] Korean Acad Prosthodont : Volume 38, Number 3, 2000

Radiation effect on peri-implant tissue

after implantation
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Statement of problem. There were several studies on the effects of irradiation to periimplant
bone tissue. However, no clear biological effect of irradiation on peri-implant bone tissue was
reported yet. ,

Purpose. This study compared the effect of irradiation on the surrounding tissue of a HA-coat-
ed implant fixture with controls.

Material and methods. 6 Steri-Oss implants were implanted into the femur of 6 mongrels. The
implanted dogs were divided into three groups and received irradiation. After 1 month, 2months
and 4 months healing period, the histologic examination and mobility test and digital radiographic
imaging analyses were performed to compare the control and experimental group respectively.
Results. The irradiated group showed slower healing than control group in light microscopic
observations. The mobility test demonstrated significant less number (Periotest) in control group
than that of irradiated groups. The digital radiographic imaging analysis showed that the bone
density of irradiated group was higher than control group.

Conclusion. Generally, control group showed favorable bilogical response and less mobili-
ty than irradiated group. The conflict result of bone density value were measured by the dig-
ital radiographici imaging analysis. The digital radiographic imaging analysis needs more research
in future.

Through forty-year researches and clinical
experience of dental implant in modern den-
tistry, dental implantation was recognized to be
a successful technique which could restore missed
teeth and their surrounding tissue'. In particular,
an osseointegrated implant introduced into den-
tal science by Branemark et al> has been going to
widen the treatment range of prosthodontics
and maxillofacial prosthetics and to settle down
its firm theoretical background by many animal
experiments and clinical researches*®. Thus, the
discovery of osseointegrated implant was regard-
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ed as the momentum of great change in the long
history of dental science.

Thereafter, many forms of implants were devel-
oped and implanted in jaw in various ways
and were used to restore the missed function of
stomatognatic system®®. As the fixture of a den-
tal implant, submucosal, subperiosteal, endosteal
and transosteal fixtures were used according to
the place of implantation®, and as the material of
the fixture, metal", ceramic®, carbon®* and syn-
thetic resin et al*®, were used. In addition, many
forms of implant fixtures such as spiral®”, blad-



vent®, screw and cylinder etc, were prepared in
consideration of the distribution of occlusal force
and the quantity of residual alveolar bone, and the
interface treatment methods of these implant
fixtures were developed variously”.

The material of an original osseointegrated
implant fixture developed by Branemark was
pure titanium, and its form was a sr_nooth—faced
cylinder with fine spiral threads®. In recent,
however, implant fixtures which were coated
with hydroxyapatite(HA) or sprayed with titanium
plazma were developed and were used clinical-
Iy*.

Specdially, HA had influence upon promoting the
formation of new bone and increasing the contact
between bone and implant, in initial stage of
osseointegration and so many researches about HA
coated implant have been going on. Jarcho- et
al®¥ reported on porous HA particles in the
alveolar bone of a dog and a human body, and
Levin et al*® stated about the formation of bone
after implanting dense HA particles. Denissen and
de Grook*, and Quinn and Kent” grafted dense
HA particles in a dog’s extraction socket and,
in result, presented the possibility that the HA par-
ticles could restrain the resorption of alveolar
boné after the extraction of teeth. When Kraut* and
Davis” transplanted an implant fixture of titani-
um to a human body, they implanted porus HA
particles in the damaged area around bone.
Ardoin et al®, Block et al” and Ducheyene et al®
reported on the histological respect of a HA-
coated titanium implant fixture and the difference
of mechanical combinational force between a
HA-coated implant fixture and a pure titanium fix-
ture.

Coating the interface of a pure titanium implant
fixture with HA was aimed at attaining the solid
osseointegration between a implant fixture and sur-
rounding bone tissue, resisting masticatory force
effectively while an implant prosthesis would
function in the mouth, and ensuring the long-term
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success of a dental implant.

The long-term success of a dental implant
depended upon various factors such as suffi-
cient osseointegration between an implant fixture
and its surrounding bone tissue, prosthetic design
to distribute excessive masticatory force, a patient’s
ability of managing oral hygiene, the periodic
examination of a patient and the change of a
patient’s health condition and circumstances
after implantation®.

With the frequent use of dental implant in den-
tal clinics, quite a few patients among successful
implantation patients were exposed to various envi-
ronments and one of them was irradiation for the
diagnosis and treatment of a general disease.
The diagnosis and treatment using radiation
had many merits, while they could accompany side
effects like osteoradionecrosis, and they could cause
the destruction of immature bone tissue and the
delay of its maturity particularly. Thus there
were several reports on a relation between an
implant and radiation recently. Asikainen et al*
studied the retarded reaction of bone tissue after
irradiation, and Misch et al® reported that a pure
titanium implant fixture and a HA-coated implant
fixture were implanted in the irradiated jaw and
osseointegration was attained. Also, Mian et al®
reported the effect of irradiation upon the bone tis-
sue and the effect of backscatter irrradiation
between a implant fixture and its surrounding tis-
sue. Besides, there were some reports on the
influence of irradiation after implantation.
Granstrom et al* reported on the clinical effect of
irradiation after implantation, and Schon et al®
studied the influence of irradiation upon peri-
implant bone tissue after implantation. But no one
clarified the biological effect of irradiation upon
peri-implant bone tissue after implantation yet. In
addition, there were few histological researches
into the biological effect of irradiation after
implantation.

Thus, this study was aimed at evaluating the biological



effect of irradiation upon the surrounding tissue of a
HA-coated implant fixture after implantation. After HA-
coated implant fixtures were implanted in mature
dog's femurs and were irradiated, the histological
examinations, the mobility tests and the digital radi-

ographic imaging analyses for the fixtures were per-

formed.

MATERIAL AND METHODS

Material

1) Laboratory animals

A litter of 6 mongrels which were 8 months old
and 13kg or thereabouts were selected as exper-
imental animals for this study so that the most
identical condition possible might be given. Also,
they were raised for 1 month under the same
condition, and then were used in the experi-
ment. Total 6 dogs were divided into 3 groups, that
is to say, 1 month group, 2 months group and 4
months group on the basis of duration from
implantation to the manufacture of tissue speci-
mens, and 2 dogs were assigned to each group.
Also, each group was separated into an irradiated
experimental group and a non-irradiated control
group, respectively (Table 1). All laboratory dogs
had been bred under the same condition until the
experiment was ended. There was much appre-
hension for infection in case of implantation in the
mature dog's jaws, and implant fixtures were
implanted in the mature dog's left femurs.

2) Implant fixtures

The implant fixtures of Stere-Oss implant sys-
tem (Steri-Oss, Yorba Linda, CA, USA) which were
widely used in dental clinics were selected as
the implant fixtures for this study, and they

Table 1. Classification of experimental animals.

were 8mm long and 3.8mm diametric ones with
external hexa-structure. The interface of an
implant fixture was coated with hydroxyapatite

and total 6 implant fixtures were selected.

Methods

1) The surgery and the implantation of labora-
tory animals

Every laboratory dog of each group was put
under general anesthesia by injecting 2cc Xylazine
(Rompun, Bayer V et al., hem-Korea Co., Korea)
and 2cc Ketamine (Ketara, Yuhan Co., Korea)
into the muscle of its femur in order that an
implant fixture might be grafted in its femur.
Then small doses of anesthetic were added in the
intervals of surgery. After the hair of left femur was
shaved and disinfected, he was put under local
anesthesia by 2% lidocaine so as not to bleed
and not to feel pain. The knife was inserted
deeply into skin till its contact with bone, and 12cm
of skin was incised upward from knee joint.
Then muscular layer and periosteum were opened
and the femur was exposed. A hole for an implant
fixture remained to be 3.8mm in diameter. The pre-
pared implant fixtures were implanted in each hole
and were covered with their cover screws. Each
hole was sutured tightly with 4-0 suture silk in a
layer-to-layer method. For the prevention of the
inflammation of every dog's femur after the
surgery, 2cc Lincomycine (Lincocin, Hanguk
Upjon Co., Korea) was injected into each dog's

muscle for 3 days and 1cc for 2 days.

2) Irradiation
Total 6 dogs were divided into 3 groups, that is
to say, 1 month group, 2 month group and 4

Duration 1 month 2 months 4 months
Animal Control Experimen Control Experimen Control Experimen
Animal group -tal group group -tal group group -tal group




month group on the basis of duration from
implantation to the manufacture of tissue speci-
mens, and 2 dog's were assigned to each group.
Then each group was separated into an irradiated
experimental group and a non-irradiated control
group, respectively. Irradiation was performed with
6 MV X-ray by a Linear Accelerator (Varian Co.,
USA) which was used in the treatment of a tumor
(Fig. 1). Among the laboratory dog's of 1 month
and 2 months groups, those of experimental.
groups were irradiated after 10th day from
implantation so that the influence of early irra-
diation on osseointegration might be evaluat-
ed. The range of irradiation was decided to be 3
x 5cm. The amount of irradiation was 15Gy at a
time. Among the laboratory dog's of 4 months
group, those of experimental group were irradi-
ated in the same method and in the same amount
after 3rd month from implantation so that influ-

Flg 1. Lmear Accelerator.

Table 2. Time table for the application of Calcein

ence of irradiation on peri-implant bone tissue
might be evaluated after their bone tissue was

matured somewhat.

3) The injection of fluorescent substance

Calcein (SIGMA) which infiltrated in only new
bone tissue selectively and fluoesced in green
was injected so that the time and direction of
bone growth might be observed through a confocal
laser scanning microscope. 20mg/kg Calcein
was injected into each laboratory dog's muscle of
control groups and experimental groups, and
the dog was sacrificed for preparation of a tissue
specimen in 10th day (Table 2).

4) The preparation and observation of tissue spec-
imens

The experimental dog's of each group were
sacrificed in the 4th, 8th and 16th week after
implantation, respectively. For the preparation of
tissue specimens, the dog's femurs were removed
and were fixed with 70% alcohol, so that the
deformation of tissue specimens might be mini-
mized. After the long axes of the implant fix-
tures were detected by radiographing the removed
femurs, the slices of the extracted femurs were
made. The slices were fixed in 70% alcohol for 6
days and were washed in flowing water for 1 day.
Then they were preserved in villanueva bone stain
solution and were dyed. After they were dehy-
drated in 70%, 90%, 95%, 100% [ , 100% I , 100%

Duration 1 month 2 months 4 months
Animal Control Experimen Control Experimen Control Experimen
Animal group -tal group group -tal group group -tal group
Date of

irradiation 10th day 10th day 90th day
Date of the
injection of 20th day 50th day 110th day
Calcein '
Date of
sacrifice 30th day 60th day 120th day
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Il and 100% IV alcohol for 12 hours, respectively,
they were clarified and were infiltrated into by the
mixture of acetone and spur resin. After they
were embedded in spur resin, they were left as they
were under vacuum and at room temperature for
2 days. Treated at the temperature of 70°C for 1
day, they were hardened at room temperature.
After hardening the slices were cut successively
to the thickness of 80~100um by means of low
speed diamond wheel saw (South Bay Technology
Inc. USA), they were ground to the thickness of
20um through Omnilap 2000(South Bay Technology
Inc. USA) grinder and were sealed up by cover
glasses. The specimens were kept in a dark box for
the protection of fluorescent substance and were
observed by means of a light microscope and a con-

focal laser scanning mincroscope.

5) Mobility test

The mobility of each implant fixture was tested
with Periotest (Siemens, Germany, Fig. 2), which
was equipped with a micro-computer internally.
The impact bar of Periotest run by electricity
gives the impact of 4 times a second, and total 8gm
impact of 16 times for 4 seconds on an implant fix-
ture, its internal computer sensed the reactions of
more than 4 times among them by an implant fix-
ture’s mobility and its buffer effect, and then
expressed numerals from -8 to +50 on a screen and
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Fig. 2. Measurement of the radiographic density of
peri-implant bone by digital imaging system.
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in a sound. In this study, the mobility of an
implant fixture was tested as soon as a experi-
mental animal was sacrificed. After a pick-up
type of a square impression pin was connected
with an implant fixture, it was hit with Periotest
vertically. Then the mobility was measured 5

times an implant fixture and it was averaged.

6) Digital radiographic imaging analysis

For digital radiographic analysis, the control
group and the experimental group were radi-
ographed 3 times, that is, first shortly after an
implant fixture was implanted, secondly when it
was irradiated and thirdly as soon as the dog was
sacrificed for the preparation of a tissue specimen.
The radiographes were taken by means of cephalo-
metric radiography and under the same condition
of 100mA, 6.3kvp and 0.14sec constantly. Digital
radiographic imaging analysis was done by
means of the taken radiographes and a personal
Mackintosh computer. The taken radiographes
were inputted through a scanner (Epson, Korea)
connected to the computer. After the center of an
implant fixture was located, its radiographic
density was measured on both the left and the right
side of each implant fixture and it was aver-
aged. An inputted screen was digitalized to sup-
port the space resolution of 640 x 480 pixel and 256
gray scale, and NIH image program was used in
the imaging analysis.

RESULTS

Histological analysis

(A light microscope and a confocal laser scan-
ning microscope : Table 3) _

An implanted fixture passed through a cortical
bone at the top of a femur vertically and was
set well in a medullary portion where bone mar-
row spaces existed. In a transcortical portion,
an implant fixture was supported by compact bone.
In a medullary portion, it was supported mainly
by trabecullas directly below compact bone and



Table 3. Tissue reaction around an implant fixture from a histological view.

1 month 2 months 4 months
Control Experimen Control Experimen Control Experimen
group -tal group group -tal group group -tal group
New bone
AN E *
formation
Osseointeg-
* %3 Ex 2
ration

*

Indicates poor reaction
Indicates average reaction
*** Indicates good reaction

%%

by sporadic trabecullas in bone marrow spaces.

1) 1 month group after implantation

(1) Non-irradiated group

In a transcortical portion, an implant fixture came
into contact with bone directly by means of com-
pact bone which Haversian system was developed
well. The Haversian system was that lamellar
bone was formed to that degree that bone marrow
spaces were hardly observed and osteocytes
were arranged well concentrically. In a medullary
portion directly below a cortical bone, the fixture
was supported by mature trabecullas attached to
its interface rectangularly. In bone marrow spaces,
immature trabecullas and the formation of bone
were not observed (Fig. 3-A). In observations
through a laser confocal scanning microscope, a
little green fluorescent substance which stood
for the formation of new bone was observed
mainly along the fixture and the interface of
bone in parallel with the fixture, whereas the
active bone formation or bone remodeling were
not observed (Fig. 3-B).

(2) Irradiated group

As compared with a non-irradiated group, the -

contact area between an implant fixture and a cor-
tical bone decreased on the whole. In the periosteal
portion at the top of a cortical bone and the sec-
tion of a cortical bone, an implant fixture was sup-
ported by irregular and immature trabecullas
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(Fig. 4-A). Also, in a medullary portion, the fixture
was surrounded by a few irregular trabecullas
which were not attached to its interface rectan-
gularly (Fig. 4-B). In a view through a laser con-
focal scanning microscope, concentric green flu-
orescent substance was observed a little in bone
marrow spaces between compact bone, while
fluorescent substance to show the formation of new
bone entirely was not observed in a portion to
pierce compact bone and in a medullary por-
tion (Fig. 4-C).

2) 2 months group after implantation

(1) Non-irradiated group

From a transcortical portion to a medullary
portion, osteocytes were arranged well, lamellar
bone was formed and an implant fixture was
supported by mature bone including bone mar-
row spaces (Fig. 5-A). According to the observation
by laser confocal scanning microscope, the form
of mature bone which fluorescent substance was
not observed in the interface of the fixture and in
lamellar bone was observed (Fig. 6-B).

(2) Irradiated group

Except that the number of bone marrow spaces
was increased and the thickness of the plate of a
cortical bone was decreased a little in a transcor-
tical portion at the top of an implant fixture as com-
pared with a non-irradiated group, an implant fix-

ture was supported by mature lamellar bone



Table 4. Measurement of mobility by periotest value.

1 month 2 months 4 months
Control Experimen Control Experimen Control Experimen
group -tal group group -tal group group -tal group
Value -5.7 -4.8 -6.4 -55 -7.6 -5.1

like a non-irradiated group. In a medullary por-
tion at the bottom of an implant fixture, howev-
er, an implant fixture was maintained by irregular
immature trabecullas arranged in parallel with the
fixture, and a contact area between the fixture and
immature trabecullas was increased in spite of the
outstanding decrease of mature bone(Fig. 6-A, B).
In a view through a laser confocal scanning
microscope, a good amount of green fluorescent
substance to show the formation of bone was
observed in the interface of the fixture and in some
bone.

3) 4 months group after implantation

(1) Non-irradiated group

From the transcortical portion of an implant fix-
ture to its entire medullary portion, the fixture was sup-
ported by mature lamellar bone. In a medullary por-
tion, some mature trabecullas which didn’ t form
lamellar bone were arranged rectangularly to the
fixture. Entirely, mature bone expressed a well-devel-
oped Haversian system which oseocytes were arranged
concentrically around Haversian canal(Fig, 7-A, B). In
observations through a laser confocal scanning micro-
scope, concentric green fluorescent substance was
observed a little inside bone marrow spaces on the inter-
face of the fixture.

(2) Irradiated group

As compared with a non-irradiated group, the
quantity of lamellar bone in the region of a cortical
bone was decreased remarkably, the thickness of

a layer supported by mature trabecullas at the bot- -

tom of an implant fixture was decreased, and
trabecullas were arranged very irregularly(Fig. 8-
A, B). In a view by means of a laser confocal
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scanning microscope, very irregular green fluo-
rescent substance was observed entirely(Fig. 8-C).

Mobility test

As the result of mobility tests for 1 month
groups, the mobility of an implant fixture was -
5.7 in the non-irradiated group and -4.8 in the irra-
diated group. Thus the latter mobility was bigger
than the former mobility. On the other hand,
the mobility of an implant fixture was -6.4 in
the non-irradiated group and -5.5 in the irradiated
group in case of 2 months groups. The latter
mobility was somewhat bigger than the former
mobility, but the mobility of 2 months groups was
decreased as compared with that of 1 month
groups. In case of 4 months groups, the mobility
of an implant fixture was -7.6 in the non-irradiated
group and -5.1 in the irradiated group, and so a
great difference between two groups was
showed(Table 4).

Digital radiographic imaging analysis

As the result of digital imaging analysis for
taken radiographes, radiographic density around
an implant fixture was 70.2 shortly after the
surgery, 76.7 after 10 days and 89.5 after 1 month
in a non-irradiated 1 month group. In case of
an irradiated 1 month group, it was 76.5 shortly
after the surgery, 99.5 after 10 days and 158.7 after
1 month. Thus the radiographic density of the irra-
diated 1 month group was higher than that of the
non-irradiated 1 month group. ‘

In case of a non-irradiated 2 months group,
radiographic density around an implant fixture
was 77 4 shortly after the surgery, 86.5 after 10 days
and 78.9 after 2 months. The radiographic density
increased around an implant fixture in the begin-



Table 5. Measurement of the radiographic density of peri-implant bone by digital imaging system.

1 month

2 months 4 months

Control
group

Experimen
-tal group

Control
group

Control
group

Experimen
-tal group

Experimen
-tal group

After
surgery

70.2 76.5

77.4

71.5 82.0 80.5

After

10 days 76.7

99.5

86.5

105.6

After 1

month 89.5

158.7

After 2
months

789

108.7

After 3
months

74.5 88.9

After 4
months

47.8 126.8

ing and then decreased. In an irradiated 2 months
group, it was 71.5 shortly after the surgery, 105.6
after 10 days and 108.7 after 2 months. In case of
4 months groups, radiographic density around a
non-irradiated implant fixture was 82.0 shortly after
the surgery, 74.5 after 3 months and 47.8 after 4
months, while radiographic density around an irra-
diated fixture was 80.5 shortly after the surgery,
88.9 after 3 months and 126.8 after 4 months(Table
5, Fig. 2).

DISCUSSION

With the frequent use of dental implant in clin-
ical dentistry, the patients were exposed to var-
ious environments, that is to say, intraoral envi-
ronments such as excessive masticatory force
and oral hygiene etc., extraoral environments
such as smoking and irradiation etc. and various
general diseases. These factors had great influence
on the long-term success of dental implant.

In particular, irradiation for the diagnosis and
treatment of various general diseases could cause
peri-implant bone tissue to change biologically.
In recent, researches related to the irradiation
and the dental implant have been under way, and
Albrektsson® said that dental implant was used
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in an irradiated jawbone successfully. Granstrom
et al* reported that implant fixtures were implant-
ed in irradiated jawbones and 61.6% fixtures
among them were successful. There were reports
on the influence of irradiation on peri-implant bone
tissue after implantation. Granstrom et al“+-*
stated that the failure rate of implant increased
abruptlyh in case of irradiation on implant fix-
tures implanted in jawbones. Also, Schon et al®®
reported that new bone was formed a little and the
bone was matured slowly around an irradiated
implant fixture when an implant fixture was
irradiated after implantation and the change of its
surrounding bone tissue was observed with the
lapse of time.

For the promotion of osseointegration between
an implant fixture and its surrounding bone tis-
sue, an implant fixture whose interface was treat-
ed in various ways was developed, and the effect
of its interface treatment on osseointegration
was studied. Kim et al® reported that the interface
form of an implant fixture had great influence on

~osseointegration, when a HA-coated implant

fixture, a titanium plazma sprayed implant fixture
and a ceramic-coated implant fixture were used.
According as Kim et al* studied concerning the



relation between the interface form of an implant
fixture and irradiation, new bone was formed a
little and the bone was matured slowly in an
irradiated experimental group, and particularly
irradiation did much harm to peri-implant bone
tissue at the stage of bone remodeling. In histo-
logical researches into the healing for bone tissue
around a HA coated implant fixture in co-irradiated
bone, Matsui® said, “Based on the present data,
as well as data from the literature, it is suggested
that the success rate of HA implants in irradiat-
ed bone increases with the interval after radio-
therapy. It is also recommended that HA implants
in irradiated bone be installed so that bearing by
the cortical bone is increased.” In this study, in case
of a non-irradiated 1 month group, an implant fix-
ture came into contact with bone directly by
means of well-developed compact bone in a
transcortical portion. In a medullary portion, an
implant fixture was supported by mature tra-
becullas attached to its interface rectangularly. On
the other hand, in an irradiated 1 month group,
a contact area between an implant fixture and a
cortical bone was decreased entirely. In a medullary
portion, an implant fixture was surrounded by a
few irregular trabecullas which were not attached
to its interface rectangularly. These phenome-
na could appear because irradiation delayed the
maturity of peri-implant bone tissue and destroyed
healthy bone tissue.

In case of a non-irradiated 2 months group,
from a transcortical portion to a medullary por-
tion, osteocytes were arranged well, lamelar
bone was formed and an implant fixture was
supported by mature bone including bone mar-
row spaces. In case of an irradiated 2 months
group, the thickness of the plate of a cortical
bone was decreased a little in a transcortical
portion as compared with a non-irradiated 2
months group, but entirely an irradiated 2 months
group was similar to a non-irradiated 2 months
group. Thus the formation of new bone was
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recovered more or less, which resulted from the
recovery of bone healing ability after irradia-
tion. As for bone healing ability to the lapse of time
after irradiation, Arshad et al® said that it was
improved in 12 months after irradiation, and
Jacobsson® and Marx™ reported that surgery
could be performed between 1 month and 6
months after irradiation. This study expressed a
similar view to their researches in that the for-
mation of new bone was recovered somewhat in
a irradiated 2 months group. In other words, it was
thought that the formation of new bone was
proceeded in a cortical bone with the lapse of con-
siderable time after irradiation. However, it was
thought that irradiation prevented bone from
maturing because mature bone was decreased
remarkably in a medullary portion at the bottom
of an implant fixture.

In case of an irradiated 4 months group, an
implant fixture was irradiated after 3 months
from implantation. As compared with a non-
irradiated 4 months group, the quantity of lamel-
lar bone in the region of a cortical bone was
decreased prominently, and the thickness of a lay-
er supported by mature trabecullas at the bottom
of an implant fixture was decreased. Judging
from the above, irradiation did great harm to
the maturity of bone and the remodeling of bone
as well as the formation of new bone.

In observations through a laser confocal scan-
ning microscope, new bone was formed along
implant fixtures in non-irradiated groups,' where-
as it was formed widely in irradiated groups
since irradiation caused bone maturity to retard
not only in the interfaces of implant fixtures but
also in the centers of bone far distant from their
interfaces. That is to say, the direct contact
between implant fixtures and bone was increased
by mature lamellar bone and the quantity of
newly formed immature bone was decreased
according to the maturity of bone in non-irradi-
ated groups with the lapse of time after implan-



tation. On the other hand, the formation of new
bone was very slow and its quantity was decreased
conspicuously around implant fixtures in irradiated
groups without regard to the time of irradia-
tion, which was in accord with the reports of
Granstrom et al*¥* and Schon et al®. Also, this
study using HA-coated implant fixtures was
similar to the study of Kim et al® using pure
titanium implant fixtures and titanium plasma
sprayed implant fixtures.

There were several ways in evaluating the
osseointegration between an implant fixture and
bone tissue, and one of them was the mobility test
for an implant fixture. It could be said that a
mobility test was a precise quantitative analysis.
In case of single-rooted teeth with healthy peri-
odontal tissue, its mobility was between 1.5 and
7.0 or thereabouts®*. Also, in case of implantation,
there could be differences between the mobility
of implant fixtures according to the elasticity of
their surrounding bone. As the elasticity of com-
pact bone was 13.700N/ mm? and that of spongy
bone was 1.370N/mm? the elasticity of an
im?lant fixture could depend on the quantity
of spongy bone around an implant fixture®. As for
mobility, Schulte et al”* insisted that implanta-
tion should be successful if the mobility of an
implant fixture ranged from -6 to +8, but Olive®
said that implantation should be unsuccessful if
the mobility was more than +5. As the result of a
mobility test for non-irradiated groups in this
research, the mobility of an implant fixture was
-5.7 in 1 month group, -6.4 in 2 months group and
-7.6 in 4 months group. In case of irradiated
groups, the mobility of an implant fixture was -
4.8 in 1 month group, -5.5 in 2 months group
and -5.1 in 4 months group. It was thought that
peri-implant bone was matured enough since
the mobility of each non-irradiated implant fix-
ture was decreased suddenly with the Japse of time.
In case of irradiated implant fixtures, it was
thought that the mobility was the least in 2
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months group, which resulted from the recovery
of bone healing ability after irradiation.

There were many problems in digital radi-
ographic imaging analysis till now. The evalua-
tion of radiographic density around implant fix-
tures was difficult to be standardized, the direc-
tion of implantation was hard to be agreed to com-
pletely in setting implant fixtures in bone, and the
radiographes were difficult to be taken under
same conditions each time. Also, the radiographic
density of bone itself could be differed according
to the location of implantation, and the films of the
radiographes should be developed under same
conditions each time. In this study, digital radi-
ographic imaging analysis was utilized experi-
mentally so that the transformation of radi-
ographic dénsity around implant fixtures might
be observed. In result, radiographic density
around implant fixtures was decreased in non-irra-
diated groups with the lapse of time, though it was
not decreased uniformly. Specially in a non-irra-
diated 4 months group, it was decreased with the
lapse of time. On the other hand, radiographic den-
sity around implant fixtures was increased in
irradiated groups with the lapse of time. Judging
from the above, it was thought that the evaluation
of radiographic density around implant fixtures
through digital radiographic imaging analysis did
not reach a trusty level yet since the radiographic
density around implant fixtures did not express
regular differences, and that digital radiograph-
ic imaging analysis ought to be researched con-

tinuously from now on.

CONCLUSIONS

Within the limits of this study, the following con-
clusions were drawn :

1. In a view by means of a light microscope,
peri-implant bone tissue was matured rapid-
ly in non-irradiated groups with the lapse of
time, while it was matured slowly in irradiated
groups and was damaged particularly at the



stage of the remodeling of bone.

. In observations through a confocal laser scan-

ning microscope, peri-implant new bone was
formed a little along implant fixtures in case of
non-irradiated groups, whereas it was formed
widely not only in the interfaces of implant fix-
tures but also in the centers of bone far distant
from their interfaces in case of irradiated

groups.

. As a result of mobility tests in non-irradiated

group, the mobility of an implant fixture was
-5.7 in 1 month group, -6.4 in 2 months group
and -7.6 in 4 months group. Thus it was
reduced abruptly with the lapse of time. On the
other hand, in irradiated groups, the mobility
of an implant fixture was -4.8 in 1 month
group, -5.5 in 2 months group and -5.1 in 4
months group. It was the least in 2 months
group, but its difference between each group
was hardly observed. :

. It was thought that the evaluation of radi-

ographic density around an implant fixture by
means of digital radiographic imaging analy-
sis had several problems as well as many

-merits, and digital radiographic imaging analy-

sis needed continuous researches in future.
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Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.
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FIGURE OF LEGENDS

Non-irradiated group. Tissue reaction around an implant fixture in the 4th week.

A: HA-coated fixture attached to bone and soft tissue through a light microscope( x 100).

B: HA-coated fixture attached to bone and soft tissue through a confocal laser scanning micro-
scope( x 80).

Irradiated group. Tissue reaction around an implant fixture in the 4th week.

A: HA-coated fixture attached to bone and soft tissue through a light microscope( x 30).

B: Magnification of left side( x 100). '

C: HA-coated fixture attached to bone and soft tissue through a confocal laser scanning micro-
scope( X 80).

Non-irradiated group. Tissue reaction around an implant fixture in the 8th week.

A: HA-coated fixture attached to bone and soft tissue through a light microscope( x 100).

B: HA-coated fixture attached to bone and soft tissue through a confocal laser scanning micro-
scope( X 80).

Irradiated group. Tissue reaction around an implant fixture in the 8th week.

A: HA-coated fixture attached to bone and soft tissue through a light microscope( x 30).

B: Magnification of left side( X 100).

C: HA-coated fixture attached to bone and soft tissue through a confocal laser scanning micro-
scope( x 80).

Non-irradiated group. Tissue reaction around an implant fixture in the 16th week.

A: HA-coated fixture attached to bone and soft tissue through a light microscope( x 30).

B: Magnification of left side( x 100).

C: HA-coated fixture attached to bone and soft tissue through a confocal laser scanning micro-
scope( X 80).

Irradiated group. Tissue reaction around an implant fixture in the 16th week.

A: HA-coated fixture attached to bone and soft tissue through a light microscope( x 30).

B: Magnification of left side( x 100).

C: HA-coated fixture attached to bone and soft tissue through a confocal laser scanning micro-
scope( X 80).
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