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A study on the biological characteristics of modified titanium surface

Jae—Hyuk Kim, Chin—Hyung Chung*, Sung—Bin Lim, Ki—Seok Hong

Department of Periodontology, School of Dentistry, Dan Kook University

ABSTRACT

Purpose: The purpose of this research is to study about initial adhesion, proliferation and activation of osteoblast to titanium
surface treated with machined, hydroxyapatite coating, resorbable blast material blasting and anodizing method.

Material and Methods: After treating the titanium surface of each block with machined, impurities were removed and
sterilized. The number of cells attached from cultured osteoblast of respective experimental groups were measured at 1, 4, 7,
and l4day and alkaline phosphatase, calcium, and inorganic phosphate concentration of cultured solution was measured.
Result: Anodizing group showed the highest rate of cell attachment and proliferation activity. RBM treated group showed the
highest increasing on their alkaline phosphatase activity, on the calcium apposition, on inorganic phosphate apposition of 1

and 4 days in cultured osteoblast to compare with other groups.

Conclusion: On the basis of these findings, we conclude that surface modification of titanium was profoundly effected on the
attachment, proliferation and activation of osteoblast in initial stage osseointegration.

(J Korean Acad Periodontol 2008;38:453-466)

KEY WORDS: titanium surface; resorbable blast material blasting; hydroxyapatite coating; anodized coating; machined;

osteoblast.
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Figure 1. Attached cell number at 1 day (Mean+SD)
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Figure 3 Attached cell number at 7 day (MeanZSD)
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Figure 2. Attached cell number at 4 day (Mean+SD)
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(a) Machined (b) HA (c) RBM (d) Anodizing
Figure 5, Photographs of attached cells to Machinead(a), Hydroxy apatite coating(b), Resorbable Blast Media blasting(c),
and Anodizing(a) titanium surface at 1day

(a) Machined (b) HA (c) RBM (d) Anodizing
Figure 6, Photographs of attached cells to Machined(a), Hydroxy apatite coating(b), Resorbable Blast Media blasting(c),
and Anodizing(d) titanium surface at 4day

(a) Machined (b) HA (c) RBM (d) Anodizing
Figure 7. Photographs of attached cells to Machined(a), Hydroxy apatite coating(b), Resorbable Blast Media blasting(c),
and Anodizing(ad) titanium surface at 7day

(a) Machined (b) HA (c) RBM (d) Anodizing
Figure 8, Photographs of attached cells to Machined(a), Hydroxy apatite coating(b), Resorbable Blast Media blasting(c),
and Anodizing(d) titanium surface at 14day
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Table 1. Alkaline phosphatase assay at 24hour (ug/ml)

1 2
Machined 0.253 0.233
HA 0.229 0.253
RBM 0.245 0.331
Anodizing 0.224 0.229
Control 0.018 0.018

5 Avg SD
0.150 0.212 0.055
0.100 0.194 0.082
0.335 0.304* 0.051
0.227 0.227 0.003
0.018 0.018 0.000

Table 2, Alkaline phosphatase assay at 4day (ug/ml)

1 2
Machined 0.203 0.221
HA 0.207 0.233
RBM 0.393 0.452
Anodizing 0.231 0.212
Control 0.180 0.180

3 Avg SD
0.110 0.178 0.060
0.140 0.193 0.048
0.361 0.402* 0.046
0.100 0.181 0.071
0.180 0.180 0.000

Table 3. Alkaline phosphatase assay at 7day (ug/ml)

1 2
Machined 0.201 0.184
HA 0.187 0.198
RBM 0.169 0.202
Anodizing 0.223 0.192
Control 0.180 0.180

3 Avg SD
0.186 0.190 0.009
0.192 0.192 0.006
0.201 0.191 0.019
0.165 0.193 0.029
0.180 0.180 0.000
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Table 4, Alkaline phosphatase assay at 14day (ug/ml)

1 2 3 Avg SD
Machined 0.188 0.195 0.196 0.193 0.004
HA 0.199 0.199 0.193 0.197 0.003
RBM 0.189 0.199 0.200 0.196 0.006
Anodizing 0.193 0.192 0.197 0.194 0.003
Control 0.180 0.180 0.180 0.180 0.000

Table 5. Calcium assay at 24hour (ug/ml)

1 2 3 Avg SD

Machined 5.4 5.1 4.8 5.1 0.3
HA 5.1 5.3 5.8 5.4 04
RBM 4.1 3.6 4.0 3.9% 0.3
Anodizing 42 4.4 5.5 47 0.7
Control 45 45 45 45 0.0

Table 6, Calcium assay at 4day (ug/ml)

1 2 3 Avg SD

Machined 47 4.1 4.4 4.4 0.3
HA 51 5.0 54 53 0.2
RBM 42 3.7 4.1 4.0* 0.3
Anodizing 3.9 4.1 52 4.4 0.7
Control 45 45 4.5 45 0.0

* Statistically significant difference (p<0.05)

Table 7. Calcium assay at 7day (ug/ml)

1 2 5 Avg SD

Machined 42 4.8 4.5 4.5 0.3
HA 4.7 43 4.5 4.5 0.2
RBM 41 4.4 5.0 4.5 0.5
Anodizing 44 4.7 47 46 0.2
Control 45 45 45 45 0.0
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Table 8, Calcium assay at 14day (ug/ml)

Machined
HA
RBM
Anodizing

Control

Table 9, Phosphate assay at 24hour (ug/ml)

Machined
HA
RBM
Anodizing

Control

Table 10, Phosphate assay at 4day (ug/ml)

Machined
HA
RBM
Anodizing

Control

Table 11, Phosphate assay at 7day (ug/ml)

Machined
HA
RBM
Anodizing

Control

1
46
44
4.1
4.8
45

1
0.126
0.125
0.077
0.113
0.500

1
0.180
0.261
0.130
0.160
0.500

1
0.148
0.160
0.190
0.162
0.500

2
4.8
4.1
42
4.8
4.5

2
0.101
0.107
0.075
0.215
0.500

2
0.210
0.250
0.120
0.193
0.500

2
0.207
0.180
0.130
0.285
0.500

41
4.7
4.9
3.9
4.5

3
0.280
0.250
0.210
0.230
0.500

0.190
0.180
0.110
0.270
0.500

0.180
0.190
0.170
0.170
0.500

OfALR| EHEZ/0f w2

Avg
45
44
44
4.5
4.5

Avg
0.169
0.161
0.121*
0.186
0.500

Avg
0.193
0.230
0.120*
0.208
0.500

Avg
0.178
0177
0.163
0.206
0.500

SD
0.4
0.3
0.4
0.5
0.0

SD
0.097
0.078
0.077
0.064
0.000

SD
0.015
0.044
0.010
0.056
0.000

SD
0.030
0.015
0.031
0.069
0.000

0
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Table 12, Phosphate assay at 14day (ug/ml)

1 2 3 Avg SD
Machined 0.151 0.153 0.152 0.152 0.001
HA 0.139 0.147 0.161 0.149 0.006
RBM 0.152 0.153 0.133 0.146 0.011
Anodizing 0.140 0.145 0.137 0.141 0.004
Control 0.500 0.500 0.500 0.500 0.000

* Statistically significant difference (p<0.05)

24 Hour 4 Day
0.500 0.600
0.450
0500
0.400 [ 0.402
0.304
0350 | 0.400
0.300 |- 0.194
0.227 |
0.250 0.300 0178 0.193 0.181
0.200 018
0.200
0.150
0.100 0.100
0.050
0.000 0.000
Machined RBM Anodizing  Control Machined HA Anodizing  Control
Figure 9, Alkaline phosphatase assay at 24hour Figure 10, Alkaline phosphatase assay at 4aay
(Mean=SD) (Mean=£SD)
7 Day 14 Day
0.500 0.5
0.450 0.45
0.400 0.4
0.350 | 0.35 |
0.300 0.3
0.250 | 0.25 |
A 0.192 191 0193 0197  0.196  0.194
0200 0.190 0.19 018 0o | 0193
0.150 0.15
0.100 0.1
0.050 0.05
0.000 0
Machined HA RBM Anodizing Control Machined RBM Anodizing Control
Figure 11, Alkaline phosphatase assay at 7day Figure 12. Alkaline phosphatase assay at 14day
(Mean=+SD) (Mean+SD)
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Figure 17, Relative phosphate deposition assay at
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Figure 14 Relative calcium deposition assay at
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Figure 16, Relative calcium deposition at 14day
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Figure 18 Relative phosphate deposition assay at
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