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from the proximal brackets exceeds 1.0 mm. The friction force of a martensite 0.014-inch 
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more than 1.0 mm displacement.
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plastic material, such as a synthetic fluorine-
containing resin or an epoxy resin composed mainly 
��
���������<����������	�18, has been used to satisfy 
esthetic demands. Several problems involving the 
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the coat as “undurable”. Kusy13 (1997) found that 
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mastication forces and the activity of oral enzymes 
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in vivo. Elayyan, Silikas 
and Bearn5 (2008) reported that surface roughness 
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mouth, exposing the underlying metal6. In addition, 
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as the durability of the coating material, may be 
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less than the friction resistance, as interference, the 
dental arch must be expanded until the placement 
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Thus, expansion of the dental arch in an extraction 
case can lead to poor-quality treatment, such as 
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according to mechanical properties and fabrication. 
Although both have excellent springback properties, 
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and superelasticity2,4,15. Thus, this issue should be 
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linguoversion of the lateral incisor in the arch and 
an ISO bending test, and to compare esthetic and 
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distance of 10 mm, a crosshead speed of 7.5 mm/
min, and a temperature of 36±1°C using a testing 
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Abb. Products Manufactures Surface treatment Wire sizes
A-1 Aesthetic nickel titanium wire TP Orthodontics Xylan-coated (only labial 

surface)
0.012” and  0.014” 

A-2 Nickel titanium wire cosmetic 
arches coated

Forestadent ��������������������
��
coated

0.012” (coated 0.014”)  
0.014” (coated 0.016”)

A-3 Tynilloy wire lemon gold Dentsply-sankin Gold-plated 0.012” and 0.014”

A-4 Tynilloy wire peach gold Dentsply-sankin Gold-plated 0.012” and 0.014”

A-5 Tynilloy wire white Dentsply-sankin Fluorpolymer-coated 0.012” (coated 0.013”) 
0.014” (coated 0.015”)

P-1 �����	����	
�����	����
��� TP Orthodontics N/A 0.012” and 0.014”

P-2 Nitinol classic 3M Unitek N/A 0.012” and 0.014”

+�
������ Wires used. The base wires A-1 to A-5 and P-1 were austenitic Ni-Ti, and P-2 was martensite Ni-Ti (Abb.: 
Abbreviation)

+�
������ A dental arch-form plate model designed for the 
linguoversion of the lateral incisor in the arch

+�
������ A test of static frictional force. A dental arch-
form plate and the end of an archwire, placed in the arch, 
are held by the air-chucks of the testing machine
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passive-ligating brackets (T-21; Tomy International, 
Tokyo, Japan; slot size, 0.022 inch; composition, 
bracket: polyethylene terephthalate etc, slot cap: 
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3.0 mm displacement at the lateral incisor and the 
arch-form plate. The brackets and the end of the 
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machine (5567; Instron; Figure 3). We applied 
tensile loading under a crosshead speed of 0.5 mm/
min and measured the maximum loading as the 
static friction force.

Descriptive statistics, including means and 
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Chicago, IL, USA). Additionally, the Scheffé test 
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displacement of 3.0 mm, unloading bending forces 

0.012 inch 0.014 inch
?�8
����
�������
�=
�&��

(cN)
Friction force (cN) ?�8
����
�������
�=
�&��

(cN)
Friction force (cN)

Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	
A-1 49.2 10.3 a, b, 

c, d
20.9 2 a 78.7 4.3 A 29.4 4.4 A

A-2 43 12.4 a, b, 
c, d

23 7.1 a 65.9 18.8 A, C 25.9 6.4 A

A-3 32.4 1.6 a 9.7 2.4 b 66.3 1.1 B, C, D 18.8 3.1 A, C

A-4 48.8 2.7 b 9.1 2.9 b 79.5 3 A 20.9 6.9 A, D

A-5 27.8 1.3 c 7 0.9 b 60.7 2.7 B, C, E 11.4 1.5 B, C, D

P-1 54.1 7.5 b, e 22.7 6.6 a 85.6 13.4 A, D, E 24.6 6.3 A

P-2 39.7 2.8 d, e 21.9 2.4 a 67.6 7.3 A, D, E 50.5 8.3 B

Table 1- Unloading bending and friction forces at a displacement of 0.5 mm
�
�
�	���
����	��!�����
"	��#
�	��#
�$��
��
	��%%���
�	�������	&����
	�����	�
�����
#	'�
��
#	%����	#����*	��������	%������
	
%����	#����;	�
������	�	��#
�$��
�	��%%���
��	&�<=
=>;	�����
	���	��
#����������?�	�
�	���
������%����	#�����

0.012 inch 0.014 inch
?�8
����
�������
�=
�&��

(cN)
Friction force (cN) ?�8
����
�������
�=
�&��

(cN)
Friction force (cN)

Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	
A-1 71.1 7.6 a, e, f 29.5 11.1 a, b 88.9 5.7 A 53.7 26.9 A, B, D

A-2 54.2 3.6 b, c 38.6 8.8 a 86.6 5 A, C 72.5 11.9 A, D

A-3 54.8 1.3 a, c 11.2 3.7 b, c 78.3 1.7 B, C 31.4 7.6 B, C

A-4 58.5 1.8 a, c 21.1 11 a, c, d 95.4 1.1 A, E 28 8.8 A, B

A-5 42.7 0.9 d 13.5 0.9 b, d 78.7 2.5 B, C 19.7 6.4 A, B

P-1 78.8 1.5 e 31.1 5.6 a 100.9 2 D, E 49.4 20.4 A, C

P-2 74.2 1.9 f 43.6 13.5 a 123.2 4.6 F 93.6 13.6 D

Table 2- Unloading bending and friction forces at a displacement of 1.0 mm
�
�
�	���
����	��!�����
"	��#
�	��#
�$��
��
	��%%���
�	�������	&����
	�����	�
�����
#	'�
��
#	%����	#����*	��������	%������
	
%����	#����;	�
������	�	��#
�$��
�	��%%���
��	&�<=
=>;	�����
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#����������?�	�
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������%����	#�����
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0.012 inch 0.014 inch
?�8
����
�������
�=
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(cN)
Friction force (cN) ?�8
����
�������
�=
�&��

(cN)
Friction force (cN)

Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	
A-1 71.4 4.8 a, e, f 166 26.3 a, d 99 6.7 A, B, C 278.6 72.7 A, B

A-2 58.2 1.8 b, c 161.6 28.3 a, d 93.1 5.2 A 254.2 68 A, B

A-3 61.8 2 a, c 96.1 20.2 b, c 93.5 1.9 A 250.2 16.7 A, B

A-4 67.6 1.2 e 122.9 23.7 a, c 106.6 1.4 B 218.1 27.8 A, B

A-5 50.3 3.1 d 152.1 41.2 a, c, e 90.8 3.6 A 285 35.9 A

P-1 79.3 1.3 f 148.5 43.6 a, c, f 105 2.4 B 206 28.9 B

P-2 96.8 2.9 g 169.7 19.9 d, e, f 165.4 4.4 C 444.9 19.1 C

Table 3- Unloading bending and friction forces at a displacement of 2.0 mm
�
�
�	���
����	��!�����
"	��#
�	��#
�$��
��
	��%%���
�	�������	&����
	�����	�
�����
#	'�
��
#	%����	#����*	��������	%������
	
%����	#����;	�
������	�	��#
�$��
�	��%%���
��	&�<=
=>;	�����
	���	��
#����������?�	�
�	���
������%����	#�����

0.012 inch 0.014 inch
?�8
����
�������
�=
�&��

(cN)
Friction force (cN) ?�8
����
�������
�=
�&��

(cN)
Friction force (cN)

Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	 Mean S.D. ��
	
A-1 69.4 0.8 a 259.4 0.8 a, b 112.3 6.1 A 599.6 125 A

A-2 75.4 6.1 a, c 291.9 108.6 a, b 118.4 10.3 A 533.2 101.2 A

A-3 65.1 5.6 a, d 164.4 47.5 a 104.8 9.2 A 510.8 37.8 A

A-4 70.6 2 a 256.5 21 b, c 119.1 3.6 A 436 63 A

A-5 53.5 3.1 b, d 276 70.8 a, c, d 108.2 8.8 A 548.1 61.7 A

P-1 82.5 2.6 c, e 282.2 29.2 b, d 119.9 6.6 A 432.8 47.1 A

P-2 90 3.2 f 205.2 23.5 a 164.5 3.5 B 950.7 101.6 B

Table 4- Unloading bending and friction forces at a displacement of 3.0 mm
�
�
�	���
����	��!�����
"	��#
�	��#
�$��
��
	��%%���
�	�������	&����
	�����	�
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#	'�
��
#	%����	#����*	��������	%������
	
%����	#����;	�
������	�	��#
�$��
�	��%%���
��	&�<=
=>;	�����
	���	��
#����������?�	�
�	���
������%����	#�����

+�
����B� Relationships between unloading bending and friction forces for 0.012-inch wires. Unloading bending forces at 
0.5 and 1.0 mm were larger than friction forces, but all friction forces at displacements exceeding 2.0 mm were larger than 
unloading bending forces
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+�
������ Relationships between unloading bending and friction forces for 0.014-inch wires
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larger than the unloading bending forces.

DISCUSSION

At the leveling stage, tooth movement behavior 
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and the friction resisting it. In this experiment, the 
friction force at displacements exceeding 2.0 mm 
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the dental arch up to a displacement of 1.0 mm. 
Resistance to sliding has been reported to be slightly 
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����14,23. 
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state, the relationship should not differ because 
most friction forces at displacements exceeding 2.0 
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Regarding the friction force, many studies have 
reported the use of experimental models to measure 
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brackets, and reported friction forces of 250–675 cN 
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be displaced lingually. In our experiment, friction 
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cN. Thus, if our dental arch model had bilateral 
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approximately doubled, although the ability to 
determine the actual friction force is limited in many 
cases by the simplicity of the model.
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self-ligating brackets to measure friction force. The 
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10.0 mm according to ISO 1584110, matches the 
interbracket distance in mandibular anterior teeth. 
Kim, Kim and Baek12 (2008) and Henao and Kusy8,9 

(2004, 2005) reported friction forces obtained 
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depends on the degree of tooth displacement and 
the brackets used, the force in the maxillary arch 
must be smaller than that in the mandibular arch 
because the interbracket distance in the mandible is 
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Noda, et al.16 (2000) found that the optimal force 
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is translated as reciprocal action. Because the force 
that reaches the teeth becomes half of the unloading 
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displacement of 0.5 mm and those of some 0.012-
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of doubtful use for optimal tooth movement.

+	
�������
�������
�	
%
	�

��	�8��	�
�������	��

�	
�	�����	�
��	��	�
��
�������	
�����
��

��������

������	
�
������
�	�
>�'
����

��
���	�
�
������

����
�
 |������%
 
��	�8��	�
 �������	��

 �	
 ������

MURAYAMA M, NAMURA Y, TAMURA T, IWAI H, SHIMIZU N

2013;21(6):554-559



J Appl Oral Sci. 559

��<�����	
�����

����
��������
������	
����	
>�'

�	�
>�(
!����
����
�
���
>�(
����
 !���	��
���

��"

�

 �
 
������P��
  ����������	��"
 �����	
����
 !����

����%
������

���
>�'
�	�
�����
����

����
�����


that convey superelasticity, resulting in an almost 
even force during unloading2,4,15. Thorstenson and 
Kusy25 (2002) reported that the regression lines 
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In our study, at a displacement of 3.0 mm, the ratio 
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5.8-fold larger than the unloading bending force. 
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a larger ratio, is not likely to be superior to other 
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experiment.

CONCLUSIONS
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Because the friction force at displacements 
exceeding 2.0 mm is larger than the force produced 
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expansion of the dental arch up to a displacement 
of 1.0 mm.
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are likely more appropriate for clinical use.
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