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Background: Phantom bite syndrome (PBS) is characterized by an uncomfortable sensation 
during occlusion without any evident abnormality. A recent case–control study with single- 
photon emission computed tomography (SPECT) using 99mTc-ethyl cysteinate dimer could 
not find the specific features of regional cerebral blood flow (rCBF), which might be due to 
the heterogeneity of PBS. We analyzed the brain images of PBS corresponding to the clinical 
features by studying PBS subgroups.
Methods: This study contributes to elucidating the pathophysiology of PBS by evaluating 
regional brain perfusion on SPECT and its clinical features. We performed SPECT using 
99mTc-ethyl cysteinate dimer in 44 patients with PBS. The SPECT images were analyzed 
qualitatively and quantitatively.
Results: Asymmetrical rCBF patterns were detected, corresponding to symptom laterality. 
Patients with PBS with right-side symptoms showed right-side-predominant rCBF asymme
try in the parietal region and left-side-predominant rCBF asymmetry in the thalamus, and 
vice versa. Moreover, the analysis of the association between rCBF and patient behaviors 
revealed that patients who blamed their dentists for their symptoms tended to have a 
symmetrical rCBF pattern.
Conclusion: Patients with PBS showed blood flow imbalance in the thalamus and parietal 
region corresponding to symptom laterality. There are two types of symmetrical and asym
metrical rCBF patterns in the pathophysiology of PBS despite similar clinical 
manifestations.
Keywords: phantom bite syndrome, cerebral blood flow, single-photon emission computed 
tomography

Background
Phantom bite syndrome (PBS) is a term first described by Marbach1–3 as the 
patients who stick to believing their dental occlusion to be abnormal, regardless 
of the occlusion itself. The complaints include “the bite is off,” “the bite is sliding,” 
“the bite is somewhat high/low,” and so on. The belief of “wrong bite” in patients 
with PBS is unwavering, which prompts them to visit several doctors. Facile 
occlusal adjustment could offer temporary improvement, but eventually worsens 
the problems. Thereafter, patients with PBS report occlusal dysesthesia,4,5 indicat
ing that this syndrome is not uncommon. On surveying reports on behaviors in 
PBS, many features were detected to be common. These patients are often pre
occupied with their occlusion or teeth alignment, resulting in an obsession with 
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dental treatment. Most of them have a history of unsuc
cessful dental treatments, and they blame the failure on the 
dentists’ “unskilled” work. Medically unexplained symp
toms, such as chronic back pain and body tilt, are often 
complaints associated with “wrong bites.”

PBS was originally regarded as a psychogenic or psy
chiatric disorder such as paranoia, severe personality 
disorder,1,2 monosymptomatic hypochondriacal psychosis, 
and dysmorphophobia.3,6,7 However, recent studies have 
suggested central nervous system dysfunction in patients 
with PBS, partly based on the response to psychopharma
cologic therapy4,8–10 and studies for other phantom 
sensations.11,12 Marbach13 revised the interpretation of 
PBS to “altered central processing.” We sustained this 
hypothesis in light of psychiatric comorbidities and psy
chopharmacological outcomes14 and the distribution of the 
side with occlusal discomfort.15 Moreover, we report a 
case of PBS in which symptoms improved with psycho
pharmacology along with a change in asymmetrical regio
nal cerebral blood flow (rCBF) patterns, as evaluated by 
99mTc-ethyl cysteinate dimer (99mTc-ECD) single-photon 
emission computed tomography (SPECT),16 which sug
gests the involvement of dysfunction in the central nervous 
system in patients with PBS.

rCBF patterns in patients with PBS were not signifi
cantly different from those in control participants of our 
recent case–control study as assessed using 99mTc-ECD 
SPECT.17 In this study, we speculated that the reason for 
this contradiction might suggest the heterogeneity of PBS. 
It may be possible that, from the very beginning, the 
scheme of comparison of patients with PBS with normal 
controls was inappropriate. Although our former study 
could not find unique rCBF patterns of all patients with 
PBS, we noticed that some clinical features could explain 
the variety of rCBF patterns. This could imply that the 
underlying pathophysiology of PBS in each individual 
patient comprises different proportions of dysfunctional 
central processing and other “psychogenic” factors. Since 
scrutinizing and assessing socio-psycho-behavioral factors 
is complicated and time-consuming, we focused on the 
relationship between rCBF patterns and objectifiable clin
ical features such as symptom laterality15 and behavioral 
features. In the present study, we hypothesized that any 
classification corresponding to clinical features could 
explain the diversity of rCBF patterns in PBS. To search 
for subgroups of PBS, we analyzed brain images of PBS 
corresponding to clinical features. This classification 
might promote individualized treatment of PBS.

Methods
Study Design
We analyzed the data from a recently published brain perfu
sion-based study for phantom bite syndrome.17 This was a 
case–control study to detect the pathophysiology of PBS 
using SPECT. Sixty-six subjects with PBS and 15 subjects 
without PBS were initially enrolled in the study. Subjects 
with and without PBS were recruited from the department 
of psychosomatic dentistry and prosthodontic dentistry, 
respectively. The diagnosis for PBS was based on a pre
vious study.10 The exclusion criteria were severe psychia
tric diseases, presence of organic problems in the brain as 
judged by a radiologist, cognitive impairment as judged by 
the Revised Hasegawa Dementia Scale (HDS-R) (<25), 
abnormalities observed in the magnetic resonance imaging 
(MRI) of the brain except for a high signal intensity on the 
T2-weighted images that was not significant, and left- 
handed patients defined by the Edinburgh inventory. We 
also excluded patients who had comorbid oral cenesthopa
thy, as the rCBF pattern in oral cenesthopathy18 could affect 
that of PBS. A total of 22 patients were excluded from the 
study, and 44 patients with PBS and 12 individuals without 
PBS were included.

In the present study, the detailed complaints of 44 
patients with PBS were available: laterality of the symp
toms (both sides, left, and right), presence or absence of 
sensation of biting discomfort, horizontal (bite is sliding, 
or slipping), and vertical (high or low) discrepancies. 
Three behavioral features assessed in these patients with 
regard to their dental visits (blaming dentists, sticking to 
occlusal treatment, and drug compliance) were also eval
uated. This study was conducted with the approval of the 
Ethical Committee of Tokyo Medical and Dental 
University (No. 24,593,141).

Brain Perfusion SPECT
SPECT was performed at a fixed time for all subjects. The 
details of the SPECT protocol have been mentioned in our 
previous studies.17–19 Data acquisition began after the 
injection of a bolus of 600 MBq of 99mTc-ECD through 
the right brachial vein with the patients’ eyes closed. 
SPECT images were obtained using a rectangular, large- 
field, dual-head gamma camera (E.C. signature; Toshiba, 
Tokyo, Japan) equipped with fan-beam collimators after 
the passage from the heart to the brain for 100 s was 
monitored using the same gamma camera equipped with 
low-energy, high-resolution, and parallel-hole collimators.
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Qualitative and Quantitative Analyses
The evaluation of rCBF was the same as that in our 
previous study.17 For qualitative analysis, two nuclear 
medicine physicians qualitatively evaluated SPECT 
images of the participants after blinded group allocation. 
They visually judged whether rCBF asymmetry between 
the right and left sides of the brain perfusion existed in 
each of the five areas (frontal, temporal, parietal, lenticular 
nucleus, and thalamus). Consensus in imaging interpreta
tion between the two nuclear medicine physicians was 
done for all participants. Subjects with an asymmetrical 
rCBF pattern in at least one region were allocated to the 
“asymmetry group.” In contrast, those without asymmetri
cal rCBF patterns in any region were allocated to the “sym
metry group”; among the 44 PBS cases, 17 were 
categorized into this group. SPECT images of patients in 
the asymmetry and symmetry groups are presented in 
Figure 1A and B, respectively.

To quantify CBF, the Patlak plot method was applied to 
the SPECT images to measure the mean CBF values. 
Subsequently, rCBF quantification was performed using a 
three-dimensional stereotactic region of interest template 
(3DSRT) program20,21 without correcting the partial-volume 
effect (PEV). 3DSRT is a fully automated rCBF quantifica
tion program that can be used to examine a total of 636 ROIs. 
These 636 ROIs are categorized into 12 brain segments on 
the 3DSRT template: callosomarginal, precentral, central, 
parietal, angular, temporal, posterior cerebral, pericallosal, 
lenticular, thalamic, hippocampal, and cerebellar segments. 
The blood flow to each ROI was quantified in mL/100 g/min. 
The rCBF values obtained from the 3DSRT data were used in 
the quantitative analysis.

As an index of brain perfusion asymmetry, the [R/(R + 
L)] ratio was calculated for the 12 brain segments in each 
participant, as follows:

[R/(R+L)] = right CBF/sum of right and left CBF in 
each ROI.

In detail, [R/(R+L)] ratio means rCBF values for the 
concerned segment on the right side × 100/sum of the 
rCBF values for the corresponding segments on the right 
and left sides. The mean [R/(R + L)] ratios were calculated 
for each brain segment. The results are expressed as mean 
± standard deviation (SD).

Statistical Analysis
The data obtained were analyzed with the Kruskal–Wallis, 
Mann–Whitney U, Spearman correlation coefficient, and 
chi-square tests using the PASW software (IBM, Chicago, 
IL). P-values of <0.05 were considered to indicate statis
tical significance. Scheffe’s test was performed to correct 
the multivariable comparison.

Results
Symptoms of PBS in Patients
Twenty-four patients (7 males and 17 females; mean age: 
58.29±15.7 years) complained of occlusal discomfort on 
both sides, and 11 (5 males and 6 females; mean age: 
53.91±12.6 years) and 9 (1 male and 8 female; mean 
age: 61.44±10.2 years) patients complained of left- or 
right-side symptoms, respectively. The Kruskal–Wallis 
test did not detect significant differences in age and sex 
between the three groups.

Complaints concerning horizontal bite discomfort such 
as “bite sliding” or “slipping” were seen in 20 patients (5 
males and 15 females). Vertical bite discomfort such as 
“high or low bites” was seen in 18 patients (7 males and 
11 females). Mean ages of the patients with horizontal and 
vertical complaints were 57.84±14.0 years and 57.67±13.8 
years, respectively. No significant difference in age was 
detected between men and women in the horizontal bite 
discomfort group. However, in the vertical bite discomfort 
group, women were significantly older (p=0.035), as eval
uated using the Mann–Whitney U-test.

Figure 1 99mTc-ECD single positron emission computed tomography images of patients with phantom bite syndrome. Patient (A) is a 67-year-old woman with right-side 
symptom. As compared to the values on the left side, the right frontal lobe shows higher perfusion values. Patient (B) is a 71-year-old woman with bilateral symptom; no 
asymmetrical perfusion pattern is seen.
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Visual Qualitative Assessment of SPECT 
Images
Table 1 shows the correlation between various clinical fea
tures and rCBF asymmetry using qualitative categorization 
of rCBF patterns. Asymmetrical rCBF was not significantly 
correlated with detailed complaints (laterality of oral symp
toms, sensation of discomfort in the bite, whether vertical or 
horizontal). Among behavioral features (blaming dentists, 
sticking to dental treatment, and drug compliance), a signifi
cant difference was detected only between “blaming den
tists” and asymmetry (chi-square test, p=0.014). Patients who 
were “blaming dentists” tended to have symmetrical rCBF.

Quantitative Analysis of SPECT Images
R/(R+L) ratios were not significantly different between the 
presence and absence of vertical and horizontal bite discom
fort (data not shown). In contrast, when patients with PBS 
were classified according to the symptomatic side (left-side 
symptoms, bilateral symptoms, and right-side symptoms), 
significant differences were detected in the precentral (left- 
side symptom: 49.95±0.45, bilateral symptom: 50.43±0.66, 
right-side symptom: 50.51±0.42; p=0.049), parietal (left-side 
symptom: 49.69±0.73, bilateral symptom: 50.24±0.75, right- 
side symptom: 50.58±0.54; p=0.023), and thalamic (left-side 

symptom: 50.84±1.55, bilateral symptom: 50.19±1.31, right- 
side symptom: 49.20±0.94; p=0.020) regions with the 
Kruskal–Wallis test. Furthermore, the Mann–Whitney 
U-test corrected with Scheffe’s test was used for all pairs in 
these three significant areas. In the parietal region, signifi
cantly lower R/(R+L) ratios were observed in patients with 
left-sided symptoms and a higher ratio was observed in 
patients with right-sided symptoms (p=0.029); however, the 
tendency was opposite in the thalamus (p=0.029) (Figure 2). 
The ipsilateral rCBF on the symptomatic side was predomi
nant in the parietal region, and the contralateral rCBF was 
predominant in the thalamus. The relationship between the 
R/(R+L) ratios of the thalamus and parietal region was ana
lyzed using Spearman correlation coefficient. However, the 
correlation analysis was not significant (rs=−0.058, p=0.71).

With regard to the behavioral features (blaming den
tists, sticking to dental treatment, and drug compliance), 
no significant differences were detected, except in the 
central region (p=0.019), between the presence and 
absence of “sticking to dental treatment.”

Discussion
The major findings of this study were as follows: (1) the 
patients who blamed their former dentists for inadequate 

Table 1 Correlation Between Patients’ Clinical Features and Qualitative rCBF Asymmetry

rCBF Pattern

“Asymmetry Group” “Symmetry Group”

Complaints

Symptom laterality Left 8 3
Both 13 11
Right 6 3

Horizontal bite discomfort Yes 12 8
No 15 9

Vertical bite discomfort Yes 11 7
No 16 10

Behavioral features

Blaming dentists* Yes 6 10
No 21 7

Sticking to occlusal treatment Yes 23 13
No 4 4

Drug compliance Yes 17 8

No 10 9

Notes: *p<0.05 (chi-square test). “Asymmetry group”: Patients with an asymmetrical rCBF pattern in at least one region. “Symmetry group”: Patients with no asymmetrical 
rCBF pattern in any region on visual assessment. 
Abbreviations: rCBF, regional cerebral blood flow; PBS, phantom bite syndrome.
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dental treatments tended to have a symmetrical rCBF 
pattern on qualitative evaluation, and (2) rCBF asymmetry 
was detected quantitatively, corresponding only to the side 
of occlusal discomfort among the various clinical features. 
Patients with right-sided symptoms showed right-side-pre
dominant rCBF asymmetry in the parietal region and left- 
side-predominant rCBF asymmetry in the thalamus, and 
vice versa. This study demonstrated the diversity of asym
metrical cerebral blood flow patterns corresponding to the 
clinical features of PBS.

The physiological oral sensation is mainly projected to 
the opposite thalamus and primary sensory cortex, and 
partly to the thalamus and primary sensory area of the 
ipsilateral side.22,23 In this study, the patients with right- 
side symptoms were left-dominant in the thalamus and the 
patients with left-side symptoms were right-dominant in 
the thalamus, but the reason behind this is difficult to 
discern. Correlation analysis between the thalamus and 
parietal region was not significant, suggesting that the 
relationship between the asymmetry in the cerebral cortex 
and thalamus to be complicated.

Patients with PBS feel that their occlusion is uncom
fortable and repeatedly attempt to confirm that it is in 
place, although they appear to be normal (ie, no movement 
or behavioral abnormality). Considering such clinical 
symptoms, the simplest possibility is that the opposite 

thalamus may be more active as the main conduction 
pathway as the result of concentrating on the sense of 
one side of the oral cavity, although it is uncertain whether 
they are primary or secondary.24,25

There was significant parietal asymmetry on the symp
tomatic side. In contrast, the asymmetry in the thalamus 
was left-predominant in patients with right-sided symp
toms and right-predominant in patients with left-sided 
symptoms.

Previous studies have reported that masticatory muscle 
activity is positively and negatively correlated with corti
cal activation, including the frontal lobe.26 In a study that 
recorded 15 healthy subjects using fMRI, cortical activa
tions in the primary sensorimotor cortex and cerebellum 
were positively correlated with masticatory muscle activity 
during molar biting. On the other hand, incisal biting was 
negatively correlated with the activity in the rostral cingu
late motor area, superior frontal gyrus, and caudate 
nucleus. Moreover, experimentally reproduced occlusal 
discomfort in healthy participants changed the blood flow 
of the dorsolateral prefrontal cortex (DLPFC) and fronto
polar cortex (FPC) in a near-infrared spectroscopy study27 

and in the primary sensory cortex and Brodmann’s area 46 
in a fMRI study.28 DLPFC, FPC, and Brodmann’s area 46 
overlap with the precentral region in 3DSRT. Our results 
showed that significant asymmetry in the precentral region 

Figure 2 R/(R+L) ratios for each brain area in the three groups of patients with phantom bite syndrome (PBS) classified according to the symptomatic side (left, bilateral, 
and right). The X-axis shows each region, and the Y-axis shows the R/(R+L) ratio. The graphs on the left (black bars), middle (hatched bars), and right (dotted bars) show the 
mean ± SD for the patients with left-side symptoms, patients with bilateral symptoms, and patients with right-side symptoms, respectively. Kruskal–Wallis test and Mann– 
Whitney U-test corrected with Scheffe’s test were used to compare the R/(R+L) ratios for various areas of the brain of patients with PBS. There were significant differences 
between the patients with left- and right-side symptoms in the parietal region and thalamus (*p <0.05).
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was detected only by Kruskal–Wallis test, not by Scheffe’s 
multiple comparison. Experimentally reproduced occlusal 
discomfort and pathological PBS symptoms are certainly 
not identical, but it is interesting that the asymmetrical 
rCBF tendency was observed in the same area. Further 
studies confirming the relationship between the frontal 
area and PBS will be required.

The parietal area in 3DSRT has not been given much 
attention during the physiological experiments on occlu
sion. The parietal area includes the secondary sensory 
cortex,20,21 which is considered to participate in the inte
gration of various sensations.29,30 Considering the patho
physiology of PBS, it is not surprising that patients feel 
sustained occlusal discomfort if an abnormality in the 
secondary sensory cortex fails to integrate various sensa
tions related to occlusion.25

The quantitative analysis in this study showed a ten
dency for contralateral rCBF increase in the thalamus in 
patients with PBS with right- and left-sided symptoms, 
suggesting some perfusion imbalance. However, no asym
metry in rCBF was found in patients with bilateral symp
toms (n = 24/44), whose distribution was similar to that in 
the control group of our previous case–control study.17 

Thus, some patients with PBS showed apparent rCBF 
asymmetry, but others did not. In fact, the visual assess
ment classified all 44 cases into 17 symmetrical and 27 
asymmetrical cases, suggesting that more than half the 
patients had an asymmetrical rCBF pattern. Interestingly, 
the contingency table analysis showed a significant differ
ence between symmetry in SPECT imaging and “blaming 
dentists.”

In the clinical dental setting, patients with PBS are 
probably the most difficult to treat;7,31–34 they tend to com
plain about their dentists more directly. Sometimes, they 
even blame dentists for ineffective treatments31,35, The dif
ficulty in maintaining a good dentist–patient relationship 
may lead to treatment dropout.6,14,36 Although patients 
regularly visit the dentist, they are skeptical about explain
ing the disease and/or treatment effectiveness, which may 
result in rejection or discontinuation of medication.14

Furthermore, the aggressive attitude of patients with 
PBS may be one of the main problems; however, our 
results demonstrated that patients who blame dentists 
tended to have a symmetrical rCBF pattern, which was 
unexpected. Although the interpretation of this result is not 
feasible, it was speculated that at least two subgroups 
might be included in patients with PBS. Patients in the 
first subgroup may have an asymmetrical rCBF pattern 

that might be related to an abnormality or dysfunction in 
their sensory system that generates misinterpretation of 
their occlusal status (similar to illusion or hallucination), 
causing phantom bite symptoms. On the other hand, the 
cerebral blood flow imbalance in patients of the second 
subgroup was not noticeable; the issue with the sensory 
system did not seem to be dominant. Some psychological 
factors such as feeling of being victimized, rather than 
sensory system dysfunction, might appear as the reason 
for their occlusal discomfort complaint, which was 
reported by Marbach2 and Jagger et al.6 Our previous 
case report,16 which presented an asymmetrical perfusion 
pattern that disappeared after effective treatment, might be 
classified into the first subgroup. However, a more detailed 
examination of the relationship between rCBF and psy
chological factors is necessary for adequate treatment.

In a recent review,37 various treatment options were 
suggested. In our clinic, pharmacotherapy using antide
pressants and antipsychotic drugs was carried out based 
on previous studies.10,16 Pharmacotherapy might affect the 
balance of rCBF in PBS patients,16 however, it is often 
difficult for the patients to understand the necessity of 
psychotropic medications. As a result, most of the patients 
(especially in the second subgroup) stick to the dental 
procedures and resist taking medication. Our results 
might help these patients to understand their situation 
and increase the chance to accept pharmacotherapy apart 
from repeated dental procedures.

This study has several limitations. Methodologically, we 
should have performed correction for PVEs because they 
could underestimate rCBF values calculated by 3DRST in 
small structures of the brain.38 We could not perform PVE 
correction in our study because of the lack of brain MRI 
suitable for voxel-based morphometry (VBM). Further stu
dies including both brain perfusion SPECT and MRI-based 
VBM are needed. Some patients with PBS had a psychiatric 
history and were on low-dose medications such as antide
pressants and antipsychotics, which might have changed 
their rCBF patterns (a major limitation of the present 
study). Twenty-six of 44 patients had a psychiatric history 
such as depression (n=13, 29.5%), insomnia (n=7, 15.9%), 
adjustment disorder (n=2, 4.5%), anxiety disorder (n=3, 
6.8%), and somatoform disorder (n=2, 4.6%) (including 
multiple diagnoses). However, no significant differences 
in age and sex were detected between patients with PBS 
with and without psychiatric comorbidity using the Mann– 
Whitney U-test. Additionally, we reported that the effect of 
psychiatric history on the asymmetrical rCBF patterns in 
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patients with PBS was not significant.17,19 Hence, the sig
nificance in the present study might not disappear after the 
exclusion of the patients with PBS having a psychiatric 
history. The small sample size is also a limitation; thus, 
more studies with a larger number of participants are 
necessary.

Conclusions
In conclusion, the analysis of symptom laterality revealed 
that the patients with PBS showed blood flow imbalance in 
the thalamus and parietal region. Besides, patients with 
PBS who had symmetrical rCBF patterns show a tendency 
to blame their former dentists. Taken together, there are 
PBS patients who have slight disturbances of rCBF and 
those have not; suggesting the pathophysiology in these 
two groups might be different. These findings are useful 
for dentists in re-orientating the management of PBS. Still, 
the treatment for PBS is challenging, functional brain 
imaging might help the patients to understand their situa
tion and increase the chance to accept pharmacotherapy 
apart from repeated dental procedures.

Abbreviations
PBS, Phantom bite syndrome; SPECT, single-photon 
emission computed tomography; rCBF, regional cerebral 
blood flow; 99mTc-ECD, 99mTc-ethyl cysteinate dimer; 
HDS-R, Revised Hasegawa Dementia Scale; MRI, mag
netic resonance imaging; 3DSRT, Three-dimensional 
stereotactic regions of interest template; DLPFC, dorsolat
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voxel-based morphometry; PVE, partial-volume effects.
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