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Fig 1. Schematic diagram for the SH1312-7 (Dentos
Inc., Daegu, Korea) microimplant with its apical part in-
truding the PDL space and contacting the root surface.
The implant was assumed to be loaded either by an
orthodontic force at its head, or apically by the ad-
jacent root in contact with its tip (*a displacement load
of 0.1 mm was assumed to be transmitted from the root
surface to the microimplant, "5 N was assumed as an
orthodontic force).
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Fig 2. Axisymmetric finite element (with non-axisymmetric loading) models simulating. A, Control model which pres-
ents a microimplant subject to orthodontic load of 5 N at the head, without root contact; B, a microimplant in contact
with root surface, subject to apical excitation of 0.1 mm. Horizontal axis x represents the loading direction. Vertical
axis y represents the axis of symmetry.

Table 1. Mechanical properties used in this study

Material Young’'s modulus (GPa) Poisson ratio Strength (MPa) Threshold stress (MPa)
Titanium'’ 1140 0.35 - -
13.7 0.3 72 - 76 (tensile) 54.8"

Cortical bone'® .
140 - 170 (compressive) -

Cancellous bone'®" 1.37 0.3 0.22 - 10.44 (compressive) -

“Corresponds to the threshold strain (= 4,000 microstrain) reported for a resorptive remodeling of cortical bone. 54.8
MPa = 13.7 GPa (Young's modulus of cortical bone) x 4,000 microstrain.



Vol. 41, No. 1, 2011. Korean J Orthod

gy AA 3 gsE AR sk, O
258 fas BddA AATE § v
AN A= 5 Bﬁh’iv}.
i Eat A= —8—
HH & oh2A A

°ﬂ*1—b— a HAA= E ol’de] go|

Xﬂ o}ﬂ = %ﬂl m“ S Tk ool vl
UdZ ASoll= am%}éz}gz A
1 A3 (threshold stress, Table 1), = -3}l
g ~Ed e JAZCE HuEE 4000 micro-
strain'**?'e]] 333l 4588 54.8 MPaS %73}
= 99 fosHA #EEAG aYeR XY
< SRl Rtk v 2 xR %Eﬂxl
H& A A ez fFsla, A

o

aES U @A sl Al A s

_‘1
fr
2
12
lo
o

mH

Fig 3& tix 29| siAd 3=, 5 No| ng o]
MI He]ito x5 WiFow Zlafd w QIfEol &
Aote xydAde] SHEHA F5 83, 3rd prin-
cipal stress) ¥3¥°|t}. Fig 3Ac|A] Hi= ule} o]
M} A5 xdFo| it 3 (fulerum) 591l

—»5N

Point A: 0.1 mm away
/ from implant wall

]. ];]. HL}]Z—] O]:l/] 0\':‘:1 Oﬂ/\] 5 N-/]
wEo] AT EFsta =4 ¥
AT vE IS ﬁ Ao M= 5ol H(singu-
larity) A1 2 &l S d Axe] 2Fert &
Aoz wsto]? W 2709 8
mmY-E B0l 9] X|(Point A, Fig 3B)°ﬂ*1 +8S
sk =dl, 1 271E oF 8 MPaz, XU E Ho
ST F 6%, XD=o] vY 2= tigh
<3 vwalt g E o 15% T B3t
t} (Table 1).
Fig 4A= AT &40 gle, S A2HF
of MI %7} 0.1 mm ¥19E Bt 7224 34
A, TS| e L wyYnt v
Tﬂ-l—-l‘éloﬂ H]"H %%‘01 =< 7/4\01 1%%‘4’ ilAs]
Z YoM E g3 oz B3E 1044 MPa
(Table )5 #Z Fak(cut-of) Fho= A% 3l
aXt H 2 $¥o] B¥IE BYE BF Ao
2 JepHA AAetd e, aliE o o golA
A HEE AT I AEL, S e Fe] spdo] o
A= 29 2458 AAS & 43 Stage 1 =
dlo] s A 7= Fig 4Bo|H, 2 o s st
7 v @A Stage 29] 4437} Fig 4Co|t). Fig
4A, B, ColA] Hi= viel Zo], MI HH<2] 0.1 mm

St 1E oo

)
}\E

10

c

Stress band (MPa)

[

1.25
2.50
3.75
4.50
6.25
7.50

K
10.00

11.25

i

.
13.75

: ¢

an

15.00

Fig 3. Stresses (maximum compressive stress) in control model subject to orthodontic force of 5 N at the head. A,
Overall stress distribution; B, magnified view of the cervical area; C, stress band (a cut off stress was specified at
15 MPa for clear observation of stress concentration occurring at the implant/cortical bone junction).
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Fig 4. Stress development in the cancellous bone. Calculation was performed in a stepwise manner by removing the
cancellous bone elements subject to stresses of higher than ultimate compressive strength of 10.44 MPa (Table 1).
A, Base model; B, Stage 1; C, Stage 2; D, stress band stress band with cut off stress at 10.44 MPa.

A B
Stress band (MPa) Stress band (MPa)
0.0 0.0
M7 4.6
233 9.1
35.0 13.7
46.7 18.2
58.3 22.8
70.0 27.4
81.7 32.0
93.3 36.5
105.0 411
116.7 45.7
128.3 50.2
140.0 54.8

Fig 5. Stresses in cortical bone after the entire peri-implant cancellous bone along the implant has lost structural in-
tegrity due to displacement of 1.0 mm at the apex. A, With the cut off stress at 140 MPa (maximum compressive
strength of cortical bone, Table 1); B, with the cut off stress at 54.8 MPa (threshold for resorptive remodeling, Table

1).
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Fig 6. Stress development in the cervical cortical bone (due to displacement of 1.0 mm at the apex) calculated in
a successive manner by removing the elements from model where resorptive bone remodeling was predicted due
to overload. A, Stage 3; B, Stage 4; C, Stage 5; D, Stage 6 models; E, stress band with cut off stress at 54.8 MPa

(threshold for resorptive remodeling, Table 1).
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ORIGINAL ARTICLE

Finite element analysis of peri-implant bone stresses induced by

root contact of orthodontic microimplant

Won-Jae Yu, DDS, MS, PhD," Mi-Ryoung Kim, DDS, MSD,” Hyo-Sang Park, DDS, MSD, PhD,
Hee-Moon Kyung, DDS, MSD, PhD,” Oh-Won Kwon, DDS, MSD, PhD*

Objective: The aim of this study was to evaluate the biomechanical aspects of peri-implant bone upon root con-
tact of orthodontic microimplant. Methods: Axisymmetric finite element modeling scheme was used to analyze
the compressive strength of the orthodontic microimplant (Absoanchor SH1312-7, Dentos Inc., Daegu, Korea)
placed into inter-radicular bone covered by 1 mm thick cortical bone, with its apical tip contacting adjacent root
surface. A stepwise analysis technique was adopted to simulate the response of peri-implant bone. Areas of the
bone that were subject to higher stresses than the maximum compressive strength (in case of cancellous bone)
or threshold stress of 54.8MPa, which was assumed to impair the physiological remodeling of cortical bone, were
removed from the FE mesh in a stepwise manner. For comparison, a control model was analyzed which simu-
lated normal orthodontic force of 5 N at the head of the microimplant. Results: Stresses in cancellous bone were
high enough to cause mechanical failure across its entire thickness. Stresses in cortical bone were more likely
to cause resorptive bone remodeling than mechanical failure. The overloaded zone, initially located at the lower
part of cortical plate, proliferated upward in a positive feedback mode, unaffected by stress redistribution, until
the whole thickness was engaged. Conclusions: Stresses induced around a microimplant by root contact may
lead to a irreversible loss of microimplant stability. (Korean J Orthod 2011;41(1):6-15)

Key words: Microimplant, Root contact, Peri-implant bone stress, Finite element analysis
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