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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 intracral anchor.
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Table 1. Profile of the miniplate systems used in this study

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 L5x 10 0.30
Miniplate 1.05x 107 0.33
Miniscrew 1.05x10° - 0.33
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for the bone and the two types of miniplate systems (C plate, Y plate).

5

els

Fig.2. Three-dimensional finite element mod

A, & 2e AU 9es dglon o2 sa A2 2. 27z MZ el S4A Sof
A 1mm, SWE F7 17mm, 7145 2 Fe) F
2mm$ 25.0mm X 25.0mm X 20mme] §¥A P22 AAZAE AT, AU} 1A% 42 TP B

ARstct, dedlet & 2dol 6 holed] 48 vy o] 359t 7145 s]d Fel A FA Yol B FEF X,
°|E (Curvilinear shaped miniplate, C plate, 57 Y, 7% 3 veko 8 R 74319 on vjyZdolE, v
0.80mm, holez41zt A2] 5.50mm, Le Forte system, Yaafe & de w29 gFe2 A3asth(Fig.
Jeil Medical Co, Seoul, Korea)$} YAHE njuZgolE 2). B9 destel g8 £44 AME 93 2dY &
(Y shaped miniplate, Y plate)& 22t 93|27 2, o] & 214 EAL A5 71414 §Ao] #Ysitke B34, 7
14387] $l8l 27 2mm, Zo] 6mm¢ PlY2aF 34 Zo] Wgloly Wige A8 glof Hgsln ¥y Fxde
T E9e disf) 90" = Agd 274e] BdE At Fusiths 4854, A8 §4 2 9434 A% X Y,
(Fig. 2). o] 27} 2499] HH nodes ¥ elements?] 4& 7% 3Wgko g =gt Sul S 2e Aok 7H3E
89212 ¢} 656420191}, o Ag5e B4R 9dE 2 Uz, vYZyoES 1|
Yzaie @474 (Young s modulus) 9 E2h59] H]
(Poisson' s ratio) AgHge] d7*»=5 Fnz gt
(Table 2).
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(Fig. 2).

32 f3ad a4 23 SolidWorks 2006 pro-
gram (Solidworks Co, Concord, USA)E °]&-3td v]Y]
ZolE F¥ AZ 2 HUEY AHd] $¥ (von Mises
stress) S AHHgA, vUSHo|EE nA ¥ vjyrAF
o Z7] HAAE Ao R ARz vjysafe ¥
9 (displacement) & ¥la £48}ATh. 2t 22 @&
o222 W19 Zol & 7HASksE7] Sl AMdA A7
A|e] Moz FEslo] HAISIL

I o7 A

1. Z&= o] FHcf 28 (Maximum von Mises
Stress)

C plated] 2% AAZ o] Fgsl= Fd SHaE 7}
A e Fo wao 07, 30°, 60° wat Zz

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

12.632MPa, 28.713MPa, 43.645MPaZ Ye2H, Y
platee] 29l 2z} 10.830MPa, 26.639MPa,
40.806MPa® LelsktHTable 3). & C plates} Y plate
2ol sAE Yol A g8 g9 wigko| F/HErE
Z71EE HdE Bon(Fig. 3), C plated] 2$7F Y
plate®ch 32 E o] 3} g2o] Aukxog 3 &
B3,

E3 C plated] 25 32 Z Yol 2| AFHE F¢
B 7P 94F njy23F 23 $9019ed, Y plated]
BAfoe 7 94& v A3 F 13 19 ol9e] FR
A = 482 19k(Fig. 3).

2. = hef i 8%

C plated] 2% al|Z el 243k Hol a2 7}
A= 3o wake] 0°, 30°, 60°¢l wat Z2z 3.625
MPa, 4.596MPa, 7.004MPa2 Jepden], Y plated]
7A%ole 747} 1.645MPa, 4.483MPa, 6.752MPaZ Y
EPdtHTable 4, Fig. 3). & C platest Y plate 25l
AAZ Ue] Hell S 3] Bako] F/HEFE F7HEAU
ou] C plated 297} Y plate it} vl AsHAl & Y&
k1=

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

Maximum von Mises stress (Mpa)

e C plate Y plate
0 12.632 10.403
30 28.713 26.639
60° 43.645 40.806

Ps Maximum von Mises stress (Mpa)
C plate Y plate
0 3.625 1.645
30° 4.596 4.483
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 _‘Relat.we Cortical bone Miniscrew ’Relat.lve
dispacement dispacement
0° 1.542 2.939 1.261 1.656 0.395
30° 2.519 5.468 1.855 4271 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.

ANA o Uz HABor e &L Hlus) B
A, C plates} Y plate 254 92 F joxe] §2lc]
S WollM e S HT 2t

3. DAZBD ojyA3Fe =i # (Maximum
Values of Displacement)

C plate®] 2% 7FelAl= e W& 5 07, 30°, 60° 9
w2} 31429 Hof M= 247} 1.542m, 2.519um, 3.309
2, Y2359 Ao 99l 2.93%m, 5.468um, 7.896
ms Jepton] 433 vjy A3 7he] Al W
£ 1.397um, 2.949m, 4.587m2 JERITE, 3 Y plate

o] AL FAZe Hd W+ 242 1.261um, 1.855um,
2.279mz, vjy~3aFe] Ao ¥l 1.656mm, 4.271m,
6.671mz vyepgon] 3AEI} vyxaF kel AoiF
d WgE 0.395um, 2.416wm, 4,392m= ey}
(Table 5).

423} v 2aie] Ho dee 3o ek A5
o] C plateclA Y plate2t} Ztt. vly 23579 HglE 1
Az Wil vjg) Fon, 53 9 Wik FHESFE
njU2aFe Ho W7t S U

ek oo A £X oA C plates Y plate
of vjal 7M¢ g4Z nJ23g{ 1% F9d AFEHAG
(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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