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Taste disorders are distressing for patients. They can also pose a serious threat to the health of older and more vulnerable patients,
who can become malnourished through a loss of taste or changes in taste perception. Despite the profound impact of taste
changes on health, the literature on their diagnosis, pathogenesis and treatment is sparse. Taste changes, including the
experience of unexplained foul tastes or a decrease in taste sensations, may lead patients to seek out inappropriate dental
treatments, but such treatments are often unsuccessful in resolving the complaint. Correct diagnosis of taste loss is the first step in
the treatment of taste abnormalities and the avoidance of unnecessary dental treatment. It is therefore helpful for both patient and
health care provider to be aware of the causes of taste changes. This review presents an overview of the causes, diagnosis and
management of taste abnormalities.

Taste disturbances can range from a total loss of taste to the constant presence of phantom tastes, such as a bitter or metallic taste
in the absence of any offending substance in the mouth. Such disturbances and associated dietary alterations can lead to
malnutrition (possibly resulting in death), obesity or other health issues, such as hypertension. Many patients who report the
presence of a metallic taste opt to have a filling removed or replaced, believing the filling material to be the cause of the unpleasant
taste, but such treatment often does not resolve the problem. Despite the discomfort and profound effect on quality of life caused by
alteration or loss of taste, few definitive treatments for taste disturbances exist, partly because of the complexity of the taste system
and partly because of a lack of substantive research on the topic. Taste disturbances can be classified into 4 main categories:
hypogeusia (decreased sensitivity to taste modalities), dysgeusia (taste confusion), phantogeusia (phantom taste) and ageusia
(loss of taste). Total loss of taste is rare.! Taste disturbances may occur secondary to autoimmune disease, inflammation, hormone
imbalance, nerve-related damage, psychological problems (e.g., anorexia), medication therapy or malignancy; they may also occur
as a result of natural aging.?* (Figs. 1 and 2)
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Fig 1. Tongue of patient with taste change due to Fig 2. Toluidine blue staining of the tongue tip in
inflammatory changes. same patient to visualize the taste buds.

In communicating their symptoms, patients often confuse taste changes with flavour changes. The 5 main tastes are described as
salty, sweet, sour, bitter and umami. The last of these is a relatively new term for a taste described as savory, which is created by the
combination of glutamate with 5"-ribonucleotides.® Loss of taste results specifically from a change in a person’s response to any of
the 5 taste modalities;in contrast, loss of the perception of flavour results from damage to the olfaction system or the trigeminal
nerve, which supplies somatosensation to the oral and perioral tissues, with or without changes to taste. As an example of the
distinction between taste and flavour, the taste of a strawberry can be described as a combination of sweet and sour, whereas its
flavour is described as that of “a strawberry,” a gestalt of taste, fragrance and somatosensation. In the case of flavour loss without
measurable loss in taste function, the etiologic factor is usually a loss of olfaction through infection of the upper respiratory tract,
natural aging, neurodegenerative disease, head trauma, or nasal and sinus disease.®

The Taste System

The taste system is complex, involving innervation of various anatomic structures by several cranial nerves. Cranial nerve VIl (the
facial nerve) innervates the anterior two-thirds of the tongue and soft palate through the chorda tympani and the greater petrosal
nerve respectively, whereas cranial nerve IX (the glossopharyngeal nerve) innervates the posterior third of the tongue through the
glossal branches and cranial nerve X (the vagus nerve) supplies sensation from the pharyngeal area. The anterior two-thirds of the
dorsal tongue is covered with numerous filiform papille, with fungiform papillae scattered among them, mainly at the tip and along
the lateral borders of the tongue. Large circular vallate papillae are located anterior and parallel to the sulcus terminalis, and the
foliate papillae are found on the lateral borders of the tongue and are innervated by cranial nerve IX.”

Taste molecules are detected by chemosensitive taste receptors in the taste buds, which are located on the anterior and posterior
tongue, the palate and the epiglottis. The taste buds contain 3 types of taste receptors: type | receptors detect salt taste; type Il
receptors detect sweet, bitter and umami tastes; and type Ill receptors detect sour taste. Each taste bud may comprise 50 to 100
taste receptors.9 Within the type Il cells, the T1R family of taste receptors detects sweet and umami and can be found in the
fungiform and circumvallate papillae'’® and the T2R family of taste receptors that detects bitter taste are found in the circumvallate
and foliate papillae. It has been suggested that the sour and salt receptors are ion channels.!” Stimulation of the taste receptors
generates signals that travel through cranial nerves VII, IX and Xl to the gustatory nucleus in the medulla. Fibres of the lingual nerve
anastomose with taste carrying branches of CN VII. Centrally, there are 2 pathways, one ascending to the hypothalamus and the
other to the thalamus and then the gustatory centre of the cortex.®"'? A disturbance at any point along these pathways can result in
changes to taste sensation.®

Pathophysiology of Taste

Chemotherapy and radiotherapy can cause anatomic changes and death of taste bud cells through a higher rate of cell turnover,
which is believed to be the basis of taste changes during cancer treatment.’>'# In an animal model, Nguyen and colleagues® found
that irradiation caused loss of taste progenitor cells and arrest of cell proliferation, which together led to decreased replacement
after physiological loss of taste buds. It has also been hypothesized that secretion of chemotherapeutic agents in saliva or gingival
crevice fluid can lead to taste disturbances by direct stimulation of taste receptors.’® Damage to the salivary glands during cancer
treatment or because of autoimmune disease such as Sjogren syndrome can lead to a loss of taste, since saliva is vital in
transporting stimulants to the taste sensory cells."?®'5 It has been reported that 75% to 100% of patients who have undergone
radiation therapy experience some taste abnormalities, with the severity being dependent on the treatment field.® Malnourishment
resulting from decreased enjoyment of food may be responsible for death in up to 20% of cancer patients.'® However, with
advances in radiotherapy, such as parotid-sparing intensity-modulated radiotherapy, and the discovery of radioprotective agents
such as amifostine, it may be possible to reduce the duration and severity of radiation-associated taste.’

In addition to physiological changes to the taste buds caused by infection or inflammation, damage to the signal transduction
pathway can also lead to taste disturbances. Infection or inflammation may either decrease the number of taste bud cells by
triggering apoptosis or may impede the ability of the chemosensitive hairs to detect taste stimulants.>'® The chorda tympani, which
travel through the petrotympanic fissure, may be injured by ear surgery, by the presence of an ear tumour, laryngoscopy, dental
surgery, infection, or trauma and such damage can cause changes in taste perception. Damage to the lingual branch of the
glossopharyngeal nerve related to the tonsillectomy may also result in changes in taste perception.’®'”'® Central changes
affecting the gustatory nucleus in the medulla and the cortex, including infarction in the gustatory centre of the cortex, have been
reported to be associated with taste changes.®

Systemic disorders such as Sjogren syndrome, hypertension, diabetes mellitus, renal disease, liver disease and thyroid disease
can secondarily cause taste changes through neuropathy or changes to the oral environment."?%2° Gondivkar and colleagues 21
found that approximately 80% of patients with uncontrolled diabetes and approximately 50% of those with controlled diabetes had



impairment of taste, mostly affecting the sweet, sour and salty tastes, possibly because of diabetes-related nerve injury. Patients
with chronic kidney disease may report decreased salt sensitivity and are often found to be zinc deficient.?’ Taste changes are often
drug related. For example, in one study, for approximately 25% of patients with taste disturbances at an ear, nose and throat
outpatient clinic, the problem was drug-related.?? Habbab and colleagues 23 found that cardiovascular agents alone had a 1.9%
chance of causing dysgeusia.

Psychological factors may also contribute to changes in taste perception. For example, patients with anorexia had lower sensitivity
to taste modalities, although sensitivity improved after treatment of the eating disorder.?* Loss of taste in patients with anorexia
might also be explained by the presence of unmet nutritional needs, given that low serum levels of iron or zinc have been reported
to contribute to taste disturbances.?2%27

In addition to medical conditions associated with changes in taste sensations, normal aging can also cause taste changes. In
particular, lower taste sensitivity is common among elderly patients, possibly because of age-related changes in taste cells,
decreased salivary production and inability to fully chew food.*® However, among elderly patients, taste loss is more commonly
caused by drug use, zinc deficiency, and oral and systemic disease than by normal aging.?

Diagnosis and Treatment of Taste Disorders

Determining the prognosis of a taste disorder and planning treatment can be difficult because identification of the cause often
depends on the patient’s history, and many patients are unaware of when the changes began. Dental causes of taste disturbances
should be ruled out before assessment for any other causes. For example, a metallic taste caused by dental material can be easily
corrected by replacing the offending material. Imaging studies, including computed tomography and magnetic resonance imaging,
may be undertaken to look for structural changes and to assess the central nerves and potential intracranial causes,® but the results
of such studies are often negative or ambivalent. In these cases, the diagnosis must be based on a thorough medical history, the
patient's subjective reporting and psychophysical testing.

As noted above, a history of cancer treatment is often associated with taste abnormalities because of changes to the taste buds
and/or the oral environment. Many patients who experience taste loss due to radiotherapy or chemotherapy recover completely
within a few months to a year after completion of treatment.'® However, some patients may not recover their taste for years after
treatment and may eventually lose awareness of their taste dysfunction.?® Patients with irreversible damage to the salivary glands
as a result of radiation or surgical treatment may report taste loss, which can be ameliorated by measures to increase oral moisture;
however, the literature on effectiveness of sialogogues is guarded.'®°

Patients may report abnormal tastes after starting a new medication. Medication-induced taste and smell changes have been
reported to account for 0.4% of all reported adverse drug events.®' It has been suggested that this type of adverse event occurs
disproportionately in the older population; for example, in large surveys, 11% to 33% of elderly subjects (> 65 years old) self-
reported drug-related taste changes.®? Unfortunately, outside of a few case reports and cohort studies, there is scant literature
describing the specific sensory complaints experienced during these drug reactions. The lack of psychophysical testing in such
cases makes it difficult to determine whether the problem is related to taste only or to both taste and smell.

Numerous medications, representing almost all drug classes, have been reported to cause taste changes.®? Medication-induced
taste changes often resolve after cessation of the medication. Osaki and colleagues?’ reported that drug-induced dysgeusia
caused by azelastine hydrochloride and furosemide reserpine resolved completely by 2 months after cessation of the drug therapy.
Although a change in medication regimen can reduce dysgeusia, it may take months for taste to return to normal, presumably
because of accumulated metabolites or changes to the taste system.>?> Some medication-induced taste changes are more difficult to
resolve because the medications are required to address a serious systemic condition and cannot be stopped or changed.

Taste and smell function can be readily tested at chairside. The testing generally falls into 2 categories: taste testing, based on
exposure to substances that produce salty, sweet, sour bitter, and umami tastes; and smell testing, based on exposure to common
smells assumed to be known to the person.3* Commercial kits are increasingly available for bedside or chairside testing, but a
description of these kits is beyond the scope of the current review. When a patient presents with a taste complaint, what is important
is to investigate whether there has indeed been a change in taste function and to rule out smell abnormalities as being partially or
fully responsible for the sensory change.

Smell testing can be accomplished by asking patients to identify common smells (e.g., chocolate, coffee, mothballs) after exposure

(one nostril at a time). A deficitin smell function, either bilaterally or unilaterally, may be related to an obstruction in the sinuses or to
an insidious neurological process, the latter requiring further medical work-up.

Treatment of Idiopathic Dysgeusia

Few studies have reported effective treatment for patients with idiopathic or persistent taste disturbance. In these cases, zinc



supplementation can be prescribed.>*5 However, patients should be counselled that the results are not instantaneous, and it may
take a number of months before any improvement will be seen. In previous studies, zinc gluconate (50 mg 3 times daily) had a
positive effect on taste disorders in a zinc-deficient population and also in patients with idiopathic taste loss regardless of serum
zinc level >*3% Zinc supplementation is believed to aid in treating taste disorders by promoting proliferation of normal taste bud
cells, even in patients without zinc deficiency.®

Alpha-lipoic acid, an important coenzyme and antioxidant in many cellular pathways within the body, has also been suggested for
treating idiopathic dysgeusia. Femiano and colleagues®® found that 91% of patients with idiopathic dysgeusia who took o-lipoic
acid (200 mg every 8 hours) showed some improvement, and 46% experienced total resolution. These authors suggested that o-
lipoic acid may mitigate or reverse the neuropathic changes related to idiopathic dysgeusia.>®

Animal studies have suggested that gammaaminobutyric acid (GABA)-ergic drugs modify taste function.®” Clonazepam, which is a
GABA type A receptor agonist, may be helpful for treating phantom tastes and has been effective in treating phantogeusia and
dysgeusia associated with burning mouth syndrome.3® Use of repetitive transcranial magnetic stimulation has also been suggested
as treatment, although the evidence remains limited.3®

Fujiyama and colleagues “° reported improvement in salt, sweet, sour and bitter tastes in an 80-year-old woman who started
holding an ice cube in her mouth before meals. These authors suggested using the use of ice cubes to treat taste disturbances, on
the basis of a study indicating that the transient receptor potential M5 (TRPMS5), which are highly expressed in taste buds, are
sensitive to temperature.*® For patients with unpleasant phantom tastes or a lowered taste threshold, reducing the intake of metallic
or bitter foods such as meat, coffee or tea and eating more mild-flavoured foods such as chicken, dairy and eggs may help with the
enjoyment of food; cooling foods before eating may reduce unpleasant flavours and odours.'®

Improving Food Flavours in Taste Loss

Flavour enhancement may be suggested for patients with taste loss, as this approach can increase enjoyment of food in cases of
insufficient nutritional intake and decreased taste sensitivity. Among elderly patients with decreased taste sensitivity, increasing the
flavour of food by adding glutamate for saltiness,*'*? marinating meats before cooking,*® using low-calorie sweetener to enhance
sweetness and using lemon juice to enhance sourness has increased the amount of food consumed.**4% Patients should be
counselled about proper nutrition, supplementation and eating regular meals and should be followed for compliance*? with dietary
guidelines to maintain health.

Conclusions

Few studies have demonstrated effective treatment for the loss or distortion of taste. The availability of testing for the integrity of
taste and smell remains limited, and patients are often subjected to unnecessary and sometimes irreversible and damaging
treatment of teeth and other oral mucosal tissues. Conversely, increased recognition that most taste abnormalities originate within
the taste system rather than from external stimuli (e.g., a leaky filling, infected tooth or periodontal disease) may prevent
unnecessary treatment by dentists who are trying to alleviate their patients’ suffering.
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