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ABSTRACT

Bone and tissue reaction of porous Nickel-Titanium

alloy implant for dental implant in rabbits

Min Gwi-Hyeon
Advisor: Prof. Kim Byung-Ock, D.D.S., Ph.D.
Department of Dentistry

Grauate School of Chosun University

Introduction

Porous Nickel-Titanium(Ni-Ti) alloy implants were previously introduced and a
number of studies were performed. Porous nickel-titanium alloys have excellent
properties such as excellent biocompatibility, high osseointegration rate, superelastic
and shape memory properties, which are valuable in the dental field. It may be
considered to use a porous Ni-Ti coating to combine the advantages of Ni-Ti with
titanium implants.

The aim of this study was to investigate the tissue response of porous Ni-Ti
alloy in vivo. It is important to verify biological stability by evaluating new bone
formation and surrounding tissue reactions of porous Ni-Ti alloys to be used as
coatings. In the experiment, a disc-shaped porous Ni-Ti alloy was applied to the

skull of rabbit, and new bone formation and inflammation reaction were observed.

Materials and Methods
Three calvaria bone defects were formed on the adult male New Zealand Rabbits
weighting 3~3.5kg. The calvaria defect was formed in 8 mm diameter. The
specimens were fabricated in the form of a porous Ni-Ti alloy disc with a
diameter of 8 mm and a thickness of 1 mm. There were one control group and
two experimental groups.

In the control group, only the collagen membrane was applied to the defect. In

the experimental group I, the disc was applied to the defect with bone graft and

,iV,
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resorbable membrane. In the experimental group II, the disc was placed in the
defect covered by resorbable membrane. After 4 and 8 weeks of healing, the
experimental animals were euthanized for specimen preparation. Histomorphometric
analysis was performed to quantify new bone formation and connective tissue. The

data were analyzed by Kruskal — Wallis test and Mann-Whitney test.

Results

At 4 and 8 weeks, new bone formation was seen in all groups. However, it was
not statistically significant. In the experimental group, the amount of new bone was
smaller than that in the control group, and more new bone formation was seen in
the bone grafted group. The new bone formation was not enough compared to the
study of titanium implants. There was slight inflammation in the experimental

groups compared to the control group.

Conclusion

In this study, new bone formation and tissue reactions were seen around the
porous Ni-Ti alloy. There was slight inflammation and insufficient new bone
formation in the experimental groups. This means that there was an effect of
porous Ni—-Ti alloy on adjacent tissue. More researches on porous Ni-Ti alloy
surfaces i1s likely to be needed. In future studies, porous Ni-Ti alloys may be
proposed as an effective coating material when better bone formation and tissue

response will be seen.
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Figure 2. Experimental procedure.

A: Incision on the rabbit’s head B: elevation of full thickness flap C: three bone
defects on the rabbit's calvaria D: @ control group, @ experimental group I, @
experimental group II. E: applying experimental materials to the bone defect.(control
group: resorbable membrane, experimental group I : porous Ni-Ti disc + xenograft
+ resorbable membrane, experimental group II : porous Ni—-Ti disc + resorbable
membrane). F: fixation of collagen membrane with holding suture with absorbable

suture material G: flap closure with non—absorbable suture material.

Figure 3. Sacrifice experimental procedure.(4 weeks)

A. After 4 weeks, rabbit was sacrificed and surgical site was opened. collagen
membrane was retained well. B. after removal of collagen membran, surgical site
was seen healthy tissue status with applying materials. C: control group specimen

D: experimental I group specimen E: experimental II group specimen

et} A@ae] vk Ads AA < BAE T A5 A 4 SPSS
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Table 1. Tissue response in 4 weeks control and experimental groups (n=3)

Inflammation
No. of rabbit 1 2 3
Control group = = £
Experimental group I + + +
Experimental group II 0

Table 2. Percentage of new bone and connective tissue in 4 weeks groups.

Data are shown as mean

NB CT

Control group 41.30 58.70
Experimental group I 33.17 66.83
Experimental group II 9.93 90.07

NB: new bone, RG : residual bone graft, CT: connective tissue

60
50
40
50
10
. i

Controlgroup Expermentalgroup | Expermental group Il

mNE mCT

Figure 4. Histogram illustrating of the percentage of new bone and connective
tissue at 4 weeks. The highest new bone volume was the control group compared
to the experimental groups. Between experimental groups, experimental group I was

about three times as large as new bone compared to the experimental group II.
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Figure 5. Histomorphometric analysis of 4 weeks groups (upper: 1mm, lower: 500pm)

A. control group: the central defect had no new bone formation. New bone was
seen in margin area. B. experimental group I: Thin new bone was seen in bone

central defect site continuously. C. experimental group II: New bone and connective

tissue were seen in the marginal area.
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Table 3. Tissue response in 8 weeks control and experimental groups (n=3)

Inflammation
No. of rabbit 1 2 3
Control group = =
Experimental group I + + +
Experimental group II = 4F 4F

Table 4. Percentage of new bone, residual bone graft and connective tissue at 8
weeks. Data are shown as means

NB CT

Control group 19.60 80.40

Experimental group I 40.77 59.23

Experimental group 1I 6.27 93.73
X -
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Controlgroup Experimental group | Experimentalgroup Il
mNB mCT
Figure 6. Histogram illustrating of the percentage of new bone and connective
tissue at 8 weeks. The highest new bone volume was the experimental group I
compared to other groups. Between experimental groups, the differnce of new bone

volume was greater than 4 weeks.

e

Figure 7. Histomorphometric analysis of 8 weeks groups (upper: lmm, lower: 500um)

A. control group: The defect was covered by new bone from the margin. B.
experimental group I: new bone and graft bone were seen continuously in the
entire defect. Thick new bone covered the central bone defect C. experimental
group II: New bone was developed from the margin. Central defect was filled with

connective tissue.
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