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��� ��� �� ��� ��� ����� ����� ��� �
����(polymeric dental restorative nanocomposites, PDRNC)� ���

� ��� ��� ��� �����. PDRNC ��� ��� ���� 
�� ��� 1 µm� �������� 40 nm � 7 nm ��� �� 
���� ����� ������ bisphenol A glycerolate methacrylate
� triethyleneglycol dimethacrylate (60/40 wt%)�� ���� ���� 
��� ��� �� ���� ��� ����� �����. ����

� ��� PDRNC� ���� ��� ����� camphorquinone�, 
����� 2-(dimethylamino)ethyl methacrylate� �����. ��� 
PDRNC� ��� ��� Hunter L, a, b ��� ��� ��, 7 nm �
�� �� ���� ����� PDRNC� ���� ���� ��� 
��� ���� � � 	��. 
 
Abstract:�Photoinitiated polymeric dental restorative nanocomposites 
(PDRNC) were designed to be useful for the variety of dental restoration. 
Hybrid-filler composed of barium silicate (avg. dia.:1 µm) and nano-sized 
silica (avg. dia: 40 and 7 nm) was adopted as a filler system. To improve 
the interfacial behavior with the resin matrix of bisphenol A glycerolate 
methacrylate/triethyleneglycol dimethacrylate (60/40 wt%), the surface of 
the filler was hydrophobically treated with a silane coupling agent. A visible 
light system of camphorquinone photo-initiator and 2-(dimethylamino)ethyl 
methacrylate photo-accelerator was utilized to activate the PDRNC. Esthetic 
properties of PDRNC was investigated by measuring the Hunter L, a, b 
values and it was discovered that PDRNC produced in this work showed 
excellent esthetic properties with an increase in 7 nm nanofiller content. 
 
Keywords: nanocomposite, nanofiller, esthetic, dental, Hunter value, 
photo-initiator. 

 
1.����

 

��� �� �� ���� �� ��� ��� �� �
� �

���� �� 
�� ��� ��� ����� 	�� ���

� ������. �� ������� 	��� �� ��� �

� �� ���� �
� ��� ���� ���� 	�� �


� �, �� �� ��� ���� ����� � �� ���

� 	�. ���� ���� 	�� ��� ���(esthetic) ��

� ����� 	�� ��� �� �� �� ����� ��

� ���� �� ��� �� ���� �� ��� ���� 

	�.1 

���� ��� �� ����� �� �� ��� 	� �

����� ����� ����� ����� ���� ��� �

����� ���� ��� ��� ���	 �����(poly-

meric dental restorative material, PDRM)� �� ���� 	�
 2,3 �

�
��	�� ��� ��, ���� �� 
��� �� 	� �

���� �� ���� 	� PDRM� ���	 ���(resin ma-

trix)� ���� ��� �� � ����� ��� ��� ��

�� ���� 	�.4 

�� ����� �
�� ��� ��� �� ���� ���

 ��� ����� ��� ������ ����, ����, 

���, ��, �� � ��� ���� �� ��� �	� �� 

�� ���� ��� ��� ����� 	�� ����� ��

�� ���	�� 	�� � ��� �� 	�.5-7 ��� ��

� ��� 	��� �� ��� �� ��� �� ��� �� 

��� �� ����� 	�� PDRM� 	�� �� ��� �

� ��� 
� �� ����.  

��� 	 ����� �� ��� PDRM� ���� ��� �

�� ��� PDRM� ���� � nm ��� ��� �� ��

�� ��� ��	� ����� ��� ��� �����

� ��� �����(polymeric dental restorative nanocomposites, 

PDRNC)� ��� � ������ ��� �� ��� PDRNC

� ��� ��� �����.  

 

2. ��  
 

2.1 �� � ��  

PDRNC ��� ��� ���� bisphenol A glycerolate metha-

crylate (Bis-GMA, DAJAC Lab., USA)� triethyleneglycol dimethacrylate 

(TEGDMA, Shin-Nakamura, Japan)� ��� 6:4� ��� ���

��. ����� �� ��� 1 µm� Schott�� �������

� Table 1� ��� �� ��� ���� ��� ��	 ��

��� ���� ������ ���� ��� ��� �� ��

� ���� �-�������	
��	��	
���������	� ��
�����-MPS, Aldrich, �

� ��)� ��� ��� ��� ���5,8 �� ����� 

��� � �����. PDRNC� ��� ����� ������ 

����� ����� ��� ���� camphorquinone(CQ, Aldrich, 

97%)� 2-(dimethylamino)ethyl methacylate(DMAEMA, Aldrich, 97%)

� �� 0.5, 1.0 wt%� �����.  

2.2 ����������������� �

Bis-GMA/TEGDMA ���� ���� ������ ���� �-

MPS ���� ��� ����� ��� ����� ���

� ��� ��� ��� ��� ��� ���8 �� ���� 

��� ���(kneader)� ��� PDRNC� �����. � �, 

�� � ���� ��� �� �� � ����(25 �, 2 h, 5 torr)
�
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� ��� �
���� ����� ���� ���� �� �

��� �	� PDRNC �� ���� 76 wt%� ���� 
�

�� �����.  

��� PDRNC� ��� ��� ���� �� 	�	(colori-

meter)� ��� PDRNC� Hunter L, a, b �� ��, 	�� (color 

distribution)� �����. ��� ��� ��� ��� ��� �

�� �� ��� ��� ��� �� �� ��� �� ���
5 

��� � �����. �, 	 ���� ��� ���� ���

�� ��� 5 mm ��� ��� ���� ��� ��� ��� 

��� ����� ��� 20 mm, ��� 2 mm� �� 	�� 

SUS ��� ���� �� ���� PDRNC ��� �� �

� � �� ���� 
���� ���� ��, XL-2500 ���� 

(3M Dental Products)� ��� ��� 40 sec �	 ���� ���

�� � Minolta �� 	�	(Model: CR-300)� ��� Hunter L, 

a, b �� 3�
 ��� �� ���� ��� PDRNC� �

�� ��� �����. Figure 1� Hunter L, a, b ��� ��� 

	�� ��� ���.9 PDRNC� ���� Leica�� Abbe �


	(Abbe refractometer, Model: Mark II, Japan)� ��� Table 2� 

��� �� 	� ��� ���� ���� �� ��� ���

�� ��� � ��� ��� ����� �
�� ��� �


���. ���� �� �� ���� ��� �� �� Hunter 

� ��� ��� PDRNC ��� �� ��� ����� ��� 

�
�� ��� � ��� ��� ��� �
���.  

3. �� � ��  
 

�� �� 	� ����� �� 65 �� ��� �� �� � 

	� 
��(470 MPa)� ��� ���� PDRNC� ��� �	

� ��� �
� ��. ��� �� 
���� ��� ��� 

��� �� �

��� ���� �� 	� ��� ��(an-

terior restoration)� ���� PDRM� �� ��� ���� �� 

��� ��� �� 	�. ���� 	 ����� ��� ��

��� ��� PDRM� ���� ��� ��� ��� ��

�� � nm ��� ��� �� ���� ��� ��	� �

���� ���� ��� PDRNC� ��� � �� ��� �

�� �����.  

Figure 2� 	 ���� ��� ��	 ����� ��� �

�� 7 nm ��� �� ���� ���� �� ��� Hunter L 

�(��� 	�, lightness) �� ��� ��� ���. Figure 2�

� �� ���� 
��� � ��� �� ��� ��� �

� Hunter L �� ��� �� �� ��� 
� ��� ���

�(Figure 2(B)), ���� 
�� �� �� ��� ��, Hunter L 

�� �� ��� ��� ���� �� � ��� ���� � 

� 	�(Figure 2(A)). ��� �� ��� PDRNC� �� ���

� ���� �� PDRNC� 
�� 	�� ��������� 

���� ��� ����� �� 472 nm� �
� 40 nm 

��� OX-50 ��� ������ �� �� 7 nm ��� ��

� �� ��� (���� OX-50� 7.6
)� ���� �� PDRNC 

���� ���� �� �� ���� ���� ����� �

��� 	����� Hunter � �� � �� ���� ��� 

��� �� ���� 
 � 	�. ��� ���� ��� �

Table 2. Material Information for the Measurement of Refrac-
tive Index  

Materials Remark Abbreviation 
Bis-GMA/TEGDMA�6/4 copolymer RMa 

RM + Fumed silica nanofiller NF filled PDRNC (7 wt%) RM�NFb 
Barium silicate macrofiller nd

20
�1.530 Ba 

Fumed silica microfiller nd
20 
�1.470 OX-50 

Fumed silica nanofiller nd
20 
�1.460 NF 

aRM: Resin matrix. bNF: Nanofiller.�

�

�

�

�

�

�

�

�

Figure 2. Hunter L values of various polymeric dental restorative nano-
composites containing different nanofiller contents: (A) without back-
ground and (B) with copy paper background. 

�� �� �� �� �� ��

Nanofiller conentration (wt%) 
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	�

��

��

Table 1. Materials Used for the Preparation of Polymeric Dental 
Restorative Nanocomposites  

Materials Maker Grade wt%a Remark 

Fumed silica 
microfiller 

Degussa OX-50 7�0 
Avg. dia�40 nm 

(surface area�50 �/g) 
Barium silicate 

Macrofillerb 
Schott - 69 

Avg. dia�1 µm 
(surface area�1.5 �/g) 

Fumed silica 
nanofiller 

Aldrich A.C.S.Reagent 0�7 
Avg. dia.�7 nm 

(surface area�380 �/g) 
a Total loading percentage of filler in PDRNC was 76 wt%. 
b Formulation: SiO2/BaO/B2O3/Al2O3�50/30/10/10 wt%.�

�

Figure 1. Representation of color solid for Hunter L, a, b color space.�
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���, �29� �1�, 2005� �

	��� ��� ���� ��� �� ��� �� �� ��� 

PDRNC ��� �� ��� ����� ��� �
�� ��� 

Figure 3� ����� 
 � 	�� 7 nm ��� �� ���� 

���� �� ��� ���� ��� ����� ��
 � 

	�.  

��� �� 	 ��� ��� �� 
�� �� Abbe �


	� ��� Table 2� ��� ���� �
� ���� ��

� � �� ��� Figure 4� �����. ����� 	 ���

� ��� ���
 ��� �������� 	� ���� �

��� ���� �
�� ���� 	�� �� ���� ��

� ����� ��� ��� �
�� �� ��� �
� �


�� ��� � �10 �� ��� �
�� ��� �� �


�� �
�� ���� �� �� ��� 
� ���� �

�� �� � 	��. �� �
�� �� �� ��� ��� � 

�� ��� �
� ��� ���� �� �
� ���� �

��� �� ���� ��. ���� Figure 4� �� ���� 

� � 	� �� 	� 	 ���� ��� ����� ��� 

�� �� ��� �� ��� (�
� 1.460)� 7 wt%� PDRNC

� ���� �� �
� �� 1.547� Bis-GMA/TEGDMA ��� 

�
�� 1.542� ���� PDRNC� 69%� ���� 	� �

������ (�
� 1.530)�� �
� ��� ���� PDRNC

� ���� ���� ��� ����. ��� ���� ���

� ��� ����� �
�� ������ ���� 	� 	

�� ���� ��� 400�700 nm ���� �� �� ��

�� ���� ���� ��� 
���� �� ��� ���

� �
� � 	�� Becker�11 Braune�12 �� ����� ��


 � 	�.  

Figure 5� 6� 	 ���� PDRNC ��� ��� 7 nm ��

� �� ��� ��� �� Hunter a� b � ��� ��� ��

�. ��� ��� (redness, ���� ��� �, blueness) ��� 

���� Hunter a �� �� ��� ��� ����� ��� � 

��� �� 
� ���� � � 	�. ��� Figure 6� ��

� Hunter b � �, ��� �	� (yellowness) ��� �� ��

� ��� ���� �� �� ���� �, �	�� ��
 �

��� � � 	�. ��� �	�� ��� �� ��� �� 

	� ���� ��� ��� 
 � 	�� �� ���� ��

� ����� ��� �� �� �	� ���� �� �� 

���� ���� �� ��� ������ �� �� �� 

���� ��� �, ��� ��� ���� ����� ��. �

�� Figure 5� Hunter a � ��� 
� �� ��� �� �� 

��� �� ��� ����. ���� Figure 6� �� ��� 

��	� �� ����� CQ� �� ��� ����. �, Bis-

GMA/TEGDMA ��� ���� ���� CQ� � ��� ��

��� ��� ��� �� 	� �� ���� �� ��� 

PDRNC� ���� 	��� �� �� ��� �� ��
� 

�

Figure 3. Real photograph of various polymeric dental restorative na-
nocomposites containing different nanofiller contents: (1) 0, (2) 1, (3) 2, 
(4) 3, (5) 5, and (6) 7 wt%. 

�

�

�

�
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�

�

Figure 4. Refractive index values of resin matrix and various fillers used 
for the preparation of polymeric dental restorative nanocomposites. 
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Figure 5. Hunter a values of various polymeric dental restorative nano-
composites containing different nanofiller contents. 
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Figure 6. Hunter b values of various polymeric dental restorative nano-
composites containing different nanofiller contents. 
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��� ���� ����� ��� 	� ��	 CQ� ��� 

��� �	�� ����� ���� ��� ����.  

 

4. ��  
 

	 ����� � nm ��� ��� �� ���� ��� 

��	� ����� ���� ��� ����� ��� ��

�� ��� � ��� ��� ��� ��, ��� 	� �
� 

�� � 	��. 1) �� ���� ���� �� ��� ��� 

	� �, Hunter L �� � ��� ��� ���� �����. 

2) Hunter a �� �� ��� ��� ����� ��� � ��

� ���� Hunter b �� �� ��� ��� ���� �� 

CQ ���� ���� �� ���� �� �����.  
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