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Finite element analysis of the effect of novel Lock Screw system

preventing abutment screw loosening

Eun Sub Im, Jong Eun Kim, Jee Hwan Kim, Young Bum Park*
Department of Prosthodontics, College of Dentistry, Yonsei University, Seoul, Republic of Korea

Purpose: The purpose of this finite element analysis study is to introduce the novel Lock screw system and analyze its mechanical

property to see if it can prevent abutment screw loosening. Materials and Methods: The Lock screw is a component tightened on
the inside of the implant abutment which applies compressive force to the abutment screw head. To investigate the effect, modeling
was done using CAD program and it was analyzed by finite element analysis under various load conditions. First, the preload was
measured according to the tightening torque of the abutment screw then it was compared with the theoretical value to verify the
analytical model. The validated analytical model was then divided into those with no external load and those with 178 N, and the
tightening torque of the lock screw was changed to 10, 20, 30 Ncm respectively to examine the property of stress distribution on
the implant components. Results: Using Lock screw under various loading conditions did not produce equivalent stresses beyond
the yield strength of the implant components. In addition, the axial load was increased at the abutment-abutment screw interface.
Conclusion: The use of Lock screw does not exert excessive stress on the implant components and may increase the frictional force
between the abutment-abutment screw interface, thus it is considered to prevent loosening of the abutment screw. (J Dent Rehabil

Appl Sci 2019;35(3):132-42)
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Finite element analysis of the effect of novel Lock Screw system preventing abutment screw loosening
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Ao A= internal conical connection FE|S 7}
A= YESHE A|AH|(Superline, Dentium, Seoul, Ko-
rea)d] JE|E TARE oMo Q3 FES CAD =
2 (CATIA student V5-6R2018, Dassault, Vélizy-
Villacoublay, France)= AR&5Fo] 4~751o] AA|51%ch
AAZE JAETE S YAkl Fig 12} 2o, 17gA|et
A, A YA 5 71 ASTES] FEHE
sto] AAIBEE O, Al TSt U Lock screwE A
As}7] Sfsll HPAIA A LFA| (Fig. 1A)= Al
ZALY] Al At ZF 4.5 mm, 40] 10 mm, U]
F0 2 AU et thpe B 1159 AARE 7HA]
© 9FY AHE THRIEE AASEAL, 9F YA
reverse buttress JEZ 0.9 mm pitchE 7FX| == 5151
o} A3 (Fig. 1B)& AZEALIA AZHe FElE AR
AABIR o, F7H 02 Hol| LpAEE Aok,
Lock screw’} AAE 4 QA skt K| L]'A]'(Fig
10)+= HA 2ol 10mm, &4 A7 2 mm, F5F &7 2.6
mm, & 0.4 mmQl M2 UALS 7]uto 2 &5t
Lock screw (Fig. 1D)= 274 3 mm %°] 2 mm 37]¢}
0.5 mm IX| 5 7}K]+= M3 EFUAM(headless screw) 2

rr o

Fig. 1. Components of implant and Lock screw. (A)
Fixture, (B) Abutment, (C) Abutment screw, (D) Lock
screw, (E), (F) Finite element model.
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R 7)€ 98 st £0] 27 mm, % 9 mm, Y
8] 20 mme] et RS ARG T TR 1
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St s8] g E B e ®
B9 POIAT, 7ol A

43R A5AL ANSYS Workbench 17.0 (ANSYS
Inc., Canonsburg, USA)& AR5} AHE T+ T
Z 0|20 =g, A HA| A= {3l sdA nd
o] AFolaL, 7 WA D= Lock screw A2 Al A4S

I A, 7<1EH"

adiHe = 741 = ﬂ Hlw st} A5 LA

Table 1. Properties of materials

X, 95 5}F ohofA] ol SEHEILE THK|=A] AT
Eom}

} E PN 229,1157H, A 360752707 FAEY
o} HAE S5 A 250 AR 9l Q A9 4= Table 2

off YR Tt

~ 5[- OI OIEI-I 7:”A|-

RE|F Lpake] 2ol ofsl WAste WstEe) olen]
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et

P HeTe
Tow = Fo ( )
P 2n+cosﬂ+unr”
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=30} A|hZE7} Tt Aol nhAS
A Sl A S 5 AR E Seh

Table 2. Number of elements and nodes

Geometry Elements Nodes
Cortical bone 10,825 20,890
Cancellous bone 24,135 39,113
Fixture 82,478 123,486
Abutment 40,696 63,776
Abutment screw 58,289 89,869
Lock screw 9,160 18,087
Total 225,583 355,221

Size Materials Poisson’s ratio  Young’s modulus Yield strength
Cortical bone - - 0.3 13.7 GPa -
Cancellous bone - - 0.3 1.37 GPa -
Fixture @D 4.5 X L10 mm Titanium grade 4 0.34 105 GPa 483 MPa
Abutment ® 5.5 X H5.5mm o
Abutment screw M2.0 X 0.4P &}fggﬁ&aﬁ%} 0342 113 GPa 795 MPa
Lock screw M3.0 x 0.5P
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23} YA $HT 292 7ok bonded &
7e 4% o]-Oﬂjl Z9] YA BH2 fixed support® A
& He7 SASHA] R=F skt
ot Fe=al P dojuA|
O rough £AL AHE ST A LA et 7]
oSl REAT, AE LA 1A BEAT, Lock
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2 AT, R A7 HLslel 2YER e o
B BEE SOl B o = 048 AL BRI

_15‘1

Lock screw -
Abutment
interface
(frictional, p = 0.4) Abutment -
Abutment screw -
interface
(frictional, u = 0.4)
Fixture -
Abutment
interface
(rough)

Abutment screw

- fixture
interface i
o Fixture - bone
(frictional, p = 0.4) interface

(oonded)

Fig. 2. Boundary condition.
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Table 3. Preload values calculated by theoretical formula and measured from FEA

. . Theoretical formula Fixture-Abutment interface Abutment-Abutment screw interface
Friction coefficient
N) N) N)
0.2 594.51 587.14 587.14
0.3 413.75 405.57 405.57
0.4 317.28 303.77 303.77

Table 4. Axial load according to different tightening torque of Lock screw

. . Abutment-Abutment screw Fixture-Abutment
Tightening torque of Lock screw interface (N) interface (N)
No Lock screw (preload) 303.77 303.77
10 Ncm 377.10 294.29
No external load
20 Ncm 450.74 284.84
30 Ncm 525.74 275.26
No Lock screw 286.80 440.95
10 Ncm 393.54 427.08
Under external load
20 Ncm 467.58 417.54
30 Ncm 542.85 408.65
10 Nem, 20 Nem, 30 Nem @ 2 Z7}sto] uhe} 377.10 N, 07 Z7)5= 7oA 287.20 N, 393.54 N, 467.58 N,
450.74 N, 525.74 NO. 2 Z7}5}= 745k B9k 1 AA- 542.85 NO. 2 Z7}sl= ZA%kS B9t X|gF-A|dF
AehE AR FE SEE £ATA] B4l LA AL o 5L HesH 29K % 7
w2} 294.29 N, 284.84 N, 275.26 NO. 2 Z}A8}% 01, 0] 2.0 vl&] Z9ek 5l%0] ZA5HP A, Lock screw A2
Sl HUF oE REE T o] MO Uehgith Aol FelEE Rolw Aol ulsh F9% s3] 57
QEVES] 220 Lock screwe] ZATRAS]  Si5ie. DBAKF ARG B9 S150] 2L
2 oyledy B2y 4 Fu 571289 9x|E Fig. 4A A2 44091 N, 427.08 N, 417.54 N, 408.65 NO.2 7+
- 4Do] Ve T, o] ufo] &t S71S-3 ZHS Table 5 A5kQle} oj#fg Fe s £ EF Fig 30| HACE

o] et ict Ao A= Lock screw?] ZYU3|HH BESRE [elul
F7tol ket 2] /bS] BABGR L GRE R ASHE LT 9 515 stolAl AR Lhate] Ay

A LI LAOIS, N AR ) 5 ol 7 el e AR AN L AR 4
hgeo] 7H519m, 1 ARl AlTiE UAkeh Bk 8 BEE Fig 59 2k AL EW Holsigle ol
ARolgick. AR UAPIME 2 57bg8e] B7kk = Awol WAISHE 44 S0 Fig. 549 2ol B4
G, 7 SIRIE AF AP RIS et Aol d BOR UBE RIS HOKW 9N 85E 715
ok BE PHRLON FEAEE WolME 57488 © Fig 5Bot ol 310 vy el L EFo|A B
& wragek] kgt 5o G| gtk A2 2 4 9tk Lock screw
Lock screw A2 ¥ 9% 315 A8 A UFAIFE & AZsh A9 Fg 5 5D, SE)0lE HehET Rof3)
Ak AT SR AR ARGl Y% BES W AR AARoR ¢ 2 gFEel st
Table 4] ANSGTE 9% 55 S M43 A% 9135 515 BholA Lock serews] ZQ2He] w2 o
AR LA ARIHS) S S FE Lockserew U 24a%0) 5789 B2 9 A $748)
7 gt 299k BUBHEO] 10 Nem, 20 Nom, 30 Nem 9112 Fig. 4E - 4Go] UG, 2v) 57488 ke
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- @@=« Fixture-Abutment interface (N), under external load

No Lock screw 10 Nem 20 Nem 30 Nem
Fig. 3. Axial load according to different tightening torque of Lock screw.
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Table 5014 Uit #4984 B2 3o 57169

No Lock screw 10 Nem 20 Nem 30 Nem 9’] '705?:}34' -1 '?47-(]%‘ }\E]-ﬁ:]itﬁ_ :117%] i‘“"ﬂﬁ% Lock screw

o] molg]lda = st E71edo] 7ZFAE 1

Fig. 4. von Mises stress distribution according to 9 =UHE S7tol uhet A} S7HSH Ol A AR
tightening torque of Lock screw. (A - D) No external load, 3 Rl= A i R YAl it AdiFoM & Z]

(E- H) Under external load. o S7F28o] Lock screw?} g 799} 10 Nem, 20
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Table 5. Maximum von Mises stress according to different tightening torque of Lock screw

Tightening torque of Fixture Abutment Abutment screw Lock screw

Lock screw (MPa) (MPa) (MPa) (MPa)

No Lock screw 555.85 295.60 278.48

10 Ncm 539.33 342.61 283.57 66.26
No external load

20 Ncm 522.90 391.77 321.07 131.70

30 Ncm 506.35 443,79 386.49 324.06

No Lock screw 556.31 557.40 316.11 -

10 Ncm 528.03 537.70 337.96 139.26
Under external load

20 Ncm 511.74 526.54 351.48 192.55

30 Ncm 495.29 553.84 394.77 426.58
TRt} 30 NemoA= Fo] 57123 0] 553.84 NO £ Z}Z} 10 Nem, 20 Nem, 30 Nem, 40 Nem©. 2 A2
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