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Development of a new ultra-precision-polished
pure titanium mirror for dental treatment
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Dentistry, Sendai 980-8575, Japan ' '
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Abstract. The aim of this study was to develop a biosafe and a biocompatible
mirror for dental treatment. Mirrors are indispensable manual instruments for
dental care and are widely used for intraoral examination and treatment. In this
study, light and highly biocompatible mirrors were developed by mirror-polishing
of pure titanium and used for dental examination and intraoral photography. The
surface roughness and reflectance of the dental mirrors were measured and com- —
pared with those of commercially available dental mirrors made of stainless steel.
Our results suggested that the pure titanium mirror with a mirror-polished surface
was satisfactory for clinical use.

Key words. pure titanium, mirror, dental treatment, biocompatibility, polishing
Introduction

Recently, direct-reflection-type metal mirrors with a mirror-polished metal surface
have been used because of several advantages, including distinctness of the reflected
image, high safety, and improved operability. However, most metal mirrors are made
of stainless steel and contain about 10% nickel. Such mirrors may not be suitable for
medical use because they can elicit strong allergic reactions [1]. In addition to this
biosafety problem, corrosion of stainless steel mirrors can be caused by chloride dis-
infectants, containing mainly sodium hypochlorite [2]. In this study, light and highly
biocompatible mirrors were developed by mirror-polishing of pure titanium, and the
surface roughness and reflectance of the new titanium dental mirrors were compared
with those of commercially available dental mirrors made of stainless steel. . _

Material and methods

Newly developed mirror was made of pure titanium (Daido Steel Co., Ltd., Nagoya,
Japan), finished by ultra-precision mirror polishing, and used to produce dental
mirrors and mirrors for intraoral photography. These mirrors were compared with
a commercially available dental mirrors made of stainless steel (metal mirror, YDM
Co., Tokyo, Japan). The surface roughness and reflectance of four newly developed
dental mirrors were compared with those of four commercially available dental
mirrors made of stainless steel. Surface roughness (measurement range: around
360 pm) was measured using a three-dimensional non-contact-type surface

. , ' S 355
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Fig. 1. Surface roughness of
metal mirrors
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roughness measuring instrument (Talysurf CCI 3000, Taylor Hobson Ltd., Leices-
ter, UK). The reflectance of the mirrors was measured within the visible region
(measurement range: 380-780 nm), using a spectrophotometer (U-3120, Hitachi
Ltd., Tokyo, Japan). The intraoral mirrors were used to observe teeth and take
intraoral photographs. :

Results

The arithmetic mean roughness (Ra) of the dental mirror made of pure titanium
was 3 nm or less (Fig. 1a), and the maximum height of roughness (Rz) was 30 nm
or less (Fig. 1b), comparable to that of the commercially available dental mirror
made of stainless steel. Both Ra and Rz showed no significant differences between
the two groups.These result suggested that surface of the pure titanium was suffi-
ciently polished by our new original method. The reflectance of the pure titanium
mirror was slightly lower than that of the stainless steel mirror, but both provided
favorable image.

Conclusion

It was suggested that the pure titanium mirror with mirror-polished surface was
considered satisfactory for clinical use. S
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_Effects of initially light and gradually
increasing force on orthodontic tooth movement
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Abstract. This study investigated the effect of initially light and gradual increases
in force on tooth movement using the attractive force of magnets in an experimental
rat model. The distance between the magnets incrementally decreased from an
initial light force in the experimental group, in contrast to no tooth displacement

~ in the control group. There were significant differences in the number of osteoclasts
and in the relative hyalinized area on the pressure side of the periodontal tissue
between the control group and the experimental group. The application of gradual -
incremental increases in force induced effective tooth movement in rats, and
recruitment of osteoclasts and inhibition of hyalinization.

Key words. initially light force, gradually increasing force, tooth movement,
osteoclasts, hyalinization '

Introduction

Light continuous force results in a relatively smooth progression of tooth movement
by frontal resorption [1]. However, traditional orthodontic appliances are not suit-
able for generating light force. The objective of this study was to investigate his-
tologically the effect of initially light and gradual increases in force on tooth
movement in an experimental rat model.

Material and methods

Sixty male Wistar rats (18 weeks old) were used in the experiment. Cuboids
(1.5 mm X 1.5 mm x 0.7 mm) made of magnet (experimental group) or titanium
(control group) were bonded on the lingual surface of maxillary first molars. The
“initial distance between the materials in both groups was 1.5 mm, exerting only a
light force in the experimental group. Rats were killed at 1, 3, 7, 10 or 14 days
after treatment. Measurement of tooth movement was determined in 28 rats, and
the number of TRAP-positive osteoclasts and the relative hyalinized area on the
pressure side of periodontal tissue was determined in 32 rats.
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Fig. 1. a Time course changes in the number of osteoclasts on the pressure side. b Time course
changes in the relative hyalinized area on the pressure side

Results and discussion

The distance between the magnets significantly decreased over time in the experi-
mental group, resulting in gradual tooth movement (P < 0.01). No tooth displace-
ment occurred in the control group. There was a significant difference in the number

of osteoclasts (Fig. 1a) and in the relative hyalinized area between the control group
-and the experimental group (Fig. 1b) (both P < 0.01). We hypothesized that step- —
wise process may be solved by an application of initially light and gradually
increasing force [2]. It is well established that bone resorption by osteoclasts is
crucial to orthodontic tooth movement [1, 3]. The formation of resorbed lacunae

on the bone surface in the initial stage of force application may be beneficial for
the recruitment of osteoclasts and continuous bone resorption, even despite a sub-
sequent increase in force. ' .

Conclusion

The initial application of light force with initially light and gradual increases in
force induced effective tooth movement in rats, and recruitment of osteoclasts and
inhibition of hyalinization,
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__Abstract. This study examined the effects of graft material on osteoclast-
mediated bone remodeling in guided bone regeneration (GBR). Sintered rabbit
bone particles were used as the graft material. A polytetrafluoroethylene membrane —
was molded into a dome and anchored to the frontal bone in 16 male rabbits. The
space under the membrane was filled with a blood clot (control group) or sintered
bone particles (experimental group). Animals were killed 2, 4, 8, and 12 weeks
after operation. The resected samples were fixed in 4% paraformaldehyde and
demineralized. Paraffin-embedded histological sections were stained with hema-
toxylin and eosin and underwent a histochemical assay to determine tartrate-
resistant acid phosphate (TRAP) activity. The proportions of newly formed bone
and graft particles and the numbers and densities of osteoclasts and multinucleated
giant cells (MGCs) were calculated. The proportion of newly formed bone increased
up to 4 weeks in both the control and experimental groups. Subsequently, the pro-

~ portion decreased in the control group, but did not change significantly in the

~experimental group. Osteoclast density on newly formed bone was higher in the

control group than that in the experimental group. We conclude that the use of a

sintered bone graft inhibits bone resorption by osteoclasts.

:— Key words. guided bone regeneration, sintered bone, bone remodeling, osteoclast,
histomorphometry

Introduction

Guided bone regeneration (GBR) has been performed at implant-recipient sites that
lack sufficient bone to increase the volume and quality of bone, and thereby
enhance implant stability and long-term outcomes. Various devices and surgical
techniques have been developed to augment bone. Good clinical outcomes require
an understanding of the biologic mechanisms and temporal dynamics of newly
formed bone in GBR.
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In GBR, bone is newly formed over time in a secluded space containing a blood
clot [1]. Initially, woven bone is rapidly formed. This bone is then immediately
Femodeled to a mature bone with lamellar structure. Although the maintenance of
newly formed bone is a prerequisite to creating a biomechanical and clinical envi-

ronment conducive to long-term implant stability, mature bone gradually decreases —-

in response to various extrinsic factors [2], subsequently entering the marrow
spaces [3]. Previous studies have suggested important differences in the pattern of
new bone formation in a secluded space containing graft materials [4]. Such materi-
als apparently contribute to the prolonged maintenance of newly formed bone
during GBR. S

Osteoclasts have important roles in the maintenance and resorption of newly
formed bone during bone remodeling. The effects of graft materials on osteoclasts
remain unclear. We therefore histomorphometrically investigated the effects of graft
materials on the recruitment or localization of osteoclasts and multinucleated giant
cells (MGCs) in a model of GBR.

Experimental model of GBR

Sixteen male Japanese white rabbits weighing about 3 kg each were used in this
__study. General anesthesia was induced by injecting pentobarbital sodium salt
(Tokyo Kasei, Tokyo, Japan) at a dose of 0.5 mg/kg body weight into an ear vein.
In addition, about 2 ml of local anesthesia (1% lidocaine, Astra Zeneca, Osaka,

Japan) was injected subcutaneously into the operation site. The frontal bone Was ~

exposed via a midsagittal incision through the skin and periosteum. Cortical bone
defects (3 x 15 mm?) were made in the external cortical plate of the right and left
frontal bones. An expanded polytetraftuoroethylene (e-PTFE) membrane reinforced

with a thin titanium mesh (Gore-Tex, WL Gore, AZ, USA) was molded into adome —-
(10 x 5 x 5 mm®) and filled with venous blood from the rabbit’s ear in the control _

group, and sintered bone particles in the experimental group (Fig. 1). Two mem-
branes (control and experimental groups) were placed over the defects and anchored
to the bone surface by means of four mini-screws (Ti-SIS pins, SIS-System: Trade,
Klagenfurt, Austria). The skin was sutured over the membranes.

membrane

sintered bony
particles

blood

Fig. 1. Schema of the experimental site (frontal section)
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Fig. 2. Stereomicroscopic image of pulverized and separated sintered bone particles. Bar =
500 pm

Sintered bone particles

The sintered bone particles used in this study were derived from natural rabbit bone.

This type of sintered bone is classified as a xenogenic material, with biocompatible

and osteoconductive properties [5]. The sintered bone was prepared as follows:
_boiled rabbit cortical bone was immersed in a mixture of 1% NaOH and 1% H,0,

(1:1) to remove proteins on the bone surface for 1 h. The mixture was then neutral-

ized with 1 N HCI. The bone was placed in an electric furnace and sintered at 600°C

for 3-5 h and 1,100°C for 3.5 h. The sintered cortical bone was pulverized in a
~ bone mill and sorted into particles of 300500 pm by means of a standard sieve.

The sintered bone particles were white and irregularly shaped on examination with
a stereomicroscope (Fig. 2). The calcium and phosphate contents of the sintered
bone particles were Ca 42.5%, P 18.2%, and Ca/P ratio 2.34.

Histomorphometry

The rabbits were anesthetized and killed 2, 4, 8, and 12 weeks after operation. For
histological examination, the resected samples were demineralized in 10% EDTA
and embedded in parafﬁn Histological sections were sliced and stained with
hematoxylin and eosin and underwent a histochemical assay to determine tartrate-
resistant acid phosphate (TRAP) activity. After histological examination by light
microscopy, the digitized images were photographed, and the following variables
were measured: bone and graft particles volumes, the proportions of bone and graft
“particles (The bone proportion in the experimental group was calculated as a pro-
portion in the space remaining after exclusion of the graft particles.), and the
numbers and the densities of osteoclasts and MGCs. Totally 58 sites of right and
~ left frontal bones in 18 rabbits were used for statistical analyses (two-way analysis
of variance and Tukey’s test).
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Bone formation and sintered bone parti»c’les in GBR -

Initially, woven bone, lined by a dense layer of cuboidal osteoblasts, proliferated
around the groove in the control and experimental groups. The space under the

. membrane was filled with newly formed bone, fibrous tissue, and adipose tissue at
12 weeks in the control group. Mature bone with a lamellar structure was found
from 4 weeks onward. The sintered bone particles were surrounded by newly
formed bone, fibrous tissue, and adipose tissue, without inflammatory cell infiltra-
tion. The height and extent of newly formed bone were greater in the control group
than in the experimental group throughout the experiment (Fig. 3).

Bone volume in the control group increased rapidly for up to 4 weeks (P < 0.01)
and then decreased significantly (P < 0.01). In the experimental group, bone volume
increased gradually up to 4 weeks and then did not change significantly. Bone
volume in the experimental group was larger than that in the control group from 8
weeks onward (Fig. 4a). The proportion of newly formed bone in the experimental
group did not differ from that in the control group at 4 weeks. At 8 and 12 weeks,

—the proportion of newly formed bone in the experimental group was significantly
larger than that in the control group (P < 0.01) (Fig. 4b). The proportion of graft
particles did not change significantly (Fig. 4c).

Fig. 3. Histological findings-at low rhagniﬁcation. (hcmatoxylin.and eosin stain). a At 4 weeks
~in the control group. b At 12 weeks in the-control group. ¢ At 4 weeks in the experimental group.
d At 12 weeks in the experimental group. Bars = 500 pm

i
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Fig. 5. Histological findings at low magnification (tartrate-resistant acid phosphate). arrowheads,
osteoclasts or multinucleated giant cells (MGCs). a at 4 weeks in the control group. Bar =200 um
b at 4 weeks in the experimental group. Bar = 200 pm ¢ The density of osteoclasts and MGCs

Osteoclasts and multinucleated giant cells in GBR

In both the control and experimental groups, TRAP-positive osteoclasts were found

on newly formed bone from 2 weeks onward. At 12 weeks, a few pale osteoclasts

were sporadically detected on newly formed bone trabeculae. In the experimental

group, TRAP-positive MGCs were detected on the surfaces of sintered bone parti-
-—_cles from 2 to 12 weeks (Fig. 5a, b).

The numbers of osteoclasts and MGCs were greatest at 4 weeks in the control
and experimental groups. Throughout the experimental period, the number of
osteoclasts in the experimental group was lesser than that in the control group. The
densities of osteoclasts and MGCs were highest at 8 weeks in the control group
and at 4 weeks in the experimental group (Fig. 5¢). The densities of osteoclasts and

"“MGCs were lower in the experimental group than in the control group at 2, 4 and
12 weeks. The number of TRAP-positive MGCs increased at 2 weeks and decreased
at 8 weeks. The density of TRAP-positive MGCs showed no significant change at
4 weeks and decreased at 8 weeks (Fig. 5¢).
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Conclusions

Irrespective of the presence or absence of xenografts, the space under the membrane
__was filled with newly formed bone. In the absence of xenografts, however, newly
formed bone decreased gradually in our GBR model. Previous studies have reported _
___ that bone is resorbed if it is not functionally stimulated. Bone newly formed at
augmented sites may thus decrease at locations not exposed to pressure or tensile
stress.

Bone grafts fall into four general categories: autografts, allografts, xenografts,
and alloplasts. Sintered bone is classified as a xenograft and considered biocompat-
ible and osteoconductive. Numerous studies of human bone augmentation have
shown that bovine-derived particles depleted of organic components are associated
with successful bone regeneration. The sintered bone particles had good bone-to-
graft contact and showed no change in size for a prolonged period, indicating that
this material has nonabsorbable, biocompatible, and osteoconductive properties.

The use of sintered bone particles was associated with no disturbance-of bene —-
formation during GBR, but the extension of newly formed bone was delayed.
However, the proportion of new bone in the experimental group was equivalent to
that in the control group and was maintained. The recruitment of osteoclasts was
inhibited, leading to the maintenance of bone volume and proportion. Inhibition of
osteoclast activity might be related to the encapsulation of newly formed bone
without a foreign body reaction, as well as the transmission of mechanical stress.

A better understanding of the biologic characteristics of new bone in GBR will

~-enable the development of more refined clinical protocols and will facilitate the
selection of optimally suited membrane and graft materials. The maintenance of -
-—new bone will be achieved by the understanding of bone remodeling, leading to
the effective establishment of a functional structure in vivo.
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Abstract. This study investigated the effect of orthopedic force applied by shape
memory alloy (SMA) wire on the cranial bone growth in efforts to develop a self-

" ~contained orthopedic appliance. Expansive forces and ‘compressive forces were

applied by Ni-Ti SMA wires to interparietal sutures in Wistar rats. All rats were
killed at day 14 or 28 post-treatment. Morphological analyses by soft X-ray and
micro-computed tomography, and histological observation were performed. Cranial
width in the expansive groups was increased significantly compared to the control
group (P < 0.01). The increase in cranial width in the compressive groups was
inhibited. The results suggest that the self-contained SMA appliance has orthope-
dic application to the cranium.

Key words. orthopedic force, SMA, morphometrical analysis, rat cranium

Introduction

External orthopedic appliances are frequently applied in clinical orthodontics to
modify orofacial growth and to obtain harmonious skeletal relations. Current efforts
in the development of orthopedic appliances are -aimed at creating new internal
appliances that are invisible and are automated so as not to require daily activation
[1]. We investigated here the effects of orthopedic forces utilizing shape memory

~~alloy (SMA) wire in a self-contained appliance in an experimental rat model of

cranial modification through sutural growth control.

Material and methods

Expansive forces (group A, 50 gf; group B, 150 gf) and compressive forces (group
C, 30 gf; group D, 90 gf) were applied to interparietal sutures in Wistar rats (male,
6 weeks old) using Ni-Ti SMA wire (0.018 and 0.014 inch Nitinol classic; 3M

~ Unitek, Monrovia, CA, USA) (Fig. 1a). Two-dimensional morphometric analyses
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to determine cranial width were performed using soft X-ray photographs (Softex,

-Tokyo, Japan) (Fig. 1b). The interparietal sutures were observed three dimensionally
using micro-computed tomography (CT) photographs (ASMX-225CT; Shimadzu
Corporation, Kyoto, Japan) and histologically.

Results

Cranial width in the expansive groups was significantly increased compared with
the control group (P < 0.01, Fig. 2a), whereas cranial width did not significantly
differ between the control and compressive groups (Fig. 2b). In the expansive
groups, interparietal sutures showed an enlarged opening and thin edges, whereas
those in the compressive groups showed a linear shape and thick edges. Three-
dimensional observations demonstrated that the interparietal sutures had a more
apparent interdigital shape in the expansive groups, compared to a straight form in
the compressive groups. Histiologically, new bone formation with osteoblasts on
the sutural surfaces was observed in the expansive groups. In contrast, the compres-
sive groups showed osteoclastic resorption and slight hyalinization.

Conclusion

The self-contained orthopedic appliance utilizing SMA wire was found to have
orthopedic application to the cranium.

i
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Development of a Fingertip Position-Sensing System using LC Resonated
Markers
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We propose a new system for sensing the positions of up to five wireless magnetic markers using phase
detection. It consists of five resonated markers, a driving coil, and pickup coils. Slim LC resonated markers were
fabricated and a detector was formed by connecting high-speed AD converters. The system has a position accuracy
of around 1 mm, and can be used for highly accurate position sensing without magnetic shielding, because it is
free from earth field noise. We tracked fingertips using five resonated markers.

Key words: wireless LC resonated magnetic marker, position sensing, fingertips
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(b) PCs for optimizing the positions of markers

Fig. 4 Photograph of the electrical equipment.
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Fig. 5 Arrangement of coils and marker.
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Fig. 7 Frequency of the induced voltage of five markers.

Table 1 Each marker.

Marker 1 Markar 2 Marker 3 Marker 4 Marcer S
Irductance wH) S§E 5.4 €6 51 57
Capacitance (nF) 1.2 0.87 0.64 0.52 0.52

Resonant
fraquency (kH2) 575 A9.5 835 86 0 118.0

Table 2 Position accuracy.

Marker 1 Marker 2 Marker 3 Marker 4 Marker S
xyplane 05 04 0.8 22 0.5

yzpland 0p 0.7 0.5 1.6 1.0
total 2.9 08 0.8 16 1.1
Unit: mm
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(a) Bending thumb

(e) Bending little finger

Fig. 9 Measured positions of fingertips.
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