensation is one of the characteristics of BMS. Our findings
are consistent with those of other studies [21-28] in that the patients with BMS showed
statistically significant differences in taste identification with respect to the control group
(p < 0.001). The taste alterations most frequently indicated by the patients corresponded to
metallic taste, followed by bitter taste.

An association between taste alterations and pain in BMS has been suggested. In
some cases, these taste-pain interactions may be a consequence of damage to the taste
perception system involving either the chorda tympani, with release from inhibition of
the glossopharyngeal nerve (alterations in taste, tact, and pain), or to the trigeminal nerve
(alterations in tact and pain) [25,34-36].

On the other hand, patients with BMS who have a greater density of fungiform
papillae [36] compared to healthy controls are known as “supertasters” [37]. Although
some studies have suggested that taster status may influence a different papillae density,
others [38] have argued against the use of papillae density in predicting taste sensitivity
and caution against imprecise use of the term supertaster

It has been shown that the intensity of pain characterizing BMS is correlated to the
density of the fungiform papillae at the tip of the tongue, and those individuals with a
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greater number of taste buds may also present higher density pain innervation, with this
possibly increasing the risk of suffering taste disturbances and oral pain. Other studies
have reported no differences in the density of the fungiform papillae between patients with
BMS and controls [23,34]. Thus, supertaster status could be attributable to differences in
taste sensitivity, which varies among individuals.

On the other hand, it must be taken into account that some cases of alterations in taste
sensitivity may be attributable to genetically inherited insensitivity to certain compounds
such as phenylthiocarbamide (PTC). Sensitivity to PTC and to other thiourea compounds,
such as 6-n-propylthiouracyl, is conditioned by genetic variations (e.g., single nucleotide
polymorphisms (SNPs)) of the TAS2R38 gene of the taste receptor [39]. In this study, we use
quinine hydrochloride as a proxy for bitter taste perception. However, quinine is known to
activate only some (i.e., 9) of the 25 TAS2Rs and is not able, per se, to summarize the overall
bitter taste perception [40,41]. Other studies [42,43]. have indeed used similar taste strips
containing other bitter-tasting compounds, such as PTC/) and salicin [44], to investigate
specific bitter perceptions

Studies on taste dysfunction in patients with BMS pose problems, particularly in
relation to the diagnosis and classification of cases as corresponding to either primary
or secondary BMS [1-3]. Some studies offer little or no information on patient selection
or details of the methods used. There are few psychophysical studies on taste detection
thresholds, though the existing publications consistently show deficiencies in taste percep-
tion and in the taste intensity scale among patients with BMS. No studies have compared
different methods in terms of their clinical usefulness, repeatability, or reliability.

Braud et al. [45] contrasted taste perception in 21 patients with BMS versus 21 controls,
based on electrogustometry thresholds, evaluating the function of the fungiform and foliate
papillae of the tongue. The patients with BMS were seen to have alterations in fungiform
and foliate papillae taste sensitivity.

Imura et al. [27], in turn, studied a group of patients with BMS and recorded a decrease
in salivary flow and a higher acid taste threshold in these patients, thus offering a possible
explanation for their frequent complaints of simultaneous xerostomia and dysgeusia.

In a recent study published in 2020, Su et al. [46] retrospectively analyzed taste function
in BMS patients after treatment with clonazepam 0.25 to 0.5 mg/day, to determine whether
pain reduction is associated to a change in taste function of these individuals. In this regard,
the treatment of patients with BMS significantly lessened the pain symptoms, resulting in
improved taste function.

Salivary flow is important for dissolving flavors within the oral cavity, and it also
participates in maintenance of the taste buds [15-17]. The participation of saliva in taste
sensation and perception is currently considered to be crucial. Although the components
of food are largely responsible for these sensory characteristics, the composition of saliva
can alter food perception. Mosca and Chen [16] examined how the interactions between
saliva and food can influence different aspects of the oral perception of food, including
taste and texture. Saliva participates in the oral sensory perception of food at different
levels. It not only interacts with food but also constitutes a medium that bathes the oral
structures. In recent years, there has been growing evidence that saliva makes an important
contribution to the perception of both taste (flavor and aroma) and texture [16,17]. Specific
salivary proteins have been identified and related to individual sensitivity to the basic or
core flavors [47,48]. Walliczek-Dworschak et al. [48] observed a correlation between taste
perception and the salivary flow rate. In this regard, alterations in salivary flow can modify
the concentration of electrolytes, showing that such changes influence taste perception.
In the present study, dry mouth was only assessed subjectively based on the Thompson
Xerostomia Inventory, although significant differences were observed between the BMS
group and the controls.

In 2020, Su et al. [49] evaluated the correlation between of geographic tongue upon
taste, salivary flow and the pain characteristics of patients with BMS in order to determine
whether geographic tongue contributes to BMS. The authors reported differences in age,
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gender, oral pH, smell, and pain between the groups. Stimulated and unstimulated
salivary flow were both significantly lower in patients with BMS and geographic tongue.
The responses to all the taste stimuli and to ethanol were significantly lower in patients
with BMS, with the exception of bitter taste in the fungiform papillae. The investigators
suggested that geographic tongue may be a factor in the development of BMS through a
mechanism not implicating taste sensation.

Pereira et al. [50], in a systematic review and meta-analysis, show the influence of
BMS upon patient quality of life. Loss of the pleasure of eating caused by BMS had a
negative impact upon quality of life, in concordance with our own observations. In patients
with BMS, pain not only has a strong sensory impact but is also characterized by an
affective/motivational effect.

With regard to the limitations of our study, mention must be made of its cross-sectional
design, which can give rise to bias. On the other hand, we explored taste sensation using
standardized strips instead of electrogustometry, which offers a more precise evaluation
of taste sensitivity. Another limitation of this study is the lack of assessments of dietary
intake and body composition of the participants.

5. Conclusions

In the present study, we recorded no differences in smell function between the BMS
group and the controls. The patients with BMS suffered taste alterations compared with
the healthy controls. Further studies in such patients are needed to allow improved
management of the chemosensory problems in BMS food preferences, dietary intake, and
nutritional status and to design new strategies and interventions.

Author Contributions: Conceptualization PL.-J. and Y.C., Methodology Y.C. and P.L.-J. Software, E.P.-
F. Validation, PL.-J., A.T., and A.Z. and C.C.EF. Formal Analysis, E.P-F. and P.L.-]. Investigation, Y.C.
Data Curation, Y.C., A.Z. and C.C.F. Writing—Original Draft Preparation, A.T. and P.L.-]. Writing—
Review & Editing, PL.-J., A.T., and E.P.-F. Supervision, A.T., P.L.-]., and E.P-F. Project Administration,
P.L.-J. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Ethics Committee of the University of Murcia.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

Ariyawardana, A.; Chmieliauskaite, M.; Farag, A.M.; Albuquerque, R.; Forssell, H.; Nasri-Heir, C.; Klasser, G.D.; Sardella, A.;
Mignogna, M.D.; Ingram, M.; et al. World Workshop on Oral Medicine VII: Burning mouth syndrome: A systematic review of
disease definitions and diagnostic criteria utilized in randomized clinical trials. Oral Dis. 2019, 25, 141-156. [CrossRef] [PubMed]
Currie, C.C.; Ohrbach, R.; De Leeuw, R.; Forssell, H.; Imamura, Y.; Jadskeldinen, S.K.; Koutris, M.; Nasri-Heir, C.; Huann, T;
Renton, T.; et al. Developing a research diagnostic criteria for burning mouth syndrome: Results from an international Delphi
process. . Oral Rehabil. 2020. [CrossRef]

Jornet, M.P.L.; Alonso, E.C.; Mateos, P.A; Siles, M.A.S.; Garcia, FJ.G. Burning mouth syndrome: An update. Med. Oral Patol. Oral
Cir. Bucal. 2010, 15, e562—-e568. [CrossRef] [PubMed]

Jaaskeldinen, S.K.; Woda, A. Burning mouth syndrome. Cephalalgia 2017, 37, 627-647. [CrossRef] [PubMed]

Jaaskeldinen, S.K. Is burning mouth syndrome a neuropathic pain condition? Pain 2018, 159, 610-613. [CrossRef] [PubMed]
Kolkka-Palomaa, M.; Jadskeldinen, S.K.; Laine, M. A.; Teerijoki-Oksa, T.; Sandell, M.; Forssell, H. Pathophysiology of primary
burning mouth syndrome with special focus on taste dysfunction: A review. Oral Dis. 2015, 21, 937-948. [CrossRef] [PubMed]
Forssell, H.; Jaaskeldinen, S.; List, T.; Svensson, P.; Baad-Hansen, L. An update on pathophysiological mechanisms related to
id-io-pathic oro-facial pain conditions with implications for management. J. Oral Rehabil. 2015, 42, 300-322. [CrossRef] [PubMed]
Beauchamp, G.K. Basic Taste: A Perceptual Concept. J. Agric. Food Chem. 2019, 67, 13860-13869. [CrossRef]

Doty, R.L. Age-Related Deficits in Taste and Smell. Otolaryngol. Clin. N. Am. 2018, 51, 815-825. [CrossRef]

Tepper, B.J.; Barbarossa, I.T. Taste, Nutrition, and Health. Nutrients 2020, 12, 155. [CrossRef]

Pinto, J.M. Olfaction. Proc. Am. Thorac. Soc. 2011, 8, 46-52. [CrossRef]


http://doi.org/10.1111/odi.13067
http://www.ncbi.nlm.nih.gov/pubmed/30785661
http://doi.org/10.1111/joor.13123
http://doi.org/10.4317/medoral.15.e562
http://www.ncbi.nlm.nih.gov/pubmed/20038880
http://doi.org/10.1177/0333102417694883
http://www.ncbi.nlm.nih.gov/pubmed/28569120
http://doi.org/10.1097/j.pain.0000000000001090
http://www.ncbi.nlm.nih.gov/pubmed/29257770
http://doi.org/10.1111/odi.12345
http://www.ncbi.nlm.nih.gov/pubmed/25962669
http://doi.org/10.1111/joor.12256
http://www.ncbi.nlm.nih.gov/pubmed/25483941
http://doi.org/10.1021/acs.jafc.9b03542
http://doi.org/10.1016/j.otc.2018.03.014
http://doi.org/10.3390/nu12010155
http://doi.org/10.1513/pats.201005-035RN

Nutrients 2021, 13, 722 80f9

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Witt, M.; Reutter, K. Anatomy of the tongue and taste buds. In Handbook of Olfaction and Gustation, 3rd ed.; Doty, R.L., Ed.; Wiley:
Hoboken, NJ, USA, 2015; pp. 637-663.

Risso, D.; Drayna, D.; Morini, G. Alteration, Reduction and Taste Loss: Main Causes and Potential Implications on Dietary Habits.
Nutrients 2020, 12, 3284. [CrossRef]

Syed, Q.; Hendler, K.T.; Koncilja, K. The Impact of Aging and Medical Status on Dysgeusia. Am. |. Med. 2016, 129, 753.el.
[CrossRef]

Fabian, TK,; Beck, A ; Fejérdy, P.; Hermann, P.; Fabian, G. Molecular Mechanisms of Taste Recogni-tion: Considerations about the
Role of Saliva. Int. ]. Mol. Sci. 2015, 16, 5945-5974. [CrossRef] [PubMed]

Mosca, A.C.; Chen, J. Food-saliva interactions: Mechanisms and implications. Trends Food Sci. Technol. 2017, 66, 125-134.
[CrossRef]

Lamy, E.; Mowe, M.; Pinheiro, C.; Rodrigues, L.; Lopes, O.; Capelae Silva, F. Oral food perception and poly-phenol-rich foods
acceptance-the importance of knowing individuals saliva characteristics for promoting consumption. J. Int. Soc. Antioxid. 2016, 3.
Matsuo, R. Role of Saliva in the Maintenance of Taste Sensitivity. Crit. Rev. Oral Biol. Med. 2000, 11, 216-229. [CrossRef] [PubMed]
Padiglia, A.; Zonza, A.; Atzori, E.; Chillotti, C.; Calo, C.; Tepper, B.].; Barbarossa, L.T. Sensitivity to 6-n-propylthiouracil is
associat-ed with gustin (carbonic anhydrase VI) gene polymorphism, salivary zinc, and body mass index in humans. Am. J. Clin.
Nutr. 2010, 92, 539-545. [CrossRef]

Patrikainen, M.; Pan, P.; Kulesskaya, N.; Voikar, V.; Parkkila, S. The role of carbonic anhydrase VI in bitter taste perception:
Evidence from the Car6~ /~ mouse model. J. Biomed. Sci. 2014, 21, 82. [CrossRef]

Grushka, M.; Bartoshuk, L. Burning mouth syndrome and oral dysesthesias: Taste injury is a piece of the puzzle. Can. J. Diagnosis.
2000, 17, 99-109.

Grushka, M,; Sessle, B. Taste dysfunction in burning mouth syndrome. Gerodontics 1988, 4, 256-258. [CrossRef] [PubMed]
Grushka, M.; Epstein, ].B.; Gorsky, M. Burning mouth syndrome and other oral sensory disorders: Aunifying hypothesis. Pain
Res. Manag. 2003, 8, 133-135. [CrossRef] [PubMed]

Forssell, H.; Jadskeldinen, S.; Tenovuo, O.; Hinkka, S. Sensory dysfunction in burning mouth syndrome. Pain 2002, 99, 41-47.
[CrossRef]

Femiano, F; Lanza, A.; Buonaiuto, C.; Gombos, E; Cirillo, N. Burning mouth disorder (BMD] and taste: A hypothesis. Med. Oral
Patol. Oral Cir. Bucal. 2008, 13, E470-E474.

Siviero, M.; Teixeira, M.].; Siqueira, ].T.; Siqueira, S.R. Central mechanisms in burning mouth syndrome in-volving the olfactory
nerve: A preliminary study. Clinics 2011, 66, 509-512. [CrossRef]

Imura, H.; Shimada, M.; Yamazaki, Y.; Sugimoto, K. Characteristic changes of saliva and taste in burning mouth syndrome
pa-tients. J. Oral Pathol. Med. 2016, 45, 231-236. [CrossRef] [PubMed]

Just, T.; Steiner, S.; Pau, H.W. Oral pain perception and taste in Burning Mouth Syndrome. J. Oral Pathol. Med. 2010, 39, 22-27.
[CrossRef]

Olesen, J. Headache classification committee of the International Headache Society (IHS] the interna-tionalclassification of
headache disorders, 3rd edition. Cephalalgia 2018, 38, 1-211.

Hummel, T.; Kobal, G.; Gudziol, H.; Mackay-Sim, A. Normative data for the “Sniffin” sticks” including tests of odor identifica-
tion, odor discrimination, and olfactory thresholds: An upgrade based on a group of more than 3000 subjects. Eur. Arch.
Oto-Rhinolaryngol. 2007, 264, 237-243. [CrossRef] [PubMed]

Landis, B.N.; Welge-Luessen, A.; Bramerson, A.; Bende, M.; Mueller, C.A.; Nordin, S.; Hummel, T. “Taste Strips”-A rapid,
lateralized, gustatory bedside identification test based on impregnated filter papers. J. Neurol. 2009, 256, 242-248. [CrossRef]
Montero-Martin, J.; Bravo-Pérez, M.; Albaladejo-Martinez, A.; Herndndez-Martin, L.A.; Rosel-Gallardo, E.M. Validation the Oral
Health Impact Profile (OHIP-14sp) for adults in Spain. Med. Oral Patol. Oral Cir. Bucal. 2009, 14, E44-E50.

Thomson, W.; Williams, S. Further testing of the xerostomia inventory. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol.
2000, 89, 46-50. [CrossRef]

Eliav, E.; Kamran, B.; Schaham, R.; Czerninski, R.; Gracely, R.H.; Benoliel, R. Evidence of chorda tym-pani dysfunction in pa-tients
with burning mouth syndrome. J. Am. Dent. Assoc. 2007, 138, 628-633. [CrossRef]

Nasri-Heir, C.; Gomes, ]J.; Heir, G.M.; Ananthan, S.; Benoliel, R.; Teich, S.; Eliav, E. The role of sensory input of the chorda
tympani nerve and the number of fungiform papillae in burning mouth syndrome. Oral Surg. Oral Med. Oral Pathol. Oral Radiol.
Endodontol. 2011, 112, 65-72. [CrossRef] [PubMed]

Naud, ].M.; Benca, L.; Drangsholt, M.T.; LeResche, L.; Coldwell, S.E. A case-control evaluation of fungiform papillae density in
burning mouth syndrome. Laryngoscope 2017, 128, 841-846. [CrossRef] [PubMed]

Bartoshuk, L.M.; Snyder, D.J.; Grushka, M.; Berger, A.M.; Duffy, V.B.; Kveton, J.E. Taste damage: Previously un-suspected
conse-quences. Chem. Senses 2005, 30 (Suppl. 1),i218-i219. [CrossRef]

Garneau, N.L.; Nuessle, T.M.; Sloan, M.M.; Santorico, S.A.; Coughlin, B.C.; Hayes, J.E. Crowdsourcing taste re-search: Genetic
and phenotypic predictors of bitter taste perception as a model. Front Integr. Neurosci. 2014, 8, 33. [CrossRef] [PubMed]

Risso, D.S.; Mezzavilla, M.; Pagani, L.; Robino, A.; Morini, G.; Tofanelli, S.; Carrai, M.; Campa, D.; Barale, R.; Caradonna, E;
et al. Global diversity in the TAS2R38 bitter taste receptor: Revisiting a classic evolutionary PRO-Posal. Sci. Rep. 2016, 6, 25506.
[CrossRef]


http://doi.org/10.3390/nu12113284
http://doi.org/10.1016/j.amjmed.2016.02.003
http://doi.org/10.3390/ijms16035945
http://www.ncbi.nlm.nih.gov/pubmed/25782158
http://doi.org/10.1016/j.tifs.2017.06.005
http://doi.org/10.1177/10454411000110020501
http://www.ncbi.nlm.nih.gov/pubmed/12002816
http://doi.org/10.3945/ajcn.2010.29418
http://doi.org/10.1186/s12929-014-0082-2
http://doi.org/10.1111/j.1749-6632.1987.tb43543.x
http://www.ncbi.nlm.nih.gov/pubmed/3271722
http://doi.org/10.1155/2003/654735
http://www.ncbi.nlm.nih.gov/pubmed/14657979
http://doi.org/10.1016/S0304-3959(02)00052-0
http://doi.org/10.1590/S1807-59322011000300026
http://doi.org/10.1111/jop.12350
http://www.ncbi.nlm.nih.gov/pubmed/26293497
http://doi.org/10.1111/j.1600-0714.2009.00824.x
http://doi.org/10.1007/s00405-006-0173-0
http://www.ncbi.nlm.nih.gov/pubmed/17021776
http://doi.org/10.1007/s00415-009-0088-y
http://doi.org/10.1016/S1079-2104(00)80013-X
http://doi.org/10.14219/jada.archive.2007.0234
http://doi.org/10.1016/j.tripleo.2011.02.035
http://www.ncbi.nlm.nih.gov/pubmed/21601494
http://doi.org/10.1002/lary.26828
http://www.ncbi.nlm.nih.gov/pubmed/28833164
http://doi.org/10.1093/chemse/bjh192
http://doi.org/10.3389/fnint.2014.00033
http://www.ncbi.nlm.nih.gov/pubmed/24904324
http://doi.org/10.1038/srep25506

Nutrients 2021, 13, 722 90f9

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Meyerhof, W.; Batram, C.; Kuhn, C.; Brockhoff, A.; Chudoba, E.; Bufe, B.; Appendino, G.; Behrens, M. The mo-lecular receptive
rang-es of human TAS2R bitter taste receptors. Chem. Senses 2010, 35, 157-170. [CrossRef] [PubMed]

Smutzer, G.; Desai, H.; Coldwell, S.E.; Griffith, ].W. Validation of edible taste strips for assessing PROP taste perception. Chem.
Senses 2013, 38, 529-539. [CrossRef]

Melis, M.; Grzeschuchna, L.; Sollai, G.; Hummel, T. Tomassini Barbarossa, I. Taste disorders are partly genetically determined:
Role of the TAS2R38 gene, a pilot study. Laryngoscope 2019, 129, E307-E312. [CrossRef] [PubMed]

Risso, D.S.; Giuliani, C.; Antinucci, M.; Morini, G.; Garagnani, P.; Tofanelli, S.; Luiselli, D. A bio-cultural approach to the study of
food choice: The contribution of taste genetics, population and culture. Appetite 2017, 114, 240-247. [CrossRef]

Risso, D.S.; Howard, L.; VanWaes, C.; Drayna, D. A potential trigger for pine mouth: A case of a homozygous phenylthiocar-
bamide taster. Nutr. Res. 2015, 35, 1122-1125. [CrossRef] [PubMed]

Braud, A.; Descroix, V.; Ungeheuer, M.N.; Rougeot, C.; Boucher, Y. Taste function assessed by electrogus-tometry in burning
mouth syndrome: A case-control study. Oral Dis. 2017, 23, 395-402. [CrossRef] [PubMed]

Su, N.; Poon, R.; Liu, C.; Dewan, C.; Darling, M.; Grushka, M. Pain reduction in burning mouth syndrome (BMS) may be
associated with selective improvement of taste: A retrospective study. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2020, 129,
461-467. [CrossRef]

Hershkovich, O.; Nagler, R.M. Biochemical analysis of saliva and taste acuity evaluation in patients with burning mouth
syn-drome, xerostomia and/or gustatory disturbances. Arch. Oral Biol. 2004, 49, 515-522. [CrossRef]

Walliczek-Dworschak, U.; Schops, F.; Feron, G.; Brignot, H.; Hihner, A.; Hummel, T. Differences in the Density of Fungiform
Papillae and Composition of Saliva in Patients with Taste Disorders Compared to Healthy Controls. Chem. Senses 2017, 42,
699-708. [CrossRef]

Su, N.; Poon, R;; Liu, C.; Dewan, C.; Darling, M.; Grushka, M. Taste and Pain Response in Burning Mouth Syn-drome with and
With-out Geographic Tongue. J. Oral Facial Pain Headache 2020, 34, 217-221. [CrossRef]

Pereira, J.V.; Normando, A.G.C.; Rodrigues-Fernandes, C.I,; Rivera, C.; Santos-Silva, A.R.; Lopes, M.A. The impact on quality of
life in patients with burning mouth syndrome: A systematic review and meta-analysis. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. 2021, 131, 186-194. [CrossRef]


http://doi.org/10.1093/chemse/bjp092
http://www.ncbi.nlm.nih.gov/pubmed/20022913
http://doi.org/10.1093/chemse/bjt023
http://doi.org/10.1002/lary.27828
http://www.ncbi.nlm.nih.gov/pubmed/30675726
http://doi.org/10.1016/j.appet.2017.03.046
http://doi.org/10.1016/j.nutres.2015.09.011
http://www.ncbi.nlm.nih.gov/pubmed/26463018
http://doi.org/10.1111/odi.12630
http://www.ncbi.nlm.nih.gov/pubmed/28029722
http://doi.org/10.1016/j.oooo.2020.02.001
http://doi.org/10.1016/j.archoralbio.2004.01.012
http://doi.org/10.1093/chemse/bjx054
http://doi.org/10.11607/ofph.2565
http://doi.org/10.1016/j.oooo.2020.11.019

	Introduction 
	Materials and Methods 
	The Sniffin’ Sticks Test Smell Examination 
	Taste Examination 
	Oral Health Impact Profile-14 (OHIP-14) 
	Xerostomia Severity Test 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

