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Fig 1. Test configuration showing the assembly of
the abutment screw fastened to the implant
through the abutment

Fig 3. Feature of titanium UCLA screws
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(2) Gold UCLA hexed abutment(GUCHI,
Implant Innovations, USA)
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(3) Titanium and gold alloy UCLA
screws(UCABH and UCABS,
Innovations, USA) (Fig. 3, 4)
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(4) Torque driver(15RTDH & 6RTD, Tohnichi
MFG. Co, LTD. Japan)
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Fig 2. Feature of test configuration
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Fig 4. Feature of gold alloy UCLA screws
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Table 1. Results of measurement of gold alloy(1) screw length and loosening torque

(unit : mm)
Nem kef - ecm 13 23] 33) 43) 53
Before 8570 8.568 8570 8,568 8568
5 051 3571 3.569 8570 8.569 8568
10 1.02 8573 8570 8572 8570 8570
12 122 8573 8571 3573 8571 8570
14 143 8574 8572 8574 8571 8574
16 163 8575 8573 8574 8573 8.575
18 184 8576 8574 8574 8573 8575
20 2.04 8577 8575 8574 8573 8575
22 225 8577 8575 8575 8575 8575
24 245 8577 8575 8576 8575 8576
26 265 8578 8575 8576 8576 8.576
28 286 8578 8576 8577 8576 8576
30 3.06 8579 8578 8578 8577 8577
32 3.26 8.580 8.578 8579 8578 8578
Loosening kgf * cm 227 242 220 ' 231 2.4
torque Ncm 2231 2374 2158 2273 22.96
Table 2. Results of measurement of titanium(1) screw length and loosening torque
(unit : mm)
Nem kef » em 13 23] 33] 43) 53]
Before 7911 7930 7934 7934 7933
4 0.41 7912 7932 7935 7935 7934
8 082 7913 7933 7935 7935 7934
10 1.02 7913 7933 7936 7936 7935
12 122 7915 7934 7937 7936 7936
14 143 7916 7935 7939 7938 7937
16 163 7917 793 7939 7939 7937
18 134 7918 7936 7940 7.940 7939
20 2.04 7919 7938 7941 7941 7.940
Loosening kgf - cm 162 142 1.36 142 152
torque Nem 1589 1393 1334 1393 1491
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Table 3. Results of measurement of gold alloy(2) screw length and loosening torque

(unit : mm)
Nemo kgf - cm 13 23) 33 43] 53]
Before ) 8.569 8.568 8,569 8.567 8.568
5 051 8570 8.569 8570 8.568 8569
- 10 1.02 8571 8.569 8570 8570 8570
12 122 8572 8570 8571 8570 8571
14 143 8572 8571 8572 8571 8572
16 1.63 8573 8572 8574 8572 8573
18 184 8574 8574 8575 8573 8574
20 2.04 8575 8574 8575 8.573 8575
22 2.25 8575 8575 8576 8574 8576
24 245 8576 8576 8576 8.575 8577
26 265 8577 8577 8577 8575 8578
28 2.86 8578 8578 8578 8576 8578
30 3.06 8579 8579 8578 8577 8579
32 326 8580 8579 8579 8577 8579
Loosening  kgf - cm 222 2.20 223 234 222
torque Nem 21.80 2158 2188 22,96 2182
Table 4. Results of measurement of titanium(2) screw length and loosening torque
- (unit : mm)
Nem kgf - cm 13] 23] 33 43] 53]
Before 7970 7.989 7.993 7993 7994
4 041 7971 7.990 7.994 7994 7.996
8 0.82 7972 7991 799 7.995 7.996
10 1.02 7972 7992 7997 7.996 7.997
12 122 7973 7992 7.998 7.997 7.997
14 143 7974 7.993 8.000 7.998 7.998
16 163 7976 7.995 8.000 7.999 8.000
18 184 7976 7.996 8.001 8.000 8.001
20 2.04 7977 7.997 8.001 8.000 8.002
Loosening kgf - cm 1.64 1.59 132 153 1.50
torque Nem 16.09 15.60 12.95 1501 1471
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Table 5. Results of measurement of gold alloy(3) screw length and loosening torque

(unit : mm)
Nem kgf « cm 13] 23] 33) 43) 53]
Before 8545 8544 8543 8543 8544
5 021 8.547 8.545 8543 8.543 8544
10 102 8.549 8.546 8543 8544 8.545
12 122 8.550 8.548 8544 8544 8546
14 143 8.501 8549 8547 8.546 8.547
16 163 8551 8549 8547 8546 8548
18 184 8.552 3.549 8548 8549 8.548
20 2.04 8.553 8551 8549 8550 8.550
22 225 8,553 8,553 8.550 8.551 8.551
24 245 8.554 8.553 8550 8.552 8552
26 265 8.555 8.553 8.551 8,552 8552
28 286 8556 8554 8,552 8554 8552
30 3.06 8.556 8.554 8552 8.554 8.554
32 3.26 8.557 8.955 8.553 8555 8.555
Loosening kgf - cm 242 228 2.39 247 2.26
torque Nem 2374 2237 2345 24.23 2214
Table 6. Results of measurement of titanium(3) screw length and loosening torque
(unit = mm)
Nem kgf - cm 13 23] 33] 43] 53]
Before 7970 7981 7982 7.980 7979
4 041 7971 7.982 7982 7981 7980
8 0.82 7972 7983 7.984 7.982 7981
10 1.02 7973 7984 7986 7.98, 7982
12 122 7974 7.985 7988 7983 7983
14 143 7974 7.985 7989 7.984 7.983
16 1.63 7976 7987 7.989 7984 7984
18 184 7977 7.988 7990 7985 7986
20 2.04 7978 7.989 7.990 7.985 7.986
Loosening kgf - cm 1.63 153 149 151 148
torque Nem 1599 1501 1462 14.81 1452
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Table 7. Results of measurement of gold alloy(4) screw length and loosening torque

(unit : mm)
Ncm kef - cm 13] 23] 33 43] 53]
Before 8549 8547 8546 8547 8545
5 051 8550 8548 8547 8.549 8545
10 ’ 1.02 8550 8548 8548 8550 8547
12 122 8551 8549 8548 8550 8547
14 143 8553 8550 8549 8550 8548
16 163 8553 8551 8549 8551 8559
18 1.84 8554 8552 8550 8551 8.550
20 204 8555 8552 8551 8.552 8.550
22 225 8.555 8553 8552 8.553 8.551
24 245 8556 8553 8.553 8.554 8551
26 265 8.557 8554 8554 8.555 8552
28 2.86 8557 8556 8555 8555 8553
30 3.06 8558 8557 8.556 8557 8.554
32 326 8.559 8557 8556 8558 854
Loosening kgf - cm 234 2.24 235 2.23 241
torque Nem 2295 2197 23.05 2188 2364
Table 8. Results of measurement of titanium(4) screw length and loosening torque
(unit : mm)
Nem kgf * em 13 23] 33 43] 53]
Before 8.001 8015 8.009 8014 8010
4 041 8.002 8017 8.010 8015 8011
8 082 8.004 8018 8011 8016 8012
10 1.02 8.004 8019 8012 8017 8012
12 122 8.004 8020 8012 8017 8013
14 143 8.005 8021 8012 8018 8013
16 163 8.006 8021 8014 8.020 8014
18 184 8.008 8022 8015 8021 8015
20 204 8.009 8023 8016 8022 8.017
Loosening kgf - cm 1.64 132 1.36 143 145
torque Nem 16.09 1295 13.34 14,03 1423
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Table 9. Results of measurement of gold alloy(5) screw length and loosening torque

(unit : mm)

Necm kgf - cm 13 23] 33 43] 53]
Before 3542 8540 8542 8540 8540
5 051 8543 8541 8542 8541 8540
10 1.02 8.544 8.542 8544 8542 8.542
12 122 3544 8543 8545 8543 8542
14 143 8545 8544 8.546 8543 8546
16 163 8546 8545 8.546 8545 8547
18 1.84 8547 8.546 8.546 8.545 8.547
20 204 8.548 8547 8546 8545 8547
22 2.25 8.549 8.547 8.547 8.547 8547
24 245 8550 8547 8548 8547 8.548
26 265 8.550 8.548 8548 8548 8.548
28 2.86 851 8549 8549 8548 8548
30 3.06 8551 8.551 8550 8.549 8549
32 3.26 8.552 8.552 8551 8.550 8550

Loosening kegf - cm 244 239 235 2.26 231
torque Ncm 2394 2345 2305 2217 22.66

Table 10. Results of measurement of titanium(5) screw length and loosening torque
(unit : mm)

Nem kgf - cm 13} 23] 33 43) 53]
Before 8019 8.030 8.032 8032 8.031
4 041 8.020 8031 8.033 8.033 8032
8 0.82 8.022 8.032 8.035 8.034 8.034
10 1.02 8.022 8.032 8.035 8.035 8.034
12 122 8.023 8.034 8036 8.035 8035
14 143 8.023 8.035 8.036 8.037 8.035
16 163 3.025 8.035 8.037 8.039 8.036
18 184 8.026 8.035 8.039 8.040 8.038
20 204 8027 8.036 8039 8.040 8.039
Loosening kgf - cm 164 1.38 151 137 146
torque Nem 16.09 1354 1481 1344 14.32
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Fig 9. Titanium screw elongation for 4 to 20 N-cm

AEAF A3 AENE NP A F A
tubAbe} Elolebs AtiuAbel A Uaba A 29
34 7bol| A#AA (god alloy screws : 7#=0987,
titanium screws : 7=0978)7} YRoeH, A &
< 7S Bl AduAk(god alloy screws :
#A=0977, titanium screws : 7~=0970)$} 7H¢ A&
AA-L- "ol AhuAHgdd alloy screws @ 7#=0974,
titanium screws @ #=0983)E g3l RE 2
Sl A Ad@BAE Zo A FA)VA 3
2 tHFig 8, 9, Table 11, 12).

ouitt £33 ZY AAHE AR3)AL
A 29 SAFH(F A4} @ 32 N-em, E
olElg At : 20 N-am) 9] %2 Uehfe], T
7HA & A7 AolE IHEZZ JeRlict
(Fig 10).
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Fig 10. Loosening torque as a percentage of tight-

torque ening torque
Table 11. Results of regression analysis (gold alloy screw)
Multiple R 0.99343
R Square 098690
Variable B SE B Beta T Sig T
0.345175 0.011479 0.993430 30.070 0.0000
(contant) -0.919290 0.235432 -3.905 0.0021
Table 12. Results of regression anatysis (titanium screw)
Multiple R 098887
R Square 097786
Variable B SE B Beta T Sig T
0378217 0.021508 0.988870 17.585 0.0000
(contant) -0535349 0.277667 -1928 0.0952




gloleby Attt M= 13]7) 9} 2-5315) 7o)

fo43lE 29 A9 Aolg wgon E=— = __ZZ*
(5005), B AALAIAE 15709 2531 7
o fol4E EY HWDe) Holg HolA sk
_ F/A _ Fh
t}(Table 13). nay E = 7y 4] = TS
Hooke®] ¥ 4Rsi2 4128 Lol & ST VR 4 gl

g3 szoz yehd £ Qo
T3 A ALY ZdolE Fig 1 dlA 9 7] 1
o s%/a03 ToHER

EAAL = = = +
AT T agE Tdmmgommane, | T M4 A

Table 13. Results of t-test for loosening torque of gold alloy screw and titanium screw -

Trial t-value df 2-Tail Sig.

1vs2 0.56 8 0593
1vs3 0.63 8 0.545
1vs 4 0.72 8 0492
1vsd 0.59 8 0572

Gold 2 vs 3 0.04 8 0972
2vs 4 0.04 8 0.968
2vs5h -0.04 8 0.969
3vs4 0.00 8 1.000
3vsS -0.09 8 0934
4 vs 5 -0.10 8 0921

Trial t-value df 2-Tail Sig.

1vs2 376 405 0.019
1vs3 5.86 409 0.004
l1vs4 8.89 8 0.000
1vs5 1141 8 0.000

Ti 2vs 3 064 8 0539
2vs4 0.30 8 0.768
2vs5h -0.66 453 0.53%
Jvs4 -0.53 8 0.609
3vsh -1.83 486 0.129
4vs5 -1.95 8 0.086

Trial lvse2 1vs3 1vsd 1vs5 2vs3 2vsd4 2vsb 3vs4d 3vsH 4vs5
Gold
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Table 14. Results of screw torque at 32 N-cm for gold alloy and at 20 N-cm for titanium

Material Torque Elongation Force Stress Yeild Strength
(N-cm) (pm) (N) (MN/m?) (%)
1 9.8+045 474012165 2793+1275 4940
2 106055 512.7%£2651 302.1+1561 53.46
Gold 3 32 1124084  541.7£4045 3192142385 5648
4 100071 483713422 285.0+2015 50,42
5 102+1.10 493415298 290.7+31.22 5142
1 744055 396.5+29.30 23361731 50.56
2 76055 407.2129.30 24001731 51,94
Ti 3 20 724130 389.81+6147 227344116 4922
4 76+055 407.2£29.30 2400%17.31 51.94
5 74089 396.51+47.89 233612826 50.58
. . M=3017 et YA 2% F ABS W ¥
4= — b s Ae=1697 mm' VAl) AR F 29E B oy
As=2164 mm’ AviAtet JEHES] YA B2
- e 2 AYUAY BYASE 003 GPa, FEYE
+ 5654 MPa, ElolEtE AtuUALY] BAATE

2 vEhd & U 110 GPa, 3BT E 462 MPaol 2 & X thuALe]
S8 gtz thed 2ol vERd F Utk

At &% F gashEn oes geh
F = 4/ x 4837 MN/m (gold alloy)
A=089 mm ALY HF F AFSF YL R F = 4/ x 5358 MN/m (titanium)
£=107 mm WAte] AR & J9F F2 FE r
=244 mm AYIALS} AEHES] L} EE 6= ———— (screw)
1697 mm®
Maximum screw stress (MPa) Preload (N)
600 - 1000 i T
o —— (1 Sl P 900
soo ZMean :gg T, Upb‘."::. '. " Gold | Mean
400 600 o T
300 =X i igg Byl 1, Mean
- , Mdan
200 /,/ ki 300 y /%
; 200 /
109 1 100 [
° ' 39.33 61.28 0 i
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Torque (N-cm) Torque {N-cm)
Fig 11. Maximum screw stresses versus tightening Fig 12. Preload versus tightening torque for gold al-
torque for gold alloy and titanium screws loy and titanium screws
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ABSTRACT

STRESS OF DENTAL IMPLANT ABUTMENT SCREW
BY THE TIGHTENING TORQUE

Won-Joo Lee, Ju-Hwan Lim, In-Ho Cho

Department of Prosthodontics Graduate School Dankook University

Abutment screw loosening of implant restorations is a common problem in the treatment
of dental implant. The purpose of this study was to calculate stress and preload from the
elongation measurements and to determine maximum tightening torque without plastic de-
formation of the screw. The length of each gold alloy UCLA screw was measured after
tightening to the manufacturer s recommended torque of 32 N-cm. Similarily, titanium UCLA
screws were measured after tightening to the manufacturer’ s recommended torque of 20
N-cm. Loosening torque was also measured after tightening to 32 N-cm torque for gold al-
loy abutment screws and 20 N-cm for titanium abutment Sscrews,

The results were as follows ;

1. There was a regressive relationship between screw elongation and tightening torque (gold
alloy : 7# = 0987, titanium : 72 = 0,978), and the mean preload calculated from elon-
gation measurements was 501.11 + 26.85 N (gold alloy) and 399.43 *+ 761 N (tita-
nium).

2. Stress calculated for the gold alloy and titanium screws at maximum  recommend-
ed tightening torque was less than 60% of their respective vyield strengths and with-
in the elastic range. Maximum tightening torque without plastic deformation was 61
N-cm(gold alloy) and 39 N-cm(titanium),

3. For titanium screws, there was a significant difference between loosening after trial 1
and loosening after trials 2 to 5 (p<0.05). No statistically significant difference was seen
in mean loosening torques between the first and subsequent trials for gold alloy screws,

Key word :@ loosening torgue, preload, screw loosening, stress, tightening torgue, yield strength.
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