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Vasomotor nerves in orofacial areas

Hiroshi IZUMI

Department of Oral Physiology, School of Dentistry,
Health Sciences University of Hokkaido

Abstract

The blood vessels of orofacial tissues are innervated by cranial parasympathetic, superior cervical

sympathetic, and trigeminal nerves, a situation somewhat different from that seen in body skin. The pre-

sent report summarizes our current knowledge of (1) the innervation of the parasympathetic vasodilator fi-

bers in the orofacial region, (2) the peripheral and central pathways in the reflex arc for the parasympa-

thetic reflex vasodilatation in this region, and (3) species variability exists in the sympathetic —mediated

systemic arterial blood pressure changes and parasympathetic —mediated lip blood flow responses them-

selves, and in the relationship between them.

Key words : Parasympathetic, Sympathetic, Sensory, Reflex, Vasodilatation, Orofacial.
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Development of a safe and quick method for removal of intermaxillary
fixation with superelastic Ni— Ti wire
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Abstract

To improve emergency intermaxillary fixation release, a novel method of intermaxillary fixation, in
which super-elastic nickel-titan (Ni-Ti) alloy wires were applied at 2 places (Method A) was developed.
Method A was compared to the previous method (Method B : fixing the jaw at 3 places with stainless steel
wires), in terms of the time required to remove the wires and the number of pieces of cut wire left in the
oral cavity and pharynx. The average time for removing the wires was 14.5 + 9.9 (mean =+ SD) seconds
for Method A, and 79.1 *+ 53.1 seconds for Method B. The average time was significantly shorter in
Method A than in Method B (p < 0.01). The number of pieces of cut wire left was zero with Method A.
These findings suggest that the novel method (Method A) provides quick and safe wire removal and im-

proves the safety and quality of dentistry in emergency cases.

Key words : Intermaxillary fixation release, Ni-Ti alloy wire, Dental anesthesia, Oral and orthognathic

surgery, Emergency in dentistry
I. Introduction

The application of intermaxillary fixation with stainless steel wire is generally performed in orthog-
nathic surgery after operations under general anesthesia. However, after the patients awake from general
anesthesia, there is the possibility of airway obstruction due to depression of the tongue base and swelling
of the pharynx, and emergencies, such as postoperative nausea and vomiting (PONV) may occur. Under
these conditions, it is necessary to quickly and reliably cut and remove the fixing wires to release the inter-
maxillary fixation and secure the upper airway. We have previously encountered a situation, where a pa-
tient experienced upper airway obstruction 15 minutes after awaking from N:O - O: - Sevoflurane anesthe-
sia and extubation. We released the intermaxillary fixation and performed reintubation, but during the pro-

cedure, the patient accidentally aspirated a short piece of cut wire”. Subsequently, we have investigated
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ways to improve the safety and quality of dental, oral and maxillofacial surgery. We have developed a safe
intermaxillary fixation method with Ni-Ti alloy wires, in which intermaxillary fixation can easily be re-
leased and no pieces of cut wire are left behind in the mouth. In the present study, we used a model to
compare our novel method to another conventional intermaxillary fixation method, in terms of safety and

ease of releae of intermaxillary fixation.

I. Materials and methods

1 Preparation of an intermaxillary fixation model

An model for intermaxillary fixation was prepared by covering a dentition model (Dental Study
Model 500A, Nisshin Inc.) with a bag-shaped silicone model of the lips, cheeks and pharyngeal mucosa,
and by inserting the model into a plastic container (77mm high, 86mm wide, and 100mm deep)(Fig.1).

Fig.1 Intermaxillary fixation model
An inermaxillary fixation model was prepared by covering a dentition model
(Dental Study Model 500A, Nisshin Inc.) with a bag-shaped silicone model of the
lips, cheeks and pharyngeal mucosa, and by inserting the model into a plastic box.

2 Intermaxillary fixation

One orthodontist (AY), certified by the Japanese Orthodontic Society, performed the following two
intermaxillary fixation methods. In Method A, two nickel-titanium alloy wires (diameter : 0.23 mm, Super-
elastic Ni-Ti alloy wires”) were used to fix the jaw at two places (left and right maxillary and mandibular
regions), and the ends of the wires were placed outside the mouth. Loop-shaped super-elastic Ni-Ti alloy
wires, which were naturally straight, connected to either surgical hooks attached to the incisal and molars
or surgical brackets attached to the left and right maxillary and mandibular regions. Also, an auxiliary wire
was attached to the left and right sides, and the two auxiliary wires were bundled into a single wire and
placed outside the mouth (Fig.2).

In Method B, the methods of Posnik JC* were modified, intermaxillary fixation were achieved at 3
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places (the anterior and left and right molar regions) using stainless steel wires (0.4 mm diameter)(Fig.3).
3 Operators for wire lerease

The intermaxillary fixation was released by 11 full —time staff (6 male and 5 female ; average age,
38.9 = 9.0 years), who were informed of the objective of the present study. They were 8 dentists (4 oral
surgeons [2 certified by the Japanese Society of Oral and Maxillofacial Surgeon], 2 orthodontists certified
by the Japanese Orthodontic Society, 2 dental anesthesiologists certified by the Japanese Dental Society of
Anesthesiology), and 3 nurses with more than 10 years of nursing experience.

4  Fixation release

The intermaxillary fixation model was placed on a desk in a room with fluorescent lights between the
hours of 17:00 and 21:00. There was no use of spot lights. The removal of intermaxillary fixation wire in
an emergency in hospital ward at night was assumed. Each operator was instructed to release the intermax-
illary fixation using How-pliers and wire cutters placed on the desk. During this procedure, the operators
were prohibited from removing the model from the plastic container or moving the model in the left, right,
up or down directions.

5 Assessments
1) The amount of time required to release intermaxillary fixation and removal of the wires(time for re-
moving fixation wires)

The operators were asked to sit at the desk on which the model had been placed. At a start signal,
they began releasing the intermaxillary fixation and removing the wires. The operators were instructed to
say out loud, “I am done.” when they had completed the procedure. The time was measured by one of the
authors.

2 ) The number of pieces of cut wire in the pharynx, mouth and appliance, and outside the mouth

After removal of the model (including the silicone lip, cheek and pharyngeal mucosa model) from the
plastic case, we counted the number of pieces of cut wire in the oral cavity and pharyngeal mucosa and
outside the mouth. The operators were not allowed to pick up pieces of cut wire that fell during the proce-
dure of the fixation release.

a) Number of pieces of cut wire in the mouth and pharyngeal mucosa

The number of pieces of cut wire in the silicone lips, buccal mucosa, and pharyngeal mucosa was
counted.

b) Number of pieces of cut wire in the fixation appliance

The number of pieces of cut wire in the appliance was counted.
¢) Number of pieces of cut wire outside the mouth

The number of pieces of cut wire that fell outside the mouth was counted.

6 Statistical analysis
Analyses were peformed with Ystat 2004 (Igakutosho). Differnces between the two methods were

compared by the Willcoxon’s signed rank test. The significance level was set at less than 5%.
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Fig.2 Intermaxillary fixation method A Fig.3 Intermaxillary fixation method B

The figure shows photographs of the Intermaxillary The figure shows photographs of the intermaxillary
fixation method A. Two nickel-titanium wires are used to fixation method B. The current method is to wire the jaw
wire the jaw at 2 places on the left and right sides. The at 3 pleces . anterior region and left and right molar re-
excess wires and auxiliary wires are placed outside the gions. In the molar regions, the wire is inserted inside a
mouth so that they can easily be removed. tube, as shown in the lower picture.

Il. Results

1 Time required to remove fixation wires
The average amount of time required to remove the fixation wires was 14.5 £ 9.9 (mean+SD) sec-
onds for Method A (range ; 4 —35), and 79.1 = 53.1 seconds for Method B (range ; 31 —230). The
amount of time required to remove the fixation wires was statistically significantly shorter for Method A
(p<0.01) (Fig4).
2 Numbers of pieces of cut wire in the pharynx, mouth and appliance, and outside the
mouth
1) Number of pieces of cut wire in the mouth and pharyngeal mucosa
The numbers of pieces of cut wire in the mouth and pharyngeal mucosa was zero for Method A and
0.3 = 0.6 for Method B, this was not a statistically significantly different (Fig.5).
2) Number of pieces of cut wire in the appliance
The number of pieces of cut wire in the appliance was zero for Method A and 0.3 = 0.6 for Method
B. There was no statistically significant intergroup differences between the two methods.
3) Number of pieces of cut wire outside the mouth

The number of pieces of cut wire that fell outside the mouth in both Methods was zero.
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Fig.4 Time required for release of intermaxillary fixation

This graph was average time required for release of intermaxillary fixation. Method A amount of time required to remove
the fixation wires was 14.5+9.9 (mean=+9SD, range ; 4 —35) seconds. Method B : 79.1£53.1 (range ; 31 —230) seconds.
The amount of time required to remove the fixation wires was significantly less for Method A than for the other method (p
<0.01).

n=11

0 0.5

1
(pieces of cut wires)

Fig.5 The unmber of pieces of cut wires remaining in mouth and pharynx after intermaxillary fixation release
The number of pieces of cut wire in the mouth and pharyngeal mucosa was zero for Method A and 0.310.6 (mean=+SD)
for Method B. There was no significant difference between Methods A and B (p<0.05).

V. Discussion

The present results showed that our novel method (Method A) is a safe intermaxillary fixation tech-
nique, because the fixative wires could be removed in a short period of time and as no pieces of cut wire
are left behind in the mouth or pharynx. When cutting and removing the wires, while holding the end of
the auxiliary wire using pliers, cutting the left and right wires together at a single location causes the wires
to straighten, allowing them to be removed from the appliance in one piece. This makes it possible to re-

move the wires in a short period of time and avoid leaving behind short pieces of cut wire, which could
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enter the trachea and bronchi. The time to remove the fixation wires was less for Method A, indicating
that Method A is less dangerous than Method B. At our hospital (attached to the Dentistry, Health Sci-
ences University of Hokkaido), following orthognathic surgery, intermaxillary fixation was previously per-
formed using the old standard method, in which all teeth are fixed, and intermaxillary fixation is achieved
at 7 places using stainless steel wires(diameter : 0.3mm)"”. Extubation of the endotracheal tube was per-
formed after patients awoke from general anesthesia that was maintained using oxygen, nitrous oxide, and
sevoflurane. One of our patients experienced upper airway obstruction 15 minutes after extubation. Conse-
quently, the intermaxillary fixation was released and intubation was performed again, but the patient acci-
dentally aspirated a piece of cut wire that was created during the wire removal procedure”. Subsequently,
we investigated ways to improve the safety and ease of fixation release and wire removal, and developed
Method A using nickel-titanium alloy wires.

Although there have been several reports concerning medical accidents after the release of intermaxil-
lary fixation at other institutions”, and several studies on the characteristics of various intermaxillary fixa-
tion methods™”, there have been no studies of the safety and ease of wire removal comparing different
methods using a model. Tamari et al.” reported an intermaxillary fixation method in which patients can re-
lease the fixation appliance on their own in an emergency situation. The amount of time required for re-
lease of intermaxillary fixation depends on several factors, such as the degree of body movement, body
position, swelling, amount of vomit in the mouth, room lighting, and availability of suction apparatus. The
present results suggest that the safe release of intermaxillary fixation may take a long period of time. To
promote safety associated with intermaxillary fixation, it is necessary to educate staff concerning rapidity

and safe release of intermaxillary fixation in emergency cases such as PONV or upper airway obstruction.

V. Conclusion

Using a simulation model for fixation and removal of the fixative wire, the time for removal of the
fixation wires and the number of pieces of cut wire in the mouth and pharynx were compared for two in-
termaxillary fixation methods. In a novel method with Ni-Ti wires (Method A), wires could be removed in
a shorter period of time without causing pieces of cut wire to be left behind in the mouth and pharynx,
than with a previous method (Method B). These results indicate that the established novel method provides

a quick and safe removal of intermaxillary fixation.
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ABSTRACT

The amplitude of the electrical change from parotidea areas with tongue stimulation shows various
amplitudes i.e. the amplitude of the electrical change from the papilla parotidea have been shown as 18
mV, but six other records (three from the mucous membrane around the papilla parotidea, and three from
the cutis over the parotidea gland) show it to be under 0.8 mV. When the stimulated saliva was flowing
through the system hear, the time till culmination of the electrical change, which was recorded from near
the papilla parotidea was shorter than the time till culmination far from the papilla parotidea. The saliva
which evoked the higher electrical change was collected, and about 4 minutes after the stimulation (when
the electrical level of the papilla parotidea had returned to the before stimulation (resting) level), this col-
lected saliva was injected into a Carlson type cup. The electrical change evoked by this injection and the
amplitudes of the evoked electrical charge were 75~90% of the amplitude of the electrical change by tar-

taric acid stimulation.

Key words : electrical change, papilla parotidea, tongue, saliva

INTRODUCTION

Electrical phenomena accompanying the process of salivary secretion from glands in animals were
first described Bayliss and Bradford” and further studies have been reported by a number of investigators.
Iwama and Shinjo” reported that the electrical changes on the papilla parotidea closely resembles that of
the salivary flow from the human parotidea gland and they suggested that this electrical change is caused
by the action of currents of the parotidea gland. Thereafter this suggestion has been supported by many in-
vestigators.

Inomata et al.”, recorded the electrical change on the papilla parotidea and in two other places (the
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cutis over the parotidea gland and around the parotidea) simultaneously, and found the amplitude of the
electrical change on the papilla parotidea as 10 mV but the amplitude from the two other places were be
low 0.3 mV. This discrepancy among the amplitudes on the papilla parotidea and from two other places
are difficult to explain by the action current mechanism.

Inomata et al.*™

suggested that the electrical change on the papilla parotidea is not caused by the ac-
tion currents of the parotidea gland but by the saliva itself.
This report aims to clarify the relation between the secretion of parotidea saliva and the electrical

change on the papilla parotidea.
MATERIALS AND METHODS

The subject was a healthy 57 —year —old male with a parotidea secreting about two times more than
others. About 1 h after the Carlson type cup'’, was placed over the papilla parotidea, the tongue was
stimulated with 3% tartaric acid. A small disc of cotton wool, about 1 cm in diameter, was saturated with
tartaric acid solution (3%) and was quickly rubbed (ca. 0.4 ml) three times along the margin of the tongue
from tip to base at the ipsilateral side of the Carlson type cup. When the effect of the stimulation reached
a constant level after a small number of successive 5 min interval tongue stimulations, the collection of sa-
liva and recording of electrical changes were started.

The saliva of the parotidea gland was collected through this Carlson type cup, and the electrical

change was simultaneously lead out from this cup. A diagram of the manner of the collection of saliva and

Potential
> N

Fig.1 Block diagram of the experiments.
P : Parotidea gland.
L : Lead wire (vinyl tube with cotton thread filled with saline, termed “thread electrode”).
E: and E.: Ag—AgCl electrodes (8mm diameter : miniature skin electrode/Nihon Kohden).
E: : Ag—AgCl electrodes (3X3cm).
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the leading out of the electrical change from the papilla parotidea is shown in Fig. 1.

A vinyl tube (1Imm in diameter) with a cotton thread inside was filled with saline, at one end of this
tube and the tip of this thread was pulled about 2 mm inside from the edge of the cross section of the vi-
nyl tube, as the tip of the thread should not enter the saliva flow, and this end of the tube was placed on
the papilla parotidea through the drainage of a Carlson type cup. The other end of this vinyl tube was con-
nected to an Ag— AgCl electrode (8mm in diameter : miniature skin electrode, Nihon Kohden, Japan) us-
ing E.E.G. paste and attachment, and the lead of this Ag— AgCl electrode was connected to the input (+)
port of the DC amplifier (micro— electrode amplifier). This type of electrode (pulled thread tip) showed
smaller noise and errors due to larger inaccuracies in the potential on an electrode than on other types of
electrodes by preliminary experiments, and this system was named a “thread electrode”. Another Ag—
AgCl electrode was placed on the lobulus auriculae using E.E.G. paste at the ipsilateral side of a Carlson
type cup and was connected to the input (—) port of a DC amplifier and was used as the indifferent elec-
trode, and a larger Ag— AgCl electrode (3 cm) was placed on the center of the forehead and used as the
body earth electrode (Fig. 1). Ag— AgCl electrodes (§ mm in diameter) were placed on the cutis over the
parotidea gland, and suction type electrodes (trial production) were placed on the mucous membrane
around the papilla parotidea and these electrodes were used as the different electrode. The electrical change
on the papilla parotidea and other places were continuously recorded on paper via a DC amplifier and pen

—recorder system.

AT
* fom
\L;D -z

> cvns
A chenea *
[ oo

chan-1

e,

? & i‘> chan-6
)

‘:‘> chan.—-7 ’

Tartaric acid (3%) 1 mi
min
Fig.2 The electrical change on the papilla parotidea and at six other places.
Top record : electrical change on the papilla parotidea (18mV).
Next three records : electrical changes on the mucous membrane around the papilla parotidea.

Lower three records : electrical changes on the cutis over the parotidea gland.
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Tart. acid Sub. K.l

chan-a '
W 20 mv

|

3mVv
1 min 950120
Fig.3 Recording method for the electrical changes dur- Fig.4 Relation between electrodes and the occarrence of
ing parotidea saliva passing each of the electrodes the time of culmination.
in the salivary drain. The time of culmination on ch-a was about 10
Ei, E;, E;, and E. : thread electrodes. sec after stimulation, on ch-b about 25 sec, and
Ag-AgCl electrode(8mm diameter)was connected on ch-c about 40 sec.

with lobulus auriculae using E.E.G. paste.

RESULTS

The electrical changes from the papilla parotidea and six other places were simultaneously recorded as
shown in Fig. 2. The channel 1 record shows the electrical change on the papilla parotidea and the ampli-
tude of this change is about 18 mV. The records of channels 2, 3, and 4 show the electrical changes on
the mucous membrane around the papilla parotidea, the records of channels 5, 6, and 7 show the electrical
changes on the cutis over the parotidea, the amplitude of these electrical changes were all lower than 0.8
mV. It was considered that the difference in electrical change between channel 1 and the other channels
may be related to the existence (channel 1) or absence (other channels) of salivary flows. Assuming that
this electrical change is related to the salivary flows, the correlation between the time of culmination of the
electrical change and that of the salivary flow was determined using a device as shown in Fig. 3. The se-
creted saliva from the parotidea gland flows through the tip of electrode (E:) and, in order, of through
three other electrodes (E., E;, and E.) in this device, and the leads of E, and of the electrode on the lobulus
auriculae were connected to channel a; E. and E; were connected to channel b; and E; and E, were con-
nected to channel c. The records of the electrical changes from these electrodes are shown in Fig. 4. Fig. 4
shows that, the variation in the time of culmination in the electrical changes depend upon the distance
from the papilla parotidea, i.e., the time of culmination for E, and the auriculae (channel a) is about 10
sec ; for E, and E; (channel b) if is about 25 sec ; and for E; and E. (channel c) is about 40 sec.

The electrical characteristic of the collected saliva was examined with the method shown in Figs. 5
and 6. The saliva secreted through a Carlson type cup was collected into a syringe (2 ml type) as in Fig. 5
A, and about 4 min later the collected saliva was injected into a Carlson type cup as in Fig. 5B. As shown
in Fig. 6, after tongue stimulation the secreted saliva was collected during the high electrical response (bar
and solid triangle), and till about 4 min after the tongue stimulation when this electrical response returns to
the level before the stimulation (resting) ; At this collected saliva was again injected into a Carlson type

cup (bar and open triangle). At this injection, an electrical change was again recorded even with the pa-
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Fig.6 The electrical change on the parotidea by tongue
stimulation and by injection of collected saliva.
Upper record : The recording speed of this curve

is five times the lower record recording
speeds.

Lower record : The record from the papilla pa-
rotidea by stimulation (six times) and by injec-
tion of collected saliva (six times) respec-
tively.

| : tongue stimulation (3% tartaric acid).
W : collection of saliva and its duration.
A\ :injection of collected saliva and its duration.

Fig.5 Diagram of the collection of the parotidea saliva
and injection of this collected saliva.

A : Secreted saliva which evoked larger electrical

changes was collected into a syringe(2 ml

type).

B : This collected saliva was injected about 4min-
utes after the stimulation,

E : Thread electrode.

rotidea gland in resting condition.

The amplitude of the electrical change with injection of the collected saliva showed 75—90% of the
amplitude with tongue stimulation. The preliminary experiments, suggested that the amplitude of the elec-
trical change with the injection of the collected saliva depends on the condition of fitting of the Carlson
type cup on the papilla parotidea and it is not easy to maintain this in a good condition (Inomata et al.”),
and this experiment also established that the injection of the collected saliva does not change salivation

from the papilla parotidea.
DISCUSSION

Iwama and Shinjo” have reported that the electrical phenomena of the papilla parotidea accompanying
human saliva secretion are caused by an action current on the parotidea gland, and this is generally ac-
cepted. By the experiment here (Fig. 2), the maximum amplitude in electrical change on the papilla pa-
rotidea shown was about 18 mV (chan-1) and the electrical change on the other six portions (from chan-2

to chan-7) showed slighter amplitudes (lower than 0.8 mV) in the simultaneous recording, and the differ-
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ence in the amplitude of the electrical change of the papilla parotidea and other six parts portions could
not be explained with Iwama and Shinjo’s action current theory”.

Inomata et al.” reported that the time course of the electrically change on the papilla parotidea was
parallel to the variation in the electrical charged saliva which was caused by the total ions in the saliva
(termed as the total charge : Inomata et al.”). This suggested that the movement in the electrical change de-
pends upon the intensity of the electrically charged saliva, and to test this the relation between the moving,
electrically charged saliva and the movement of the culmination in the electrical change was investigated
using the apparatus shown in Fig. 3 (here each recording electrode is set at a different distance from the
papilla parotidea), and the results are shown Fig. 4.

The results show that the times of culmination of the electrical change in the middle record (channel
b in Fig. 4) is delayed about 15 sec from the times of culmination of the upper record (channel a) and that
the time culmination of the lower record (channel c) is also delayed about 15 sec from the middle record
(channel b). This suggests that the differences of these times of culmination were caused by the electrically
charged saliva moving through the drain in the apparatus (Fig. 3).

The amplitude of the electrical change on the papilla parotidea (channel a) was compared with the
amplitude of the electrical change on the drain in this system (channels b and c). The amplitude of the for-
mer is about ten times that of the latter, and the cause of this may be suggested to be as follows : 1) more
or less saliva around each electrode affects the electrical generation (the difference in electric generation
around each electrode) ; 2) differences in the mixture ratio of stimulated saliva to resting saliva ; 3) dif-
ferences in the position of the leads in this system ; 4) the effect of input impedance in the preamplifier
system. Most details of the cause for these differences will be determined in further studies.

The relation between the electrically charged saliva and the electric changes was investigated using
the apparatus as shown Fig. 5, and the charged in the electrical changes on the papilla parotidea which was
evoked by tongue stimulation and by injection of the collected saliva is shown in Fig. 6. The amplitude of
these electrical changes evoked by the injection of collected saliva were 75~90% (12~15 mV) for ordi-
nary electrical change (15~17 mV) evoked by tongue stimulation (tartaric acid 3%). From this, it was
concluded that the electrical change on the papilla parotidea mainly depends upon the intensity of the elec-
trically charged saliva (electric generator of power in the saliva) and not on the action current of the pa-
rotidea gland as described by Iwama and Shinjo”, of course, this intensity of the electrically charged saliva

was caused by a summation of the various ions in the saliva (total charges : Inomata et al.”).

ing velocity of secretion. Tohoku J. Exp. Med., 52 : 223
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An experimental study of apatite blasted implants
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Abstract

The present study aimed to determine morphological characteristics and bone inductivity of the
blasted — substrate interface, for dental titanium implant blasted with hydroxyapatite (HA) /B — tricalci-
umphosphate (B—TCP) eutectic composites. For this purpose, the bone contact ratio at the bone —im-
plant interface and the mechanical strength by implant removal torque were determined to compare the ef-
fects of different surface treatments on the promotion of bone formation around dental implants. The study
examined the machined surface, the acid —etched surface, the blasted — substrate surface at five minutes
cleaning, and the blasted —substrate surface without cleaning.

The main results were as follows.

1. The observation of the blasted — substrate surface showed that the HA/B—TCP eutectic composites
did not remain on the titanium surface after the cleaning procedure of the implant material.

2. The results clearly showed that the blasted —substrate surface with five minutes cleaning was the

shortest period needed for osseointegration among the four different surface treatments.

Key words : Titanium implant, Blasted-substrate, f —TCP, Removal torque, Japanese white rabbit
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Fluoride concentrations in the enamel surfaces of extracted maxillary

jects

first permanent molars obtained from Chinese subjects

Shoko YAHATA, Mina HIROSE, Daisuke MATSUMOTO
and Seiji IGARASHI

Department of Pediatric Dentistry, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Fluoride profiles of the enamel surfaces of eight extracted maxillary first molars obtained from sub-

living in Beijing in an area where the fluoride concentration in the drinking water is 0.3ppm, were

examined to determine the differences in fluoride concentrations at different positions on and in the

enamel. The fluoride concentrations of mesiobuccal (MB), distobuccal (DB), mesiolingual (ML), and dis-

tolingual (DL) sites were determined at 6 different depths (1, 3, 5, 10, 20, and 30 wm), using the acid

etched micro-sampling technique described by Weatherell et al. (1973). Fluoride concentrations were meas-

ured

with a fluoride ion electrode.

The fluoride concentrations in the enamel of the subjects residing in Beijing were compared with

those of subjects residing in Sapporo where the fluoride concentration in the drinking water is 0.02ppm.

The results were as follows.

. The fluoride concentrations on the enamel decreased from the outer surface of the enamel toward the

inner parts for those subjects residing in Beijing.

. There were no statistically significant differences in the fluoride concentrations of the 4 MB, DB, ML,

and DL sites on the enamel surfaces among the subjects residing in Beijing, but the concentrations
tended to increase in the order DB, DL, MB, and ML at any depth.

. Comparing the subjects from Beijing and Sapporo, the fluoride concentrations of the enamel surfaces

among the subjects residing in Beijing were statistically significantly higher than in those in Sapporo

at any site (at the MB and DB sites of 3 and 5um : p<0.05 and at 10, 20, and 30um : p<0.01 ; at the

Gk

DPH64E 9 H30H
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ML sites of 1 and 3um : p<0.05 and 5, 10, 20, and 30um : p<0.01 ; at the DL sites at 1, 3, 5, 10, 20,

and 30um : p<0.01).

These results indicate that there were differences in the fluoride concentrations on the enamel surfaces

of maxillary first molars due to the different fluoride concentrations of the tap water in Beijing and Sap-

poro.

Key words : Fluoride concentration, Enamel surface, Maxillary first permanent molars, Chinese subjects
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Study of dissimilar metal corrosion of orthodontic metallic appliances
—Corrosion potentials measured in saline solution—

Toshihiro YUASAY, Kazuhiko ENDO?, Masahiro IIJIMAY,
Yasuyuki YONEKURA", Hiroki OHNOZ"‘, Itaru MIZOGUCHI"

Departments of “Orthodontics and ?Dental Materials Sciences, School of Dentistry, Health Sciences
University of Hokkaido

Abstract

The free corrosion potential of commercially available orthodontic appliances was measured in 0.9%
NaCl solution to assess the galvanic corrosion that can be observed when more than two metallic appli-
ances with different compositions are in contact with each other in oral environments. Eight kinds of me-
tallic brackets, twenty one kinds of archwires, and four kinds of coil springs were employed in this study.
The compositions of the specimens were determined using an energy dispersive X-ray fluorescence ana-
lyzer. The free corrosion potential in the 0.9% NaCl solution at 37°C was measured for 168 h (7 days) us-
ing an electrometer. Comparing the corrosion potential values of the archwires after the 168 h-immersion,
stainless steel wires exhibited the highest (noblest) value, followed by Co-Cr-Ni alloy wires, Ni-Ti alloy
wires, and B-Ti alloy wires. The corrosion potential of the coil springs made of stainless steel and twisted
stainless steel wire was lower (less noble) than that of the stainless steel arch wires. There was a statisti-
cally significant difference in the corrosion potential values of stainless steel brackets with similar compo-
sitions. Single piece type brackets had higher corrosion potentials than two piece type brackets made by
soldering or welding. The remarkably low corrosion potential value of the two piece type brackets suggests
that the contact point between wing and base is a corrosion susceptible site when these brackets are used
in contact with the archwires employed in this study. Considering galvanic corrosion, Ti brackets are rec-

ommended because Ti brackets would be anodic with respect to most archwires and would protect the
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wires they are in contact with from corrosion, resulting in a reduced amount of allergenic metal ions such

as Ni, Co, and Cr ions released.

Key words : Free corrosion potential, Orthodontic appliance, Galvanic corrosion
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Table 1 Chemical composition of orthodontic appliances employed in this study

Toshihiro YUASA el al.,/Dissimilar metal corrosion of the orthodontic metallic appliances

Alloy ppli propduce name manufacturer | Ni Ti Fe| Cr| Co| Mn| Cu | Mo others
Noninium DENTAURUM | 1.8 64.7 | 17.6 13.1 1.9 [Si(0.9)
remanium DENTAURUM | 84 72.8 | 17.0 0.9 Si(0.9)

wire [STAINLESS-STEEL ORMCO 8.7 71.8 | 18.1 1.0 Si(0.4)
RESPOND ORMCO 9.0 70.7 | 18.4 12 Si(0.7)
SUS WIRE Sankin 8.8 71.8 | 17.9 1.0 Si (0.5)
STAINLESS Stainless-Steel 3M Unitek 9.1 70.8 | 18.4 1.0 Si(0.7)
STEEL Ultra-Minitrim DENTAURUM | 9.7 70.2 | 16.9 12 | 1.2 | 0.4 |Si(0.4)
MINI DIAMOND ORMCO 83 716 | 152 05 24 | 08 |Si(12)
bracket [one pieace bracket RMO 10.2 68.6 | 16.8 0.5 | 3.2 | 0.2 [Si(0.5)
METAL BRACKET Sankin 9.6 67.7 | 17.6 04 | 1.6 | 1.2 |Si(1.9)
micro arch bracket TOMY 6.3 72.7 | 157 04 | 32 | 05 |Si(1.2)
APC II Adhesive Coated Appliance [3M Unitek 4.1 |0.90 | 66.5| 14.7 0.1 | 1.7 | 0.1 |Si(11.9)
MINIATURE TWIN 3M Unitek 39 747 | 173 03 | 25 Si(1.3)
coil remanium open coil spring DENTAURUM | 83 723 | 174 0.5 Si(1.5)
spring [Coil Spring ORMCO 134 67.1 | 18.0 1.0 Si (0.5)
AZURLOY ORMCO 15.7 154 | 194 | 395 2.1 7.0 |AL(0.9)
ELGILOY BLUE RMO 16.6 15.0 | 19.1 | 40.2 [ 2.0 71
COBALT- ELGILOY YELLOW RMO 16.6 151 19.0 | 404 | 1.8 7.1
CROMIUM- wire |TECHNOFLEX RMO 15.7 153 | 194 | 39.5 | 2.1 7.0 |Al(1.0)
NICKEL ELLASLLOY WIRE Sankin 16.8 13.6 | 20.0 | 41.1 [ 1.6 6.9
SPRON BLUE TOMY 17.9 227|117 | 39.8 | 0.8 4.0 |Si, Ti(3.1)
SPRON YELLOW TOMY 18.0 234 | 11.5] 397 | 0.8 4.0 |Si, Ti(2.6)
copper NI-TI superelastic At 27°C  [ORMCO 51.3 | 435 5.2
copper NI-TI superelastic At 35°C  [ORMCO 51.1 | 43.6 53
NI-TI ORMCO 575 | 425
NICKEL- wire [SENTALLOY TOMY 574 | 426
TITANIUM Nitinol Classic 3M Unitek 57.1 | 429
Nitinol Super Elastic 3M Unitek 574 | 426
coil NI-TI COIL SPRINGS ORMCO 58.6 | 414
spring |open coil spring TOMY 58.7 | 41.3
TMA ORMCO 76.3 11.0 AL Sn, Zr (13.7)
B-TITANIUM | Wire
Betalll Titanium 3M Unitek 71.5 11.2 |Sn, Zr (11.3)
TITANIUM |bracket [rematitan DENTAURUM 99.9
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Figure1l Design of working electrodes for measuring corrosion potential.
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Figure 2 Variations in the corrosion potential (Ecorr) with
time for stainless-steel wires in 0.9% NaCl solu-
sion at 37°C.
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Figure 5 Variations in the corrosion potential (Ecorr) with
time for B-titanium wires in 0.9% NaCl solusion
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Table 2 Classification of orthodontic bracket based on structure and corrosion characteristcis.

Structure of Corrosion
orthodontic bracket| Potential Remarks
(168 h)
1 piece type ) .
@ Composed of single material.
Type A m +171 ~+174 | @Exhibited noble corrosion potential.
2 piece t . .
piece type @ Made by soldering using gold solder.
Type B @ -80 ~+157 | @Exhibited noble or less noble
corrosion potential depending on
Gold Solder soldering conditions.
2 piece type @ Made by soldering using
silver solder or welding.
Type C @ m -145 ~-294
@ Exhibited less noble corrosion
Silver Solder ~ Weld potential.
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Table 3 Differences in corrosion potential between wires or coil springs and different types of bracket after 168hours im-

mersion in 0.9% NaCl solution at 37°C

Type A

Type B

Type C Ti

Stainless
Steel
Wire

+27 ~+121

+44 ~ +373

+346 ~+587 | +100 ~+192

Twisted
Stainless
Steel
Wire

-301 ~-298

284 ~ -47

+18 ~ +167 -228

Stainless
Steel -324 ~ -309
Coil spring

-307 ~ -58

-5~+151 -251 ~-239

Cobalt-
Cromium-
Nickel
Wire

-73 ~+60

+21 ~+314

+246 ~ +528 0~+133

Nickel-
Titanium
Wire

-172 ~ +40

-155 ~+294

+147 ~ +508 -99 ~+113

Nickel-
Titanium
Coil spring

-235 ~-81

218 ~+270

+84 ~ +384 +19 ~ +162

B -Titanium

Wire -56~-34

-20~+217

+198 ~ +431 +17 ~+36

*Positive number indicates that the corrosion potential of wires or coil springs is hihger (nobler) than that of the bracket.
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Happy Smiles & Heartful Communication
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