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Three-dimensional finite element analysis according to the insertion depth of

an immediately loaded implant in the anterior maxilla

Cheol-Woo Park, Sung-Hun Kim, In-Sung Yeo, Hyung-In Yoon, Jung-Suk Han*
Department of Prosthodontics, School of Dentistry, Seoul National University, Seoul, Republic of Korea

Purpose: The purpose of this study was to investigate the effects of the insertion depth of an immediately loaded implant on the stress distribution of the surrounding bone
and the micromovement of the implant using the three-dimensional finite element analysis. Materials and methods: A total of five bone models were constructed such that
the implant platform was positioned at the levels of 0.00 mm, 0.25 mm, 0.50 mm, 0.75 mm, and 1.00 mm depth from the crest of the cortical bone. A frictional coefficient of
0.3 and the insertion torque of 35 Ncm were simulated on the interface between the implant and surrounding bone. A static load of 178 N was applied to the provisional pros-
thesis with a vertical load in the axial direction and an oblique load at 30°with respect to the central axis of the implant, then a finite element analysis was performed. Results:
The implant insertion depth significantly affected the stress distribution on the surrounding bone. The largest micromovement value of the implant was 39.34 um. The
oblique load contributed significantly to the stress distribution and micromovement in comparison to the vertical load. Conclusion: Increasing the implant insertion depth
was advantageous in dispersing the concentrated stress in the cortical bone and did not significantly affect the micromovement associated with early osseointegration failure.

(J Korean Acad Prosthodont 2018,56:105-13)

Keywords: Dental implants; Immediate dental implant loading; Insertion depth; Finite element analysis
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&est RS AESH | Y5iA X2 cone-beam computed
tomography = #J% dataZ OnDemand3D Z 2 13(Cy-
bermed Inc., Seoul, Korea)& o|-85}o] AjlLAdstgdct Ax &
e 47 ol 2ol 27, xlo} A&n9) AR £
Z+Z} 22.0 mm, 20.0 mm, 7.3 mm7} T == A|&}51Sc)
A& A7) a1 0.75 mm i) SRzl el
Qo7 B TER AT W
A=t} sl Bshe gistol 2R ] #A,
S Rofai.

FEL 217 4.0 mm, Z29°] 10.0 mm¢] IS III active Y=
1A (Neobiotech Co., Ltd., Seoul, Korea)2] Hej&
ASFATE. R LA AESTE mZAbol| A A= 3
S IAR A SE AdiFe} 9Al EEE-S CBCT
datag THE 53 ASHE X FFE 8519 Exocad
dental CAD X 2 13(Exocad GmbH, Darmstadt, Germany)&
o]&-5ko TiRRRISHATE.

G3tQ A 2L Altair HyperWorks Ver. 13 (Altair Engineer-
ing Inc., Troy, MI, USA)& ©|-835}o] Rd&35t1 AXE A5
Aot &t 22Y X2AL &7 FELM AEFHE F
rlFo| X|2Z 9] ol Fajo] =il A e LIX17F A&
= FHAE 71ES 2 0.00 mm (X 22 5 L3 21X]), 0.25 mm,
0.50 mm, 0.75 mm, 1.00 mm ZA S52 1FAS Z 1
Aldeto] & 571 f3te 4 B¥EE AEFT (Fig. 1). 178
£ R0 AT o, 35 Nem 9] AlF EAE A5t ] oA
Lee 5°'9] A13) 15 A= 2GRS} FHste o AW
IRA WEo 2 uZ&Ea YAFZolA 242 2.38 um, 6.50 um
T o] BAIA 384 AN RS 3ok, 29 AW A
HEs olAIR] Gutg YF 0= A ol sA1A 1 7gA|e}t =9
AoM FERTS Foigh & Fdelo] =2 w7hx] 514
= 35k}l

Hoh Jeet G aRAS QoM 849 2715 agAe
=] AHE v|Eoto] AUt BEko] I3 gt F9]:=0.10-0.15
mmz Z6FAL, siAol] FIFE d nlX|= F91= 0.40 - 1.00
mm © 2 esigick. 2 23 male] HA 24 571 0.00
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Fig. 1. Representative illustration of 5 different bone models. Implant platform (red line) was positioned at depths of 0.00 mm (A), 0.25 mm (B), 0.50 mm (C), 0.75

mm (D), 1.00 mm (E) from the crest of the cortical bone.
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mm 2= 1,394,7077Y, 0.25 mm 2 oll= 1,317,86271,
0.50 mm E3o]= 1,321,68271, 0.75 mm E3oll= 1,330,145
70, 1.00 mm 2ol 1,334,2487| 2 A= STt

B 7o) AMgH 2E 7o) B4 MeEe] AP HE &
15to] 27513 oM Table 10 2|5tk RE 2o +
T S-S Foolgial, Bt Jest siAlS s A B
75kt
3. 85 2, BA 2 EkE 27

PETLEL HActES AEst7] AAsiA M2 RFsHA] o
HA %w He7} Lojubs npEg ol HE s 1AL} 9
0.39] npEHAl (W E Foistet” 1A/EEY X
x, ﬂﬁi]/xltﬂ“l‘ WAL, BEE S KIHF/ATH 3 LAF ARo]of =
Z 50 HEE 7SR AR =3 =] A
/5 Ao AW 247 e 1" 2o R
1oic}. Tt 2R o] A RAL YA oF ZHA 6
B AR Sy o R RS o
e a7e AstEo] A5 Fastel AR5
T2 LAY FAF A dA BEE FHOA
2, AAelE S A e R 2 mm IS s
A
S

Uiﬂ'—
H” ik

i

A

ﬁﬂw =

12 o
OEE—*-OSL' )
o [ f o 9

> (0
r}z
O
HU

AU ZRE SAF O 2 mm HolAl 77~
el B4 o e}l 3028 o} 22 T 45
178 N9

g5ts < 715ttt (Fig. 2).

AR §8HQ 434S VP Solution 2016.1 Z 2 1 (ESI
Group, Paris, France)& 0]85}0] 43§51 11, AFxRFY §3lg A
EA 2 7391 Visual-Viewer 13.0 (ESI Group, Paris, France)
& 0]&35}o] AEE 571 -2 (von Mises stress) 3HS B7151o
A=ZTE F9| *“Oﬂ TSt & 3359}‘-413]1 2 7S BAls)
91, AIEUES B AToIN HFH Wl S Wdho] U
FEo] ulg RIS BAT.

]

Table 1. Mechanical properties of the materials used in the 3D finite element
models

Labial

Palatal

Fig. 2. Loading condition. The static load (178 N) was applied to the provi-
sional prosthesis. (A) vertical load, (B) oblique load, 6 = 30°.

UBTE A A7 ot M2 The 57 waolH S5t
53 ANEEE 7 7, 9 9] Bol BT S0 B2 P
e y

apAlZo] e F o] S8 Zre 1A

3} =
}o Tl o@e oF %_]11;_ I(stress control plot)© 2 L}E}
H] S
9] 0] AW w2t 98 571 8 o2 Wrhsiich

%77 oA 9] Fo Uehd 93 BE: Aukso
2E RYolA TR £57 TS wlHAT 1%
UARES gebA] T e Eslel ASE (Fig 3). B
se 72 WA AR 79| AxH AP PIE Aol A

o Ak 1R Q] 2R AR Hek(thread tip) g]z oA
of| Al TEE] . 1.00 mm 23S A eJ5k L R] ZaolA] Z o
o8 7H HA 2 Zro] AlF Zlo|e} Aglo] n]—/g-—-—oﬂ B3]
PR f S e @] ek 2 & e
025 mm RHES AR Lioix] o)A g Zo)7t F7igol
ulaba] ZHAET BAFE L}E}L} 2 o8 21 P7 oY
e Z¥7+ 20.02 - 21.55 MPa, 5.52 - 5.70 MPazZ A A1 Zlo]of
w2 ZFol7F A9 gIRiHt (Table 2).

Table 2. Maximum and average values of von Mises stress in peri-implant
bone according to different insertion depths before loading (unit: MPa)

Young’s modulus  Poisson’s

Material (GPa) ratio
Titanium alloy (implant, abutment, screw) 110 0.35
Acrylic resin (crown) 24 0.35
Cortical bone 13.7 0.3
Cancellous bone 1.37 0.3

ThSHR |2t Eeks|X| 56 25, 2018 4

linseifen Cortical bone Cancellous bone
Depth (mm)  Maximum ~ Average ~ Maximum  Average
0.00 44.46 20.63 21.16 5.70
0.25 53.86 19.15 20.17 5.68
0.50 36.45 15.18 21.55 5.65
0.75 31.59 8.10 21.12 5.60
1.00 7.64 3.62 20.02 5.52
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Palatal

Fig. 3. Stress distributions in peri-implant bone before loading. The stress was concentrated in a close and narrow area along the thread of the implant and similar
on the labial and palatal side. (A) 0.00 mm, (B) 0.25 mm, (C) 0.50 mm, (D) 0.75 mm, (E) 1.00 mm.

2) #2515 Al 1.00 mm 23 202 7hasl9dT, B o8 Z+e Alg Zo|zt
88 Bk 59 2o &5 Sl AL YA G SNl ) WA 7431k (Table 3).
o2 BEEe) 3159 JFo g Sgo| x|2y yHT Hut
ozt &5 715 WAES gt YA RESGR WY 3) BAsHEA
=oME M ZRE o de A= 55] X124 9E s} Wpako] GJsko = 9@ Hyvl glRi nAx| Abthe] &
oM 88 R AY AolVk BKol Wk S0l BF 5 9l Bo) ABHE MW PIE Bk 4 2o}
© o] HAT JAANMEE AL PAB Aol AW FF o B S0l FHE F9E nAA B9 9 Alx
2 A 153l (Fig 4). 52 8o A28 AW 94 A w@2oe B8 Forplou A geel 9l wste

bile

20| AW 2l WA TR LA Aikthread tip) 3 A £F WRBRAE 2RELR ol5H%T (Fig 5). 4]

o 29) g Rold PR, NRBo] et Ho) S8k o olsh Beisted w2l ekt 2t £ ZHe 075 mm
o

£ 0.25mm 28, 0.75 mm 25, 0.00 mm 23, 0.50 mm 2.3, 23,025mm 28, 0.50 mm 238, 0.00 mm 238, 1.00 mm &

00150
00129 palatal Labial
00120
0.0110
_ 0.0100
0.0090
0.0080
0.0070
0.0060
0.0050
0.0040
0.0030
0.0020
0.001
fo

Fig. 4. Stress distributions in peri-implant bone under vertical loading. The stress was distributed widely and the area of stress concentration in the crest of the
cortical bone gradually decreased as the insertion depth increased. (A) 0.00 mm, (B) 0.25 mm, (C) 0.50 mm, (D) 0.75 mm, (E) 1.00 mm.

Table 3. Maximum and average values of von Mises stress in peri-implant bone according to different insertion depths under vertical and oblique loading (unit: MPa)

Tnsidton Vertical Load Oblique Load

Depth Cortical bone Cancellous bone Cortical bone Cancellous bone
(mm) Maximum Average Maximum Average Maximum Average Maximum Average
0.00 51.32 25.57 32.63 540 133.82 46.99 23.68 5.63
0.25 81.23 23.07 31.85 541 229.63 52.82 41.11 5.84
0.50 4245 14.54 33.50 5.46 166.54 43.20 54.85 6.17
0.75 53.14 943 34.42 540 330.98 44.46 48.92 6.44
1.00 7.78 3.76 3391 5.38 37.97 21.89 57.73 7.04
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8 gg;’; Palatal
0.0320
0.0293
0.0267
_ 0.0240
. 00213

0.0187
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00133

Fig. 5. Stress distributions in the peri-implant bone under oblique loading. The stress was concentrated on the labial side of the cortical bone, and the area of high
stress concentration shifted more and more apically as the insertion depth increased. (A) 0.00 mm, (B) 0.25 mm, (C) 0.50 mm, (D) 0.75 mm, (E) 1.00 mm.

% o7 =oky AT UeRd O] €8 ZFE 1.00 mm & Table 4. Maximum and average values of implant micromovement accord-
. 0.50 mm 23 0.75 mm 23 0.25 mm 2. 0.00 mm =3 ing to different insertion depths under vertical and oblique loading (unit: pm)
os Y. -0 - 0> —1- 0> o
&0 = =0k}t 1.00 mm RS AlQst U] mao|A] 2 Insertion Vertical Load Oblique Load
o8 zho upAbof| H]s| 1% 4;—01] A © =9kt (Table 3). Depth (mm)  Maximum Average Maximum Average
0.00 7.83 6.73 28.51 8.25
2. DM 0.25 7.79 6.80 29.51 8.52
-1a
0.50 7.73 6.82 30.04 8.73
olZere o n|H| g Elele =RE Wejo] |l gkt BE e 0.75 7.72 6.79 33.39 9.16
H|msto] Ha 1.00 7.70 6.71 39.34 9.67

TAI. RS BASHE o] 7Rl 7ol 4]
o ,—JOloﬂ uht a7g RISt 9] 2] AHlM e YEUES]
BAlE 9 Table 40l F=fatgint. A5Hs 0] 7Hsizl 4-¢-of
Zol7h S71gtol webA niAlE o] Fdh ghe 4
6]—9}21-—]- 1 xpol= AKX Bral, WPA| ATto 2 HE 2ot StE ASTHEE 913 24 AY EAZ1(32 Nem) B} =
Fo.2 oF 1.0-2.0 mm ozl gH) R £ P3E A 135 Nemd] AH B35 fdaa Eou USHE Iéxﬂf&
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gholl whabA vl SRS ) gt B ghol BF Ax 37 H RS 22 9 2 AEUEY FH, UAl H 21 54
! Il
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