REFERENCES

Azevedo, M., Reis, R., Claase, M., Grijpma, D., and Feijen, J. (2003) Development
and properties of polycaprolactone/hydroxyapatite composite biomaterials.
Journal of Materials Science: Materials in Medicine, 14, 103-107.

Baji, A., Wong, S.C., Srivatsan, T.S., Njus, G.O., and Mathur, G. (2006)
Processing methodologies for polycaprolactone-hydroxyapatite composites:

A review. Materials and Manufacturing Processes, 20, 211-218.
Cattaneo, P.M., Dalstra, M., and Melsen, B. (2005) The finite element method: a

tool to study orthodontic tooth movement. Research reports: Biomaterials
and Bioengineering, 84, 428-433.
Chawla, J.S., and Amiji, M. (2002) Biodegradable poly(e-caprolactone)

nanoparticles for tumor targeted delivery of tamoxifen. International Journal
of Pharmaceutics, 249, 127-138.

Chen, B., and Sun, K. (2005) Poly (3-caprolactone)/hydroxyapatite composites:
Effects of particle size, molecular weight distribution and irradiation on
interfacial interaction and properties. Polymer Testing, 24, 64-70.

Chen, B., and Sun, K. (2005) Mechanical and dynamic viscoelastic properties of
hydroxyapatite reinforced poly(e-caprolactope). Polymer Testing, 24, 978-
982.

Choi, D., Marra, K., and Kumta, P. (2004) Chemical synthesis of hydroxyapatite

/poly(e-caprolactone) composites. Materials Research Bulletin, 39, 417-
432.

Ciapetti, G., Ambrosio, L., Savarino, L., Granchi, D., Cenni, E., Baldini, N., Pagani,
S., Guizzardi, S., Causa, F., and Giunti, A. (2003) Osteoblast growth and

function in porous poly e-caprolactone matrices for bone repair: a
preliminary study. Biomaterials, 24, 3815-3824.

Civitelli, R. (1997) In Vitro and in vivo effects of ipriflavone on bone formation and
bone biomechanics. Calcified Tissue International, 61, 12-14.

Coombes, A.G.A,, Rizzi, S.C., Williamson, M., Barralet, ].E., Downes, S., and




76

Wallace, W.A. (2004) Precipitation casting of polycaprolactone for
applications in tissue engineering and drug delivery. Biomaterials, 25, 315-
325.

Cyster, L.A., Grant, D.M., Howdle, S.M., Rose, F.R.A.J,, Irvine, D.J,, Freeman, D.,
Scotchford, C.A., and Shakesheff, KM. (2005) The influence of dispersant
concentration on the pore morphology of hydroxyapatite ceramics for bone
tissue engineering. Biomaterials , 26, 697-702.

Edwards, S.C., Mitchell, W. Matthews, J.B., Ingham, E., and Russell, S.J. (2004)
Design of nonwoven scaffold structures for tissue engineering of the
anterior cruciate ligament. AUTEX Research Journal, 4, 86-94.

Elzubair, A., Elias, C.N., Suarez, C.M., Lopes, H.P., and Vieira, M.V.B. (2006) The
physical characterization of a thermoplastic polymer for endodontic
obturation. Journal of Dentistry, 31, 784-789.

Gong, S., Wang, H., Sun, Q., Xue, S.T., and Wang, J.Y. (2006) Mechanical
properties and in vitro biocompatibility of porous zein scaffolds.
Biomaterials, 27, 3793-3799.

Harattori, K., Tomita, N., Yoshikawa, T., and Takakura, Y. (2001) Prospects for

bone fixation development of new cerclage fixation techniques. Materials
Science and Engineering , 17, 27-32. .

Hutmacher, D.W. (2000) Scaffolds in tissue engineering bone and cartilage.
Biomaterials, 21, 2529-2543.

Jenkins, M.J., Harrison, K.L., Silva, M.M.C.G., Whitaker, M.J., Shakesheff, KM,
and Howdle, S.M. (2006) Characterization of microcellular foams produced
from semi-crystalline PCL using supercritical carbon dioxide. European
Polymer Journal, 42, 3145-3151.

Kakai, Y., Kawase, T., Nakano. T., Takagaki, Y.M., and Saito, S. (1992) Effect of
Ipriflavone and Estrogen on the Differentiation and Proliferation of
Osteogenic Cells. Calcified Tissue International, 51,11-15.

Kim, S.S., Park, M.S., Jeon, O., Choi, C.Y., and Kim, B.S. (2006) Poly(lactide-co-

glycolide)/hydroxyapatite composite scaffolds for bone tissue engineering.
Biomaterials,27, 1399-1409.
Kothapalli, C., Shaw, M., and Wei, M. (2005) Biodegradable HAp-PLA 3-D




77

Porous scaffolds: Effect of nano-sized filler content on scaffold properties.
Acta Biomaterialia, 1, 653-662.

Li, W.J., Tuli, R., Okafor, C., Derfoul, A., Danielson, K.G., Hall, D.J., and Tuan,
R.S. (2005) A three-dimensional nanofibrous scaffold for cartilage tissue
engineering using human mesenchymal stem cells. Biomaterials, 26, 599-
609.

Martini, M., Formigli, L., Tonelli, P., Giannelli, M., Amunni, F., Naldi, D., Brandi,
M.L., Orlandini, S.Z., and Orlandini, G.E. (1998) Effects of Ipriflavone on

Perialveolar Bone Formation. Calcified Tissue International, 63, 312-319.

Murugan, R., and Ramakrishna, S., (2005) Development of nanocomposites for
bone grafting. Composites Science and Technology, 65, 2385-2406.

Perugini, P., Genta, 1, Conti, B., Modena, T., and Pavanetto, F. (2003) Periodontal
delivery of ipriflavone: new chitosan/PLGA film delivery system for a
lipophilic drug. International Journal of Pharmaceutics, 252, 1-9.

Rezwana, K., Chena, Q.Z., Blaker, J.J., and Boccaccini, A.R. (2006) Biodegradable

and bioactive porous polymer/inorganic composite scaffolds for bone tissue
engineering. Biomaterials, 27, 3413~ 3431.

Serrano, M. C., Pagani, R., Manzano, M., Comas, J. V., and Portoles, M.T. (2006)
Mitochondrial membrane potential and reactive oxygen species content of
endothelial and smooth muscle cells cultured on poly(e-caprolactone) films.
Biomaterials, 27, 47064714

Shih, W.J., Chen, Y.F., Wang, M.C., and Hon, M.H. (2004) Crystal growth and
morphology of the nano sized hydroxyapatite poeders synthesized from
CaHPO4.2H;0 and CaCOs by hydrolysis method. Journal of Crystal Growth,
270, 211-218.

Shum, W.T,, Li, J., and Mak, F.T. (2005) Fabrication and characterization of porous
biodegradable poly(DL-lactic-co-glycolic acid) scaffolds with controlled
range of pore sizes. Polymer Degradation and Stability, 87, 487-493.

Tsuji, H., Suzuyoshi, K., Tezuka, Y., and Ishida, T. (2003) Environmental

degradation of biodegradable polyesters: Effects of Alkali Treatment on
Biodegradation of Poly(g-caprolactone) and poly[®-3-Hydroxybutyrate]

films in controlled soil. Journal of Polymers and the Environment, 11, 57-64




78

Wang, Y.W., Wu, Q,, Chen, J., and Chen, G.Q. (2005) Evaluation of three-
dimensional scaffolds made of blends of hydroxyapatite and poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate) for bone reconstruction.
Biomaterials, 26, 899-904.

Williamson, M.R., Adams, E.F., and Coombes, A.G.A. (2006) Gravity spun

polycaprolactone fibres for soft tissue engineering: Interaction with

fibroblasts and myoblasts in cell culture. Biomaterials, 27, 1019-1026.
Watticharoenmongkol, P., Sanchavanakit, N., Pavasant, P., and Sopaphol, P. (2005)

Preparation and characterization of novel bone scaffolds based on

electrospun  polycaprolactone ~ fibers filled ~with  nanoparticles.

Macromolecular bioscience, 6, 70-77.

Wautticharoenmongkol, P., Sanchavanakit, N., Pavasant, P., and Sopaphol, P. (2006)
Novel bone scaffolds of electrospun polycaprolactone fibers filled with

nanoparticles. Journal of Nanoscience and Nanotechnology, 6, 514-522.




APPENDICES

Appendix A PCL to Porogen Ratios

For the porous scaffolds to study effects of PCL to porogen ratios on porosity

and density, sucrose was used as a porogen. Raw data of porosity and density

depended on PCL to sucrose ratios were shown in Table Al and A2, respectively.

Table A1 Raw data of porosity of porous scaffolds

PCL:Sucrose %Porosity
1 2 3 4 5 6 74 Average | SD
1:5 76.9231 | 80.7692 | 80.0000 | 81.4815 | 83.3333 | 80.7692 | 81.4815 | 80.6797 | 1.9544
1:7.5 83.3333 | 81.4815 | 80.7692 | 85.7143 | 81.4815 | 82.7586 | 81.4815 | 82.4314 | 1.6915
1:10 90.0000 | 92.5926 | 86.2069 | 84.6154 | 84.6154 | 80.7692 | 84.0000 | 86.1142 | 3.9709
1:15 87.5000 | 90.9091 | 93.7500 | 95.2381 | 95.2381 | 95.6522 | 95.0000 | 93.3268 | 3.0411
Table A2 Raw data of density of porous scaffolds
PCL:Sucrose Density (g/cm3)
1 2 3 4 5 6 7 Average | SD
1:5 0.1775 | 0.1783 | 0.1836 | 0.1697 | 0.1481 | 0.1872 | 0.1616 | 0.1723 | 0.0137
1:7.5 0.1095 | 0.1217 | 0.1362 | 0.1327 | 0.1240 | 0.1446 | 0.1360 | 0.1292 | 0.0117
1:10 0.0916 | 0.1000 | 0.0894 | 0.0977 | 0.1077 | 0.1115 | 0.1141 | 0.1017 | 0.0096
1:15 0.0767 | 0.0521 | 0.0536 | 0.0873 | 0.0874 | 0.0824 | 0.0921 | 0.0759 | 0.0165

The pores interconnectivity has a significant on the mechanical properties

such as compressive modulus. As shown raw data in Table A3, compressive modulus

of porous scaffolds were varied by PCL to sucrose ratios.




Table A3 Raw data of compressive modulus of porous scaffolds
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PCL:Sucrose Compressive Modulus (MPa)
1 2 3 4 5 6 7 Average | SD
1:5 0.9707 | 0.9634 | 0.9258 | 0.9054 | 0.9745 | 0.8098 | 0.9420 | 0.9273 | 0.0576
1:7.5 0.3730 | 0.3799 | 0.3258 | 0.3293 | 0.2645 | 0.3202 | 0.3265 | 0.3313 | 0.0382
1:10 0.1309 | 0.1242 | 0.1296 | 0.1286 | 0.1423 | 0.1363 | 0.1300 | 0.1317 | 0.0059
1:15 0.0553 | 0.0526 | 0.0593 | 0.0529 | 0.0493 | 0.0531 | 0.0530 | 0.0536 [ 0.0030
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For the porous scaffolds to study effects of hydroxyapatite on porosity and

density. Raw data of porosity and density depended on hydroxyapatite were shown in

Table B1 and B2, respectively.

Table B1 Raw data of porosity of porous scaffolds

HAp %Porosity
1 2 3 4 5 6 7 Average | SD
0 90.0000 | 92.5926 | 86.2069 | 84.6154 | 84.6154 | 80.7692 | 84.0000 | 86.1142 | 3.9709
10 87.5000 | 89.2857 | 87.8788 | 86.9565 | 88.0000 | 81.4815 | 86.2069 | 86.7585 | 2.5141
20 89.2857 | 90.3226 | 83.8710 | 77.7778 | 89.2857 | 89.2857 | 88.4615 | 86.8986 | 4.5390
30 86.2069 | 86.6667 | 90.0000 | 86.2069 | 80.7692 | 85.7143 | 83.3333 | 85.5568 | 2.8783
40 89.2857 | 83.3333 | 87.0968 | 89.2857 | 89.2857 | 92.5926 | 84.0000 | 87.8400 | 3.2778
50 85.7143 | 85.7143 | 86.6667 | 88.0000 | 86.2069 | 90.0000 | 83.3333 | 86.5194 | 2.0766

Table B2 Raw data of density of porous scaffolds

HAp Density (g/cm®)
1 2 3 4 5 6 7 Average | SD
0 0.0916 | 0.1000 | 0.0894 | 0.0977 | 0.1077 | 0.1115 | 0.1141 | 0.1017 [ 0.0096
10 0.1054 | 0.1057 | 0.1001 | 0.1173 | 0.1067 | 0.1003 | 0.0912 | 0.1038 | 0.0080
20 0.1141 | 0.1217 | 0.1097 | 0.1121 | 0.1116 | 0.1131 | 0.1163 | 0.1141 | 0.0039
30 0.1156 | 0.1170 | 0.1133 | 0.1144 | 0.1227 | 0.1200 | 0.1106 | 0.1162 | 0.0041
40 0.1197 | 0.1170 | 0.1097 | 0.1298 | 0.1376 | 0.1379 | 0.1454 | 0.1282 | 0.0130
50 0.1197 | 0.1253 | 0.1133 | 0.1582 | 0.1338 | 0.1247 | 0.1327 | 0.1297 | 0.0144

The pores interconnectivity has a significant on the mechanical properties

such as compressive modulus. As shown raw data in Table B3, compressive modulus

of porous scaffolds were varied by hydroxyapatite contents.
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Compressive Modulus

(MP3)

5

6

7

10

Average

0.1309

0.1242

0.1296

0.1286

0.1423

0.1363

0.1300

0.1178

0.1112

0.1635

0.1314

0.0143

10

0.1851

0.2013

0.179%4

0.1819

0.1511

0.1541

0.1851

0.1656

0.1671

0.1811

0.1752

0.0155

20

0.2023

0.1983

0.2131

0.1928

0.1874

0.2061

0.1811

0.2064

02179

0.2211

0.2026

0.0130

30

0.2316

0.2546

0.2479

0.2413

0.2333

0.2661

0.2521

0.2471

0.2478

0.2531

0.2475

0.0102

40

0.2448

0.2840

0.2750

0.3333

0.2483

0.2647

0.2656

0.3014

0.2697

0.2936

0.2780

0.0264

0.2893

0.2959

0.3328

0.3424

0.3469

0.3614

0.3100

0.3203

0.3051

0.2899

03194

0.0255

Table B4 Raw data of water absorption of porous scaffolds at 1 min

HAp

% Water Absorption

1

2

3

4

5

6

7

Average

SD

196.8787

191.4959

183.3850

186.8142

189.0703

183.1833

161.1498

184.5682

11.3768

179.9114

147.8413

162.3962

195.6396

211.7355

154.4812

232.8864

183.5559

31.5053

20

177.6942

171.1367

158.3397

170.4575

178.5124

193.5345

157.5798

172.4650

12.4815

30

132.7092

129.6954

163.2490

129.4031

137.9560

133.5426

163.9029

141.4940

15.3501

40

121.0865

149.7034

147.2521

143.7898

141.6460

140.1093

145.1587

141.2494

9.4625

50

128.3400

134.2437

102.8135

146.4070

115.5330

143.2632

130.1215

128.6746

15.2861

Table BS

Raw data of water absorption of porous scaffolds at 3 min

HAp

% Water Absorption

1

2

3

4

5

6

7

Average

SD

225.7211

219.7140

214.2709

210.2342

215.4948

204.3857

201.5013

213.0460

8.4538

10

191.4268

181.7095

175.3459

211.0991

223.7003

187.8393

245.6983

202.4027

25.4839

20

191.6353

184.0677

176.4280

188.1765

186.2683

205.3050

178.5904

187.2102

9.5678

163.6364

160.8991

177.0639

145.2808

171.8420

157.0105

171.3355

163.8669

10.7615

134.2794

163.5265

166.7219

182.4343

171.9967

153.4878

168.6122

163.0084

15.3819

2188

150.1005

157.2742

120.4180

162.6633

135.6853

169.6638

158.7314

150.6481

17.0941




Table B6 Raw data of water absorption of porous scaffolds at 5 min
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HAp % Water Absorption
1 2 3 4 5 6 7 Average SD

0 | 244.8439 | 241.1287 | 232.5750 | 225.7620 | 231.6228 | 218.4432 | 223.1783 | 231.0791 | 9.5163
10 | 216.3239 | 198.1330 | 212.9496 | 246.5586 | 255.0459 | 209.0368 | 250.9870 | 227.0050 | 23.1368
20 | 214.9436 | 209.4189 | 205.5217 | 202.8995 | 227.8767 | 226.2268 | 201.8617 | 212.6784 | 10.7560
30 | 188.8251 | 183.7918 | 209.4874 | 160.2764 | 176.4245 | 187.2646 | 221.7057 | 189.6822 | 20.4104
40 | 143.4146 | 177.2590 | 178.7075 | 186.3624 | 191.8807 | 159.1098 | 185.0726 | 174.5438 | 17.2388
50 | 172.5766 | 165.8351 | 136.1334 | 171.7085 | 170.5584 | 188.1935 | 213.9811 | 174.1409 | 23.5212
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For the porous scaffolds to study effects of NaOH concentration on water

absorption, 1:10 was chosen to investigate. Raw data of water absorption depended

on NaOH concentrations were shown in Table C1.

Table C1 Raw data of water absorption of porous scaffolds at various NaOH

concentration at 1 min

NaOH % Water Absorption
1 2 3 4 5 Average SD
oM 191.4959 | 183.3850 | 186.8142 | 189.0703 | 183.1833 | 186.7897 [ 3.6038
Hydroiyss 01M | 4729365 | 482.7682 | 465.0992 | 467.1146 | 493.5888 | 476.3015 | 11.8520
for 6 h 1.0M 766.8160 | 615.5039 | 704.4487 | 719.8736 | 716.4896 | 704.6264 | 55.1897
4.0M 854.8516 | 879.4559 | 837.8168 | 830.3903 | 830.6292 | 846.6288 | 20.8720
Hydrolysis 0.1 M 573.7059 | 557.4639 | 510.2525 | 566.2425 | 543.3818 | 550.2093 | 25.0247
for 24 h 1.0M | 8186308 | 8213192 | 8589646 | 798.9189 | 809.2508 | 821.4169 | 22.7584
4.0M | 1089.6901 | 1238.2748 | 1006.0606 | 1034.0571 | 1042.1907 | 1082.0547 | 92.3729
Table C2 Raw data of water absorption of porous scaffolds at various NaOH
concentration at 3 min
NaOH % Water Absorption
1 2 3 4 5 Average SD
o0M 219.7140 | 2142709 | 2102342 | 215.4948 | 204.3857 | 212.8199 | 5.8011
Hydrolysis 0.1 M | 4944444 | 5299162 | 496.7671 | 497.5955 | 526.2898 | 509.0026 | 17.5214
e 6n | 10M | 809.1079 | 665.0000 | 751.1025 | 771.4737 | 760.0157 | 751.3400 | 53.0858
40M 866.6800 | 898.7008 | 852.7875 | 8452859 | 841.8678 | 861.0644 | 23.0977
Hydrolysis 0.1 M | 612.0405| 565.3692 | 551.1119 | 596.7793 | 580.3749 | 581.1352 | 24.2406
for 24 h 1.0M 8439207 | 830.6635 | 870.5387 | 814.4505 | 825.7263 | 837.0599 | 21.4968
4.0M | 1124.5634 | 1264.3450 | 1026.2889 | 1054.7246 | 1063.0426 | 1106.5929 | 95.1897
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Table C3 Raw data of water absorption of porous scaffolds at various NaOH

concentration at 5 min

NaOH

% Water Absorption

2

3

4

5

Average

SD

oM

241.1287

232.5750

225.7620

231.6228

218.4432

229.9063

8.4349

Hydrolysis
for6h

0.1M

545.9524

553.6099

531.5209

534.5827

562.1775

545.5687

12.8325

1.0M

812.5793

694.4961

767.6209

790.3200

174.7737

767.9580

44.5374

40M

873.4964

907.6736

860.4288

852.8594

849.6241

868.8165

23.5855

Hydrolysis
for24h

0.1M

637.1718

606.6613

575.2733

627.7932

610.2142

611.4228

23.7798

1.0M

844.3696

846.2112

870.6650

819.3874

830.9633

842.3193

19.2202

4.0M

1172.4507

1318.6581

1055.8048

1084.8814

1097.9310

1145.9452

105.7021

Table C4 Raw data of compressive modulus of porous scaffolds

NaOH

Compressive Modulus (MPa)

1

4 S

6

7

Average

SD

oM

0.1309

0.1242

0.1296 | 0.

1286 | 0.1423

0.1363

0.1300

0.1317

0.0059

Hydrolysis
for6h

0.1M

0.1333

0.1343

0.1246 | 0.

1378 | 0.1246

0.1308

0.1307

0.1309

0.0049

1.0M

0.1192

0.1043

0.1162

0.1182

0.1372

0.1355

0.1445

0.1250

0.0143

40M

0.1349

0.1112

0.1200

0.1195

0.1002

0.1018

0.1107

0.1140

0.0120

Hydrolysis
for24h

0.1M

0.1075

0.1182

0.1128 | 0.

1135 | 0.1121

0.1085

0.1165

0.1127

0.0039

1.0M

0.0918

0.1089

0.1293 | 0.

0967 | 0.0977

0.1267

0.0912

0.1061

0.0161

4.0M

0.0610

0.0702

0.0517

0.0287

0.0504

0.0354

0.0328

0.0472

0.0155

Table C5 Raw data of weight loss of porous scaffolds at various NaOH

concentration

NaOH

% Weight Loss

Hydrolysis for 6 h

Hydrolysis for 24 h

3

Average

SD 1

2

3

Average

SD

0.1 M

0.4625

0.2601

0.3967

0.3731

0.1032

0.6348

0.5788

0.5940

0.6025

0.0290

1.0OM

0.8218

1.0596

0.7667

0.8827

0.1557

2.8333

2.4293

2.4266

2.5631

0.2340

40M

5.0790

2.5129

3.1337

3.5752

1.3388

40.7611

28.5276

35.0144

34.7677

6.1205




Table Cé6

hydroxyapatite concentration at 1 min

Raw data of water absorption of porous scaffolds
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with various

HAp % Water Absorption
1 2 3 4 5 Average SD
0 191.4959 | 183.3850 | 186.8142 | 189.0703 | 183.1833 | 186.7897 | 3.6038
Nonhydrolysis | 20 | 177.6942 | 171.1367 | 158.3397 | 170.4575 | 178.5124 | 171.2281 | 8.0868
40 | 147.2521 | 143.7898 | 141.6460 | 140.1093 | 145.1587 | 143.5912 | 2.8198
Hydrolysis for 0 766.8160 | 615.5039 | 704.4487 | 719.8736 | 716.4896 | 704.6264 | 55.1897
6h 20 | 500.2708 | 601.2321 | 550.2823 | 582.7807 | 601.2845 | 567.1701 | 42.8031
40 | 421.9422 | 412.1734 | 428.7586 | 453.0106 | 457.0130 | 434.5796 | 19.6124
! 0 818.6308 | 821.3192 | 858.9646 | 798.9189 | 809.2508 | 821.4169 | 22.7584
Hydrolysis for

24h 20 | 711.9543 | 783.0729 | 726.9598 | 730.5817 | 792.2201 | 748.9578 | 36.1466
40 | 700.8197 | 659.0909 | 709.0851 | 704.8387 | 693.2107 | 693.4090 | 20.0566

Table C7 Raw data of water absorption of porous scaffolds with various

hydroxyapatite concentration at 3 min

HAp % Water Absorption
1 2 3 4 5 Average SD
0 | 219.7140 | 214.2709 | 210.2342 | 215.4948 | 204.3857 | 212.8199 | 5.8011
Nonhydrolysis | 20 | 191.6353 | 184.0677 | 176.4280 | 188.1765 | 186.2683 | 185.3152 | 5.6916
40 | 166.7219 | 182.4343 | 171.9967 | 153.4878 | 168.6122 | 168.6506 | 10.4262
Biviolvsis for 0 | 809.1079 | 665.0000 | 751.1025 | 771.4737 | 760.0157 | 751.3400 | 53.0858
6h 20 | 626.7434 | 617.2161 | 591.8300 | 651.4318 | 672.2071 | 631.8857 | 31.0402
40 | 480.5776 | 428.4047 | 490.0863 | 534.0811 | 536.0332 | 493.8366 | 44.3604
Hyirolysis for 0 843.9207 | 830.6635 | 870.5387 | 814.4505 | 825.7263 | 837.0599 | 21.4968
24h 20 | 721.1019 | 785.4911 | 729.7546 | 737.5479 | 801.8596 | 755.1510 | 36.1123
40 | 708.2598 | 669.4444 | 717.8503 | 713.8387 | 702.0622 | 702.2911 | 19.3004
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Table C8 Raw data of water absorption of porous scaffolds with various
hydroxyapatite concentration at 5 min
HAp % Water Absorption
1 2 3 4 5 Average SD
0 | 241.1287 | 232.5750 | 225.7620 | 231.6228 | 218.4432 | 229.9063 | 8.4349
Nonhydrolysis | 20 | 214.9436 | 209.4189 | 205.5217 | 202.8995 | 227.8767 | 212.1321 | 9.9007
40 | 178.7075 | 186.3624 | 191.8807 | 159.1098 | 185.0726 | 180.2266 | 12.7002
: 0 | 812.5783 | 694.4961 | 767.6209 | 790.3200 | 774.7737 | 767.9578 | 44.5372
Hydrolysis for 30| 663.6425 | 6293373 | 613.0521 | 677.7317 | 699.3383 | 656.6204 | 35.2221
40 | 487.7690 | 434.1579 | 512.0274 | 542.2275 | 543.9352 | 504.0234 | 45.4477
_ 0 | 8443696 | 846.2112 | 870.6650 | 819.3874 | 830.9633 | 842.3193 | 19.2202
Hydrolysis for
24h 20 | 7243936 | 789.9554 | 732.8562 | 740.7175 | 805.4649 | 758.6775 | 36.5105
40 | 720.6179 | 682.0707 | 730.6782 | 726.7419 | 714.4987 | 714.9215 | 19.3636

Table C9 Raw data of compressive modulus of non hydrolyzed porous scaffolds

HAp Compressive Modulus (MPa)
1 2 3 4 5 6 7 Average SD
0 0.1309 | 0.1242 | 0.1296 | 0.1286 | 0.1423 | 0.1363 | 0.1300 | 0.1317 | 0.0059
20 | 02023 0.1983 | 0.2131 | 0.1928 | 0.1874 | 0.2061 | 0.2211 | 0.2030 | 0.0116
40 | 0.2448 | 0.2840 | 0.2750 | 0.3333 | 0.2483 | 0.2647 | 0.2656 | 0.2737 | 0.0297

Table C10 Raw data of compressive modulus of porous scaffolds after hydrolyzed

for6h
HAp Compressive Modulus (MPa)
1 2 3 4 5 6 7 Average | SD
0 0.1192 | 0.1043 | 0.1162 | 0.1182 | 0.1372 | 0.1355 | 0.1445 [ 0.1250 | 0.0143
20 | 0.2004 | 0.2158 | 0.1875 | 0.1863 | 0.1798 | 0.1940 | 0.1938 | 0.1939 | 0.0117
40 | 0.2552 | 0.2591 | 0.2401 | 0.2249 | 0.2052 | 0.2091 | 0.2254 | 0.2313 | 0.0211

Table C11 Raw data of compressive modulus of porous scaffolds after hydrolyzed

for24 h
HAp Compressive Modulus (MPa)
1 2 3 4 5 6 7 Average | SD
0 0.0918 | 0.1089 | 0.1293 | 0.0967 | 0.0977 | 0.1267 | 0.0912 | 0.1060 | 0.0161
20 | 0.1370 | 0.1386 | 0.1200 | 0.1208 | 0.1219 | 0.1237 | 0.1213 | 0.1262 | 0.0080
40 | 0.1407 | 0.1222 | 0.1247 | 0.1253 | 0.1195 | 0.1428 | 0.1150 | 0.1272 | 0.0106
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For the porous scaffolds to study effects of ipriflavone on compressive

modulus of the porous scaffolds. Raw data of compressive modulus depended on

ipriflavone concentrations and hydrolysis times were shown in Table E1.

Table D1 Raw data of compressive modulus of non hydrolyzed porous scaffolds

Compressive Modulus (MPa)
1 2 3 4 5 6 7 Average | SD
PCL 0.1309 | 0.1242 | 0.1296 | 0.1286 | 0.1423 | 0.1363 | 0.1300 | 0.1317 | 0.0059
PCL+0.25%IP 0.1274 | 0.0963 | 0.1356 | 0.1247 | 0.1192 | 0.1223 | 0.1209 | 0.1209 | 0.0122
PCL+0.5%IP 0.1008 | 0.1329 | 0.1195 | 0.1316 | 0.1277 | 0.1169 | 0.1254 | 0.1221 | 0.0111
PCL+40%HAp 0.2448 | 0.2840 | 0.2750 | 0.3333 | 0.2483 | 0.2647 | 0.2656 | 0.2737 | 0.0297
PCL+40%HAp+0.25%IP | 0.2488 | 0.3204 | 0.3058 | 0.2628 | 0.2614 02775 | 0.2754 | 0.2789 | 0.0256
PCL+40%HAp+0.5%IP | 0.3239 | 0.2644 | 0.3038 | 0.2493 | 0.2671 0.2601 | 0.2671 | 0.2765 | 0.0268
Table D2 Raw data of compressive modulus of porous scaffolds after hydrolyzed
for 6h
Compressive Modulus (MPa)

: 1 2 3 4 5 6 7 Average | SD
PCL 0.1192 | 0.1043 | 0.1162 | 0.1182 | 0.1372 | 0.1355 | 0.1445 | 0.1250 | 0.0143
PCL+0.25%IP 0.1099 | 0.1051 | 0.1215 | 0.1024 | 0.0848 | 0.1230 | 0.1121 | 0.1084 | 0.0130
PCLH0.5%I1P 0.0957 | 0.0909 | 0.0855 | 0.0839 | 0.0838 | 0.1075 | 0.0867 | 0.0906 | 0.0086
PCL+40%HAp 0.2552 | 0.2591 | 0.2401 | 0.2249 | 0.2052 | 0.2091 | 0.2254 | 0.2313 | 0.0211
PCL+40%HAp+0.25%IP | 0.2198 | 0.2300 | 0.2033 | 0.2089 | 0.1886 | 0.2071 | 0.21 12 | 0.2098 | 0.0130
PCL+40%HAp+0.5%IP | 0.1981 | 0.2295 | 0.2191 | 0.1702 | 0.1766 | 0.1740 | 0.1890 0.1938 | 0.0231

Table D3 Raw data of compressive modulus of porous scaffolds after hydrolyzed for

24h

Compressive Modulus (MPa)
1 2 3 4 5 6 7 Average SD

PCL 0.0918 | 0.1089 | 0.1293 | 0.0967 | 0.0977 | 0.1267 | 0.0912 | 0.1060 | 0.0161
PCL+0.25%IP 0.0793 | 0.0810 | 0.0748 | 0.0839 | 0.0838 | 0.1075 | 0.0867 | 0.0853 | 0.0105
PCLH0.5%IP 0.0767 | 0.0784 | 0.0774 | 0.0943 | 0.0875 | 0.0938 | 0.0829 [ 0.0844 | 0.0076
PCL+40%HAp 0.1407 | 0.1222 | 0.1247 | 0.1253 | 0.1195 | 0.1428 | 0.1150 | 0.1272 | 0.0106
PCL+40%HAp+0.25%IP | 0.0659 | 0.0664 | 0.0675 | 0.0618 | 0.0546 | 0.0368 | 0.0600 0.0590 | 0.0108
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The in vitro degradation of biodegradable polymer/ceramic composites were

assessed in two different environments under PBS and Pseudomonas lipase

conditions. In this study, the variation in HAp composition and hydrolysis times

were examined to observe a change in degradation rate. Weight loss, thermal,

mechanical and morphological properties change were evaluated.

Table E1 Weight loss of degraded scaffolds in PBS solution at 37°C

% Weight Loss
5 Hydrolysis times (h) of PCL Hydrolysis times (h) of PCL+40wt%HAp
6 24 0 6
Average SD Average SD Average | SD Average Sh Average SD Average SD
14 | 0.89973 | 0.14301 | 0.68339 | 0.17304 0.49454 0.05672 | 0.09689 | 0.08655 | 0.40391 | 0.07041 1.27390 0.42004
28 | 1.36983 | 0.09122 | 0.55065 | 0.10750 | 0.48714 039057 | 0.05987 | 0.03443 | 0.83045 | 0.43636 1.53015 0.19490
42 | 1.82897 | 0.51248 | 0.67482 | 027770 | 0.49270 0.24031 0.23002 | 0.09556 | 0.48694 | 0.48421 1.08135 0.13870
56 | 1.90666 | 0.58238 | 0.95896 | 022821 0.73812 0.15672 | 023347 | 0.06464 | 019643 | 0.04406 | 0.76965 0.14308
70 | 1.92460 | 0.18481 | 1.09174 | 0.19483 | 1.12561 | 0.08239 | 023904 | 0.03490 | 0.49766 | 0.03754 | 1.07744 | 0.14751
Table E2 Weight loss of degraded scaffolds in lipase solution at 37°C
% Weight Loss
i Hydrolysis times (h) of PCL Hydrolysis times (h) of PCL+40wt%HAp
6 24 0 6
Average SD Average SD Average SD Average Sh Average SD Average SD
14 | 0.86096 | 0.59063 | 1.01924 | 0.23256 1.11197 0.10157 | 0.50648 | 0.14862 | 0.39519 | 0.34743 1.32252 0.17008
28 | 0.79994 | 0.17707 | 1.15821 | 0.25593 1.99914 051465 | 0.77177 | 020248 | 0.96836 | 0.11135 1.80164 0.02956
42 | 2.09221 | 0.50162 | 1.16719 | 0.13733 1.92957 0.38878 | 0.84799 | 0.03701 1.53012 | 0.04230 1.79062 0.29539
56 | 247058 | 038798 | 232173 | 052553 | 2.11526 | 0.05797 | 133950 | 0.11732 | 220211 | 0.13098 | 2.60704 | 0.35486
70 | 3.44016 | 032309 | 241828 | 0.43256 2.85187 | 0.30263 | 1.62356 | 0.06026 | 222259 | 0.02803 270777 0.12620
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Nonhydrolyzed
Days | Tpo('C) | TaiCC) | TuLO) | AHUIEY) Xe
14 64.000 | 55200 | 27.800 58.551 41.852
28 64.500 | 55200 | 27.800 75.453 53.934
PCL in PBS 42 64.500 | 55200 | 28.633 69.233 49.487
56 65.166 | 55.533 | 29.466 70.123 50.124
70 65333 | 55.700 | 27.800 70.585 50.454
14 64.333 | 55.533 | 28.300 61.186 43.924
28 63.833 | 55.533 | 31.633 75.961 54.531
PCL in Lipase 42 63.666 | 55.533 | 28.466 54.883 39.399
56 65.666 | 55.700 | 29.633 44.476 31.928
70 64.333 | 55700 | 30.133 72.776 52.244
14 63.833 | 55.033 | 29.633 53.483 63.990
PCLARIAD 28 64333 | 55200 | 29.633 55.412 66.298
in PBS 42 64.500 | 55366 | 29.633 52.696 63.049
56 65.500 | 55.533 | 30.466 51.702 61.859
70 65.500 | 55.700 | 29.800 51.698 61.855
14 64.166 | 55366 | 30.633 36.825 44.060
PCL+0%HAp 28 64.500 | 55200 | 29.966 39.604 47.385
i Lipase 42 65.000 | 55700 | 30.133 40.342 48.268
56 65.166 | 55700 | 31.133 53.329 63.806
70 65.833 | 55.700 | 29.466 61.801 73.942
Table E4 Thérmal properties of degraded scaffolds with hydrolysis for 6h
Hydrolyzed 6h
Days Tpo(’C) | Tul'O) | T (O AH(J.g") xe
14 64333 | 55533 | 28.966 76.797 54.894
28 64.666 | 55200 | 28.633 74.835 53.492
PCL in PBS 42 65.333 | 55.700 | 29.300 72.413 51.761
56 65.666 | 55.366 | 29.800 72.374 51.733
70 65.833 | 55700 | 28.300 78.537 56.138
14 63.500 | 55200 | 28.466 77.646 55.740
28 64.333 | 55200 | 27.633 74.097 53.192
PCL in Lipase 42 65.000 | 55.700 | 29.133 58.172 41.760
56 65.000 | 55533 | 29.133 73.320 52.635
70 65.666 | 55.866 | 29.966 78.428 56.302
PCL+40%HAp 14 63.333 | 55200 | 30.966 49.868 59.665
in PBS 28 64.166 | 55200 | 29466 | 49.149 | 58.805
42 64.000 | 55366 | 30.633 55.456 66.351
56 65.166 | 55.700 | 31.300 55.322 66.190
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70 | 65166 | 55700 | 30466 | 55214 | 66.061

14 | 63.500 | 55366 | 30633 | 58786 | 70.333

STy || S 55.866 | 30300 | 55636 | 66.566
in Lipase 42 | 65000 | 55866 | 30.133 | 56378 | 67454
56 | 65.500 | 55.866 | 31466 | 56614 | 67.736

70 | 65666 | 55866 | 29.800 | 58821 | 70377

Table E5 Thermal properties of degraded scaffolds with hydrolysis for 24h

Hydrolyzed 24h

Days | Tuo’C) | Tuil’C) | TuLC) AH(J.g") x€
14 63.666 | 55200 | 28.466 74.091 52.960
| 28 64.666 | 55366 | 27.966 77.069 55.089
PCL in PBS 42 64.666 | 55366 | 27.966 58.637 41914
56 65.166 | 55533 | 29.133 59.215 42327
70 66.000 | 55.866 | 29.800 78.750 56.290
14 63.833 | 55200 | 28300 76.683 55.049
28 64.666 | 55366 | 29.133 76.734 55.085
PCL in Lipase 42 65.166 | 55700 | 27.800 76.678 55.045
56 65.666 | 55700 | 29.300 75.946 54.520
70 65833 | 56.033 | 29.300 80.304 57.648
14 63.666 | 55200 | 30.300 51.362 61.453
SCHAMNSEHAR 28 63.833 54.866 | 29.633 41.597 49.769
n PBS 42 64.666 | 55200 | 29.633 55.202 66.047
56 65333 | 55.700 | 30.466 54.782 65.544
70 65833 | 55700 | 30.300 54.521 65.232
14 63.500 | 55200 | 30.133 50.441 60.351
PCLHO0%HAp 28 64333 | 55200 | 29.966 47.499 56.831
i Ll 42 64.000 | 55366 | 29.800 45.134 54.001
56 65333 | 55.533 | 30.800 43.440 51.974
70 65.833 | 55700 | 30.300 43.450 51.986
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Table E6 Raw data of compressive modulus of degradable PCL and PCL scaffolds

containing HAp in PBS solution

Compressive Modulus (MPa)
5 Hydrolysis times (h) of PCL Hydrolysis times (h) of PCL+40wt%HAp
6 24 0 6 24
Average SD Average SD Average SD Average Sb Average SD Average SD
14 | 0.1313 | 0.0059 0.1241 0.0143 0.1122 0.0161 0.2711 0.0297 0.2390 0.0211 0.1262 0.0106
28 | 01251 | 00075 | 0.1300 | 00075 | 0.1200 | 00109 | 02710 | 0.0058 | 02251 | 0.0107 | 0.1108 | 0.0121
42 | 0.1241 0.0113 0.1248 0.0098 0.1123 0.0107 0.2681 0.0113 0.2350 0.0104 0.1207 0.0104
56 | 0.1306 | 0.0100 0.1194 0.0106 0.1090 0.0080 0.2702 0.0104 0.2400 0.0087 0.1190 0.0078
70 | 0.1198 | 0.0112 0.1200 0.0072 0.1047 0.0076 0.2694 0.0104 0.2325 0.0102 0.1184 0.0084
Table E7 Raw data of compressive modulus of degradable PCL and PCL scaffolds
containing HAp in lipase solution
Compressive Modulus (MPa)
B Hydrolysis times (h) of PCL Hydrolysis times (h) of PCL+40wt%HAp
6 24 0 6 24
Average SD Average Sb Average SD Average Sh Average SD Average SD
14 | 01204 | 00059 | 01209 | 00143 | 0.1093 | 00161 | 02744 | 0.0297 | 02310 | 0.0211 | 01225 | 0.0106
28 | 01257 | 0.0086 | 0.1209 | 0.0059 | 0.0993 | 00091 | 02710 | 0.0103 | 02307 | 0.0061 | 0.1191 0.0092
42 | 0.1182 | 0.0098 0.1175 0.0060 0.1100 0.0096 02728 0.0056 0.2247 0.0109 0.1200 0.0110
56 | 0.1069 | 0.0091 0.1103 0.0106 0.1022- { 0.0076 0.2683 0.0088 0.2201 0.0093 0.1079 0.0099
70 | 0.1054 0.0110 0.1085 0.0103 0.0983 0.0083 0.2626 0.0079 0.2196 0.0061 0.1067 0.0067




Table E8 The morphology of degradation of PCL scaffolds in PBS

Degradation

Days

0

14

28

42

56
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Nonhydrolyzed

Hydrolyzed 6 h

Hydrolyzed 24 h
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Table E9 The morphology of degradation of PCL scaffolds containing 40 wt”HAp

in PBS

Degradation
Days

0

14

28

42

56

70

Nonhydrolyzed

Hydrolyzed 6 h

Hydrolyzed 24 h




Table E10 The morphology of degradation of PCL scaffolds in lipase

Degradation
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Nonhydrolyzed

Hydrolyzed 6 h

Hydrolyzed 24 h
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Table E11 The morphology of degradation of PCL scaffolds containing

40 wt%HAp in lipase

Degradation

Days
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Nonhydrolyzed

Hydrolyzed 6 h

Hydrolyzed 24 h
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Appendix F Calculation

F1. Porosity and Density

In this experiment, porosity and density of the porous scaffolds were
characterized by using liquid displacement method.
For example

The sample weight of 0.3374 g is immersed in the ethanol (20 ml). The total
volume of ethanol impregnated scaffold is 20.5 ml. The ethanol impregnated scaffold
is then removed from the ethanol and the residual ethanol volume is 17.2 ml. Hence,

the porosity and density can be determined using the following equation:

Porosity (%) = B o0 = 200-172) a0,
v, -v,) (20.5-17.2)
= 84.85%
W 0.3374
D "[ 3 — IR, . . . 4 R o ————————
SHalty (o) v,-7,) (205-172)
=0.1022 g/em’
F2. Water Absorption

In this experiment, water absorption of the porous scaffolds were

characterized at 1, 3 and 5 min.

For example
The sample weight of 0.3073 g is placed in the water for 1 min. The scaffold

is then removed and the weight of the scaffold is 2.0545 g. Therefore, the water

absorption can be calculated using the following equation:

(M, —M
M

Water Absorption (%)= o) x100%

dry

_ (2.0545-0.3073)
0.3073

= 568.5649%

x100%
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F3. Weight Loss

In biodegradable test, the porous scaffolds were immersed in PBS and lipase
solution to determine the biodegradation rate of sample.
For example

The sample weight of 0.3073 g is soaked in lipase solution for 14 days. The
scaffold is then removed and the dry weight of the scaffold is 0.2000 g. Hence, the
weight loss can be calculated using the following equation:

Weight Loss (%) - (M"“';"; ;:4"”" ) x100%

_ (0:3073-0.2000) . 00,
0.2000

=34.9170%
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