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Abstract

Altered central neural processing of sensory information may be associated with
temporomandibular joint disorders (TMD) pain. The study objectives were to compare the
prevalence of self-reported taste disturbances in TMD pain patients and in a control population,
and to determine whether frequency of taste disturbances is correlated with TMD pain severity.
Subjects were 2026 people within a German population sample and 301 consecutive TMD pain
patients diagnosed using the Research Diagnostic Criteria. Taste disturbances were measured
using two questions from the Oral Health Impact Profile. Severity of TMD pain was measured
using the Graded Chronic Pain Scale. A two-sample test of proportions revealed that TMD pain
patients reported a greater frequency of taste disturbances, 6%, than did the general population
subjects, 2% (p<0.001). Moreover, the frequency of taste disturbances correlated with the severity
of TMD pain. For each 1-unit increase in taste disturbance, the odds of observing a higher grade of
TMD pain increased by 29% (95%ClI: 3-63%, p=0.03). Analysis by individual taste question and
adjustment for age and gender did not substantially affect the results. Self-reported frequency of
taste disturbances is greater in TMD pain patients than in the general population and the frequency
of taste disturbances correlates with severity of TMD pain. These findings are consistent with a
central neural dysfunction in TMD pain and suggest that a common neural substrate may underlie
sensory disturbances of multiple modalities in chronic pain patients. Further research regarding
taste disturbances and trigeminally-mediated pains, such as in TMD, is warranted.
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Introduction

The mechanisms involved in temporomandibular disorder (TMD) pain are not well defined
(1, 2); however, evidence of a lack of progressive peripheral tissue destruction (3) and a
disassociation between pain symptoms and tissue injury, when present, (4, 5) suggest that
central modulation of nociception plays an important role. This is supported by research
indicating enhanced responses to sensory stimuli evoked from regions not innervated by the
trigeminal nerve (6-10). This suggests that at least a component of TMD pain is centrally-
mediated and associated with a reduction in inhibitory pain pathways (11, 12), similar to
other chronic pain conditions (13).

In a taste testing study, individuals with chronic back pain, a complex musculoskeletal pain
disorder with elusive underlying mechanisms, reported higher intensity ratings to standard
taste concentrations than matched controls did (14). The authors suggested that since taste
perception is modulated in brain regions that also process nociceptive signals (15, 17), there
is an inherent interaction between these two sensory systems. Their data suggest that
changes in these regions could affect both pain and taste in the same manner. Changes in the
thresholds of other sensory modalities, such as noise and light in people with migraine
headaches (20, 21), have also been reported to change with pain, suggesting an interaction
between trigeminally-mediated pain and these special senses. This is also likely to include
olfaction, since the sensations of taste and smell are closely linked (18). Injury to trigeminal
somatosensory afferents resulted in increased olfactory thresholds (19). Overall, results from
a number of different lines of research support a potential interaction between trigeminal
somatosensory pain processing and the special senses.

Informal feedback from TMD patients suggest they experience alterations in their ability to
taste, yet only one case report was found in the literature that explicitly reported this sensory
disturbance (22). Others have reported taste sensation to be associated with other chronic
orofacial pain conditions, specifically decreased taste threshold with burning mouth
syndrome (23) and as a triggering stimulus for idiopathic trigeminal pain (24). The aims of
this exploratory study were to determine if TMD pain patients differ from the general
population in the frequency of self-reported taste disturbances, and whether the frequency of
taste disturbances correlates with the severity of the TMD pain. This study is a preliminary
step towards assessing whether future research investigating the relationship between taste
sensibility and TMD pain is warranted.

Material and Methods

Subjects

This research was conducted in accordance with accepted ethical standards for research
practice, undergoing review and approval by the Institutional Review Board at the
University of Leipzig. Written informed consent was obtained from all participants prior to
their enrollment.

This exploratory study used data previously collected for a cross-sectional study of the oral
health-related quality of life in patients with TMD (25). From 2002 to 2006, 416 patients at
least 14 years of age and with at least one diagnosis of TMD were recruited from a series of
consecutive patients seeking treatment for complaints in the masticatory muscles and the
temporomandibular joints at the Department of Prosthodontics, Martin-Luther-University
Halle-Wittenberg (Halle/Saale, Germany) or the Department of Prosthodontics and
Materials Science, University of Leipzig (Leipzig, Germany) (25). Patients had either sought
care on their own initiative or had been referred for treatment by their dentist, physician, or
physical therapist. TMD was diagnosed by dentists experienced with TMD management and
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according to the German version of the research diagnostic criteria for temporomandibular
disorders (RDC/TMD) (26, 27). Because our goal in the present study was to test for an
association between self-reported taste disturbances and TMD pain, we included only those
patients with painful TMD, i.e., those with a score of I, 11, 11, or IV on the Graded Chronic
Pain Scale. A total of 301 subjects in the original cohort met this additional criterion. Their
mean age (+ standard deviation) was 38.1 + 16.05 years, and 78% were women. Other
sociodemographic and clinical characteristics of the TMD pain group are summarized in
Table 1.

General population subjects, the comparison group in our study, came from a probability
sample of a German national prevalence survey (response rate 60%, n=2026) (28). The age
and gender distributions for this comparison sample (52% female, mean age of 43 + 16.2
years, age range from 16—79 years) were similar to data published by Federal Statistical
Office for the German population.

Assessment of pain severity and taste disturbances

TMD pain severity was measured with the Graded Chronic Pain Scale (GCPS). This 7-item
questionnaire yields a grade of I-1V that ranks the level of functional limitation associated
with the respondent’s chronic pain (29). Grade | is functionally normal with chronic pain,
grade Il is mild functional impairment, and grades 111 and IV are dysfunctional chronic pain
states (29). The GCPS is a valid indicator of functional limitation in TMD pain patients (30,
31) and a predictor of persistence of chronic pain in such patients (29). The GCPS is
obtained from the RDC/TMD. The validated German version of the RDC/TMD was used in
this research (27).

Taste disturbances were measured with two questions (items 6 and 26) from the German
version (32) of the Oral Health Impact Profile (OHIP) (33). Patients were asked:

#6. Have you felt that your sense of taste has worsened because of problems with
your teeth, mouth or dentures?

#26. Have you felt that there has been less flavour in your food because of
problems with your teeth, mouth or dentures?

For each question, patients were asked to rate the frequency of oral problems on an ordinal
scale of 0-never, 1-hardly ever, 2-occasionally, 3-fairly often, and 4-very often during the
last month. In our analyses, ratings of 3-fairly often and 4-very were considered
problematic.

Data analysis

Correlations between the two taste items, and between the two taste items and GCPS score,
were computed by using the Spearman rank coefficient. To compare the prevalence of
frequent taste problems (problems mentioned fairly or very often) between TMD patients
and general population subjects, a two-sample test of proportions was used. To compare the
frequency of the full ordinal response range of OHIP taste items between the two
populations, a Wilcoxon rank-sum (Mann-Whitney) test was used. Logistic regression was
used to determine whether higher levels of pain severity (GCPS status of 1-1V) were related
to higher frequency of taste disturbances (0-4). Simple logistic regression was applied to
determine how the prevalence of frequent taste problems increased with higher graded
chronic pain status. In addition, ordinal logistic regression was used to analyze how the
frequency of taste disturbances rated within each OHIP question increased with GCPS.
These analyses were performed with and without adjustment for age, a continuous variable,
and gender.
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Analyses were conducted with the statistical software package STATA, release 9 (StataCorp
LP, College Station, TX). A level of p<0.05 was considered statistically significant.

Results

Prevalence of dysfunctional chronic pain and frequency of taste problems

In TMD pain patients, the prevalence of dysfunctional chronic pain (grades 111 or IV on the
GCPS) was 13% (Table 1) and the frequency of problematic taste disturbances (ratings of
fairly often or very often) was 6% (Table 2). Compared with general population subjects,
TMD pain patients reported a greater frequency of taste disturbances for both of the OHIP
questions (Table 2; two-sample test of proportions, P= 0.002 and P= 0.001). However, when
the severity of taste problems was compared for the groups, only felt less flavour in food
was statistically significant (Wilcoxon rank-sum test, P<0.001).

Responses to the two individual taste questions correlated moderately with each other for
both the general population sample (rspearman=0.61, P<0.001) and TMD pain patients
(rspearman=0.52, P<0.001). For TMD pain patients, responses to individual taste questions
correlated weakly with responses for GCPS status (worsened sense of taste: rspearman=0.13,
P<0.03; felt less flavour in food: rspearman=0.11, P<0.05).

Correlation between grades of chronic pain and frequency of taste problems

In the TMD pain group, the prevalence of taste problems increased with increasing chronic
pain grade in a dose-related fashion (Table 3). The presence of any taste problem (fairly or
very often) was related to dysfunctional chronic pain (grade 111 or 1V), with an overall odds
ratio of 3.4 (95% CI: 1.1-10.2). That is, subjects with frequently reporting taste problems
were 3.4 times more likely to have a dysfunctional level of chronic TMD pain that those
who did not report taste problems. Trend analysis using an ordinal logistic regression
revealed that for each 1-unit increase in the 5-point response scale for the taste disturbance
questions, the odds of observing a higher grade of TMD pain increased by 39% (95%Cl: 6—
80%, p=0.02) for the “worsened sense of taste”’ question; by 39% (95%CI: 7-79%, p=0.01)
for “felt less flavour in food” question; and by 29% (95%Cl: 3-63%, p=0.03) for “any taste
problem.” Adjustment for age and gender did not substantially change the results and are
therefore not reported.

The prevalence and grade of TMD pain was not measured in the population sample; thus, an
exploration of whether frequent reports of taste problems were associated with TMD pain
could not be performed for this group.

Discussion

In this exploratory study, subjects with TMD pain self-reported greater frequencies of taste
disturbances when compared with a general population sample. Our results also suggest that
there is a graded interaction between perceived taste and TMD pain with worse pain
associated with a greater frequency of taste complaints. These findings were not different
when adjustments for age and gender were performed. Our results provide preliminary
evidence for an interaction or common dysfunction between taste and trigeminally-mediated
pain.

Researchers have suggested that taste disturbances are associated with the development of
chronic orofacial pains such as burning mouth syndrome (BMS), neuropathic tooth pain, and
TMD pain. One possible mechanism for this association is loss of inhibitory activity by taste
on trigeminal nociception (34, 35). Investigations of tongue innervation revealed that
compared to controls, individuals with BMS show evidence of thin nerve fiber dysfunction
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with both hyper- and hypo-responsiveness, measured by thermal quantitative sensory testing
(36), and reduced epidermal nerve fiber density in the anterolateral border region, measured
by immunohistochemistry (37). In other work, the taste threshold of individuals with BMS
were elevated compared to pain-free controls, as well as controls with local reasons for an
oral burning sensation (38). Recent evidence suggests that the pathophysiology of both
neuropathic tooth pain (39-41) and TMD pain (42, 43) are associated with central pain
mechanisms. However, an evaluation of tasting ability under such chronic pain conditions
has not been previously reported. Medications that affect GABAergic mechanisms, the main
inhibitory transmitter in the brain, also reduce pain in some individuals with BMS (44) and
TMD pain (45). Both BMS and TMD pain are trigeminally-mediated pain conditions, share
multiple pain characteristics (46) and may result from a reduction of inhibitory controls (11,
35).

Sensory Thresholds and Chronic Pain

Taste perception and pain processing may be represented in similar regions of the cerebral
cortex and other brain areas (15, 16). These findings would predict that increased central
neural activity associated with the development of chronic pain conditions, would result in
increased sensitivity to tastants in a similar manner as hypersensitivity to somatosensory
stimuli in patients with chronic back pain. When compared to matched pain-free controls,
chronic back pain patients rated their various taste sensations as more intense, with a trend
for having a lower detection threshold (14). Also, induced pain from both venopuncture and
propofol injection was shown to be greater in adults with an increased sensitivity to bitter
taste (47).

Research assessing other sensory systems, such as auditory and vision, also demonstrate that
subjects with chronic pain have decreased thresholds (20, 21, 48). The common central
mechanisms involved in modulating sensory perception and why pain and other sensory
systems are represented in common brain areas is not certain (49). Emerging evidence
implies there are multiple and distinct functions of individual cortical regions, such as the
insula that integrate features of sensory input such as magnitude rather than sensory
modality (50), features not previously separated due to methodological limitations.
Therefore, at present, it is unknown how different sensory systems thresholds are modulated.

Relation between Subjective Taste Alterations and Taste Testing Results

Subjective reports of taste alterations do not correlate well with psychophysical taste testing
(51, 52), which is a potential limitation of using self-reported responses regarding taste
disturbances. One explanation for this is the high degree of integration between the sense of
taste and smell, with alteration of either sense resulting in a self-report of a decreased
enjoyment eating foods (53). Temporary alteration of taste after application of local
anesthesia to the chorda tympani nerve alters taste perception, mostly bitter and metallic
tastes that are then perceived as being unpleasant, as well as contralateral taste phantom
sensations (54). Intentional injury to the trigeminal ganglion for the treatment of trigeminal
neuralgia also resulted in taste complaints in some but not all individuals (19) suggesting
that significant individual variability in impaired taste ability. Given that metallic taste
sensation measured by questionnaire has recently been shown to be predictive for the
development of chronic orofacial pain following head and neck treatment in 5-year
survivors of cancer (55), asking about taste perception may be a valid means for assessing
taste and chronic pain. A further limitation of our study is that information on smoking
status, presence of dentures, number of remaining teeth, and medication use was not
obtained, yet each of these factors may alter taste perception. Therefore, even though self-
report of taste and psychophysical measurement of taste do not correlate well at the level of
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the individual, meaningful information about the relationship of taste and chronic pain can
be obtained using questionnaires in moderate sized groups.

An alternative explanation for why a correlation between self-report of taste disturbances
and TMD pain status is that the increased awareness of taste disturbances may result from
increased attention to orofacial functions in people with TMD pain compared to those who
do not have pain. This possibility is supported by the observation that greater self-reported
prevalence of taste disturbances in our TMD pain population, 5%, as compared to 2-2.5% in
the general population (28, 56). Mood disorders, such as depression and anxiety, and the
medications commonly used to treat them, also are known to alter taste perception (57).
Since mood disorders are commonly co-morbid with TMD pain (3), as seen in this group of
patients, they can have a modifying effect on the self-report of taste. These reasons likely
contribute to the weak correlation between GCPS pain grade and OHIP frequency of taste
disturbances, suggesting that a relationship may exist between TMD pain and taste
alterations. Correlation results per se cannot be considered causal, however, they
demonstrate the need for taste testing in TMD pain patients to support or refute the above-
presumed associations.

Injury to Taste is Likely to be Common

Reductions in the ability to taste are known to occur with disease states (58), head trauma
(59), and medication intake (60). They can also be induced by various anticancer therapies
(61, 62). Dental procedures, especially third molar extraction (63) and inferior alveolar
nerve block anesthesia, (63, 64) have been reported to sporadically cause lingual and chorda
tympani nerve injury affecting the sense of taste. Interestingly, patients can be unaware of a
reduction in their ability to taste (59), sometimes even when assessed with direct questioning
(52). Deficits in the ability to taste have been shown to be associated with increased
exposure to dental deafferentation, specifically tooth extractions and root canals. Research
suggests that individuals who have 7 or more deafferented teeth have higher taste thresholds
than those with 6 or less deafferented, even when adjusted for age (65). Emerging evidence
suggests that genetic factors may also be involved (66, 67). Tooth extractions and root canal
procedures are ubiquitous within the practice of dentistry (68), and the consequences of
these treatments are unknown. Despite the apparent weak relationship between taste injury
and the development of chronic trigeminally-mediated pain, further research on this
association is warranted because of the prevalence of taste disturbances in the general
population.

Conclusions

Self-reported frequency of taste disturbances is more common in people with TMD pain
than in the general population. In patients with TMD pain, frequency of taste disturbances
correlates with severity of TMD pain in a graded manner. This supports the hypothesis that
alterations of taste may be part of the pathophysiology of TMD pain. This relationship may
be related to changes in peripheral taste sensation and/or central processing of sensory
stimuli. Further investigations regarding taste disturbances and TMD pain are warranted in
an effort to elucidate the potential relationships underlying the pathophysiology of this
chronic pain disorder.
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Sociodemographic characteristics and frequency of RDC/TMD-based diagnoses and pain-related psychosocial

disability in TMD pain patients

TMD Group
mean (sd) or %

Ageinyrs
Women
Education

10 or less yrs of schooling™
11/12 yrs of schooling
>12 yrs of schooling

Characteristic pain intensity in 0-100 scale

Presence of headache”
Axis| diagnoses
Myofascial pain (la)
Myofascial pain with limited opening (Ib)
Disc displacement with reduction (l1a)
Disc displacement without reduction, with limited opening (I1b)
Disc displacement without reduction, without limited opening (llc)
Arthralgia (I11a)
Osteoarthritis of the TMJ (111b)
Osteoarthrosis of the TMJ (I11c)
Axis|l measures
Graded Chronic Pain Scale
Grade |
Grade Il
Grade IlI
Grade IV
Jaw disability

0-3 limited oral functions”
4-7 limited oral functions
8-12 limited oral functions

Depression

Normal ™

Mild to moderate depression

Severe depression
Somatisation

Normal

Mild to moderate somatisation

Severe somatisation

38.1 (16.0)
78.1

42.9

36.5
16.6
52.7 (18.4)
52.8

34.6
26.9
37.2
6.0
4.7
36.5
3.7
2.3

34.6
52.5
8.6
43

44.9

41.2
14.0

54.7

18.1
27.2

51.5
26.9
21.6

Above noted fields missing data;

+
N=12,
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#NZS,

*

N=36.

fJaw disability score cut-points at 70th and goth percentiles of a clinic-based TMD study (see Reissmann et al, 2007 for more details)
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