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+ Restore® (Lifecore Biomedical Inc, U.S.A.), Inl
T2 8 Morse taper cone screw B1] 2.5 mm 3
70l zt= ITI® (Institut Straumann AG,
Waldenberg, Switzerland.), In272 1° taper
beveled hex3HI|Z 2.5 mme HEHCE =

Paragon® (Paragon Implant company, U.S.A.),

In372 3719 cam cylinder® 2te™ 55 mm 4%
Zol& 7t Camlog® (Altatec Biotechnologies,
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Table I. List of components used in this study with manufacturer s article number

Group Brand name Fixture Abutment, Abutment screw
Ex1 Restore® PT3813 R9290-40-42 Gold abutment screw
Inl ITI® 043.033s 048.541
In2 Paragon® SVB13 HLA3/3 HLTS2
In3 Camlog® J1032.3813 J2215.3815
In4 Frialit-2° 45-0443 45-2142
2.75mm
. Smm'
0. 7mm| 2mm 2mm
2mm 3.4mm
2mm 5. 5mm|
Ex1 Group In1 Group In2 Group in3 Group ind Group
(RESTORED) an® (PARAGON®) (cAMLOG®) (FRIALIT2®)

Fig. 1. Schematic diagram representing sections studied through five implants.



ALE 0] 43t Electronic torque controller®(Nobel
Biocare, Goteborg, Sweden)E o] &3t 32N - cm
o] EQ AR Ex1¥, In2%, [In3¢, Ind79 24&
A8t & Inlol A= Electronic torque con-
troller® AH&-ol| 31014 =etolwe] mA o] #|ghs =
2 Torque control device rachet (046.049 Institut
Straumann AG, Waldenberg, Switzerland.)&
AREste] At A Al A5 o] &3le] 35
N - cme2 299 (Fig. 2).

2Y SR 108 F 27 28 EQAN - an)E 34
1IN - emollA Hdl 60N - em7}A] AZ 73 Eoa
AlelA1(S.I MODEL 6-BTG-N(S), Tohnichi MFG,
Co., Ltd, Japan) & °]-&3td S35} (Fig. 3).
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27 FY B &4 T A|3% 7 T Cast-3®
(Alphadent, CO., Kor)& ©]&3lo] slet Al 1th 4]
o] 2 IFH Fl7A] 10 mm7} HEE FHS
33 & dAl F2A2 Temp-bond®(Kerr, U.S.A)
2 astd

2} RHE ahF A&

Medical compressive simulator®(Junggwang
machinery Co., Ltd, Korea)& o]&3}] 3o} A1
A9 S 4 mm HolR F= uFd 3
Hz 712 Hd} 200 N9 852 7,4003) 7}3tdch
(Fig. 4).

Fig. 3. Measurement of detorque value.
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Fig. 4. Schematic diagram of cyclic loading appli-
cation.
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2. =4 Yo 2 Z31t

7+ 27) 2 gl th 2427
27] 2989 BRI RZAANE AES 2 A

@e 728 89w, Inl
T(115.77 %)NA 7V ¥& & vehdd Exis
(94.88 %), In4=(97.38 %), In37(105.63 %), In2

Table II. Results of detorque value measurement according to group (unit: N - cm)

Initial detorque value

After repeated value

Group Mean SD Mean SD
Ex1 30.36 0.623 28.40 0.316
Inl 40.52 1.101 36.84 0.921
In2 36.00 0.787 30.32 0.940
In3 33.80 1.020 30.28 1.153
31.16 1.396 25.28 0.576

In4

Table III. Means and standard deviations of ini-

tial tightening rate (unit: %)
Group Mean SD
Ex1 94.88 3.24
Inl 115.77 5.09
In2 112.50 4.51
In3 105.63 4.69
Ind 97.38 5.31
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Fig. 5. The mean values of initial tightening rate
(unit %).



(112.5 %), In17(115.77 %) €A =2 & &
el tH(Table I, Fig. 5).

7y 5 9 7] 2UE€9 One-way ANOVA
testet Turkey s multiple range test®] ¥4 A3}
A, o3 n2a-e] 27] A lls Apol7} viA] &
ko Exli, In3d, Inda 2o} & 52 27 2
&5 VERo] 27) o] o] & ACR e
B (p<0.05). In372 Ex1v3 Ide it} 2 27]
oFg A& JERITHp0.05). 4T ¥} Ex13& 2] 7}
Yehtz] ¢kt (p<0.05) (Table IV, Table V).

A, IndT(79.00 %)olA 7b¢ Wk, Inld
(105.26 %)M 71} %2 & vehdd. Exl#
(88.75 %), In37(94.63 %), In2(94.75 %), Inl
#(105.26 %) €= 2 g& Jehdch(Table V,
Fig. 1.

Z} #5 7] vkE 312 29189 One-way ANO-
VA test®t Turkey s multiple range test®] ¥414d
oM, InlT Exli, In2 In37, Ind+Et} 52

Table IV. Results of one-way ANOVA test for initial tightening rate

Sum of Squares df Mean Square F Sig.
Between Groups 8326.442 4 2081.611 97.313 .0.000
Within Groups 2566.899 120 21.391
Total 10893.341 124

Table V. Results of multiple range test for initial tight-

Table VI. Means and standard deviations of after

ening rate repeated tightening rate (unit: %)

Group Exi Inl In2 In3 In4 Group Mean SD
Ex1 Ex1 88.75 4.23
Inl * Inl 105.26 4.01
In2 * In2 94.75 3.11
In3 * * * In3 94.63 3.55
in4 * * * In4 79.00 5.53

* ! denotes pair of groups significantly different at
the 0.05 level

Group

Fig. 6. The mean values of after repeated tightening

rate (unit : % ).
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Table VIL. Results of one-way ANOVA test for after repeated tightening rate

Sum of Squares df Mean Square - F Sig.
Between Groups. 9230.336 4 2307.584 132.857 0.000
" Within Groups 2084.268 120 17.369
11314.604 124

- Total

Table VIII. Results of multiple range test for after
repeated tightening rate

Group . Exl Inl In2 In3 Ind
Ex1

Inl *

In2 * *

In3 * *

Ind . * * * *

* : denotes pair of groups significantly different at
the 0.05 level

% vehllo] AR HF A
ol o ¥& 3oz UeIGth(p(0.05). In2&¥ I3
< Ex1¥, IndeEio & 335 482 vehlld
(p(0.05). E8 ExI 2 IdTPHT %& HE A
< VRS (p<0.05) (Table VI, Table VII).

o O
Zd&E

B} W3S AW RE 2719 YZWREL Branemark®
Azl a4 R 0.7 mm wol9f ¥ &
Zto] EAshe FUAT " YESES] X35 B
A2 239 71eed el A f-Fo @ ¢
EUE 1P A S AT Ate] AL AL DA
o2 9 Az WRAd T HAoE BRE
o st gee 248, $49,

cone hex, cylinder hex, spline, cam cylinder,

cone SCrew,

88

cam tube, pin/slot S22 A3 A€t ® &4,
ol¢ 71sg S HE uAA Y AUF AR Helj=
ok 20%o|th. 718tEtA Fele WA F e He,
P 1A 9 3 P e Ak AR Qo)
719l F2381t}. Norton52' & AEHE 139} A
5 @2 kol 9)o]A] internal conical interface
7F90° butt joint2t} w31 ds R =& A3
g Al st MEed gde tetta et
Merz5& 3ot B4& B3 A4 §
taper 92 ¥4o] 90° butt joint WA Hr} A
d gloid £, 2 dgf oS FAFez
A 7hesh, YAl Z fe] M8 A7 UL F]lo
t AA ol Aolela Bualgieh. £3 Moller-
sten 52 A= Zol7t 24E ¢ & A
- E 9| conical joint® butt joint2.oF H 34
o] ¥ 3Lt ¥ ATE TUSS ASTE 1
Aot AjFe] WE- A o] AEAQ 0.7 mm
Eol9 9 &zt dA whln vwate] S

A A SAsted 29 E9dd U $Y
Eo= HgE 2%, vlaste] A4 QA geop

v} Zapaolm ofw zte]Ho] QlEA] golir] 93
Alzst gt

AA| A AF-e gt Fol=z <l
gle] ol go] 7] e dgAolzte @A Wl
A ARL APt 74 WollA GETES F
L3 75 el Aol whet oheksiAl B
T3 ek B AP 3tF 20 2E HAL
at% glol 200N9] 3 dF9 27| AHSHA
JZHE A FZo) el 4mm EolFl A
9 N% 2T FS ALIAT. AN wF
o g AT dx2AM Carlssons?2 2F4
RHASA Hd BFES 143 Ne2 B1
o, Bates™t 17k9] A 1o)X Foll4 A
23E-E 300-500 N2 st} Richters™ e

3L
ixF

ny W oo R o



EOE dTdAE a7 2 &7 S HEE
120-150 N9 #2318 & Agdtha B, 3
F9 F7le AA 77 Ule 2% Ado) oo
u, Graf$®o] B & A& 7|22 244 7H5et 7)
THo| 71l & AIZHE 175802 S, A5
71E 122 31t 159 3o A Ul A718 13
st 7,4008] 9] 718 ZA=E 319t g0 7R
© A28 Ame FAF 7BIAE g Az o)
W2 FAHo]7] wio] AobgEel 39 %
< 7RES dRsiden, AFA5 715 F2
7FiAlE et A LU XY & 5o - S
TR S 25L& ASHE F5e] FYA 4
mm YA BHEEZ Azsldan, %A% 7%
go] Mol opd Htf 200 No.& Ajelu}d o] 34
FHgch v 813 A, ¥ 29 Eoa) 938
nAe 84w AT aPA Alole] HE2Zo|,
dZ Fele vpEg, Jake] o], YAlM ] npEH
ol ok B dToA AHeE YFRE nHA, A
W, A AR HE dole o7t zjol& B
°olx giet.

Z4ze] JETE uH A 9 AuFe HE ol
olA Ex1722 0.7 mm, In1#& 2.75 mm, In2F
< 25 mm, 37 5.5 mm, Ind®S 34 mmE 7}
R}, vpA1e] dolofl 9lojA Ex1#€ 2.5 mm, Inl
T2 2 mm, In282 2 mm, In37< 2 mm, Ind+
< 2 mmE 7FIt. Sutters™ & 8 Morse taper
cone® 2 mm VAHE ZHe ITI® IS SBEA A3
5 3453ty 389 U3 3]
oA Ao 3 F4E B SFEAHE 2,
WAL 2E WA, 20 Y £330} 19
LAHT 10~15%°)/dolH, e 315 Fo Y
E9at 29 E03 Ho) 2hsd Rerin 89
=3

£ AYIME nlFe 27 2YL9 ¥ g%
ZYd&ol M A Jeged, 489 dAne
Sutters™9] Baet dx|ste] 27] <A 2 HF
A M w& Aoz Yehdd. Binons®
2 I"AANEE 23 459 beveled hexd el <)
Paragon® YE@EAM AZHE nH A9 AhF
9] 45° bevelel F &3t WA S e, A

89

el 0° Y& Husel 2L o213 Binon
579 a9} o] A7 Awo] FE3 24 wHo
7 A& o8 £ EQAr} 9&d FEo) ot
OE IF B 7] 2489 ¥HE 315 298]
=4 Jehd Aoz Bt In32E2 3709 cam
cylinder& 7 a 1o HEAol7l Ex12#
Indieh 47] o 27 2d&3} v g3
2980 F7AT D A4EY, o]AL o=
=9 FFAole 27l s wWE YAl YL
dw & ¢ dctn JAE ndve ExlT 2o}
HEZLoY 717t o= BFdln, Wi a5
Z9EL o Fadded, JRe 943

PN
1o
i)
Jp
o
fu
s
=
>
o

jrich
on‘.
N
o
ne

7R 9T, AR 28 FRE gl

HHE 5t g0l o EA veiktin 4749
8 B30 9%2 WA E 847} 3F5Zo] &
LHAE Zolgte 2 A s = Aol ohry] wd =
0E 242 e Ad ¢ B3 43 58 1
Bafjob et 0B BE o lojA] B T EY
Eoavt skF A EY EoANT 74 © AL
E 5 5len, JEHE 2P A)F d4F I
o st s vk 288 A 8 e gl
€ AoE HoA g, AFL F2ANE ROE 4
ERai=

YN0 2 S AHEShe dERE gloiA
W 29 @4 geaA WA e dsy B
A7e AnoA 2 uls} 2ol HFE FEH ALY
BRZ ATIE HAAL AEE AT o] Has
Hol WA AeiAle E8HE Jas AA £

=
Walel] ZA 7]d & ZAow Holy
FHe] wpdAFE PP E TEAA 3 B
drid o aEd

Belet A= & A
of A 29 £Abe AAT RE FRE)
d Eede AT EXE ol T2 EF v 3
£ gk MEES XE At AaA @
o BRIt e B feket JE s 1A o AdF
dZFE ] P e v A7t 2EF
a7t dEol & WA Jao] drpy JEUE X



v.24 E

Al J/dollA AL 1 91 external hex, cone
screw, beveled hex, cam cylinder, cylinder hex T
219 57 YEHE A28 S AlSsH], A4 zﬂ‘iﬂ
9] xjolo] WE 7] 2ALT WE 32 2ALES
vl wate] g3 22 A7E Al
1. 27] 48 UYehfle 27] 24&2

screwi 2} beveled hexito] 7F4 & 748 Vet

wWor, external hexw# cylinder hexw o] 7}4

e S JERTH(pC0.05).
2. 345 AR ‘)rE}lH“ HHE gt 2

cylinder hexi“] 7?%‘ s
(p<0.05).
3. Cone screww< 27| ¢4 2 FHF <A

1014 712 A YERETH(p(0.05).

4. BE oA W g3e) o & 7
it
149 AT B v JBAE 3RA 9} Achxe

A7 e Aol YBVE Al2mle g4l o

F2 AL, o dobrl A71H dFdE dFS
s ﬂgi RZrEe)

1. Branemark PI. Osseointegration and its ex-
perimental background. J Prosthet Dent
1983:50:399-410.

2. Adell R, Eriksson B, Lekholm U,
Branemark PI, Jemt T. Long-term follow
-up study of osseointegrated implants in
the treatment of totally edentulous jaws.
Int J Oral Maxillofac Implants 1990:5(4):
347-59.

3. Sullivan DY. Prosthetic considerations
for the utilization of osseo-integrated fix-
tures in the partially edentulous arch.
Int J Oral Maxillofac Implants 1986;
1(1):39-45.

4. Henry PJ, Laney WR, Jemt T, Harris

90

10.

11.

12.

13.

D, Krogh PH, Polizzi G, Zarb GA,
Herrmann I. Osseointegrated implants
for single-tooth replacement: a prospective
5-year multicenter study. Int J Oral
Maxillofac Implants 1996 Jul-Aug: 11
(4):450-5.

Goodacre CJ, Kan JY, Rungcharassaeng
K. Clinical complications of osseointe-
grated implants. J Prosthet Dent 1999
May:81(5): 537-52.

. Tolman DE, Laney WR. Tissue-integrat-

ed prosthesis complications. Int J Oral
Maxillofac Implants 1992 Winter;7(4):477-
84.

Carlson B, Carlsson GE. Prosthodontic com-
plications in osseointegrated dental implant
treatment. Int J Oral Maxillofac Implants.
1994 Jan-Feb: 9(1):90-4.

Taylor TD. Prosthodontic problems and lim-
itations associated with osseointegration.
J Prosthet Dent 1998 Jan:79(1):74-8.
Binon PP. The external hexagonal inter-
face and screw-joint stability: A primer on
threaded fasteners in implant dentistry.
QDT 2000;23:91-104.

Sakaguchi RL, Borgersen SE. Nonlinear
contact analysis of preload in dental implant
screws. Int J Oral Maxillofac Implants
1995 May-Jun:10(3):295-302.

Jorneus L, Jemt T, Carlsson L. Loads and
designs of screw joints for single crowns
supported by osseointegrated implants. Int
J Oral Maxillofac Implants 1992:7:353
-9.

McGlumphy EA, Mendel DA, Holloway JA.
Implant screw mechanics. Dent Clin North
Am 1998 Jan;42(1):71-89.

Burguete RL, Johns RB, King T,
Patterson EA. Tightening characteri-
stics for screwed joints in osseointe-
grated dental implants. J Prosthet Dent



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1994 Jun:71(6):592-9.

Bickford JH. An introduction to the design
and behavior of bolted joints. New York:
Marcel Dekker: 1981. p. 247-64.9.
Cibirka RM, Nelson SK, Lang BR,
Rueggeberg FA. Examination of the im-
plant-abutment interface after fatigue
testing. J Prosthet Dent 2001 Mar;
85(3):268-75.

Faulkner MG, Wolfaardt JF, Chan A.
Measuring abutment/implant joint in-
tegrity with the Periotest instrument. Int
J Oral Maxillofac Implant 1999 Sep-
Oct:14(5):681-8.

Haack JE, Sakaguchi RL, Sun T, Coffey JP.
Elongation and preload stress in dental im-
plant abutment screws. Int J Oral Maxillofac
Implants 1995:;10:529-36.

Gratton DG, Aquilino SA, Stanford CM.
Micromotion and dynamic fatigue properties
of the dental implant-abutment inter-
face. J Prosthet Dent 2001 Jan:85(1):47-
52.

Gross M, Abramovich I, Weiss EI.
Microleakage at the abutment-implant
interface of osseointegrated implants: a
comparative study. Int J Oral Maxillofac
Implants 1999 Jan-Feb;14(1):94-100.
Binon PP, Sutter F, Beaty K, Brunski J,
Gulbransen H, Weiner R. The role of
screws in implant systems. Int J Oral
Maxillofac Implants 1994;9:48-63.
Sutter F, Weber HP, Sorensen J, Belser U.
The new restorative concept of the ITI den-
tal implant system: design and engineer-
ing. Int J Periodont Rest Dent 1993:13:409-
31.

Binon PP. The evolution and evaluation of
two interference-fit implant interfaces.
Postgraduate dentistry 1996:3(1):17-21.
Hoda Aboyoussef, Saul Weiner, David

91

24.

25.

26.

27.

28.

29.

30.

31.

Ehrenberg, Effect of an antiro-tation re-
sistance form on screw loosening for sin-
gle implant-supported crowns. J Prosthet
Dent 2000:83:450-5.

Lang LA, May KB, Wang RF. The effect of
the use of a counter torque device on the
abutment-implant complex. J Prosthet
Dent 1999 Apr:81(4):411-7.

Martin WC, Woody RD, Miller BH, Miller
AW. Implant abutment screw rotations and
preloads for four different screw materials
and surfaces. J Prosthet Dent 2001 Jul:
86(1):24-32.

Korioth TW, Cardoso AC, Versluis A.
Effect of washers on reverse torque
displacement of dental implant gold re-
taining screws. J Prosthet Dent 1999
Sep:82(3):312-6.

English CE. Externally hexed implants,
abutments, and transfer devices : a com-
prehensive overview. Implant Dent 1992
Winter:;1(4): 273-82.

Binon PP. Implants and components: en-
tering the new millennium. Int J Oral
Maxillofac Implants 2000 Jan-Feb;
15(1):76-94.

Norton MR. An in vitro evaluation of the
strength of an internal conical interface
compared to a butt joint interface in im-
plant design. Clin Oral Implants Res
1997 Aug;8(4):290-8.

Merz BR. Hunenbart S, Belser UC.
Mechanics of the implant-abutment con-
nection: an 8-degree taper compared to
a butt joint connection. Int J Oral
Maxillofac Implants 2000 Jul-Aug: 15(4):
519-26.

Mollersten L., Lockowandt P, Linden LA.
Comparison of strength and failure mode

of seven implant systems: an in vitro
test. J Prosthet Dent 1997 Dec:78(6):582-



91. ‘ ature. III. Masticatory perfomance and ef-

32. Carlsson GE, Haraldson T. Funtional re- ficiency. J Oral Rehabil 1976:3:57-62.
sponse in tissue-integrated prosthesis, 34. Richter EJ. In vivo vertical forces on im-
4th ed .Quintenssence Publ, co, 1986:74~ plants.Int J Oral Maxillofac Implants.
8. . : 1995 Jan-Feb;10(1):99-108.

33. Bates JF, Stafford GD, Harrison A. 35. Graf H. Bruxism. Dent Clin North Am. 1969
Masticatory funtion-a review of the liter- Jul;13(3):659-65.

Reprint request to:

Mong-Sook Vang, D.D.S., Ph.D.

Department of Prosthodontics, College of Dentistry, Chonnam National University
8, Hak-1-Dong, Dong-Ku, Gwangju, 501-757, Korea

pros@altair.chonnam.ac.kr

92



ABSTRACT

A VITRO STUDY OF RETAINED SCREW STABILITY BY VARIOUS
CONNECTION DESIGNS BETWEEN FIXTURE AND
ABUTMENT IN IMPLANT DENTISTRY

Jae-Sik Yang, D.D.S., Mong-Sook Vang, D.D.S., Ph.D., Gyu-Jong Jo, D.D.S., Ph.D.

Department of Prosthodontics, College of Dentistry, Chonnam National University

Statement of problem : Since the concept of osseointegrated dental implant by Bra-
nemark et al was first applied to mandibular full edentulous patients. Recently it is considerated
the first treatment option on missing teeth. A common problem associated with dental implant
restorations is loosening of screws that retain the prosthesis to the abutment and the abutment
to the implant fixture.
Purpose : This study is to examine the influence on screw loosening of implant-abutment designs.
Material and methods : External hex, cone screw, beveled hex, cam cylinder, cylinder hex
by means of evaluating the loosening torques, with respect to a range of tightening torques after
repeated loading.
Result :
1. Cone screw, beveled hex groups are the highest initial tightening rate and cylinder hex, exter-
nal hex groups are the lowest initial tightening rate(p < 0.05).

2. Cone screw groups are the highest after repeated loading tightening rate and cylinder hex groups
are lowest after repeated loading tightening rate(p € 0.05).

3. Cone screw groups have the highest initial stability and final stability.

4. All groups are decreased tightening rate after repeated loading.
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