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Experimental study on implant-abutment locking force and abutment subsidence in a pure Morse taper connec-
tion implant system
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[Abstract] Objective This test aimed to investigate the factors affecting the locking force between the implant and
abutment and the amount of abutment subsidence in pure Morse taper connection implant systems. Methods With ref-
erence to the Bicon implant abutment connection design, different types of implant specimens and their corresponding
types of abutments were fabricated. The implant-abutment locking taper was uniformly 1.5°. The locking depths were
1.0, 2.0, and 3.0 mm. The diameters of the locking column were 2.5, 3.0, and 3.5 mm. The thicknesses of the outer wall
of the implant were 0.15 and 0.30 mm. The loading forces of the testing machine were 200, 300, and 400 N. At least 10

specimens of each group of implant-abutment were used. All specimens were loaded in the same manner using a univer-

sal testing machine (finger pressure + specified loading

(AR EIAA] 2023-11-17; [fEEIRAI] 2024-02-04 force, five times). The total height of the implant-abut-
[VEEEAN] AE20F, FREEIT, i1, B-mail: 1282127248@qq.

com ment was measured before finger pressure, after finger

[EEES] B, EMEE, %1, E-mail: nc.whw@163.com pressure, and after the testing machine was loaded for
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five times to calculate the amount of sinking of the abutment. Finally, the implant and abutment were pulled apart using
the universal testing machine, and the subluxation force was observed and recorded. Results The test loading force,
locking depth, and locking post diameter had an effect on the implant-abutment locking force and abutment subsidence.
The implant-abutment locking force increased with the increase in the test loading force, locking depth, and locking post
diameter (R=0.963, 0.607, and 0.372, respectively), with the test loading force having the most significant effect. Abut-
ment subsidence increased with the increase in test loading force (R=0.645) and decreased with the increase in locking
depth and locking post diameter (R=—0.807 and —0.280, respectively), with locking depth having the most significant ef-
fect on abutment subsidence. No significant correlation was found between the thickness of the outer wall of the implant
and the change in the magnitude of the implant-abutment locking force. However, an increase in the thickness of the out-
er wall of the implant decreased the amount of abutment subsidence, which was inversely correlated. Conclusion The
locking force of the implant-abutment can be increased by adjusting the design of the pure Morse taper connection im-
plant-abutment connection, increasing the locking depth and locking post diameter, and increasing the amount and num-
ber of times the abutment is loaded during seating. Problems, such as loosening or detachment of the abutment, can be re-
duced. The recommended abutment to be loaded should be no less than five times during seating to prevent the abutment
from sinking and causing changes in the occlusal relationship in the later stages. Preliminary occlusal adjustments should
only be conducted in the early stages of the use of temporary restorations, and final restorations and occlusal adjustments
are recommended to be performed after using the abutment for a period of time.

abutment subsidence

[Key words] dental implants;
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Fig 1 Implant-abutment specimen profile
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Tab 2 Implant-abutment locking forces and their magnitude of change under different loading forces

BN BEA/mM  BEHAE /mm IEIN P BUEIREE % HRRER
AN 200 N fn# 300 N In#k 400 N
2.5 1.0 182.15+10.60* 220.67+10.14* 312.45+£21.72* 0.000 41.70 0.941
2.0 190.14+14.16* 286.44+16.81* 343.94+23.33* 0.000 44.72 0.954
3.0 187.50+14.42* 295.10+12.68* 353.96+14.71%* 0.000 47.03 0.968
3.0 1.0 164.55+15.25* 247.06+30.59* 316.00+14.74%* 0.000 47.93 0.949
2.0 192.60+9.87* 289.30420.84* 367.80+£27.22% 0.000 47.63 0.963
3.0 189.75+18.99* 262.60+34.84* 380.2249.20* 0.000 50.10 0.953
3.5 1.0 186.06+11.94* 252.00+15.77* 316.00+£14.74* 0.000 41.12 0.969
2.0 199.28+17.15* 289.17+£19.00* 367.80+£27.22% 0.000 45.82 0.977
3.0 206.30£10.70%* 315.05+£7.20* 406.15+14.84* 0.000 49.21 0.990
TE: P<0.05, ZRAGIFES SRS 0N 5 AN EUE LR R BA G2 E X, a<0.05,
® 3 FRBERETHEF—ESNMENRETUEE
Tab 3 Implant-abutment locking force and its magnitude of change at different locking depths
\ A , B4 /N B
SLEHUME /N BLEEHE AR /mm - - - P B IREE % MR RER
BEER1.0mm  BIZEE2.0mm  BIE57K3.0 mm
200 2.5 182.15+10.60 190.14+14.16 187.50+14.42 0.398 4.20 0.169
3.0 164.55+15.25* 192.60+9.87* 189.75+18.99* 0.000 14.56 0.538
35 186.06+11.94* 199.28+17.15 206.30+10.70 0.008 9.81 0.538
300 2.5 220.67+10.14* 286.44+16.81 295.10+12.68 0.000 25.22 0.853
3.0 247.06+30.59* 289.30+20.84 262.60+34.84 0.011 14.60 0.193
35 252.00+15.77* 289.17+19.00* 315.05+7.20* 0.000 20.65 0.874
400 2.5 312.45421.72% 343.94+23.33 353.96+14.71 0.000 11.73 0.649
3.0 316.00+14.74* 367.80+27.22 380.22+9.20 0.000 16.89 0.795
3.5 316.00£14.74* 367.80+27.22% 406.15+14.84* 0.000 22.20 0.854

TE: P<0.05, ZRAGIFES SRS AN n AN EUE LR R BA G2 X, a<0.05,
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Tab 4 Implant-abutment locking force and its variation with different locking post diameters
it SR Bl 45 71/N B4 1 o
TR /mm I SI/N A ER25mm BIEEEA3.0mm B4 3.5 mm Pl AR EE /% HRARR

1.0 200 182.15+10.60 164.55+15.25* 186.06£11.94 0.002 11.56 0.104
300 220.67+10.14* 247.06+30.59 252.00+£15.77 0.005 12.43 0.533

400 312.45+21.72 316.00+14.74 316.00+14.74 0.871 1.13 0.087

2.0 200 190.14£14.16 192.60+9.87 199.28+17.15 0.337 4.59 0.269
300 286.44+16.81 289.30+20.84 289.17+19.00 0.930 0.99 0.062

400 343.94+23.33* 367.80+27.22 367.80+27.22 0.000 6.49 0.698

3.0 200 187.50+14.42 189.75+18.99 206.30+10.70* 0.019 9.11 0.463
300 295.10+12.68 262.60+34.84* 315.05+7.20 0.000 16.65 0.272

400 353.96+14.71%* 380.22+9.20* 406.15+14.84* 0.000 12.85 0.862

TE: P<0.05, ZRAGIFRE L *FoRIZE SHN IR L EE R RA G EE L, a<0.05,
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Fig 3 Relationship between test loading force, locking depth
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Tab 5 Abutment subsidence and its magnitude of change under different test loading forces

MR Z

ZPAE A

B FUlE/mm B
B B /mm BT /mm — — — Pl TUERIEE /% AR RER
Jn#k 200 N Jn#k 300 N Iz 400 N
2.5 1.0 0.36+0.04 0.38+0.05 0.47+0.02* 0.000 23.40 0.757
2.0 0.31+0.03* 0.33+0.02* 0.41+0.02* 0.000 2439 0.857
3.0 0.22+0.02* 0.24+0.01* 0.30+0.02* 0.000 26.67 0.872
3.0 1.0 0.36+0.04 0.38+0.06 0.42+0.02* 0.015 19.05 0.505
2.0 0.32+0.03 0.31+0.02 0.37+0.02* 0.000 13.51 0.611
3.0 0.24+0.02 0.29+0.11 0.30+0.02 0.181 20.00 0.041
35 1.0 0.33+0.03* 0.38+0.05% 0.43£0.05% 0.000 23.26 0.724
2.0 0.26+0.04* 0.29+0.02* 0.34+0.03* 0.000 14.71 0.738
3.0 0.20+0.03* 0.27+0.05 0.30+0.04 0.000 33.33 0.701

T P<0.05, ZERAGIEE N *HRLIE SN B AN B 2 R HA B 27 X, a<0.05.
J£0.15 mm F10.30 mm 1], FiEiA—3& &5 8145 7109
LR ANREHYEAS T
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Tab 6 Abutment subsidence and its magnitude at different locking depths

PORETRN
e N,

{ELiSK 2 ol 5 B2 X R AL (R — 5 15 145 1 B4
ML R, WS, KI5A,

xR o6 FRAMERETEATNERETNIREE

SO

) . # B FYiE/mm ) B .
SR HUNER AN B K B A/ mm — — — Pl FURASIERE% A RMR
BIS5R1.0mm  BIZR2.0mm  Bi4578 3.0 mm
200 2.5 0.36+0.04* 0.31+0.03* 0.22+0.02* 0.000 38.89 -0.871
3.0 0.36+0.04* 0.32+0.03* 0.24+0.02* 0.000 33.33 -0.406
3.5 0.33£0.03* 0.26+0.04* 0.20+0.03* 0.000 39.39 -0.856
300 2.5 0.38+0.05* 0.33+0.02* 0.24+0.01* 0.000 36.84 -0.864
3.0 0.38+0.06* 0.3140.02 0.2940.11 0.029 23.68 -0.845
3.5 0.38+0.05* 0.2940.02 0.27+0.05 0.000 28.95 -0.742
400 2.5 0.47+0.02* 0.41+0.02* 0.30+0.02* 0.000 36.17 -0.963
3.0 0.42+0.02* 0.37+0.02* 0.30+0.02* 0.000 28.57 -0.928
3.5 0.43+0.05* 0.34+0.03* 0.30+0.04* 0.000 30.23 -0.787
VE: P<0.0S, ERAGTEE L SFRIA S AN 58 2R H B 2 R FA BT L, a<0.05.
x 71 ARHMEHERTEATNERETUIEE
Tab 7 Abutment subsidence and its magnitude of change for different locking column diameters
B 4h SLERHL 4 T UTE/mm TUlE o
FoEmm  MEAN  BERAESmm  BEHAEOmm  BEEAEISmm L g R

1.0 200 0.36+0.04 0.36+0.04 0.33+0.03 0.115 8.33 -0.294
300 0.38+0.05 0.38+0.06 0.38+0.05 0.974 0.00 -0.042

400 0.47+0.02* 0.42+0.02 0.43+0.05 0.004 10.64 -0.421
2.0 200 0.31+0.03 0.32+0.03 0.26+0.04* 0.003 18.75 -0.474
300 0.33+0.02* 0.31+0.02 0.29+0.02 0.001 12.12 -0.616
400 0.41+0.02* 0.37+0.02* 0.34+0.03* 0.000 17.07 -0.777

3.0 200 0.22+0.02 0.24+0.02 0.20+0.03* 0.004 16.67 -0.145
300 0.24+0.01 0.29+0.11 0.27+0.05 0.382 17.24 0.291

400 0.30+0.02 0.30+0.02 0.30+0.04 0.747 0.00 -0.043

TE: P<0.05, ZRAGIAEG SFoRZES 0N 5N EHE LB S BA ST, a<0.05.
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Fig 4 Relationship between test loading force, locking depth
and locking post diameter on abutment subsidence
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Tab 8 Implant-abutment locking force and abutment subsidence at different implant wall thicknesses

Bigk SN

G T UTE/mm

SEESHLINEL JJ/N B4 /mm P4 PE
e SMEEJEO.15mm  AMEEJE0.30 mm SMEEIEO.15 mm  AMEEJE0.30 mm
200 1.0 182.60=17.00 189.50+12.61 0316 0.3320.03 0.24=0.03 0.000
2.0 199.28+17.15 207.85+14.65 0.245 0.26:0.04 0.19+0.03 0.000
3.0 206.3010.70 210.35+20.16 0.582 0.20+0.03 0.18=0.05 0.045
300 1.0 252.00£15.77 271.85+12.87 0.006 0.3820.05 0.28+0.04 0.000
2.0 289.17+19.00 280.40+8.63 0.201 0.29+0.02 0.25+0.03 0.001
3.0 315.0547.20 293.05£23.52 0.011 0.27+0.05 0.20+0.04 0.002
400 1.0 316.00+14.74 345.04+18.95 0.001 0.4320.05 0.30+0.05 0.000
2.0 396.35+17.73 369.85+21.16 0.007 0.34+0.03 0.300.04 0.019
3.0 406.15+14.85 383.60+24.19 0.022 0.30£0.04 0.23+0.03 0.002
—o— PR SMEE S BE0.15 mm —o— PRSI NEEIELEE0.15 mm
AR A SMEE L EE0.30 mm AR AR AMEETRJE0.30 mm
450.00 0.500
400.00 0.450
= = 0.400
R 350.00 / g
$ 300.00 — s G0
3= 250.00 W 0300
B £ 0.250
200.00
| ' 0200
= 150.00 j
o £ 0.150
e
= 100.00 0:100
50.00 0.050
¥ Q Q Q Q Q Q Q Q Q 4 Q I Q I Q I Q I Q I Q Q Q Q
SR SRR SR I SRRSO
S © © S Q © © & O
P A A S S S D S S T S S S S
A m#EA (N) 485 E (mm) B m#EA (N) /B85 E (mm)

A: FilifA—RE8I45 1, B: BH FUlHE.
P 5 iR A NEE JEL T S R AR — 3 65 B A ) MR 5 R UL AR R K

Fig 5 Relationship between the thickness of the outer wall of the implant on the implant-abutment locking force and the amount of abutment

subsidence
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