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— Abstract

INFLUENCE OF MINIPLATE SHAPES AS SKELETAL ANCHORAGE
FOR APPLICATION OF ORTHOPEDIC FORCE:
A THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS

Nam-Ki Lee*, Seung-Hak Baek***, Dong-Soon Choi*, Young-Wook Park**,
Ji-Hyuck Kim**, Bong-Kuen Cha*
*Department of Orthodontics, **Department of Oral and Maxillofacial Surgery,
College of Dentistry, Kangnung National University
***Department of Orthodontics, School of Dentistry, Seoul National University, South Korea

Purpose: This study was performed to evaluate the stress distribution in the bone and the displacement
distribution of the miniscrew under orthopedic force with two different types of miniplate design as skeletal
anchorage for orthopedic treatment.

Materials and methods: Finite element models were made for 6-hole miniplate (0.8mm in thickness),
which were designed in two different shapes-one is curvilinear shaped (C plate, Jeil Medical Co., Korea)
and another, Y shaped (Y plate), fixed with 3 pieces of miniscrew 2mm-diameter and 6mm-long respec-
tively. A traction force of 4 N was applied in 0", 30° and 60" to imaginary axis connecting two unfixed dis-
talmost holes of the miniplate.

Results: The maximum von Mises stress in the bone was much greater in the cortical portion rather
than in the cancellous portion. C plate showed greater maximum von Mises stress in the cortical bone than
Y plate. The maximum displacement of the miniscrew was greater in C plate than Y plate. The more
increased the angle of the applied orthopedic force, the greater maximum von Mises stress in the bone and
maximum displacement of the miniscrew. It was observed that in C plate, the von Mises stress in the bone
and displacement of the miniscrew were distributed around the distalmost screw—fixed area.

Conclusions: The results suggest that Y plate should have the advantage over C plate and in the
placement of the miniplate, its imaginary axis should be placed as parallel as possible to the direction of
orthopedic force to obtain its primary stability.

Key words: Miniplate, Skeletal anchorage, Primary stability, Finite element analysis
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Fig. 1. Anterior protraction of the maxilla with miniplate system as an intraoral anchor.
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Table 1. Profile of the miniplate systems used in this study

HoZ A o|LZ20|E S| g AR RALLHA AT

Models Diameter® (mm) Length* (mm) Number*
C plate 2 6 3
Y plate 2 6 3

C plate, Curvilinear shaped miniplate; Y plate, Y shaped miniplate

* the diameter, length and number of the used miniscrews

Table 2. Material properties of constituent materials

Materials

Young's modulus (Mpa)

Poisson’s ratio

Cortical bone 1.5x10* 0.30
Cancellous bone 1.5x10° 0.30
Miniplate 1.056%x10° 0.33
Miniscrew 1.05x10° 0.33

Fig. 2. Three-dimensional finite element models for the bone and the two types of miniplate systems (C plate, Y plate).

A4, & Rde Hog des) stglon ol & fa fd=e
7 1mm, AW E9] 57 17mm, 71AF J2E]
2mm¢! 25.0mm X 25.0mm X 20mme| SHA 22
AZstadtt, desket & Bdo 6 holed] F4E nlUEE
°]E (Curvilinear shaped miniplate, C plate, 57
0.80mm, holez4zt A8l 5.50mm, Le Forte system,
Jeil Medical Co, Seoul, Korea)9} YAHE WY ZgolE
(Y shaped miniplate, Y plate) & Z}Z} 1x]A17]1, ©]&
23387 98] A7 2mm, Zo] 6mm¢e! PUA3F =
Z ®dd s 90° = g3t 209 nds Azeant
(Fig. 2). o] 27} 2de] H1t nodes 2 elements®] +&
89212 <} 65642013t}

2. A=A Mzo| R 704

AAzAL 94, g VAR JdES 2FT
A o] B B

T rEsien vy olE
HEor 4 75]°]'OjT4(Flg
: A ARE e 2de] =
A 542 A5 7IA4 540 gdeithe A, T

&8 Yol vlesta W PEole
e R HEO] XY,

E%mﬂ

Y23aFe] BA (Young s modulu )9} 559}*6‘4 H]
(Poisson' s ratio)& X859 A4*#2= Fuz 31t

(Table 2).
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1. &= e #ch 3 (Maximum von Mises
Stress)

C plates] A% 9122 ol 43k Au) LARE 7}
A= A ol 00, 30°, 60° ol whe zhz

¢

Table 3. Maximum von Mises stress (MPa) on the
cortical bone of each model

12.632MPa, 28.713MPa, 43.645MPaZ YElgom | Y
plated] A$d= 247 10.830MPa, 26.639MPa,
40.806MPaz YEISITHTable 3). & C plate?} Y plate
oA A2 o] Ay oL 3o Wao] ZrlerE
Tt e e HAoH(Fig. 3), C plate®] A%7HY
plate®tt 45 o] Hdf o] ANt ow & H=
Hao

$3 C plated] 7-F A= Ul &0l JFH= T4
=7 A ny 235 13 H9ol|gley Y plate-%
Atele 7P A M/\iv 1% §-9] o]9]e] FH =

¢

C plate®] 4+ ad= Wel 2-&ste A Sk 7t
2= g9 Wake] 0°, 30°, 60°°] W&t 247 3.625
MPa, 4.596MPa, 7.004MPaZ Yetow Y plated]
7d5ol= 247t 1.645MPa, 4.483MPa, 6.752MPaZ
ERgtHTable 4, Fig. 3). & C plates} Y plate=FolA
HE o] Hd 2 319 Wo] F7HEES S
ow, C plateq] 257} Y plateEt} nlAlsHA & Hds
Haioh

Table 4. Maximum von Mises stress (MPa) on the
cancellous bone of each model

Axis Maximum von Mises stress (Mpa) Axis Maximum von Mises stress (Mpa)
C plate Y plate C plate Y plate
0 12.632 10.403 0 3.625 1.645
30° 28.713 26.639 30° 4.596 4.483
60° 43.645 40.806 60° 7.004 6.752

Table 5. Maximum values of displacement (um) for the cortical bone and miniscrew of each model

C plate Y plate
Axis Cortical bone Miniscrew .*Relatlve Cortical bone Miniscrew .Relatlve
dispacement dispacement
0° 1.542 2.939 1.261 1.656 0.395
30° 2.519 5.468 1.855 4.271 2.416
60° 3.309 7.896 2.279 6.671 4.392

*Relative displacements were calculated as differences between maximum displacements of cortical bone and miniscrew

elements.
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Fig. 3. Von Mises stress distributions of the cortical and cancellous bone in C plate and Y plate models.

AAdo duz A2 YNel S8 vme) B
W, C plate¢t Y plate 5ol 31d= yor 9] 5o
S el e S3ET Zin

3. m&=1 glA3Fe| FHOf #HY (Maximum
Values of Displacement)

C plate®] 7% 7FlIA = g9 ¥k = 07, 30°, 60°
upe} s A -ze] o) Wele 247 1.542um, 2.519um, 3.309
=, w2357 o W= 2.939un, 5.468um, 7.896
un= e om0 A =3 nly 235 7ke] ArhAQl g
= 1.397un, 2.949um, 4 587um= JERSTE HESHY plate

o A5 A= Ao M= 42 1.261um, 1.855um,
2.279m=, nlUx3a 7ol Ho W= 1.656un, 4.271um,
6.671m= Uepgton, 3453 vjUysafF ko] oA
ol WYE 0.395un, 2.416um, 4.392m= JEFTH
(Table 5).

HAE7 ny2afe] Ao W= P ek #AS
o] C platelAl Y plate®t Rt} PlY =379 9= I
A=) Wl vl Zlom, 53] o] W] FHEFE
Y2379 Ho) W9 7F ks A

Fot Wl AAAQ B FolA C plate= Y plate
of Hg} 7 S Y 2xaF 14 F9ld JEEHAT
(Fig. 4).
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Fig. 4. Displacement distributions of the bone and miniscrew in C plate and Y plate models.
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