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Fig. 1. Sectional views of implant-abutment assemblies showing
interface and attached abutment.
A:USII(Butt) B:SSII(8") C:GSII(11°)
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B 9 Lo]| A &= external butt joint B} S 7}X] = UST 1L
A (BF410, Osstem Co. Ltd., Seoul, Korea) 9} 8° internal
cone A2 & e 2] SS II (SS2R2811, Osstem Co. Ltd., Seoul,
Korea) 2 11° internal cone 9123 € 2] GS I (GS2R4011,
Osstem Co. Ltd., Seoul, Korea) 1174 #| = AF-&-3}31 T} At
T Al2E HZ AWE {29 At 2] Cemented
abutment (CAR515, Osstem Co. Ltd., Seoul, Korea), ComOcta
abutment (SSCA484, Osstem Co. Ltd., Seoul, Korea) 2
Transfer abutment (GSTA5610, Osstem Co. Ltd., Seoul,
Korea)E A8} 01, At 5= YAl= 7 A 2:519] E|
Bl e (Ti-0Al4Va) AL S AHE-SHI T (Fig. 1) (Table

397



E8AIzl0] YBASRICKT LA 0i2o] Bl ol 5

Table 1. Features of implant abutment systems

Implant system Implant @ mm Implant/abutment interface Abutment Abutment Screw
USTI 4.0 mm External butt joint Cemented Ti-6Al-4Va
SS 11 4.1 mm 8° Morse taper (internal octagon) ComOcta Ti-6Al-4Va
GSII 4.0 mm 11° Morse taper (internal hexagon) Transfer Ti-6Al-4Va

Fig. 2. Assembly of removal torque value measurement
apparatus.

corp, Hicksville, NY, USA)E ©]-&-5to] 2 X[t 5= LAl
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PEEEE S EEEES
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Fig. 3. Schematic diagram of testing condition.

F8 A9ste] AHeagn Bhe e
aeol] S Ak 712 e Aeo] WrAEl S 2
@ o] 959 2Hdlels 29 BERE B
4 methyl methacrylate & 21 4] Y A] 5 24| (Premier
Implant Cement, Premier Dental Product Company, Plymouth,
USA)= g2het &, 3ol Hf 250N, 42 10N, F7]
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USA)E AHg-ste] L2 HEA] (one-way ANOVA)S 4
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Fig. 4. Cyclic loading system.

Table II. Mean values = SDs of removal torque (Ncm)

2} A Z E A] AE o] A zo1§] A&l A7) e x
7] %agx Hi ol & Y A HdE @k
JJr HAA}= Table 19} 231, 01% ig. 50l YERA AT
P i S
V) Al Al =8 25 29l 3]0 ef 277t srhdaes 2
7 Rk (P< 05),

ZtolZHE /\]/\Eﬂoﬂ/q Zola A Ay & %
7] 349 JAET 5l & EHIHY B
7k FEH A= Table VO 231, 0] 2 Fig. 691 VE}
ibei=s

Z} A 2" o A] 23| Ao 2 27 2P AE A

F-2 SSIA| 2o A= 24 Eoll §-2]3 Zbo] 71 9131
guﬂ (P> .05), US I A] 2Bl o A &= 20 Nem2] %9] 3] 45
o] 4] 30 Nem} 40 Nemol] H] &l 4 Eo] 3=9ka1 (P<.05),
30 Nem¥} 40 Nem 7hol| &= 69 XV} AATEH (P> .05),
(Table VI). GS II A| ~8lo]| A &= 40 Neme] 23] 2 o
H]3] 20 Nemel|A] -4 Eo] 7] UEhsom (P<.05),20

Nem} 30 Nem, 30 Nem#} 40 Nem 7Hll = 2] 2H7F 9121
o} (P> .05).
To] 2013 A Y sfol| A A| 2BI7F 27] s A A

A 5220 Neme] 23] H & ol A =SS A 4El o] USTI
9} GS I A| 2~Hlo]] H]3] wrgkom (P < .05), 30 Neme] &
]3] A 2 of| A = US 119} SS 11 A| ~Ello] GS II A] <8l K T}
ka1 (P <.05), 40 Neme] 23] A Hol|A= USILA| A~

Implant system Tightening torque (Ncm) Initial* Postload**
usn 20 152 +0.8 11.0 £ 09

30 25.6 £ 0.6 209 + 0.3

40 355+ 0.6 26.6 £ 1.0

SS1II 20 16.8 + 0.8 127 £ 0.8

30 255+ 05 242 £ 0.5

40 33.8 + 1.0 274 £ 12

GSII 20 153 £ 0.7 1.7 £ 0.7

30 239+ 04 205 £ 1.1

40 33.1 09 264 + 0.7

*Removal torque values before loading.
**Removal torque values after loading.
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Fig. 5. Comparison of mean removal torque values in each implant system. A, before cyclic loading; B, after cyclic loading.

Table III. Results of one-way ANOVA test and Sheffe’ s test for initial removal torque values (Ncm) in each system

Implant system Tightening torque (Ncm) Mean + SD Scheffe’ s test F P

uslI 20 152 £ 0.8 A 1187.187 .000*
30 25.6 £ 0.6 B
40 355 £ 0.6 C

SS 11 20 16.8 + 0.8 A 533.571 .000*
30 255+ 05 B
40 33.8 £ 1.0 C

GSII 20 153 £ 0.7 A 842.003 .000*
30 239+ 04 B
40 33.1 £ 0.9 C

* P<.001.

Same letters in each system indicate values that were not statistically different (P > .05).

Table IV. Results of one-way ANOVA test and Sheffe’ s test for postload removal torque values (Nem) in each tightening torque

Implant system Tightening torque (Ncm) Mean + SD Scheffe’ s test F P

uslI 20 11.0 £ 0.9 A 499.662 .000*
30 209 + 0.3 B
40 26.6 £ 1.0 C

SS1II 20 127 £ 0.8 A 382.31 .000*
30 242 + 05 B
40 274 +12 C

GS1II 20 1.7 £ 0.7 A 381.497 .000*
30 205 + 1.1 B
40 264 +0.7 C

* P<.001.

Same letters in each system indicate values that were not statistically different (P > .05).
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Table V. Mean rates = SDs of removal torque loss (%)

Implant Tightening Percentage of initial Percentage of postload
system torque (Ncm) removal torque loss* removal torque loss**
us 11 20 24.1 £ 3.9 27.6 £2.5
30 148 £ 1.9 183 £ 1.6
40 112 £ 1.6 250 £ 3.5
SS1I 20 162 + 42 241 +£2.7
30 151 + 1.8 48 + 1.1
40 155 +2.6 18.8 4.2
GS1I 20 235 +35 235 +23
30 205 +£ 1.2 143 £ 3.5
40 172 £ 22 200 £ 1.5
* (Tightening torque value-initial removal torque value)/tightening torque value X 100.
** (Initial removal torque value-postload removal torque value)/initial torque value X 100.
.

A

B

Fig. 6. Comparison of mean removal torque loss in each implant system. A, before cyclic loading; B, after cyclic loading.

Table VL. Results of one-way ANOVA test and Sheffe’ s test for initial removal torque loss (%) in each system

Implant system Tightening torque (Ncm) Mean + SD Scheffe’ s test F P

usn 20 241 +39 B
30 148 + 19 A 31.659 .000%*
40 112 + 1.6 A

SSII 20 162 + 42 A
30 15.1 + 1.8 A 0.157 0.857
40 155+ 2.6 A

GSII 20 235+ 35 B
30 205+ 1.2 AB 7.988 .006*
40 172 +22 A

*P<.01, **P<.001.

Same letters in each system indicate values that were not statistically different (P > .05).
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Table VIL Results of one-way ANOVA test and Sheffe’ s test for initial removal torque loss (%) in each tightening torque value

Tightening torque (Ncm) Implant system Mean + SD Scheffe s test F P

20 uslI 241 +£39 B 6.466 012*
SS 11 162 +42 A
GS1II 235 £35 B

30 uslI 148 £ 1.9 A 18.829 .000***
SS 11 151 £ 1.8 A
GS1II 205 £1.2 B

40 uslI 112 £ 1.6 A 10.297 .002%*
SS 11 155 £2.6 B
GS I 172 £22 B

* P<.05,*%* P<.01, ¥** P<.001.
Same letters in each tightening torque value indicate values that were not statistically different (P > .05).

Table VIII. Results of one-way ANOVA test and Sheffe’ s test for postload removal torque loss (%) in each system

Tightening torque (Ncm) Implant system Mean + SD Scheffe s test F P
Uus 1l 20 27.6 £2.5 B 16.943 .000*
30 183 £ 1.6 A
40 250 £35 B
Ss 11 20 241 2.7 C 57.942 .000*
30 48 £ 1.1 A
40 18.8 =42 B
GS1II 20 235 +23 B 16.942 .000*
30 143 £ 3.5 A
40 20.0 £ 1.5 B
*P <.001.

Same letters in each system indicate values that were not statistically different (P > .05).

Table IX. Results of one-way ANOVA test and Sheffe’ s test for postload removal torque loss (%) in each tightening torque

Tightening torque (Ncm) Implant system Mean + SD Scheffe s test F P

20 USTI 27.6 £ 2.5 A 3912 .049%
SSII 241 +£2.7 A
GS1I 235 +23 A

30 USII 183 + 1.6 B 45978 .000%*
SS1I 48 = 1.1 A
GS1I 143 £ 3.5 B

40 USII 250 £ 3.5 B 5.203 .024*
SS1II 18.8 4.2 A
GS1I 200 £ 1.5 AB

* P <.05,*%* P<.001.
Same letters in each tightening value indicate values that were not statistically different (P > .05).
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Fig. 7. Relation of initial removal torque values to post-
load removal torque loss.

glo] SS ¢} GS I A| A~ Bt} W7 WEfRkTt (P < .05)
(Table VII).

7} Al 2-Ello| A 290 3] H ol & o5 & L‘E‘ﬁﬂaﬂ
FAEE A A 2=E E%:r 30 Nem®] 29133025 71l
= W A Eo] 7P WA YT (P < .05) (Table VIII).
US 19} GS 1T A] ~El o] A= 20 Nem @} 40 Nem 7+e] AHA
Eoll 727t g ot (P> 05), SS T A 2Hl ol A = 20
Nemof| 4] 40 Nemel] H] & “34 Eo] =7 Yebsit) (P <

£ 291878 stol| 4] A| 287t 815 F £ 8|
2 | 2ol A] 20 Nem®] 2] 3] g of| A = Al Al 2=
Bl 7F A2 Fof| 92 2171 919 oL (P> 05), 30 Nem2} 40
Nemol| 4= SS 1T A) 4Bl o] UST A] A&l o) ]3] AFd 8o
AT (P <.05) (Table IX).
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Fig. 8. Joint diagram for the gold screw and the compo-
nents it clamps together.”
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AA YA Z ol Ul gt A& & :
3|48 STt M EHIAY G E AAae g 7]
aglo] & 4 9k

gl 29802 Z7lo) mE TP A A E 3
2> intemal cone 372 & Bl ©] GS 119} SS IT A| 2~ o H] 5}
o] external butt joint 912 & e} Q1 US I A] A~Eof| A T] & A
SHAl EFSETH (Table VII). kel A 158 241 71 external
butt joint 12 FEQ1 US I A ~Flof| A = Z9] 3] H 2 o
FEUAR] 2S5 dEH o7 Mgy = vk,
A 290 A Athe] 544 Aeh7} dojih internal
cone 2B ] GS 12} SS T A] A8l of| 4] &= external butt
joint AA G e ol Bl 24 3] 7bo] Ax| 31 k5 o] 2}
A T meb 2918429 7] Wk iabe)
A7 & G5 of 1] 2] = g FF-2 internal cone 912 FE) B
t} external butt joint 172 & e} o] A] ©] Aty F28) & 5
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ORIGINAL ARTICLE

Influence of Tightening Torque on Implant-Abutment

Screw Joint Stability

Hyon-Mo Shin, DDS, MSD, Chang-Mo Jeong, DDS, MSD, PhD,

Yonung-Chan Jeon, DDS, MSD, PhD, Mi-Jeong Yun, DDS, MSD, Ji-Hoon Yoon*
Department of Dentistry, Graduate School, Pusan National University,
*Osstem Implant Research Center

Statement of problem: Within the elastic limit of the screw, the greater the preload, the tighter and more secure the screw joint. However,
additional tensile forces can incur plastic deformation of the abutment screw when functional loads are superimposed on preload stresses,
and they can elicit the loosening or fracture of the abutment screw. Therefore, it is necessary to find the optimum preload that will maximize
fatigue life and simultaneously offer a reasonable degree of protection against loosening. Another critical factor in addition to the applied
torque which can affect the amount of preload is the joint connection type between implant and abutment. Purpose: The purpose of this
study was to evaluate the influence of tightening torque on the implant-abutment screw joint stability. Material and methods:
Respectively, three different amount of tightening torque (20, 30, and 40 Ncm) were applied to implant systems with three different joint
connections, one external butt joint and two internal cones. The initial removal torque value and the postload (cyclic loading up to 100,000
cycles) removal torque value of the abutment screw were measured with digital torque gauge. Then rate of the initial and the postload re-
moval torque loss were calculated for the comparison of the effect of tightening torques and joint connection types between implant and
abutment on the joint stability. Results and conclusion: 1. Increase in tightening torque value resulted in significant increase in initial and
postload removal torque value in all implant systems (P <.05). 2. Initial removal torque loss rates in SS II system were not significantly dif-
ferent when three different tightening torque values were applied (P > .05), however GS II and US II systems exhibited significantly lower
loss rates with 40 Nem torque value than with 20 Nem (P < .05). 3. In all implant systems, postload removal torque loss rates were lowest
when the torque value of 30 Ncm was applied (P < .05). 4. Postload removal torque loss rates tended to increase in order of SS II, GS II and
US II system. 5. There was no correlation between initial removal torque value and postload removal torque loss rate (P > .05).

Key words: Tightening torque, Abutment screw, Preload, Joint Stability
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