in vivo /J: 519-524 (1999)
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Abstract. Although there is an increasing amount of information pertaining to the systemic effects of malocclusion, its
mechanisms still remain unclear in many ways. This study was
concluded to find out the systemic effects of the occlusal
destruction in guinea pigs. The animals showed an abnormality
in posture and a reversal of the T wave in electrocardiogram
(ECG) about 6 days after the grinding of all molar teeth. All the
animals died about 7 days after the occlusal destruction. We
established the optimal condition of occlusal destruction for the
induction of the above symptoms in guinea pigs: at least 6
molars, both side premolar, 1st and 2nd molar of upper jaw,
because of the ease for repair. The following results were
obtained: I. The experimental group died about 5 days earlier
than the fasting group. 2. The animals could not hold their head
positions and dropped the head to the earth. 3. The animals died
about 12 hours after the onset of postural abnormality. 4. Ninety
percent of the animals with postural abnormalities showed T
wave inversion on ECG. 5. None of the above symptoms
occwred with bite rising. These results indicate that occlusal
destruction affects head position, preventing the animals to hold
their head positions and causing the head to drop to the ground.
Occlusal destruction may also cause abnormality of the
masticatory muscles, which control posture and modulate
cardiac function via the trigeminal system. This experimental
model is suitable for the analysis of the systemic effects of
occlusal destruction
Attention has been drawn to the importance of occlusion
since the publication of clinical reports on the systemic effects
of occlusal changes(l-3), which mainly concerns the effects on
the autonomic nervous system and motor function. The use of
bite rising appliances such as splints (4), mandibular
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orthopedic repositioning appliances (MORA) (5), mouth
guards(6) and templates(7) has brought about excellent
results. However, much remains unknown about the
mechanism. There are also several reports on the systemic
effects of tooth extraction, bite rising and occlusal changes
induced by tooth grinding in experimental animals. Tokita et
al reported what they call an extraction phenomenon whereby
rodents died within 10 days after the extraction of anterior
teeth (8), suggesting the possible effects of the trigeminal and
vagal reflexes. Abe et al (9) and Hioki et al (10) observed that
anterior bite rising caused sympathetic beta stimulation,
based on Iheir analyses of salivary contents in rats with
anterior bite rising. The effects of tooth grinding were
investigated in rats by Ueda (11). He observed abnormal
spinal curvature 4 weeks after the unilateral grinding of
posterior teeth with the administration of major tranquilizers
such as droperidor or haloperidor. Sumioka performed a
unilateral destruction of posterior occlusion in beagle dogs to
demonstrate autonomic symptoms such as lacrimation,
salivation and alopecia, tremor of the limbs and abnormal
muscle tone 2 months after the destruction (12). All these
results suggest that occlusal changes may induce various
systemic signs and symptoms. We studied the systemic effects
of tooth grinding in various animal species. When all
posterior teeth were ground in guinea pigs, the chin came into
contact with the floor as the head dropped, referred to as
head drop(HD), followed by death within 12 hours. T wave
inversions (reverse T waves) were observed on ECG in
approximately 90% of the guinea pigs studied. We then
determined the minimum number and location of teeth to be
ground to elicit this phenomenon for studying the systemic
effects of occlusal destruction using posture, body weight and
ECG recordings as parameters. We also examined the effects
of bite rising and the possibility of recovery from occlusal
destruction, and obtained new data on the systemic effects of
occlusal changes.
Materials and Methods
Experimental animals. All procedures were performed in compliance
with Ihe Declaration of Helsinski and Guiding Principles in the Care and
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Figure 1. The posture of head down to llie earth caused by fyimling all
molar teeth in guinea i>ig.

Figure 2. The posture without muscle tenlion caused by grinding alt molars
in tke guinea pig.

Usa of Animals. Male Hartley guinea pigs ( Id weeks old and about 800
g) were obtained from Japan SLC. and housed in stainless steel cages in
solitary under standard laboratory conditions (23°C and 55% humidity).
The number of the experimental group of animals was 5, unless
otherwise staled. Two control groups were included: sham-operated and
fasting groups.

and compared with those of observed before tooth grinding and upon
manifestation of I ID.

Methods of occlusal destruction. Both modes of occlusal destruction, bite
rising and tooth grinding, were performed under anesthesia with sodium
pentobarbital (30 mg/kg, i.p.). The bite was raised approximately 3 mm.
Mean widths and lengths of posterior teeth were identified from dry
skulls of guinea pigs to determine the correct width and length of pellets
used for bite vising. A 3 mm-thick, 2.5 nim-wide and 5 mm-long pellet
was used. A layer of light-curing acrylic resin was added to the occlusal
surfaces of the right and left maxillary posterior teeth to create flat
surfaces, to which the pellets were bonded with 4-mela resin. Each tooth
was carefully ground approximately 3 mm down to the cervical area
using a dental diamond bur at a low speed to avoid heat generation or
any damage to the tongue or buccal mucosa. These pulps were not
exposed in any areas. The dentition of a guinea pig consists of 2 anterior
teeth, 2 premolars and 6 molars, a total 10 teeth per side. When all
posterior teeth were ground, the number of ground teeth totaled 16.
Various numbers of posterior teeth were ground to determine an
optimal number of teeth to be ground for occlusal destruction.
Occlusal restoration. The occlusion in the area destroyed by grinding was
restored by means of bile rising. The method of bile rising was the same
as the one used for occlusal destruction with pellets, which were 4 mmthick, 2.5 mm-wide and 4 mm-long.
Oksen'ations. The animals were observed for up to 10 weeks. The
observation items included performance status, body weight, feed and
water intakes, ECG, and biochemical analysis of blood. Regarding
performance status, the condition of hair, behavior and posture were
observed, particularly in the head and neck area.
Any abnormal posture or behavior was videotaped. The animals were
weighed with a Sartorius balance. Feeding and drinking behaviors were
recorded with a video monitor. Food and water intake were measured in
some of the groups. ECCi recordings were made with a bioamplificr
(AC-M)Ki. Nihon Kohden). Needle electrodes were placed on the four
limbs under no anesthesia for recording. Scrum samples for bipod
analysis were collected, I. 3, 5. 7 and l) days alter and before tooth
grinding. An automatic blood analyzer (Hitachi 7150, Hitachi, Ltd.) was
used. The angle formed by the occlusal plane and the axis of the cervical
spine were traced and measured on a rocntgcnogram. The angle formed
by a line connecting the incisal edge and the posterior occlusal plane and
a line connecting anterior borders of cervical vertebrae were measured
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Results
No treatment group. Healthy 16-week-old guinea pigs
weighed approximately 800 g and maintained a normal,
forward head position for 10 weeks without showing
abnormal postures such as HD or hypotonicity of the limbs
except during sleep. The basic posture was maintained in
these animals. They developed no autonomic symptoms
such as piloerection, and showed an approximately 10%
increase in body weight in 10 weeks with mean daily feed
and water intakes of 42 g and 125 ml, respectively. Regular
wave forms were noted on ECG.
Occlusal destruction groups. Bite rising was accomplished by
bonding 3 mm-thick acrylic pellets bilaterally onto the
maxillary posterior teeth. No abnormal appearance, posture
or behavior was seen throughout the observation period. The
body weight began to decrease one day after bite rising, but
the decreasing tendency stopped after 7 days, followed by a
gradual increase. ECG findings were similar to those of the
no treatment group. All maxillary and mandibular posterior
teeth were ground by approximately 3 mm down to the
cervical areas. Forty-eight hour video recordings showed
feeding and drinking behaviors of the animals, though slow
tor 2 days following grinding of all posterior teeth.
Spontaneous activities diminished along with a tendency of
HD beginning on day 4. The animals raised their heads for
one minute or so in response to auditory and other external
stimuli, but quickly dropped the heads to the ground. The
animals became almost immobile after 4 days without
responding to external stimuli. They were unable to maintain
a normal head position for the rest of the observation period
(Figure 1). Ten percent of the animals were incapable of
supporting not only the heads, but trunks as well due to
muscle weakness and hypotonicity (Figure 2). These postural
changes were specific to this group and could not be seen in
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Table I. Injects of teeth grinding an electrocardiograms of guine
Grinding group

Table II. The siimval lime anil decrease in llic' hotly weight rt.v a function of
the ly/>e anil munher of teeth ground.

Pasting group

Depressed ST segment

87.3 ± 8.2 r't<

3.4 ± 0.2 %

lilcvatcd T wave

20.5 ± 3.0

2.5 ±1.0

Hal T wave

40.3 ± 8.8

3.0 ± 0.5

72.5 ± 6.5

1 •> •+• 0 4

Tall ORS

82.7 ± 7.2

88.5 ± 9.6

Decreased heart rate

95.5 ± 8.2

100.0 ± 0.0

the no treatment group or the bite rising group. All the
animals in this group died about 12 hours after the
development of the abnormal posture. Among 25 animals of
this group, several died after 4 days and all died within 8 days
after tooth grinding. The mean duration of survival was 6.9
days with a 33% decrease in body weight from start of
grinding. Their food and water intake were only about 10% of
those of the no treatment group. Reverse T waves appeared
on ECG following HD. Immediately following grinding,
bradycardia and QRS elevation were observed, partly due to
the influence of anesthesia. The tendency of bradycardia
increased over time in the absence of residual anesthetic
effect. Reverse T waves appeared as the head lowered to the
floor, followed by the death. ECG analysis demonstrated
marked changes such as ST segment depressions, flat T
waves, reverse T waves, R segment elevations and severe
bradycardia (Table I).
Systemic effects of fasting. The grinding of all posterior teeth
resulted in poor postures, especially of the head, and T waves
inversions on.ECG. All the animals eventually died. Since
there is a possibility that decreased food and water intake may
have contributed to these typical changes, systemic effects of
fasting were studied next. Animals in the fasting group were
not fed, but were free to drink water. They became slower in
action with time, failing to respond to external stimuli after 9
days. The animals remained immobile, but maintained a
normal posture until death. There was a linear decrease in
body weight over time. Ninety percent of the animals died by
day 12* all being dead by day 14 with a 40% decrease in body
weight. Unlike the group with all posterior teeth ground, no
abnormal posture such as HD or weakness of the limbs were
observed. ECG depicted no signs of cardiac dysfunction as
observed in the tooth grinding group, except bradycardia and
R segment elevations. These data indicated that the changes
observed in the tooth grinding group resulted from tooth
grinding itself and not simply from the depressed feeding
behavior associated with tooth grinding.

Grinding teeth (teeth number)

n

Mean
survival
time (day)

Decreased
body
weight (%)

All molar teeth (16)

50

6.9 ± 0.4

33.0 ± 1.1

All molar teeth except M 3 ( 1 2 )

20

5.6 ~*~ 0.4

33.1 ± 0.8

Left side molar teeth (8)

10

7.3 ± 0.4

31.8 ± 1.1

Right side molar teeth (8)

10

6.5 ± 0.6

28.8 ± 2.2

Uppci jaw molar teeth («)

15

8.2 ± 0.7

33.7 ± 1.3

Lower jaw molar teeth (8)

15

6.8 ± 0.9

31.5 ± O.S

All PM and Ml (8)

15

8.6 ± 0.9

32.5 ± 1.3

Upper jaw PM Ml and M2 (6)

50

8.5 ± 0.6

32.0 ± 2.5

Upper jaw M l and M2 (4)

10

30% death

slight

All PM (4)

10

no death

temporary

Left side lower jaw PM and Ml (2)

10

no death

temporary

Lower jaw PM (2)

10

no death

temporary

Right side upper jaw PM and Ml (2)

15

no death

temporary

Determination of optimal occlusal destruction. Based on the
finding that grinding of all posterior teeth by 3 mm to the
cervical areas results in HD followed by death, we tried to
find out which teeth and how many teeth should be ground
to produce this phenomenon. The grinding of anterior
teeth did not affect the grinding of posterior teeth. Table II
shows mean survival time and rates of decrease in the body
weight at the time of death as a function of the type and
number of teeth ground. Grinding of 6 or more teeth led to
the same results as grinding of all posterior teeth. The
mean duration of survival increased as the number of teeth
ground decreased. Thirty percent of the animals survived
for 10 weeks when 4 to 5 teeth were ground. Most of the
animals survived when less than 4 teeth were ground.
These animals showed a decrease in body weight for
several days after tooth grinding, followed by a recovery of
body weight. These results indicate that the minimum
number of posterior teeth is 6, and the grinding of less than
6 teeth markedly reduced the mortality. Considering the
effects on the tongue and ease of restoration after occlusal
destruction, we decided to grind six maxillary posterior
teeth; a premolar and first and second molars on each side
521

in vivo A?: 519-524 (1999)

(«/ dL)

10
8
6
4
2

J p

r
•
•
•

6
_

(« /dD

(mg
0 4

rl 1 .

0. 1

^

(m
100
75
50
25
0

CHOL

100

*i/do

(«
1000
750
500
250
0

QOT

f

5()
)

mU
"iOf )

M-

r_Q

T

filll

UULT

T

|

(mg/dL)

180

1

A

3

i

Cont 10 3D 50 70 9D

I

25 r dL)
20 •
15 •
5 •

Mo
l>la

150
10 0

(m Uq/L)
p
150 r
U
120
90
—i
60
30
n
Cont ID 3D 5D 7D 90

Cont ID 3D 5D 7D 9D

Cont ID 3D 50 70 9D
(mU l/L)
200 r

n

'r-T-T-rT

(mg/

T

5

0
0

RIJM
DUN

120
60

y

LDH

Cont ID '3D 5D 70 9D

Cont 1D 3D 5D 7D 9D

2
1

\t 10 3D 5D 7

•

900

(mg/dL)
4 r

Cont ID 3D 50 7D 9D

—

1200" ,u/do

GPT

/dL)

100

Ca

\_-s_

Cont ID 3D 5D 70 90

200

CREA

ALP

200

.1, .

Cont ID 3D 50 7D 9D

Cont ID 3D 50 7D 90

./d°

^ /dL)

" - L_ ~n . ' 0

(mg/dL)
300 r

TP

rr

(mg/
5 r dL)
4 •
3 •
2 •
1 •

TRIG

T

Cont ID 3D 5D 70 9D

(mU/ dL)
20
15
10
5

(me

"L)

40()
30()
20()
101)

: rr1

Cont ID 3D 5D 70 9D

Cont ID 3D 5D 7D 9D
(mg
200

Cont 1D 3D 5D 70 90

t

"u T.BIL

03

4

Cont 10 3D 50 70 9D

20
15
10
5
0

ALB
f%l_D

I.P.

m-flTI.
Cont ID 3D 50 70 9D

(mUq
L)
15
12 •

'

K

6 •
3
Cont ID 3D 5D 7D 90

( >'f
50 0 /du
400
300
20 0
0
n

Fe
'
e

pH

Cont 1D 3D 5D 7D 9D

Cont ID 3D 50 7D 90
(mU/mL) ppix
1000 00 r
"""*

Mik ,

10°°

' -ft

_r-

Cont ID 3D SO 70 9D

Figure 3. Blood biochemistry data ofocclusal destruction model in guinea pig. Total protein (T.P.), albumin (ALB), total bilirubin (T.BIL), total cholesterol
(CHOL), Irig/yceride (TRIG), alkaline phosphalase (ALP), Iransaminases (GOT and GPT), lactate dehydrogenase (LDH), y-glulamyl transpeptidase (yGTP), glucose (GLU), blood urea nitrogen (BUN), creatine (CREA), uric acid (U.A.), inorganic phosphorus (I.P.), calcium (Ca), sodium (Na), potassium
(K), chloride (Cl). iron (Fe) and creatine kinase (CPK).
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for optimal occlusal destruction, with the third molars left
unground, and used this as an occlusal destruction model.

^~"

Characteristics of the occlusal destruction model. The study
using this occlusal destruction model included the observation
of performance status and behavior, measurement of body
weight, ECG, measurement of the angle between occlusal
plane and cervical spinal axis, and blood analysis. In the
occlusal destruction model with video film monitoring, the
animals appeared to have difficulty in chewing or swallowing
and food debris attached around the mouth and jaw from day
2. The activity level slowed down immediately after tooth
grinding. The cranium began to drop after 6 days and came
down to the floor after 7 days. All the animals in this group
died eventually with a mean survival time of 8.5 days, which
was 4 days shorter than the fasting group and 2 days longer
than the group with all posterior teeth ground. The
experimental occlusal destruction group showed similar
changes in body weight with time as the fasting group. The
rate of body weight decreased 33% during 8 days after tooth
grinding. Food and water intakes were only 10% of those of
the no-treatment group. This result was the same as the group
with all posterior teeth ground, suggesting a marked feeding
disability. The angle between the occlusal plane and cervical
spinal axis was 90 degrees before grinding, decreased to 89
degrees 3 days after grinding and to 32.5 degrees at the time
of the manifestation of HD. That is, the cranium was
displaced so that it formed an acute angle to the axis of the
cervical plane. This group showed almost the same tendency
on ECG as the group with all posterior teeth ground, though
the appearance of abnormal wave forms was delayed by the
same number of days as the delay of HD. Wave forms were
very similar between two groups.
The results of blood analysis are shown in Figure 3. Most
parameters stayed within normal ranges for the first 5 days,
though several parameters showed some changes. Major
changes in many parameters were observed from day 7,
reflecting the deterioration of the systemic conditions.
However, there was no change in electrolyte, which is
considered to cause reverse T waves.
Recoveiy from occlusal destruction. The bite was raised to see
how the post-grinding symptoms would be controlled. The same
method of bite rising described earlier for occlusal destruction
was used. All the animals survived for 10 weeks without HD.
Although there was an initial decrease in body weight after
grinding- bite rising, the decrease stopped after 15 days. No ST
segment depression or T wave inversion was observed. These
results indicated that the effects of occlusal destruction
produced by tooth grinding can be controlled by bite rising.
Discussion
Various methods of occlusal destruction may be used in
experimental animals, such as tooth extraction, bite rising,

tooth grinding and orthodontic tooth movement. This study
employed bite rising and tooth grinding in guinea pigs. The
bite rising group showed a transient decrease in body weight,
which may be attributed to chewing difficulty, due to bite
rising. Body weight began to increase 7 days after bite rising.
There was no death and no incidence of abnormal posture
throughout the experimental period. Three millimeters of bite
rising seemed to produce no overt adverse effects on systemic
health.
However, Abe et al (9) and Hioki et al (10) analyzed the
salivary contents after anterior bite rising and reported that
occlusal destruction by means of bite rising produced an
effect equivalent to that of isoproterenol, which is a beta
sympathetic agent, implying that bite rising may stimulate the
sympathetic nerve. Meanwhile, marked systemic changes
were observed in this study, when all posterior teeth were
ground by 3 mm to the cervical areas. More specifically, these
animals died earlier than the fasting group, preceded by the
phenomena of HD and T wave inversion. These phenomena
were also observed in all the animals with 6 or more posterior
teeth ground. The development of these phenomena was
related to the number of teeth ground. The question still
remains of by what mechanism cranial downing, T wave
inversion and earlier death occur. However, since these
symptoms developed as the number of ground teeth
increased, pulpal stimulation or changes in the masticatory
muscles may have led to a central reaction originating from
the trigeminal nerve. Tokita et al (8) called the phenomenon
of rodents, especially mice and rats, dying within 10 days after
extraction of anterior teeth "extraction phenomenon". They
regarded this phenomenon as a systemic reaction based on
trigeminal disturbance caused by the extraction of anterior
teeth and distinguished it from the Reilly phenomenon (13).
However, Tokita et al (8) reported that despite the fact that
guinea pigs are very sensitive and less resistant to
environmental changes than mice and rats, guinea pigs are
more resistant to and do not die of tooth extraction, even
though they potentially develop heart failure with adrenal and
myocardial hemorrhage. Furthermore, Kohda(L4) and
Ohno(15) studied the extraction phenomenon in guinea pigs
in detail, and that trigeminal abnormality caused by extraction
influenced the pre-synaptic intracardiac sympathetic nerve to
induce myocardial abnormality and that vitamin Bl, vitamin E
and taurine may prevent cardiomyopathy. When the bite was
raised after tooth grinding in guinea pigs in this study, there
was no occurrence of HD, T wave inversion or death. Based
on our experience that the systemic effects of tooth grinding
are unavoidable with inadequate bite rising, it seems likely
that the phenomena observed in this study were caused by
abnormal occlusal position, especially changes in the
masticatory muscles rather than trigeminal stimulation of
pulpal origin. In other words, while tooth extraction in guinea
pigs induced non-fatal cardiomyopathy, tooth grinding may
have greatly affected masticatory muscle activities to cause
abnormal occlusal position, which in turn caused HD, T wave
523
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inversion and earlier death lhan (he fasting group. In
addition, the angle between the occlusal plane and cervical
spinal axis became more sharp after tooth grinding, indicating
hypotonicity of the posterior neck muscles supporting the
cranium. From a physical viewpoint, a decreased number of
teeth in occlusion resulted in loss of cranial support and
forward or downward inclination of the cranium, making the
angle between occlusal plane and cervical spinal axis more
sharp. The T wave inversion associated with HD after tooth
grinding is generally thought to reflect ischemic heart disease
with a possible influence on the dynamics of blood
electrolytes. However, blood analysis showed no abnormality
of electrolytes. There were no abnormal findings on blood
biochemistry in beagle dogs during a long-term observation
after tooth grinding (12). No changes in blood biochemistry
due to occlusal abnormalities have been reported clinically.
While these data suggest the possible effects of occlusal
destruction by tooth grinding on the metabolic system,
trigeminal abnormality seems to greatly affect the central
nervous system. Ueda (11) reported the development of
marked spinal curvature under a major tranquilizer 2 months
after the unilateral grinding of posterior teeth and a
significantly greater curvature observed in a tooth grinding
group than in a bite rising group. This investigation thus
focused on the involvement of the basal ganglia which was the
site of action of the drug and pointed out a close relationship
between occlusal position and posture. Sumioka (12)
observed alopecia, lacrimation and other autonomic
symptoms and abnormal muscle tonus of the limbs 2 months
after grinding the right side of the dentition in beagle dogs,
and concluded that abnormal tonus of the skeletal muscles
due to occlusal destruction induced abnormal trigeminal
input, which greatly influenced the motor output. Excessive
contraction of the masticatory muscles caused by tooth
grinding was thought to be associated with HD. Bile rising
after tooth griding in this study led to the suppression of HD
and T wave inversion, and 10 week survival of the animals,
suggesting that anomaly of the masticatory muscles may cause
the head to tip forward, creating poor posture. All these data
suggest that occlusal abnormalities, especially decreased
vertical dimension, can exert physical effects on systemic
health. The experimental occlusal destruction carried out by
the grinding of 6 posterior teeth in guinea pigs in this study
may served as a model for studying the systemic effects of
occlusion.
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