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Abstract

BACKGROUND: Mild and uniform deformation of maxillary sinus mucosa is an important factor that reduces the incidence of
mucosal perforation during maxillary sinus elevation by using bone condensing technology.

OBJECTIVE: To compare the effects of two diameter implants on the deformation of maxillary sinus mucosa.

METHODS: Three-dimensional finite element models of the maxillary sinus mucosa (thickness 0.3 mm) with two diameter implants
(4.1 mm, 4.8 mm) were established in the special unit of ANSYS software. Maxillary sinus elevation operation was simulated. Von
Mises stress values of mucosa surface with different lifting height was calculated according to the finite deformation theory.
RESULTS AND CONCLUSION: The maximum stresses of all models existed in the center of the mucosa and the minimum
stresses existed in the edge of the mucosa. There was no significant difference in the stress to the center of the mucosa between
the two diameter implants (P > 0.05), but the stress in the edge of mucosa of the larger diameter implant (4.8 mm) was significantly
less than that of the stress in the edge of the small diameter implant (4.1 mm). The larger diameter implant (4.8 mm) has less
stress for augmentation of the maxillary sinus floor in the case of allowed width.

Liu XF, Hu LL, Song GB, Hou YR, Liu DL, Zhang JC. Effect of two different diameter implants on deformation of maxillary sinus
mucosa: A three-dimensional finite element analysis.Zhongguo Zuzhi Gongcheng Yanjiu yu Linchuang Kangfu. 2011;15(52):

9742-9745. [http://www.crter.cn  http://en.zglckf.com]

WE

B LRI AL RS A D B e X LR T TR #i R o LR 2 R R

E1:0 R & L NEREL R E SOl By 2 AR

Fsk: F ANSYS 4 FRICHAERR & e o BT R 4.1 mm Bl 4.8 mm [ 1T FrkE4AS5 S 0.3 mm [ a5 36 M A R
JURERL, B ASER TR AR R A, MR I B T AN RIS TR R R BER 1T Von mises [ )1

HREER: ZREIR, oK Von mise N KA, I/l Von mise N K AEAEREIL Sk . IR EARFIE A0 2 5
O ) 2R WA R (P> 0.05), MW FBLHAGAIEM J1, AR 4.8 mm FHEARE: 4.1 mm B B4 534 23R
e ). Bk, 76 SRRSO T, EAE 4.8 mm FIFER T E & TEH 8 B SR T TR,

KR AR LUERNR, ARIEAR; Von mise NJj; ARG

doi:10.3969/j.issn.1673-8225.2011.52.012

KWETT, WIEEEe, AOCOR, MR, MIKZL EHA. PR EAR MR L SRk LA R (AT B AT [J]. P R AL TR

WIS IRRRES, 2011, 15(52):9742-9745.

0 3l

it

BB A ST TR PR A TG i A AR
TR FA BN, BRI MEATET AR,
HH T RATIRAE NME, HESERIIRE
TovhEIR, R WRE S AP, B
AT W RIS T REBAE ST, $erm T Lanss
SONE IR YL ML, SRR A ) BT . i
AN B 5 FL A 2%~25% ),

T E L2 IR Z R ), B s R
H5RAER L, FAUSERAMN &S, LAt
SRS O ERFR e Mg RNk, JLEN L
B R R R 5 3 AR R B T
2 UV B R A A T AR v A A
BN R ST AR R el D R LI EE R #

[http://www.crter.org  http://cn.zglckf.com]

PR LA 2R H i 1 T8 SCRRER S FfoAE R EL AR
RN 7 (K520 o

IR I PR LK P R ELAR K P RELAR
FESL =AY BR T, DN R AR S N )
BENE L, 43 BT AN [ AR R AR 0 86 6 T AR 1) 5%
i o

1 MREEE

Wit: =4 RIca .

B jE) R i F-2011-0676H Ll k258 il

#534: ANSYS 10.045 FR G/ Bk fFie B 55
EANSYS /A H] .

7‘55%:

ETHMRTESR. fFANSYS 10.07 R o o4t
AT T AL PR P PreprocessorH i v fil e 44 15

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



JETF, S PYFRETE I X Ll F 8l 7 o 7

@ '27:2 crieron

AR LT (WL 1)

Maxillary sinus
mucosa

Implant

b: Geometric model of
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combined with implant

a: Geometric model of implant

Figure 1 Geometric models of implant and maxillary
sinus mucosa were established in the
module before Preprocessor processing
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Figure 2 Effect drawing of maxillary sinus mucosa
and implant models after SHELL63 unit
division
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Table 1 Mechanical properties of materials
Material Elastic modulus Poisson
(MPa) ratio
Titanium implant 1.078x10° 0.35
Maxillary sinus mucosa 58 0.45
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a: Stress distribution after maxillary sinus mucosa was
elevated 1 mm

b: Stress distribution after maxillary sinus mucosa was
elevated 5 mm

Figure 3 Stress distribution of the implant with a
diameter of 4.1 mm after maxillary sinus
mucosa elevation
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b: Stress distribution after
maxillary sinus mucosa was
elevated 5 mm

a: Stress distribution after
maxillary sinus mucosa was
elevated 1 mm

Figure 4 Stress distribution of the implant with a diameter of
4.8 mm after maxillary sinus mucosa elevation
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Table 2 The maximum stress in the center of maxillary sinus
mucosa with different elevating heights (MPa)

Elevating height (mm)

Diameter (mm)

1 2 3 4 5
4.8 12.646 59.565 120.836 196.028 312.600
4.1 15.227 75.829 158.698 272.048 420.523

* 3 ANIFFETH B LS R S Von Mises fi KN 1 {H
Table 3 The maximum stress in the edge of maxillary sinus
mucosa with different elevating heights (MPa)

Elevating height (mm)

Diameter (mm)

2 3 4 5
4.8 8.411 30.266  44.978 55.615 62.937
41 8.989 34564 50.490 61.294 71.623

FH#2, 30T 0L, TCie /e bl S R o b 2 i %,
Von mise s KB JJ A K 53 A7 DX 3k 3 Bl B2 T v B 1) 388
T2 T K
2.3 WA HAAFARIS & LA E LI & K Von mise
JEAMEGYREL RGN, AP AR AR TS |
AR FH I 0 Von misedi KN i (E 2 7 B MR X
(P=0.068), fiy i sE %k il 5 Von misef KN 1 {HA
BEMZR(P=0.019), EH1#24.8 mmFifEAkE4.1 mmFl
AT R BB A S 3 S R AR 0

AR TR R A e PR B AU A AN AL
77k, TARIIREEAE TR TR, B, et
BRI AR, AR e g AL T
AR T A TR AN BETF 5 R RL R OK

9744

B AU X B, PRV, A
TRFARRNFORAE, GG 05 g
FEA B f i SRR, ML R, SEAE,
FAREIG AN, T LR AR, R, |
F 25 0 AL, T LT 2 4 224 oy
B, —RARTHOITE RSN, BAER GBI, H 5
ARSI T AR M35 ) — 2 LR R . i ae
22 EE R m S, RS A, R
PETAR S . PRt 1 BT A2 KL 40 0 A 5 X B A T A 1
W, R P Sh OV 2 FST,  Degidid SRR 14
A, KBEE LRI X R AN I R 3R 5
Rl E LN ) 3 AR IR sE ), e BT RS e 1k 5 A AR B
PRI BEA7 AR I 55 (00 IE AR . Tepper & PUe s iR &
PURIF) E AR B RS B PR R AR, 5 mm B2
PR LL3.75 mm LA ORI 1 45 A iR s, fir
BE N ARLETF AR, 20 SR AR A T LU A5
SRR Sy 434S A B, TR D LA B AL R 2
K, HETMIEHFT .

B = AR R AT SN BB R R, BT
BRI 25 50T 7 1 1 25 2 BT . 5 PR T AT i
J& T I2E M IS, BEXT 2 FIAS R B AR AT 1155
W, IEBEMANNAR . MRS . BERDRLRI ) 2 4y
Wi, RIBSIRAET . RUMT. MOREEZI i) 8 % 3h ) 2%
I B PRORFS N P S R ] 26

76 R PR 24, [ A28 H i A B 0 A
VT R TR, RSN, R, FRRE, SR
FATAENS 212 b e A AR TR AR LA
B FIAARRLE 57 R 28 0 R e DR 20 F
SR — s A TS, e b A A
W) R ST AR . B U B0 Lk
RO SRR I, LR IR D)2, AT EHL
HEREA R T — 2 R AR, sz B A PR G A T
BV BR R A 5L A i, B LA A
B8 7 SR I (0 5 Ty Al DX K e, S TR L
S AR 05 771, ANSY ST T 452 i 2. 56 7T B o
ST DX AT 5 A R %, AT A A £
N353 A e I o SR 2 B 25 B Bl A A
55 A BB Sy A AT, B T B A A
P_E A E T AR

3 T o R o B AR A T A N M A
5N 308, SERAPPASH LR g5 BT s
I, A THT Von miseds: KR 38 o 43 Aii X 114038 7 4
K FKVon mise ¥ ) kA AE LA B F .0, 5 7)\Won
mise N JJ Kk AEAE FASE RN S PR ELAR R RE AR |
BRI OME ) T R S, (RS A
DA DGR A B . LA RBLA SN )
TR b AT S e ) B B BT 7 0 g, 7 LAY
110004

P.O. Box 1200, Shenyang cn.zglckf.com



AIEFF, S PR ECTE R X Ll IS 52 a1 7 T 7 HF

@'27:2 vcrrerong

FARPRE B P EEF BT LN EEH N .
g, HAR 4.8 mmFt R AE4. 1 mmBt RO LA R
HE TH AT SR A A 0, AR T8 L SR VR O
N, A B LA ST TR N

4 Sk

[11  Pommer B, Unger E, Stit6 D, et al. Mechanical properties of the
Schneiderian membrane in vitro. Clin Oral Implants Res. 2009;
20(6):633-637.

[2]  Toffler M. Osteotome-mediated sinus floor elevation: a clinical
report. Int J Oral Maxillofac Implants. 2004;19(2):266-273.

[3] Barone A, Santini S, Sbordone L, et al. A clinical study of the
outcomes and complications associated with maxillary sinus
augmentation. Int J Oral Maxillofac Implants. 2006;21(1):81-85.

[4] Berengo M, Sivolella S, Majzoub Z, et al. Endoscopic evaluation
of the bone-added osteotome sinus floor elevation procedure. Int
J Oral Maxillofac Surg. 2004;33(2):189-194.

[5]  Ferrigno N, Laureti M, Fanali S. Dental implants placement in
conjunction with osteotome sinus floor elevation: a 12-year
life-table analysis from a prospective study on 588 ITI implants.
Clin Oral Implants Res. 2006;17(2):194-205.

[6] Gross MD, Nissan J, Samuel R. Stress distribution around
maxillary implants in anatomic photoelastic models of varying
geometry. Part |. J Prosthet Dent.2001;85(5):442-449.

[71  Gross MD, Nissan J. Stress distribution around maxillary implants
in anatomic photoelastic models of varying geometry. Part II. J
Prosthet Dent. 2001;85(5):450-454.

[8] ZhuZL, Gong P, Jiao XW. Guowai Yixue: Kougiang Yixue Fence.
2004;31(6):467-469.

RN O 1) eI E ) NS il 2 SRS 22 e RN R
[ 41 B ks e 2 534, 2004,31(6):46 7-469

[9] Baccar MN, Laure B, Chabut A, et al. Stability of graft sand
implants after bone grafting of the maxillary sinus. Retrospective
analysis of 44 patients. Rev Stomatol Chir Maxillofac. 2005; 106
(3):153-156.

[10] Degidi M, Daprile G, Piattelli A, et al. Evaluation of factors
influencing resonance frequency analysis values,at insertion
surgery,of implants placed in sinus-augmented and nongrafted
sites. Clin Implant Dent Relat Res. 2007;9(3):144-149.

[11] Draenert GF, Eisenmenger W. A new technique for the
transcrestal sinus floor elevation and alveolar ridge augmentation
with press-fit bone cylinders: a technical note. J Craniomaxillofac
Surg. 2007;35(4-5):201-206.

[12] Browaeys H, Bouvry P, De Bruyn H. A literature review on
biomaterials in sinus augmentation procedures. Clin Implant Dent
Relat Res. 2007;9(3):166-177.

[13] Garofalo GS. Autogenous, allogenetic and xenogenetic grafts for
maxillary sinus elevation: literature review, current status and
prospects. Minerva Stomatol. 2007;56(7-8):373-392.

[14] Hernandez-Alfaro F, Torradeflot MM, Marti C. Prevalence and
management of Schneiderian membrane perforations during
sinus-lift procedures. Clin Oral Implants Res. 2008;19(1):91-98.

[15] Lai HC, Zhang ZY, Wang F, et al. Resonance frequency analysis
of stability on ITI implants with osteotome sinus floor elevation
technique without grafting: a 5-month prospective study.Clinical
Oral Implants Research. 2008;19(5):469-475.

[16] Del Fabbro M, Rosano G, Taschieri S. Implant survival rates after
maxillary sinus augmentation. Eur J Oral Sci. 2008;116(6):
497-506.

[17] Jiang F, Zhang X. Zhongguo Kougiang Zhongzhixue Zazhi. 2010;
15(1):48-50.

ol BRI 1 AU R RE 0 ISR FE[J]. o [ 1 JEs A 2 20,
2010, 15(1):48-50.

[18] Jian B, Song YL, Li DH, et al. Yati Yasui Yazhoubingxue Zazhi.
2008;18(10):552-555.

T, A Mg, Al A5 % SRR E A 1 Al = 4 oA
TR NL[I]. AR 6T S 9i 2 5=,2008,18(10):552-555.

[19] Feng W, Zhou XC, Yan SP, et al. Wuhan Ligong Daxue Xuebao.
2004;26(6):52-55.

A, TR, 7T, A5 P A I S AR A R AT BR TR LS B ].
ECIEE T K 242440, 2004,26(6):52-55.

[20] Tepper G, Haas R, Zechner W, et al. Three-dimensional finite
element analysis of implant stability in the atrophic posterior
maxilla: a mathematical study of the sinus floor augmentation.
Clin Oral Implants Res. 2002;13(6):657-665.

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Stegaroiu R, Watanabe N, Tanaka M, et al. Peri-implant stress
analysis in simulation models with or without trabecular bone
structure. Int J Prosthodont. 2006;19(1):40-42.

LiL, Xue S, Zhang FQ, et al. Kougiang Cailiao Qixie Zazhi. 2003;
12(3):117-120.

2RV AR, KR O, AR TR B R ) = A B CA R R S [U].
s 1 ) B i A4 d:,2003,12(3):117-120.

Lin CL, Chang SH, Chang WJ, et al. Factorial analysis of
variables influencing mechanical characteristics of a single tooth
implant placed in the maxilla using finite element analysis and the
statistics-based Taguchi method. Eur J Oral Sci. 2007;115(5):
408-416.

Zhang RH, Li NN, Zhou YM, et al. Kougiang Yixue Yanijiu. 2006;
22(4):384-386.

KAl 2R 5 I8 R A I A5 LR s 4 T A7) JE 2S04 s b
BT SR T R[], 1 B A9, 2006,22(4): 384-
386.

Okumura N, Stegaroiu R, Kitamura E, et al. Influence of maxillary
cortical bone thickness, implant design and implant diameter on
stress around implants: a three-dimensional finite element
analysis. J Prosthodont Res. 2010;54(3):133-142.

XuYZ, Zhang FQ, Xu Q, et al. Zhongguo Zuzhi GongchengYanijiu
yu Linchuang Kangfu Zazhi. 2008;12(17):3252-3256.

ARG, 5K R AR EK, A AN b AR T A5 TG0 TR L SR
FLFRTEN: F)FIALH S 00 (¥ = A7 IR e A I AR TR S
I K e 52 24 ,2008,12(17):3252-3256

Koca OL, Eskitascioglu G, Usumez A. Three-dimensional
finite-element analysis of functional stresses in different bone
locations produced by implants placed in the maxillary posterior
region of the sinus floor. J Prosthet Dent. 2005;93(1):38-44.
Fanuscu MI, Vu HV, Poncelet B. Implant biomechanics in grafted
sinus: a finite element analysis. J Oral Implantol. 2004;30(2):
59-68.

Zhang L, Gu XM, Wang Y, et al. Zhonghua Zhengxing Waike
Zazhi. 2003;19(3):207-210.

TR BRS¢ 55 IE SN RHR A GUB S A FRIC BT RE g
5N ] g4 R &, 2003,19(3):207-210.

Sun YX, Bao XD, Jiang CT. Shengwu Yixue Gongcheng Yanjiu.
2004;23(3):137-140.

PN B OAR e R VSR S TP AT PR TR R[] A B B 2 T
FER5Y,2004,23(3):137-140.

REARRHESFR—

B8 | K8 EFAFRA L BI(A2009095), R
AL AR BHEX LR ERA R FAA F AR

1EZTat: Xyt AT 23R, FI L Hh Ak,
REIPAE A RAMR, FAKEAEIER, T4, MRAF
AR, LT R T, WRATLFHTIRAR, #&
H5) @A,

FU 78I FE: RHMA G BALT) READK B ERMEF
SRR H B R R) 404 2 F KA A 0948

A XBYFTIE:

RALESE: % Pubmed #4345 % . CHKD #1F)4 L4k
T 2011-10 Z AT L R4 Lk, #% %4274 “sinus floor
elevation, schneiderian membrane” & “frAfik. L E
RAR, RIAPHART B HE X LR ERI AR IR T
EREAA G RET o

AN H7, S HL  SRAR G R LR A FRIT K Y B i ik
s B4R B AR A AR AT AT 5 B, FHARIT AR AR B AR
FEIL R ) 69 %R

9745



