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Abstract The aim of this work is to examine the clinical

findings of patients with taste disorders due to central lesions

and also to study the central gustatory pathway in humans.

We conducted a retrospective review of 13 patients with

central taste disorders that visited Nihon University Itabashi

Hospital. An additional 25 cases with central taste disorders

previously reported in the literature were assessed in the

study. We examined 38 patients with taste disorders due to

central lesions. The sites of the central lesions and their

frequencies, the laterality of taste disorders relative to the

central lesions, and prognosis of taste disorders were studied.

We identified the following taste-related regions in the

central nervous system: the medulla, pons, midbrain, thala-

mus, internal capsule, putamen, corona radiata, and cerebral

cortex. As for the laterality of the taste disorders, we

observed more ipsilateral cases for lesions located from the

medulla to the pons. We observed ipsilateral, contralateral,

and bilateral cases for lesions located above the midbrain, but

bilateral cases were more frequently detected. Taste disor-

ders of 80% of the patients improved by 24 weeks. The

prognoses of central taste disorders appeared to be good. We

identified eight central regions supposed to be relate to taste

disorders. From the laterality of the taste disorders relative to

the central lesions, it was suggested that the central gustatory

pathway ascends ipsilaterally from the medulla to the pons,

branches at the upper pons, and then ascends bilaterally from

the midbrain to the cerebral cortex.
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Introduction

The enjoyment of food cannot be replaced by other things

and taste is one of its most important factors. A loss of taste

sometimes makes it difficult to detect rotten foods, and

reduces the joy of eating nutritious, tasteful foods. A loss of

joy of eating among people with taste disorders leads to a

loss of pleasure in social life to be obtained through eating

or enjoying food together. In addition, taste disorders

become a large factor for reduction in appetite to adversely

affect health. In this manner, taste disorders inevitably raise

wide-ranging issues.

From a clinical standpoint, the most common cause of

taste disorders is impairment of the peripheral receptors,

while taste disorders due to central lesions have only been

reported on a few occasions [1]. In comparison to other

sensory organs, such as visual and auditory, the human

gustatory center is less well studied and there are many

unknowns regarding the human gustatory center, including

its pathway.

We examined the clinical findings of patients with taste

disorders due to central lesions and investigated the gus-

tatory center in humans. A total of 38 cases, including 13

cases of our own and 25 cases previously reported in the

literature, were assessed in this study.
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Subjects

The medical records of our cases included 13 patients (nine

males and four females; 29–73 years old, mean 56 years)

who visited the Department of Otolaryngology at Nihon

University Itabashi Hospital, from 1997 to 2011, were

reviewed after approval was obtained from the Research

Review Board of Nihon University Itabashi Hospital.

Three cases of those 13 patients were reported previously

in 1999 [2]. There were nine patients with cerebral

infarction (69%) and four patients with cerebral hemor-

rhage (31%). All patients were aware of the onset of their

taste disorder (Table 1).

The other 25 cases were previously reported in the lit-

erature from 1983 to 2008 [3–17]. The three cases we have

already reported [2] were not included in these patients.

There were 14 males and 11 females aged 17–70 years

(mean 50 years).

There were 38 cases in total consisting of 23 males

(61%) and 15 females (39%). The primary diseases were

23 cases (60%) of cerebral infarction, nine cases (24%) of

cerebral hemorrhage, four cases (10%) of multiple sclero-

sis, one case (3%) of brain tumor, and one case (3%) of

head trauma. Cerebral infarction, cerebral hemorrhage, and

multiple sclerosis were frequent, accounting for 94% of the

cases.

Study method

The patients were primarily selected if their taste function

was evaluated on the left and right sides of the tongue with

taste tests, such as the filter paper disk test [18], electro-

gustometry [18], or swabbing or dropping a taste solution

on either side of the tongue.

The following taste tests were performed in the 38

patients: electro-gustometry in three patients (8%); filter

paper disk test in three patients (8%); electro-gustometry

and filter paper disk test in 13 patients (34%); and swab-

bing or dropping a taste solution in 13 patients (34%). For

the remaining six patients (16%), a specific test method

was not mentioned, but their taste function was evaluated.

In addition, patients were selected in whom the site of

the responsible central lesion was identified. These lesions

were solitary and unilateral as diagnosed by computed

tomography (CT), magnetic resonance imaging (MRI). To

summarize, the imaging performed for the evaluation of

the lesional sites in the 38 patients was: CT in nine patients

(24%); MRI in 17 patients (45%); and CT and MRI in 12

patients (31%).

Results

The sites of the central lesions and their frequency

The sites of the central lesions that caused a taste disorder

were the medulla (three cases), pons (14 cases), midbrain

(two cases), thalamus (three cases), internal capsule (one

case), putamen (two cases), corona radiata (three cases),

and cerebral cortex (ten cases)..

Upon closer examination of the imaging, the lesions

were observed in the dorsolateral medulla, the tegmentum

of the pons, dorsolateral midbrain, ventral posteromedial

Table 1 Clinical findings of our 13 cases

Case Lesion Age/sex Disease Diagnosis Taste test Side of taste

disorder

Prognoses of

taste disorder

1 Cerebral cortex 42/F Infarction MRI E ? F Bilateral NC

2 Corona radiata 73/F Infarction MRI E ? F Bilateral I (3 M)

3 Corona radiata 62/M Hemorrhage MRI/CT E ? F Contralateral I (3 W)

4 Putamen 64/M Infarction MRI/CT E ? F Ipsilateral I (2 M)

5 Putamen 48/M Hemorrhage CT E ? F Ipsilateral Unknown

6a Internal capsule 68/M Infarction CT E ? F Contralateral I (3 W)

7 Thalamus 61/M Hemorrhage MRI E ? F Bilateral NC

8a Thalamus 65/M Infarction MRI E ? F Contralateral NC

9 Pons 53/F Hemorrhage MRI/CT E ? F Ipsilateral I (1 W)

10 Pons 63/M Infarction MRI/CT E ? F Ipsilateral I (1 W)

11a Pons 29/F Infarction MRI E Ipsilateral I (6 W)

12 Medulla 47/M Infarction CT E ? F Contralateral I (3 W)

13 Medulla 54/M Infarction MRI E ? F Ipsilateral Unknown

a Three cases were reported previously in 1999

E Electro-gustometry, F filter paper disk test, I improvement, NC no change
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and the ventral posterolateral nuclei of the thalamus, the

posterior limb of the internal capsule, posterior corona

radiata, parietal operculum, frontal operculum, and insular

cortex of the cerebral cortex.

Laterality of the taste disorders relative to the central

lesions

Table 2 shows the sites of the central lesions and laterality

of the taste disorders in the tongue. From the medulla to the

pons, 14 of 17 patients (82%) showed taste disorders

ipsilateral to the central lesion. However, for lesions above

the midbrain, the ipsilateral taste disorder in 21 cases has

remarkably decreased to seven cases (33%). In addition,

bilateral taste disorder in 21 cases has increased remark-

ably with ten patients (48%).

Treatments performed for central taste disorders

The treatments performed were known for 19 patients

(50%). In those cases, the treatment was performed for the

central lesions, but treatments aimed at improving the taste

disorder were not performed. The treatments for the pri-

mary diseases were, in particular, the administration of

thrombolytic or circulation-improving agents for cerebral

infarctions and steroids for multiple sclerosis. Patients with

underlying diseases, such as hypertension or diabetes, were

treated accordingly for these conditions.

Prognosis of the central taste disorders

Follow-up observations of the taste disorders were con-

ducted in 24 of the 38 patients (63%), in which an

improvement was observed in 17 patients (71%) and no

change was observed in seven patients (29%). The time to

improvement was known in 15 patients and ranged from 1

to 48 weeks, with an average of 16 weeks. Taste disorders

of seven patients (46%) improved by 8 weeks, ten patients

(67%) improved by 12 weeks, and 12 patients (80%)

improved by 24 weeks.

The causes of the central lesions and prognoses

of the taste disorders

The frequency of improvement of the taste disorders and

time to improvement were compared with regard to the

primary disease. There was no significant overall rela-

tionship between the causes and time to improvement.

The prognoses of the primary diseases in the central

nervous system were known in 24 of 38 patients (63%). Of

these 24 patients, nine (38%) showed an improvement of

the taste disorder with the improvement of the primary

disease, two (8%) did not show an improvement of the

primary disease or taste disorder, and three (13%) showed

an improvement of the primary disease, but not of the taste

disorder. The taste disorders showed a tendency to improve

with the improvement of the primary diseases. The

remaining ten patients (41%) showed an improvement of

the taste disorder, but the prognoses of the primary diseases

in the central nervous system were unknown.

Sites of the central lesions and prognoses of the taste

disorders

The frequency of improvement of the taste disorders and

the time to improvement were compared with regard to the

location of the central lesions, however, there was no sta-

tistically significant relationship between them.

Age and prognoses of the central taste disorders

The frequency in the improvement of the taste disorders

and time to improvement were compared with regard to

age. However, no statistically significant relationship was

detected between age and the frequency of improvement,

nor between age and the time to improvement.

Table 2 Laterality of taste

disorders in the tongue with

regards to the lesion sites in the

central nervous system

Lesion sites Laterality of taste disorders Total

Contralateral (%) Ipsilateral (%) Bilateral (%)

Cerebral cortex 3 cases (30) 7 cases (70) 10 cases

Corona radiata 1 case (33) 2 cases (67) 3 cases

Putamen 2 cases (100) 2 cases

Internal capsule 1 case (100) 1 cases

Thalamus 1 case (33) 1 case (33) 1 case (33) 3 cases

Midbrain 1 case (50) 1 case (50) 2 cases

Pons 1 case (7) 12 cases (86) 1 case (7) 14 cases

Medulla 1 case (33) 2 cases (67) 3 cases

Total 6 cases (16) 21 cases (55) 11 cases (29) 38 cases
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Discussion

Management of central taste disorders

From the results of this study, it was found that the prog-

noses of taste disorders due to central lesions were not

related to the primary diseases, such as infarction or

hemorrhage, the location of the lesion, or age. In 80% of

the patients who showed an improvement of their taste

disorder, this improvement was accompanied by the

improvement of the primary disease. Therefore, treatment

of the primary or underlying diseases is very important in

the treatment of central taste disorders.

In patients who showed an improvement of their taste

disorder, the taste disorder improved by 24 weeks in 80%

of them. Among the patients who did not show an

improvement by 24 weeks, there were three patients (20%)

who showed an improvement of their taste disorder by

48 weeks. Therefore, it appears to be preferable to continue

treatment for the primary diseases and conduct follow-up

observations until 48 weeks, if possible.

Regions related to taste in the central nervous system

We suspect that the central lesion sites observed in this

study are likely to be related to the gustatory center, i.e.,

the medulla, pons, midbrain, thalamus, internal capsule,

putamen, corona radiata, and cerebral cortex.

As for the medulla, it is well known from animal

experiments that the chorda tympani, glossopharyngeal,

and vagus nerves enter the nucleus tractus solitarius in the

dorsolateral medulla [19, 20]. We believe that the nucleus

tractus solitarius is also an important part of the gustatory

pathway in humans.

As for the pons, it has been confirmed that the central

neural pathway from the medulla synapses in the rat par-

abrachial nucleus (PBN) [21, 22]; however, although the

existence of the PBN has been inferred in humans, its

details are not known.

The somatosensory nerves from the lips and tongue

project into the ventral posteromedial nucleus in the thal-

amus, the posterior limb of the internal capsule, posterior

corona radiata, and parietal operculum and insular cortex in

the cerebral cortex. Therefore, there is a possibility that the

central gustatory pathway travels in association with the

somatosensory nerves.

Laterality of the gustatory center

The laterality of the taste disorders relative to the central

lesions was ipsilateral from the medulla to the pons in

many cases [2–7, 10, 11]. Therefore, the pathway was

considered more likely to ascend ipsilaterally up to the

PBN in the upper pons in humans, similar to what is

observed in rats and monkeys.

In this study, ipsilateral [12–14, 16], contralateral [2, 7],

and bilateral taste disorders [3, 14–17] were observed for

lesional sites located above the midbrain. In previous

reports, it was hypothesized that the pathway crosses and

ascends contralaterally above the midbrain [7] or that the

taste information from the right side of the tongue projects

to the left insular cortex via the right insular cortex [14].

However, it is difficult to explain the existence of cases

with ipsilateral, contralateral, and bilateral taste disorders

with lesional sites above the midbrain on the basis of these

hypotheses. Therefore, we suggest that the gustatory

pathway branches at the upper pons, and then ascends

bilaterally above the midbrain to the cerebral cortex.

We previously used magnetoencephalography (MEG) to

measure the magnetic field in the brain induced by taste by

stimulating only one side of the chorda tympani nerve in a

patient whose right chorda tympani nerve was unavoidably

severed during surgery for right middle ear cholesteatoma

[23]. The response was almost simultaneously observed in

the bilateral primary gustatory area of the cerebral cortex

by stimulation of one side of the chorda tympani nerve

[23]. In that study, the difference between the left and right

primary response to taste was 3 ms. The conduction time in

the corpus callosum of the visual, auditory, and somato-

sensory nerves was 14–20 ms [24–29]. Therefore, we

believe that the bilateral cerebral cortex response observed

by MEG in our study was not caused by crossing of the

corpus callosum, but suggested that one side of the

peripheral taste stimuli simultaneously projects to both

sides of the cerebral cortex. This observation supports the

idea that the gustatory pathway branches along the way and

ascends bilaterally, as described above.

Central gustatory pathway

Studies on the gustatory centers of animals are advanced in

comparison to humans, and it is now known that the central

gustatory pathway differs among animal species.

The central gustatory pathway in rats ascends from the

rostral part of the nucleus tractus solitarius in the medulla

to the PBN ipsilaterally [21, 22]. It then branches and

ascends bilaterally to the thalamic taste area [30] and

projects to the insular cortex in the bilateral cerebral cortex

[31].

The central gustatory pathway in the Macaque monkey

ascends from the rostral part of the nucleus tractus soli-

tarius in the medulla to the parvocellular part of the ventral

posteromedial nucleus in the ipsilateral thalamus [32]. It

then projects to the ipsilateral frontal operculum near the

lateral sulcus of the cerebral cortex and insular cortex

[33, 34]. The central gustatory pathway of the squirrel
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monkey is similar to that of the Macaque monkey, but the

cortical gustatory area is located slightly more rostral than

in the Macaque monkey [35, 36].

As for the central gustatory pathway in humans, it is

known that the chorda tympani and glossopharyngeal nerves

enter the ipsilateral nucleus tractus solitarius in the medulla

and ascend to the pons [37], but the pathway above the

midbrain remains unclear and is only inferred from physio-

logical studies and cases with central lesions [23, 38–41]. In

patients with taste disorders due to central lesions, there are

many cases with ipsilateral taste disorders in which the le-

sional sites are located from the medulla to the pons, as

described in the ‘‘Results’’ section for laterality [2–7, 10, 11].

Therefore, it appears likely that it ascends ipsilaterally,

similar to the central gustatory pathway in rats and monkeys.

For lesions located above the midbrain, we observed ipsi-

lateral, contralateral, and bilateral cases of taste disorders. In

this regard, along with the study results of the primary gus-

tatory area by MEG [23], the pathway is likely to branch along

the way and ascend bilaterally higher than the midbrain.

If it is assumed that the central gustatory pathway

branches along the way and projects to the bilateral pri-

mary gustatory areas, taste disorders would not occur in

cases with unilateral central lesions and the incidence of

central gustatory disorders would be very low. In fact, the

incidence of central taste disorders is very low with clini-

cally defined taste disorders observed in 1.7% of patients

[1]. As mentioned above, the central gustatory pathway is

likely to branch and bilaterally ascend higher than the

midbrain; however, cases with taste disorders caused by a

unilateral lesion above the midbrain have been reported [2,

7, 12–14, 16]. It has been reported that two-thirds of nerve

fibers ascending from the PBN ascend ipsilaterally and the

remaining one-third ascend contralaterally in rats [42]. If it

is assumed that there is also a predominance in the central

gustatory pathway in humans as in rats, then taste disorders

could be caused by unilateral lesions.

Next, if the central gustatory pathway branches and

ascends bilaterally, the question is: at what level does the

branching occur? Since the central gustatory pathway is

considered to ascend ipsilaterally from the nucleus tractus

solitarius of the medulla to the PBN in the upper pons [4,

5], it is believed that the central gustatory pathway basi-

cally branches at the PBN or above the PBN. Considering

the results of this study, we propose the central gustatory

pathway shown in Fig. 1.

However, we identified one case with a contralateral taste

disorder caused by a medullary lesion. We also identified

one case with a bilateral taste disorder and one case with a

contralateral taste disorder caused by a pontine lesion. In

rats, other than the central gustatory pathway that ascends

ipsilaterally from the rostral part of the nucleus tractus sol-

itarius of the medulla to the PBN [21, 22], then branches and

ascends bilaterally to the thalamic gustatory area [30], and

projects to the bilateral insular cortex of the cerebral cortex

[31], the presence of a pathway connecting the bilateral

PBNs in the upper pons [43] and a bilateral pathway from the

nucleus tractus solitarius to the PBN [44] have been repor-

ted. However, it cannot be determined whether these path-

ways exist in humans. If it is assumed that these pathways

are present, contralateral and bilateral taste disorders can be

caused by lesions in the medulla or pons.

There are still many unknowns about the central gus-

tatory pathway in humans, therefore, further investigations

are needed. If physiological studies, such as a study on the

reaction to taste stimulation in the deep part of the brain,

especially from the brain stem to around the diencephalon,

or histological studies, including autopsy, are conducted,

there will be great advances in our understanding of the

central gustatory pathway.
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