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Ï 1  KLMNOPQRSÐin-ceramicÑv�ÒÓQRSÐall- 

ceramicÑjk��ÔÕ 

Fig.1  Microstructure comparison of polymer-infiltrated-ceramic 

material (in-ceramic system) (a) and all-ceramic material (b) 
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Ï 2  ÖNOÍ×vØÙ�@ÔD�PQ<ÀÚ 

Fig.2  Classification of dental ceramic materials according to infiltration process and phase composition 

All kinds of ceramic 

materials except 

infiltrated ceramics 

Classification by infiltration or not 

Glass infiltrated ceramic 

materials (inorganic 

composite) 

Polymer infiltrated 

ceramic materials 

(PICN, organic- 

inorganic composites) 

Metal infiltrated ceramic 

materials (inorganic 

composite) 

No application 

in dental 

materials 

Glass 

Infiltrated 

alumina- 

based 

ceramic 

Glass 

infiltrated 

spinel-based 

ceramic 

Glass infiltrated 

zirconia- 

toughened 

alumina 

Table 1 

Machined 

ceramic 

Sintered 

ceramic 

Heat-pressed 

ceramic 

No 

Yes 

Dental ceramic materials 

All-ceramic In-ceramic 

Ceramic 

Polymer 

a 

b 

Ceramic 

Glass 



� 10�                       ���Û�KLMNOPQRS<��Z[��©����0<Æ¦                    Ê3389Ê 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ï 3  �Lnojk����p PICNjk���� 

Fig.3  Microstructure comparison of dental composite resin (a) 

and PICN (b)
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Table 1  Types of polymer infiltrated-ceramic materials 

PICN Organic composition Inorganic composition Researchers 

PZC 2014 PMMA Zirconia (32 nm) Shibao Li et al

[11]

 

PZC 2016 TEGDMA+Bis-GMA Zirconia (90 nm)+0.2%mol Fe

2

O

3

 Jing Li et al

[21]

 

PZC 2017 TEGDMA+Bis-GMA Zirconia (90 nm) Jing Li et al

[22]

 

PIC 2017 TEGDMA+Bis-GMA Aluminum silicate Jing Li et al

[9]

 

Enamic TEGDMA+UDMA Feldspar VITA 

Note: PZC 2014 is PMMA infiltrated zirconia composite; PZC 2016 is TEGDMA/Bis-GMA infiltrated zirconia (0.2%mol Fe

2

O

3

) 

Composite; PZC 2017 is TEGDMA/Bis-GMA infiltrated zirconia composite; PIC 2017 is TEGDMA/Bis-GMA infiltrated aluminum 

silicate ceramic; Enamic is TEGDMA/UDMA infiltrated feldspar-based ceramic network 
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Table 2  Mechanical properties of enamel and dentin 

 Flexural strength/MPa Elastic modulus/GPa Vickers hardness/GPa Fracture toughness/MPa·m

1/2

 

Enamel 60~90

[23]

 48~115

[16, 24, 25]

 2.7~6.4

[16, 25]

 0.52~1.5

[16, 25]

 

Dentin 213~280

[23, 26]

 8.7~25

[26, 27]

 0.12~0.67

[25, 28, 29]

 1.8~3.1

[16, 30]
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Ï 4  PICNRSp�ÒÜXYÓQRS<����ÔÕ 

Fig.4  Comparison of flexural strength between PICN materials and 

other machined materials (PZC2014, PZC2016, PIC2017, 

PZC2017, Enamic

[31] 

are PICN materials; Feldspar means 

feldspar-based machinable ceramic material; Lithium is 

lithium disilicate machinable ceramic material; Leucite is 

heat pressed ceramic materials

[10]
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Ï 5  PICNRSp�ÒÜXYÓQRS<�Z��ÔÕ 

Fig.5  Comparison of elastic modulus between PICN materials 

and other machineable materials 
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Ï 6   PICN�LRSp�ÒÜXYÓQRS����ÔÕ 

Fig.6  Comparison of Vickers hardness between PICN materials 

and other machineable materials 
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Ï 7  PICNp�Ò¬¦ÜXYÓQRS���ZÔÕ 

Fig.7  Comparison of fracture toughness between PICN materials 

and other machineable materials 
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Ï 8  © PZCv�LnoDÝÞß IIÚàÔÕ 

Fig.8  Comparison of II cavity on PZC (a) and composite resin (b) 

 

&��'()*�

1) PICN ����78�@ôLÉ`Ê�Í{|

]^��ïôµ(abÍ{|]^!�Éµ�H��

�TV%&�²�ôµ(abÍ{|]^9ÇÈÉÊ\

LÉÊÍ{|]^�PICN#�Ðgm�:BC��!

�<=>�.�PICNN5=ôµ(abÍ{|]^9

ÇÈÉÊ\LÉ`ÊÍ{|]^
�!PICN�G�H

IDø7����Zz`[*a1�!#���8*z

`�h!PICN��)@A��1�0\à��0! 

2) RS�ô PICN� á�{al�o�� !

"�#D+�;��LM ¡i���64#Ä�ë!

�%&0*+�}ý�$% PICN ���78l�ó

6�l&'i�! 

3) PICN ÍÎ���©gIàq(Êek���

��ÅÑi PICN �)H���ø7�����0�

��CÞÎ?�)�Þ� ¡	�\*û�+$j�

)O5xy! 

4) ,ô PICN)@A�:BC��9<=>�\

�1�0�,#G�HI?�8D����²r�:

;�m-l;��/��.v)/��)0�H��

�Z$�o9n�96n�[.ù1�+� �! 

 

45��    References  

[1] Li Shibao, Zhang Jianfeng, Chen Jinwu et al. Materials Letters 

[J], 2015, 142: 204 

[2] Opdam N J M, Bronkhorst E M, Loomans B A C et al. Journal 

of Dental Research[J], 2010, 89(10): 1063 

[3] Cramer N B, Stansbury J W, Bowman C N. Journal of Dental 

Research[J], 2010, 90(4): 402 

[4] Ferracane J L. Dental Materials[J], 2011, 27(1): 29 

[5] O’Brien D J, Parquette B. Composites Science and Technology 

[J], 2012, 73: 57 

[6] Chen Heng, Dong Xianlin, Zeng Tao et al. Ceramics Interna- 

tional[J], 2007, 33(7): 1369 

[7] Ashby M F. Philosophical Magazine[J], 2005, 85(26-27): 3235 

[8] Feng Xiqiao, Mai Yiuwing, Qin Qinghua. Computational 

Materials Science[J], 2003, 28(3): 486 

[9] Cui Bencang, Li Jing, Wang Huining et al. Journal of Dentistry 

[J], 2017, 62: 91 

[10] Zhao Xinyi(áâã), Sun Jiao(ä å), Li Shibao(æçè) et 

al. Dental Materials(��RS� )[M]. Beijing: People’s 

Medical Publishing House, 2012 

[11] Li Shibao, Zhao Yimin, Zhang Jianfeng et al. Materials 

Letters[J], 2014, 131: 347 

[12] Li Shibao, Chen Zhaohui, Zhao Yimin et al. Key Engineering 

Materials[J], 2008, 368-372: 1252 

[13] Xu Zhou, Yu Ping, Arola D D et al. Dental Materials[J], 2017, 

33(12): 1351 

[14] Horvitz D, Gotman I, Gutmanas E Y et al. Journal of the 

European Ceramic Society[J], 2002, 22(6): 947 

[15] Travitzky N A, Shlayen A. Materials Science and Engineering 

A[J], 1998, 244(2): 154 

[16] Coldea A, Swain M V, Thiel N. Dental Materials[J], 2013, 

29(4): 419 

[17] Coldea A, Fischer J, Swain M V. Dental Materials[J], 2015, 

31(6): 684 

[18] Chen Qi, Zhao Yong, Wu Weidong. Dental Materials[J], 2012, 

28(10): 1071 

[19] Ferracane J L. Dental Materials[J], 2005, 21(1): 36 

[20] Leung B T W, Tsoi J K H, Matinlinna J P et al. The Journal of 

Prosthetic Dentistry[J], 2015, 114(3): 440 

[21] Li Jing, Cui Bencang, Lin Yuanhua et al. Dental Materials[J], 

2016, 32(12): 1555 

a 

b 



� 10�                       ���Û�KLMNOPQRS<��Z[��©����0<Æ¦                    Ê3393Ê 

[22] Li Jing, Zhang Xuehui, Cui Bencang et al. Journal of Dentistry 

[J], 2017, 58: 60 

[23] Sakaguchi R L, Powers J M. Craig’s Restorative Dental 

Materials[M]. Philadelphia: Mosby Elsevier, 2012: 16 

[24] Ausiello P, Rengo S, Davidson C L et al. Dental Materials[J], 

2004, 20(9): 862 

[25] Xu H H K, Smith D T, Jahanmir S et al. Journal of Dental 

Research[J], 1998, 77(3): 472 

[26] Plotino G, Grande N M, Bedini R et al. Dental Materials[J], 

2007, 23(9): 1129 

[27] Lawn B R, BEng Y D, Thompson V P. The Journal of 

Prosthetic Dentistry[J] 2001, 86(5): 495 

[28] Craig R G, Peyton F A. Journal of Dental Research[J], 1958, 

37(4): 661 

[29] Kinney J H, Balooch M, Marshall S J et al. Archives of Oral 

Biology[J], 1996, 41(1): 9 

[30] Balać I, Milovančević M, Chak-yin Tang et al. Materials 

Letters[J], 2004, 58(19): 2437 

[31] Swain M V, Coldea A, Bilkhair A et al. Dental Materials[J], 

2016, 32(1): 34 

[32] Spitznagel F A, Boldt J, Gierthmuehlen P C. Journal of 

Dental Research[J], 2018, 97(10): 1082 

[33] Lambrechts P, Braem M, Vuylsteke-Wauters M et al. Journal 

of Dental Research[J], 1989, 68(12): 1752 

[34] Zhi L, Bortolotto T, Krejci I et al. The Journal of Prosthetic 

Dentistry[J], 2016, 115(2): 199 

[35] Zhawi H E, Kaizer M R, Chughlai A et al. Dental Materials 

[J], 2016, 32(11): 1352 

[36] Homaei E, Farhangdoost K, Tsoi J K H et al. Journal of the Me- 

chanical Behavior of Biomedical Materials[J], 2016, 59: 304 

[37] Li Shibao(æxè), Wang Zhongyi(éêã), Chen Zhaohui 

(ëìí) et al. Chinese Journal of Stomatology(0î���

�ïð)[J], 2005, 40(1): 23 

[38] Argyrou R, Thompson G A, Cho S H et al. The Journal of 

Prosthetic Dentistry[J], 2016, 116(3): 397 

[39] Dauti R, Cvikl B, Lilaj B et al. Journal of Prosthodontic 

Research[J], 2019, 63(1): 40 

[40] Hu M, Weiger R, Fischer J. Dental Materials[J], 2016, 32(2): 223 

[41] Tholey M J, Just B, Fischer J A. Dental Materials[J], 2015, 31: 5 

[42] Campos F, Almeida C S, Rippe M P et al. Operative Dentistry 

[J], 2015, 41(2): 171 

[43] Dirxen C, Blunck U, Preissner S. Open Dent J[J], 2013, 7: 118 

[44] Chirumamilla G, Goldstein C E, Lawson N C. Journal of 

Esthetic and Restorative Dentistry[J], 2016, 28(4): 231 

[45] Buchanan J A. Journal of Dental Education November[J], 

2001, 65(11): 1225 

 

Microstructure, Properties and Dental Application of Polymer 

Infiltrated Ceramic Network Materials 

 

Liu Jiani

1

, Zhang Hao

2

, Li Shibao

2

, Fu Baiping

1

 

(1. Affiliated Stomatology Hospital, Zhejiang University School of Medicine, Hangzhou 310006, China) 

(2. State Key Laboratory of Military Stomatology & National Clinical Research Center for Oral Diseases, School of Stomatology, 

The Fourth Military Medical University, Xi’an 710032, China) 

 

Abstract: CAD/CAM technology has become more and more popular in dental clinic. In recent years, polymer infiltrated ceramic network 

(PICN) material has attracted the attention of many dental practitioners owing to its good machinability. The new material shows the 

interpenetrating morphology of resin and ceramic, and its properties are similar to those of ceramic and composite resin. At the same time, 

it has its own unique advantages. From the point of view of the microstructure, composition, mechanical properties and adhesive properties 

of PICN materials, this review has evaluated the laboratory characteristics systematically including the flexural strength, fracture 

toughness, elastic modulus, Vickers hardness and fatigue resistance. In addition, the clinical applying effect of single crown of PICN 

materials were also summarized. In the simulation of normal physiological occlusal experiment, PICN materials have more excellent 

fatigue resistance, which means PICN materials are more talent in resisting sliding/impact injuries. Due to their mechanical properties 

regulated by controlling their components, PICN materials have attracted significant attention in dental clinic and education. 

Key words: polymer infiltrated ceramic network (PICN) materials; porous ceramics; mechanical properties; fatigue properties; dental application 
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