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Lithium therapy and
cerebrospinal fluid biomarker
levels in Alzheimer’s disease

Masahiro Maruyama Kota Ishizawa,’ Naoki Tomita,” Miyako Nemoto,’
Hiroyasu Yasuda,' Satoru Ebihara,” Takashi Olirui,' Takashi Seki,? Koh I'wasaki,*
Nobuyuki Okamura,* Makoto Higuchi,’ Hiroshi Yoshida,® Yukitsuka Kudo,
Hiroyuki Arai* and Hidetada Sasaki’

Departments af 'Geriatric and Respiratory Medicine, *Pharmacology, and ‘Biomedical Engineering Research
Organization, Tohoku University Groduate School of Medicine, and *Department of Geriatric and
Complementary Nedicine, Center for Asian Traditional Medicine Research, Sendai, *Laboratory for

Protealytic Neuroscience, RIKEN Brain Science Instiinte, Wako~shi, Saitama and *Research and
Development Laboratory, Nipro Corporation, Shiga, Japan

Recent studies suggest that lithium may retard pathological deterioration by inhibiting
aberrant phosphorylation of tau in Alzheimer's discase (AD). Here, we describe three cases
of AD who were treated with Jithium for agitation. However, there was no obvious
irnprovement either in global cognition, agitation or cerebrospinal fluid markers that were
thought to reflect Alzheimer’s pathology. Increased dosages of lithium were not tolerated
by the patients because of adverse effects. Tt is likely that AD patients do not benefit from
lithium therapy as an alternative choice of treatment.

Keywords: Alzheimer’s disease, beta amyloid 1-42, tau.

Introduction

Alzheimer's disease (AD) is a neurodegenerative disor-
der with a pathological presentation of both senile
plaques and neurofibrillary tangles.” 1t is well known
that senile plaques are deposits of beta amyloid proteins
and neurofibrillary tangles consisting of hyperphospho-
rylated tau proteins®* Recent evidence that lithium
degrades beta amyloid 1-42 (ApP;.ys) proteins and inhib-
its hypel phosphorylation of tau via inhibition of glyco-

gen synthase kinase-3o (GSK-30) and GSK-3f activity
i witro suggests that lithium might reduce the rate of
plaque and tangle formation in AD* Cerebrospinal
fluid levels of ARy (CSF-ARy.) decrease as AD
progresses.” Also, total (CSF/total- tau) and phosphory-
lated at threonine 181 (CSF/pyy;-tau) tau protein, which
may reflect the rate of neuvon loss, ave elevated even in
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the earliest stages of AD.F Moreover, CSF-AB;., con-
centration is negatively correlated with plaque levels.”
A clinical case report suggests that lithium may be
effective in treating agitation or aggressive behavior
associated with duncntm " Here, we examined cogni-
tive status and a variety of CSF markers (CSF-AR,2,
total and pyy-tau) before and after treatment with lith-
ium in three AD patients with agitation.

Case report

Three wornen, all of whom were home-malers, (cases 1,
2 and 3 were aged 78, 64 and 72 years, respectively) weie
referred to our outpatient clinic with appmxnnatcly az-
year history of disturbed memory function. They had no
paralysis, Parkinsonism or visual hallucinaticns, and
met the National Institute of Neurological and Com-
municative Diseases and Stroke/Alzheimer’s Disease
and Related Disorders Association (MINCDS-ADRDA)
criteria of AD.'! Furthermore, they showed manifesta-
tions of agitation.

Oral administration of Donepezil chleride 5 mg/day
was begun and continued for 3 months, As the agitated
state persisted, lithium 400 mg/day was given orally for

© 2005 Japan Geriairics Society



Lithium therapy and cerebraspinal fluid markers

an additional three months. Before and after lithium
treatment, CSF was taken by lumbar puncture following
informed consent from both patients and family mem-
bers, and biomarkers for AD were evaluated according
to the previous methods.”*'> The Mini-Mental State
Examination (MMSE) score was 14 in case 1, 17 in case
2 and 21 in case 3 at the start of lithium therapy. After
Jithjum treatment, cognition Jevels in MMSE decreased
to 17 in case 1, to 13 in case 2 and did not change in
case 3. Before and after lithium treatment, respectively,
CSF/total-tau was 642.4 and 642.0 pg/ml., CSF/py-tau
was 66 and 70 pmol/L, and CSF-AB,4, was 331 and
359 pg/ml. in case 1, CSF/total-tau was 382.3 and
484 pg/ml., CSF/pyy;-tau was 56 and 63 pmol/L, CSF-
ABq.4n was 398 and 296 pg/ml. in case 2 and CSF/iotal-
tau was 987 and 1065 pg/ml., CSF/pip-tau was 118 and
114 pmol/L, CSF- Afy_4, was 373 and 385 pg/mL in case
3 (see Fig. 1). Final serum concentration of lithium at a
dosage of 400 mg/day treatment was 0.58 mmol/l. in
case 1, 0.28 mmoVl/L in case 2 and 0.32 mmol/L in case
3 (normal range: 0.6-1.2 mmol/L). After three months
of lithium at 400 mg/day in case 2, lithiun was discon-
tinued because cognition became extremely poor. In the
other two patients, the dosage was increased to 600 mg/
day after 3 months of treatment at 400 mg/day, but the
medication was stopped because of loss of appetite.

Discussion

The sample size in this study was too small to perform
statistical comparisons. However, we found that
3 months of lithiwm treatinent resulted in no obvious
improvement either in global cognition, agitation o1 any
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Figure 1 Mini- Menial State Examination (MMSE) scores
and total rau, p187-tau and Af,... levels in cerebrospinal fluid
before and after 3 months of livhiwm treatment.
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of the CSF markers. In cases 1 and 3, changes in all of
the CSF markers were within a 10% range. In case 2,
CSF/otal and pyy-tan increased 27% and 13%, respec-
fively, and AP,_» decreased 26%, contrary to our
expectation,

Lithium is known to be effective not only in bipolar
affective disorders but also in agitation or aggressive
lsehavior associated with dementia," but adverse effects
including nausea, tremors and renal dysfunction have
been well documented,

Deposition of ff amyloid and neurcfibrillary degrada-
tion are two hallmark brain lesions of AD. AB synthe-
sized froin amyloid precursor protein (APP) is known to
be regulated not only by /y secretase but also by GSK-
3w, and tau phosphorylation is known to be regulated
by GSK-3f. In AD, it is supposed that Aff accumulatic
and abnormal tau phosphorylation lead to & massive
neuron Joss, which may give rise to increased total and
phosphorylated tau levels in CSF.' Iqbal et al. postu
lated that efficacy would be reflected by CSF levels of
total and phosphorylated tau protein if the regulator of
the phosphorylation of tau affected the AD brain.?
Phiel efal. reported that lithium inhibited GSK-3¢
activity, which potentiated the production of Af, and
consequently reduced the production of Af not the
processing of APP* Klein er al. reported that GSK-3p
activity (not measured in this study) was inhibited by
2 munol/L of lithium #n vitro.® We expected that the Jevels
of CSF markers that were thought to reflect molecular
pathological changes would change if GSK-30/f were
regulated by therapeutic concentration of lithium.

In light of these results, we decided to use Jithium,
which was well expected not only 1o stabilize mood bu
also to improve the mechanistic molecular pathology of
AD patients. To prevent the adverse effects of lithium,
initially started treattnent with low doses, However,
initial treatment with lithium failed to improve agita
tion/cognitien and did not appreciably change CSF
markers, Tt is likely that the lower concentrations of lith-
i used in this study may not be sufficient to regulate
phosphorylation of tau.

In summary, improvement in agitation/cognition and
CS8F markers withi therapeutic doses of lithium were
Hiited. These observations indicate that we mnust await
the development of a new class of safer and more selec-
tive GSK-3 inhibitors,
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Cognitive Decline in Patients with Long-Term
Domiciliary Oxygen Therapy

*
TakasHI OHRUL, KazuNorl Tanaka,” Kazue CHiea,” TosHIFUMI MATSUI, SATORU
EBIHARA, MEI HE, IcHiro Tsus,' Hirovuk ARrAT® and HIDETADA SASAKI

Department of Geriatric and Respiratory Medicine, ' Division of Epidemiology,
Department of Public Health, *Department of Geriatric and Complementary
Medicine, Tohoku University Graduate School of Medicine, Sendai, and

? Teijin Home Healthcare East Japan Limited, Saitama, Japan

OHrul, T., Tanaka, K., CHiBa, K., MaTsul, T., EBHARA, S., HE, M., Tsu, 1., Aral, H.
and Sasaki, H. Cognitive Decline in Patients with Long-Term Domiciliary Oxygen Thera-
py. Tohoku J. Exp. Med., 2005, 206 (4), 347-352 — Cognitive and psycho-physiological
condition in patients with long-term domiciliary oxygen therapy (DOT) remains uncertain.
A cross sectional analysis was performed to investigate the age-related changes in cogni-
tive and psycho-physiologic functions in patients with chronic respiratory failure receiving
long-term DOT. Two expert practitioners visited the patient’s home and examined them
for analysis of cognitive function, emotional status, physical activity and degree of dys-
pneic sensation. One hundred and thirty-five patients completed the study. Control data
from a cohort of 718 community dwellers were also included in this study. Male patients
had significantly higher rates of chronic obstructive pulmonary disease (71% vs 47%, p =
0.001), lower values of forced expiratory volume in one second (FEV1.0) % (49.7 x 10.3
[standard deviation, s.p.] vs 66.0 + 7.5% predicted, p = 0.002) and higher Borg score, an
indicator of dyspneic sensation, during daily exercise (3.2 + 0.8 [s.D.] vs 1.4+ 0.6, p = 0.01)
compared with female patients. Linear regression analysis based on mean Mini-Mental
State Examination scores, an indicator of cognitive function, showed that age-related cog-
nitive decline was more pronounced in female patients than in female controls (-0.524/year,
R* = 0.426 vs -0.120/year, R*=0.027, p < 0.0001), while there was no significant differ-
ence between male patients and male controls (—0.156/year, R? = 0.054, vs —0.077/year, R?
= 0.016, p = 0.231). These results demonstrate that age-related cognitive decline is more
exaggerated in female patients receiving long-term DOT which should be taken into con-
sideration in caring for patients with chronic respiratory failure. chronic respira-
tory failure; domiciliary oxygen therapy; long-term survivor; cognitive function; Borg
scale
© 2005 Tohoku University Medical Press
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Previous studies have reported that patients
with chronic respiratory failure frequently suffer
from neuropsychologic deficit and experience a
disturbed mood, personality and life quality (Grant
et al. 1982; Heaton et al. 1983; Incalzi et al.
1993). In a study assessing the neuropsychologic
profile of patients with chronic obstructive pul-
monary disease (COPD), diffuse mental deteriora-
tion characterized the study population with par-
ticular impairment of higher cognitive functions,
and this was thought to be due to accelerated ag-
ing of the brain (Grant et al. 1982). To date, al-
though long-term domiciliary oxygen therapy
(DOT) has been proved to prolong survival of pa-
tients with chronic respiratory failure (The
Medical Research Council Working Party 1981),
its impact on cognitive function in long-term sur-
vivors remains uncertain.

In the present study, we, therefore, examined
the cognitive and psycho- physiologic functions
in patients receiving long-term DOT and com-
pared them with those in age-matched community
dwellers. We focused especially on the issue of
the sex-related difference in cognitive function in
patients with long-term DOT, because it remains
unclear whether there is a gender difference in
age-related cognitive decline in these subjects
(Heaton et al. 1983; Scherr et al. 1988; Incalzi et
al. 1993; Mortensen and Hogh 2001). We also
aimed to identify possible contributing factors for
the alteration in cognitive function in patients
with long-term DOT.

PATIENTS AND METHODS

A total of 264 patients with COPD, sequelae of tu-
berculosis or chronic interstitial pneumonia, who were
ex-smokers and had been followed as outpatients in the
Pneumology Department for 9 to 16 years, were recruited
from 34 medical institutions in Sendai, Japan. They were
receiving continuous oxygen therapy (24 h/day) at home
via nasal prongs sufficient to maintain a PaO, between
60 and 80 mmHg from the start of oxyhemoglobin desat-
uration. One hundred and sixty- seven of the 264 pa-
tients agreed to participate in this study in the period
from March 2001 to July 2002.

Two expert nurses unaware of the findings at clini-
cal examination visited the patient’s home and examined

them for analysis of cognitive function, emotional status,
degree of dyspneic sensation and physical activity, by
Mini-Mental State Examination (MMSE) score (Folstein
et al. 1975), geriatric depression scale (GDS) (Sheikh
and Yesavage 2000), Borg scale (Borg 1982) and
functional/performance status (Katz index) (Katz et al.
1970), respectively. Cognitive impairment was present if
total MMSE score was 23 or below. At the time of the
study, patients were receiving a regular dose of oxygen.
Patients were excluded from this study if they used seda-
tive drugs or they had cardio- and cerebro-vascular dis-
eases, major psychiatric disorders, and acute infectious
diseases.

Control data from a cohort of community dwellers
were also included in this study. These data were ob-
tained from the Tsurugaya Aging Study comprised of
several studies of the biomedical and psychological de-
terminants of cognitive ageing conducted in July 2002 in
Sendai, Japan. The control group included 718 subjects
(male 301) of comparable age, sex, duration of education
and socio- economic status to patients receiving long-
term DOT. This study was approved by the Tohoku
University Ethical Committee and informed consent was
obtained from each subject.

Student’s t-test or chi-square test for independent
samples was performed to determine whether clinical
variables and cognitive and psycho-physiological func-
tions of patients with long-termi DOT differed from those
of control subjects and whether there was a gender dif-
ference among these parameters. Linear regression anal-
ysis was used to evaluate the relation between age and
cognitive function in male and female patients with long-
term DOT vs control subjects. The strength of the rela-
tions was quantified by partial correlation coefficients.
SPSS version 10.0 (SPSS, Chicago, IL., USA) statistical
packages were used. A p value of < 0.05 was regarded as
significant.

ResuLts

Of the 167 participating patients, 8 subjects
refused to complete all subsets of examinations
because of fatigue, 10 subjects were admitted to
other hospitals and 14 died during the study peri-
od. Finally, 135 subjects (male 101) completed
the study. Clinical characteristics of control sub-
jects and patients with long-term DOT are de-
scribed in Table 1. The mean duration of DOT
was 4.2 yr (4.3 yr and 3.6 yr for male and female
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patients, respectively) and the mean oxygen flow
was 1.2 I/min (1.1 /min and 1.4 //min for male
and female patients, respectively). There were no
significant differences between male and female
patients among these values. However, male pa-
tients had a significantly higher rate of COPD
(71% vs 47%, p = 0.001) and lower values of
forced expiratory volume in one second (FEV,)
(49.7 + 10.3 [standard deviation, s.D.] vs 66.0
7.5% predicted, p = 0.002) compared with female
patients (Table 1).

The proportion of patients with cognitive
impairment (MMSE, lower than 23 points) was
significantly higher in female patients than in
male patients with long-term DOT (14[41%] vs
15[15%], respectively; p = 0.01, after correction
for differences in age, education, and disease du-
ration). In contrast, there were no significant dif-
ferences between male and female controls in
these data (Table 2). The relation between MMSE
score and age is illustrated in Fig. 1. There were
significant negative correlations between MMSE

TaBLE 1. Clinical characteristics

Controls Patients
Variable Male Female Male Female p value’
(n=301) (n=417) (n=101) (n=34)

Age (yr) 774 +82 78392 77.4+8.3 79.0+7.3 0.96
Education (yr) 114x27 10.8 2.1 11.3x1.9 10922 0.08
COPD diagnosed - No. (%) 36(12) 25(6) 72(71) 16(47) 0.001
FEV1.0 (% predicted) 82.7+19.6 87.5x24.6 49.7+10.3 66.0x7.5 0.002
Blood gas analysis

Pa0, (mmHg) 852+3.6 844+53 710+ 6.8 69.0+7.3 0.23

PaCO, (mmHg) 428 +2.7 412+34 48922 47.6 £3.1 0.44

PH 741202 7.42 +0.1 7.37=0.1 736 +0.1 0.88

Plus-minus values are means + s.0. “Comparisons were made between male patients and female patients
p

with long-term DOT.

Blood gas data refer to the patient breathing oxygen at the usual therapeutic concentration via nasal
prongs. COPD and FEV 1.0 denote chronic obstructive pulmonary disease and forced expiratory volume in

one second.
TasLe 2. Clinical outcomes
Controls Patients
Variable Male Female Male Female p value”
(n=301) (n=417) (n=101) (n=34)

MMSE score 27.0x3.0 264x34 26.0x2.4 234x2.1 0.02

= 23 No. (%) 18(6) 15(15) 14(41) 0.01

> 24 No. (%) 283(94) 388(93) 86(85) 20(59)
GDS score 4428 42+29 62+34 59+26 0.16
Functional/performance 62+1.8 6.2+2.1 77+33 7.0+24 0.17
status (Katz index)
Borg score L1+1.0 1.2x1.1 3208 14+06 0.01

Plus-minus values are means = s.0. "Comparisons were made between male patients and female

patients with long-term DOT.

MMSE and GDS denote Mini-Mental State Examination and Geriatric depression scale.
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Fig. 1. Correlation between MMSE score and age in male and female subjects.
Open circles indicate male controls and closed circles indicate male patients receiving long-term
DOT. Open triangles indicate female controls and closed triangles indicate female patients receiv-
ing long-term DOT. The straight lines are fitted to patients with long-term DOT and dashed lines to
controls. MMSE denotes Mini-Mental State Examination and DOT denotes domiciliary oxygen

therapy.

score and age in both controls and patients receiv-
ing long-term DOT. There was no significant dif-
ference in declining rate of MMSE score between
male controls and patients (=0.077/year, R* =
0.016 vs —0.156/year, R* = 0.054, respectively, p
= (.231) (Fig. 1). By contrast, a significant differ-
ence in declining rate of MMSE score was ob-
served between female controls and patients
(-0.120/year, R* = 0.027 vs -0.524/year, R =
0.426, respectively, p < 0.0001). Furthermore, al-
though there was no significant difference in de-
clining rate of MMSE score between male and fe-
male controls, a significant difference was
observed between male and female patients
(-0.156/year, R? = 0.054 vs -0.524/year, R® =
‘0.426, respectively, p = 0.021), which demon-
strated age-related cognitive decline was more
pronounced in female patients receiving long-
term DOT (Fig. 1). Male patients had a signifi-
cantly higher Borg score during daily exercise
compared with female patients (3.2 £ 0.8 [s.D.] vs

1.4+ 0.6, p = 0.01, respectively) (Table 2). There
seemed to be a positive correlation between the
MMSE score and the Borg score in both male and
female patients, whereas it was not statistically
significant (data not shown). There were no cor-
relations between the MMSE score and the
FEV%, GDS score, Katz index, PaO,, PaCO, or
the duration of DOT by multi-regression analysis
in male and female patients with long-term DOT
(Table 2).

Discussion

Oxyhemoglobin desaturation is reported to
be an important determination of mental deterio-
ration (Heaton et al. 1983; Incalzi et al. 1993). A
previous study has shown that 6 months oxygen
treatment is associated with small but definite im-

- provement in brain functioning among patients

with hypoxemic COPD (Heaton et al. 1983).
However, cognitive function in patients receiving
long-term oxygen treatment and its gender differ-
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ence has not been studied. The present study
demonstrated that age-related cognitive decline
was more pronounced in female patients receiving
long-term DOT, while cognitive function in male
patients was fairly preserved compared with con-
trol subjects of the same age. To the best of our
knowledge, there are no published data concern-
ing interactions between sex and cognitive out-
come after long-term DOT. There were no sig-
nificant differences among several clinical
parameters except the Borg score, probably due to
the difference in the lung function, between male
and female patients. Despite the lack of clear
knowledge of the mechanism for the interaction
of sex and cognitive outcome after long-term
DOT, a possible explanation for this finding might
be a contribution of substance P (SP) in the CNS.
Several findings indicate involvement of tachyki-
nins in stress-related anxiety and depressive states
(Megens et al. 2002). Especially, SP plays a role
in dyspnea perception and in some autonomic re-
flexes and behaviors (Megens et al. 2002). SP re-
lease is suggested in stressful situations in the
CNS (Culman and Unger 1995) and the NK; re-
ceptor antagonist has been shown to improve anx-
iety and depression rating scales in depressed pa-
tients (Rupniak and Kramer 1999). SP might be
released significantly in the CNS in male patients
with long-term DOT and an increased release of
SP might up-regulate neprilysin (Stefano et al.
1992), a major amyloid-3 peptide degrading en-
zyme in the brain, leading to protection against
cognitive decline in male patients (Iwata et al.
2000).

That continuous oxygen therapy did not pro-
vide a complete protection against the deteriorat-
ing cognition in both male and female patients is
not surprising, since several factors related chron-
ic respiratory failure other than hypoxemia are
known to affect cognition. Among these factors,
hypercapnia, acidosis, and hypocapnia resulting
from hypoxemia-induced hyperventilation should
be taken into consideration (Heaton et al. 1983;
Incalzi et al. 1993).

The limitation of the present study should be
discussed. First, we did not conduct a longitudi-
nal but a cross-sectional analysis of the cognitive

and psychologic functions in patients receiving
long-term DOT. A longitudinal study for a long-
term period may provide more detail information
about the age-related cognitive decline in each
subject. Second, the absolute number of the fe-
male patients with long-term DOT is limited,
which is pointed out in other previous reports
(Heaton et al. 1983; Incalzi et al. 1993). This is
probably due to a gender difference in the preva-
lence of pulmonary diseases such as COPD,
which require DOT in the case of disease progres-
sion. Third, although a significant negative corre-
lation between MMSE scores and age in both
controls and patients with long-term DOT was
found, the correlation coefficient values were low
in individual groups. A further study with a large
number of patients is needed to translate the pres-
ent findings to patients with DOT in general.
However, we believe that our data provide suffi-
cient grounds for a reexamination of the effect of
long-term DOT on cognitive function in those pa-
tients.

In conclusion, the current study demonstrates
that the effect of long-term DOT on cognitive out-
come differs between men and women. The in-
creased life expectancy of patients with chronic
respiratory failure after the introduction of the ox-
ygen therapy implies that a growing fraction of
physically disabled and to a various extent men-
tally impaired patients can be alive until old age
especially in female patients (Sasaki et al. 1998;
Kubo et al. 2005). Thus, end-stage pulmonary
diseases will become a growing geriatric probiem,
and health care systems should be prepared to
deal with it.
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Correction of the Maxillary Occlusal Plane Relieves
Persistent Headache and Shoulder Stiffness

Hirovasu Uepa, TosHISUKE YaMADA,' TakasHi OHRUI, SATORU EBIHARA, MINORU
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Uebpa, H., YamaDA, T., Onrui, T., EBIHARA, S., KuraisHi, M., KoBayasHi, Y., TAMURA,
M., Summizu, A., He, M. and Sasaki, H. Correction of the Maxillary Occlusal Plane Re-
lieves Persistent Headache and Shoulder Stiffness. Tohoku J. Exp. Med., 2005, 205(4),
319-325 — It has been known for many years that deformations of the occlusal plane of
the teeth cause indefinite symptoms such as headaches or stiffness of the shoulders. How-
ever, how the occlusal plane of the teeth should be corrected remains uncertain. The pur-
pose of this study was to examine whether a correction of the deviation of the maxillary
occlusal plane (MOP) from the center of dens of axis vertebrae (DAV) improves symptoms
in patients having intractable headache or shoulder-stiffness. Forty patients who com-
plained of dental abnormalities and persistent headache or shoulder-stiffness that had not
responded to conventional medical treatment and 17 healthy controls were recruited. All
subjects received a lateral cephalometric X-ray examination to measure a distance from the
MOP and the center of DAV. In the healthy subjects, both the upper and the lower shift of
the MOP from the center of DAV were minimal (the upper shift was 1 £ 2 [mean % s.D.]
mm and the lower shift was 4 £ 4 mm). By contrast, the patients had a significantly greater
deviation of the MOP from the center of DAV. Dental adjustment treatment was performed
in fourteen patients who had a substantial deviation of the MOP from the center of DAV.
Those patients were asked about their symptoms which were scored using a point system
and were compared before and after treatment. An adjustment procedure of the MOP pass-
ing through the DAV significantly relieved clinical symptoms in these patients (before 42.5
+ 34.4 vs after 7.0 £ 8.2, p < 0.01). Correction of the MOP passing through the near center
of DAV might be effective in relieving clinical symptoms associated with dental deformi-
ties. maxillary occlusal plane; dens; cervical vertebrae; clinical symptoms; neck
rotation
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It has been known for many years that defor-
mations between the occlusal plane of the teeth
not only cause adverse effects on the periodontal
tissues, but occasionally they may also result in
various indefinite physical symptoms such as
headaches or stiffness of the shoulders (Huggare
et al. 1991; Tsang et al. 1997; Milani et al. 1998;
Motoyoshi et al. 2000; Yagi et al. 2003).
Although these physical symptoms due to dental
deformities may be relieved by correcting these
deformities of the teeth, how the occlusal plane of
the teeth should be corrected still remains uncer-
tain (Motoyoshi et al. 2000). The occlusion of the
teeth may bring various effects on the skull and
neck (Solow and Sonnesen 1998). The force on
the occlusal plane generated by the mandibula is
as strong as 40 to 60 kg at the first molar (Jenkins
1978). Since the dens of axis vertebrae (DAV) is
an unique one which has an axis to rotate the at-
las, the occlusal plane of the teeth through the
dens might be the most effective way to transfer
the rotating force to the neck. On the contrary, if
the occlusal plane of the teeth crosses cervical
vertebrae other than the DAV, the rotating force of
the head might not be as smooth as that on the
DAYV because there is no axis for rotation. The
DAV through which the occlusal plane of the
teeth passes, is assumed to be the only special
process providing support when the neck is rotat-
ed left and right.

We hypothesized that the deviation of the
maxillary occlusal plane (MOP) from the center
of dens of axis vertebrae (DAV) might be respon-
sible for symptoms in patients with intractable
headache or shoulder-stiffness. To test this hy-
pothesis, in the present study, we examined the
occlusal planes in healthy volunteers and those in
patients who suffered from persistent physical
symptoms such as headaches or shoulder stiffness
that had not responded to conventional medical
treatment. We adjusted the occlusal planes of the
teeth passing through the DAV and examined
whether clinical symptoms were relieved or not in
these patients.

MATERIALS AND METHODS

Forty patients visiting a dental clinic due to dental
abnormalities as well as physical symptoms such as
headaches and stiffness of the shoulders, who had not re-
sponded to conventional medical care for more than two
years, (23 women / 17 men, age 47 + 15 [mean * s.p.]
years, age range 18-82 years) were examined by lateral
cephalometric x-rays (Tsang et al. 1997) to investigate
whether the occlusal plane connecting the second premo-
lar and the first molar passed through the DAV or not.
This was because the teeth demonstrating the strongest
force on the occlusal planes are the second premolar and
the first molar. In order to investigate the occlusal planes
passing through the second premolar and the first molar
of the maxilla, a straight orthodontic wire was fixed to
the right and left sides of the maxilla and then lateral
cephalometric x-rays were taken. The patients sat inside
the x-ray lucent frame, in a natural head position. From
the frame, two rods were extended and attached to the
external auditories of both sides in order to fix the head
straight forward. The positions of the two rods fixing the
head were used for repeated cephalometric x-rays. The
distance from the x-ray source to the x-ray film was 165
cm and that from the center of the head to the x-ray film
was 15 cm. Therefore, there would be approximately
10% magnification error in measuring the shift of the oc-
clusal plane from the DAV. Seventeen healthy subjects
who had no complaints of dental abnormalities and phys-
ical symptoms with at least 24 teeth and were over 70
years old (5§ women / 12 men, age 78 + 8§ years, age range
70-96 years) were also examined to see if the MOP
passed through the DAV or not. The healthy subjects
were those who were recognized to be in excellent condi-
tion by a physical examination including a regular com-
munity dental examination conducted annually by a
community organization.

All of the patients received regular treatment for
dental caries and periodontal diseases. The patients were
randomly (by random numbers table) divided into two
groups. One was a control (11 women /9 men, age 49 %
14 years) who received only regular treatment for dental
caries and periodontal diseases, and the other was a treat-
ed group (12 women / 8 men, age 46 + 16 years) who re-
ceived not only regular dental treatments but also adjust-
ments of the occlusal plane by occlusal reshaping or by
wearing resin splints on the teeth so that the maxillary
occlusal plane (MOP) passed through the DAV as much
as possible during a period of one month to a maximum
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of one year, but mostly for half a year. Adjustments of
the occlusal plane were checked by lateral cephalometric
X-rays when necessary.

The patients were asked about their clinical symp-
toms before and after dental treatment, and the symptoms
were scored using a point system for a follow-up study.
The symptoms of which the patients complained were 84
modified items of dental distress syndrome ranging from
tooth pain to a feeling of physical symptoms that were
relatively diverse including shoulder stiffness, trembling
of hands, easy fatigue, nausea, eye twitching, chronic
diseases, etc (Fonder 1989). Regarding each item, the
patients were questioned intermittently based on four
categories. When no symptoms were detected, O points
were given, and 1, 2 and the highest 3 points were given
based on the severity of the symptoms. The total points
were monitored before treatment, one month after treat-
ment and to a maximum of one year. The total points
were zero if there were no symptoms and the maximum
points were 84 x 3 = 252 points.

Comparisons were made between pre- and post-
treatment values of occlusal planes as well as clinical
symptoms using the paired r-test. Significance was ac-
cepted at p < 0.05. The Tohoku University Ethics
Committee granted ethical approval, and a full explana-
tion concerning the influence of the occlusal plane was
given and informed consent of the treatment was ob-
tained from each patient.

RESuLTS

Fig. 1 shows examples of cephalometric
x-rays where the MOPs are across the center of
the DAV (Fig. 1A), shifted upward to the direc-
tion of the DAV (Fig. 1B) and shifted downward
to the direction of the DAV (Fig. 1C). The center
of the DAV is marked as the middle crossing points
of the dens extending from the axis vertebrae
(height of approximately 11 mm) and the width of
dens (approximately 5 mm). The shift of the oc-
clusal planes was not changed by the upward or
downward movement of the skull. In the healthy
subjects, the upper shift of the MOP from the cen-
ter of DAV was | + 2 mm and the lower shift was
4 + 4 mm. These results revealed that the area
covering the upper 3 mm or the lower 8 mm from
the center of the DAV (0 mm) was recognized as
a normal range at a risk of 95%.

Among the 40 patients, 17 control patients

(12 women / 5 men, age 43 + 16 years) and 14
treated patients (8 women / 6 men,-age 51 + 15
years) completed the study. Fig. 2 shows an ex-
ample of a patient in whom right and left MOPs
were dislocated to the upper side of the center of
the DAV. After the dental adjustment treatment,
the bilateral MOPs entered the DAV and the
scores of indefinite symptoms declined from 82
points to 19 points. Deviation of the MOP from
the center of the DAV was recorded as O mm (at
the center of the dens) and the upward (negative)
shift or downward (positive) shift as lmm interval
after dental adjustment treatment.

Fig. 3 shows the distance from the MOP to
the center of the DAV in the group of patients
showing lower (positive) shifts or upper (negative)
shifts. The control group of patients showed no
changes in the occlusal plane before and after
regular treatments for dental caries and periodon-
tal diseases (data not shown). In contrast, the
MOP of patients with both regular dental treat-
ment and dental adjustment treatment was signifi-
cantly corrected toward the center of the DAV
both in the right and in the left sides (Fig. 3).

Fig. 4 shows the change in symptom scores
in patients with only regular dental treatment
(control) or in those with both regular dental treat-
ment and adjustment treatment, before and after
treatment. The symptom scores of the control
group showed no significant differences. On the
other hand, the symptom scores in the adjustment
treatment group were significantly improved (be-
fore 42.5 = 34.4 vs after 7.0 = 8.2, p < 0.01).
However, no correlations were found between the
baseline symptom scores and the absolute values
of the shifts of the MOP from the center of DAV
in either positive or negative shift.

DiscussioN

Numerous investigators describe the effect
of an altered mandibular position on cranial pos-
ture (Costianes 1983; Fonder 1989; Alonen 2002).
Forward and lateral positions change the mandi-
ble, hyoid bone, and tongue (Darnell 1983).
There is compression in the upper cervical facet
joints, causing muscular nerve entrapments.
Nerve root compression or posterior vertebrae
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Fig. 1. Lateral cephalometric x-rays showing the

three different local relationships between the
occlusal plane and the dense.

Examples of lateral cephalometric x-rays show
that shifts of the maxillary occlusal planes
from the dens are fixed despite the upward (a)
and downward movements (b) of the skull in
three different local relationships between the
occlusal planes and the dens (A, B, C). Straight
orthodontic wires were fixed to the left sides of
the maxilla, from which liner extraporations
show how far the occlussal planes shift from
the dens. Anatomical configurations were
traced on the films.





