[= &] g=A4=883i~
Korean Journal of Materials Research
Vol. 8, No. 7 (1998)

The Effect of Surface Area of Implant
on Bonding Strength between Implant and Bone
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Abstract The effect of the surface area of implant on degree of osseointegration was investigated by putting the 10
grade- I titanium screw implants into 10 isogenic rabbits tibia. Implants were divided in 2 groups into 3mm diameter
and 5 mm diameter. After 6 weeks, animals were sacrificed and removal torques were measured with Tohnichi 15

BTG-N Torque Gauge Manometer. The results were as follows : The removal torques was higher in 5 mm diameter

group than the 3 mm diameter group.(p= 0.008).

1. Introduction

Osseointegration is defined as a state of direct con-
tact of an implant to living bone on a light microscope
or a structural, functional contact which can transmit
external loads to bone directly without any interposi-
tion of connective tissue."”

Factors such as careful surgical technique, a healthy
implant bed, controlled primary loading conditions,
proper implant configuration, a primary good implant-
host fit, and a suitable surface finish of the implant are
also important for direct bone-to-metal contact.*™*

An undisturbed integration of foreign materials in
bone, without the subsequent development of an interfa-
cial fibrous tissue layer, is not solely dependent on the
use of a biocompatible implant material such as titani-
um. Currently, titanium (Ti) is the material of choice
for uncoated implants because of its biological accept-
ance in bone.”

This high degree of biocompatibility is thought to
result, in part, from the protective and stable oxide
layer that presumably aids in the bonding of the extra-
cellular matrix at the implant-tissue interface.”

The characteristic composition and structure of the

oxide layer often differ depending on the technique
used to prepare the surface of the metal.”

In these days ,in clinical field, the use of diameter of
3mam and 5mm fixture have been increased very much,
especially to anterior region for 3mm and to maxilliary
posterior region for 5mm diameter fixture.

But there seems to be few report for comparison of
removal torque of these special diameter implant.

The object of this study is to estimate the effect of
the surface area size of implant on the removal torque
of titanium implant inserted in rabbit tibia.

2. Experimental materials and methods

5 screw-type implant, 4 mm long and with a diame-
ter of 3mm and 5mm were made from C.P. titanium.

10 isogenic rabbits were used in the experiment.
Average body weight was 3.06Kg.

Implants were cleaned by ultrasonic-wave in ethanol
and autoclaved before use. The surgery was carried out
in an aseptic state, no prophylactic antibiotics was
administrated.

General anesthesia was done via IM with Xylazire
(Rompurn, Byer Chemical Co., Korea) 5mg/Kg of
weight and Ketamine (Ketara, Yuhan, Korea) 35mg/

- 613 —



614 AN A A8W ATE (1998)

K g of weight before surgery.

After shaving on the operation area, local anesthesia
was done in tibial metaphysis with 2% Lidocane
(Kwangmyung chemistry Korea) 2ml. Before surgery,
skin was carefully cleaned with iodine and 70% alcohol
sponge. A layered incision was done at the tibial me-
taphysis located anterior, medial side of the same level
with tibial tuberosity for reason of good bone quality
and visibility.

The skin & fascia, muscle, and periosteal flap was el-
evated and the bone was denuded.

Implants were inserted in the conventional method of
Branemark implant system. A tapping drill and coun-
tersink drill were not used in this experiment.

The 3 and bmm diameter fixure were implanted on
the right side. The experimental group 2 was implanted
on the left side.

The periosteal flap was sutured with 4-0 absorbable
suture material, and the skin sutured. After the layered
suture, antibiotics (Baytril, Byer Chemical Co. Korea)
1ml and metabolism activator (Castosal, Byer Chemical
Co. Korea) 1ml was injected via I.M. Pressure dressing
was done for protection of wounds and prevention of in-
fection.

Six weeks after implantation, the radiographs were
taken to identify the states of implantation. The radio-
graphs were taken at a right angle to implanted speci-
men for better vision of the screw of the implanted
specimen.

Six weeks after implantation, sacrificed the animals
and an incision was made and soft tissues was reflected
and the implanted site was denuded. After carefully re-
moving the overgrowth bone above the screw. Tochini
15 BTG-N Torque Gauge Manometer (Tochini Mfg Co,
Ltd, Tokyo, Japan), was used to measure the removal
torque with a connector specifically made to connect
the torque gauge and the fixture.” The result was re-
corded by measuring the maximum removal torque at
which fracture occurred between implant and bone.

The significance verification was done by using the
student t- test with the 5% level of significance.

3. Results and discussion

The unicortical bony contact was confirmed by peri-
apical standard films.

The mean values of the removal torque of 3mm fix-
ture were 1.52 +0.50Ncm, 3.44 +1.13Nem for Smm fix -
ture group and p value were 0.008.

Significantly higher values of the removal torque was
found in Smm fixture group than that of 3mm fixture

Table 1. The values of removal torque.

. Removal Torque(Ncm)
Animal No. ; -
3mm diameter 5mm diameter

1 1.0 4.0

2 1.6 2.6

3 2.0 48

4 2.0 3.8

5 1.0 2.0
Mean 1.52 3.44
S.D. 0.50 1.13

group.

The results was obtained as table 1.

Osseointegration is defined as a direct bone anchor-
age to an implant body which can provide a foundation
to support a prosthesis.” ¥

This means that the implant must be in direct contact
with bony tissue, without soft tissue interface.

To obtain the state of direct contact with bony tissue,
the biocompatibility of the implant material and the mi-
croscopic structure and morphology of the surface
could be considered.”

Various methods to identify the contact with bone
are reported such as histological studies,” pull and push
strength tests'” and removal torque tests.'” Among
these, the removal torque method introduced by Johans-
son et al'¥ at first to measure the binding forces of the
bone and the screw type implant, is commonly used cur-
rently.

The removal torque method was used in this experi-
ment, because of Anusavice’s theory'® that measuring
the tensile strength is more appropriate than measuring
the shear bond strength in order to evaluate the interfa-
cial bonding force. Removal torque is dependent on tex-
ture of the implant surface, geometric variation of im-
plant, interfacial tissue structure, and the quality and
quantity of the surrounding bone. Many experiments
using removal torque test reported that the factors de-
scribed above exert complex influences on removal
torque.

Wide fixture show the large surface area than the
narrow one by geometrically, however there seems to
be not so much report to measure the removal torque
between bone and screw titanium implant.

With this experiment ,as we feel it could be an affect-
ing factor to control the surface bony over growth for
measuring the removal torque.

The time factor to comparing the torque between the
short term and long term must be considered to find out
if the diameter really could affect the torques.

As the comparison by diameter would be a factor of
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mechanical bonding, it could be interesting to compare
these values with the factor by chemical one.

4. Conclusion

The object of this study was to estimate the effect of
the surface area of implant on degree of osseointegra-
tion.

10 grade- 1 titanium implants were used in this
study. Implants were divided in 2 groups into 3mm di-
ameter and 5 mm diameter.

10 isogenic rabbits were used in this experiment.
Average body weight was 3.06Kg. At each 10 implants
was inserted on the tibial metaphysis.

After 6 weeks, animals were sacrificed and removal
torques were measured with Tohnichi 15 BTG-N
Torque Gauge Manometer.

The results were as follows : The removal torques
was higher in 5mm diameter group than that of the
3mm diameter group.
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