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vertical

Table 1. Young s modulus and Poisson's ratio
of some materials

oblique Young s mod- Poisson’ s
horizontal ulus(GPa) ratio
Titanium 10.50 0.30
Type IV gold
(gold screw, cylinder) 98.00 045
Type I gold 66.00 0.33
Cortical bone 14.70 0.32
Lingual side Buccal side Cancellous bone - 0.49 0.30
ZPC 13.70 0.35
Resin 1.63 0.35
Fig. 1. Buccolingual section and applied forces of 3
directions.
Table 1. Number of nodes and elements
0 degree 10 degree 15 degree 20 degree
Node Element Node Element, Node Element Node Element
Standard 11089 27538 11144 27274 11172 27802 11414 28660
EsthetiCone 11924 29644 11874 29178 12113 30378 12006 29574
UCLA 8674 24152 8953 22956 9012 23196 9086 22924
TiAdapt 8524 23522 8922 22610 8999 22846 9022 22598
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Fig. 2. Maximum principal stress on cortical bone Fig. 3. Maximum principal stress on cortical bone
of non-inclined models(MPa). of 20~degree inclined models(MPa).

Table lI. Maximum principal stress of non-inclined model 1 (MPa)

Load Molar Molar Molar Premolar Premolar  Premolar
Component Horizontal ~ Oblique Vertical ~ Horizontal Oblique Vertical
1 201.88 73.084 51.481 90.014 41,958 25,154
Gold Screw 2 96.952 39.074 23.265 89.076 53.833 40.898
3 306.56 134.05 97.915 93.702 38.383 21.141
1 92.599 33.196 18.207 85.160 22.328 13.674
Gold Cylinder 2 88.097 26.044 22.891 83.637 28.460 21.422
3 139.66 58.901 40.764 89.357 22.367 11.780
1 55.367 16.335 16.580 88.812 27.618 7.2523
Abutment Screw | 2 73.255 16.856 3.6981 88.920 26.723 11.752
3 161.11 50.127 28.369 83.606 25.929 6.5119
1 111.27 27.899 14.851 130.53 35.918 4.1783
Abutment 2 111.16 18.757 3.5582 128.78 32.261 3.3655
3 164.13 38.050 10.928 125.95 35.481 6.8696
1 104.88 21.737 25.229 198.08 53.502 4.5275
Fixture 2 158.99 29.420 6.3692 186.96 49182 5.3532
3 252.43 41.527 16.880 180.70 52.756 4.0633
Cortical Bone 68.436 14.288 8.4970 57.861 12.504 3.7058
1 62.956 25.093 11.556 36.496 20.662 13.086
Superstructure 2 61.365 31.220 36.377 35.639 32.188 37.724
3 52.912 28.648 36.377 26.043 16.229 16.338
1 0.80809 041113 0.37864 0.68711 0.29295 0.25537
Plastic(Resin) 2 1.0653 0.61598 0.81969 1.0742 0.99767 56.616
3 0.72136 0.55409 1.5379 0.43396 0.12890  0.13844

*1: lst premolar 2 2nd premolar 3 : 1st molar
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Table [V. Maximum principal stress of 20 degree inclined model 1 (MPa)

Load Molar Molar Molar Premolar Premolar  Premolar
Component Horizontal ~ Oblique Vertical ~ Horizontal Oblique Vertical
1 233.70 96.085 27.290 105.83 69.155 64.958
Gold Screw 2 165.71 64.502 29.064 105.02 58.537 42.002
3 316.75 150.37 99.231 99.774 28.189 17.098
1 134.69 52.553 8.3535 94.114 27.013 24.398
Gold Cylinder 2 124.73 40.124 17.197 91.391 35.400 24.039
3 184.16 72.387 47.918 95.996 16.670 5.2375
1 66.552 25.503 10.224 88.780 29.486 18.495
Abutment Screw | 2 82.443 24.805 6.8418 89.750 27.448 12.7117
3 161.30 55.101 29.331 81.881 19.028 4.0266
1 111.07 40.912 8.8777 120.05 27.911 19.945
Abutment 2 122.46 37.370 11.735 120.50 24.270 7.6376
3 166.93 40.129 34.385 118.69 25.757 4.8685
1 161.01 49.502 15.269 221.92 32.284 12.056
Fixture 2 224.98 48.620 3.4656 218.16 28.970 12.923
3 335.59 50.410 22.769 210.08 29.571 54791
Cortical Bone 441.44 105.18 24.648 285.18 65.637 14.082
1 71.119 31.574 13.187 32.471 21.081 14.521
Superstructure 2 113.10 52.644 41.358 40.372 31.214 31.726
3 81.855 51.934 57.624 40.939 24.188 16.977
1 3.5522 2.2527 2.0570 0.51049 0.66775 0.67616
Plastic(Resin) 2 6.7302 3.8666 2.5724 1.1196 1.2076 1.2742
3 3.8614 2.0510 1.8437 0.91597 0.38178 0.37174
* 1 1st premolar 2 : 2nd premolar 3 : lst molar
3¢ Bgou 24 BAwst 494452 JaF 24 74 2R E 5142 88 224 7}
d AF=HE Sl AR, FANFE 71 A+ B HUG FEOE HoledH 2 A7 3| H
£ 2o WAStE 2o Hla FuAll 280l A 8 5~6u) A= 2R 3718 BYT
FH e FolRed £33, AAt 359 B¢ 3 23 13 AvA oz fAke $E3E Edo
Aot slA B Hrh gHo| JYFHe FEe B (Tables V, VI, Figs. 15~24).
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Table V. Maximum principal stress of non-inclined model 2 (MPa)

Load Molar Molar Molar Premolar Premolar  Premolar
Component Horizontal ~ Oblique Vertical  Horizontal Oblique Vertical
1 39.502 22.443 21.846 54.845 18.485 17.821
Gold Screw 2 72.819 42.041 37.340 64.429 30.316 184.39
3 112.61 59.182 65.205 49.624 16.170 15.430
1 117.17 59.334 21.208 71.300 21.899 16.111
Gold Cylinder 2 137.06 58.517 30.971 71.299 44,121 38.608
3 130.90 67.371 47.178 78.486 21.342 17.282
1 57.353 25.160 11.019 80.954 20.826 3.0781
Abutment Screw | 2 83.446 33.213 4.0627 83.091 18.413 5.3668
3 129.36 38.755 11.346 79.173 20.608 2.4482
1 87.615 43.998 14.246 96.852 23.087 5.6048
Abutment 2 106.44 42.485 29775 96.277 18.236 5.1592
3 138.93 36.930 18.791 95.235 23.360 7.5093
1 126.60 55.234 22.681 162.05 37.868 3.8623
Fixture 2 163.07 65.418 7.3440 154.18 32.454 5.1665
3 233.72 67.390 15.814 149.40 38.186 3.4463
Cortical Bone 63.904 18.314 7.6708 49.062 10.075 3.2978
1 58.869 29.736 12.375 28.717 12.669 6.9593
Superstructure 2 68.978 36.992 29.208 31.028 31.859 27.867
3 51.544 29.563 24.784 30.482 10.554 8.4539
1 0.53443 0.27190 0.088172 0.41767 0.15050 0.15133
Plastic{Resin) 2 2.4315 1.1571 0.55940 0.58606 2.3465 224.15
3 0.95662 0.92863 1.5152 0.19680 0.076617  0.049829

*1; 1st premolar 2 : 2nd premolar

A 20° A A E 2¥oMe 8ol Y& Hed
Ax X3y en nA e AdF Ad R &
Adte 28T 3A et
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(Tables VI, VI, Figs. 25~33).
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Table V1. Maximum principal stress of 20 degree inclined model 2 (MPa)

Load Molar Molar Molar Premolar Premolar  Premolar
Component Horizontal Oblique Vertical ~ Horizontal Oblique Vertical
1 40.161 16.151 11.098 52.392 22.503 21.201
Gold Screw 2 149.92 66.020 17.746 69.682 37.115 29.603
3 99.316 63.807 63.455 51471 13.169 11.908
v 1 116.66 46.035 14.765 89.826 35.350 32.662
Gold Cylinder 2 204.85 75.554 17.307 84.355 52.327 32.854
3 143.26 84.328 69.900 95.352 20.887 8.4267
1 61.417 16.495 6.2384 81.541 22.500 4.4911
Abutment Screw | 2 80.611 21.531 1.3503 84.069 20.125 5.6918
3 113.56 25.247 9.5744 81.396 20.734 2.6189
1 84,772 30.712 8.7763 94.559 23.602 11.033
Abutment 2 101.60 26.562 3.7781 96.075 19.781 9.4859
3 121.56 36.242 24.702 96.903 24.794 3.0239
1 153.15 42.951 14.680 192.35 29.989 8.8218
Fixture 2 195.31 41.115 2.4883 191.81 26.493 10.311
3 268.16 40.146 17.158 187.06 31.057 4.6920
Cortical Bone 362.25 71.426 22.357 255.25 61.384 12.874
1 98.886 41.319 11.663 67.464 23.035 16.339
Superstructure 2 146.72 63.792 25.956 64.974 53.855 73.023
3 60.410 81.982 46.452 46.489 11.545 9.8330
1 4.1824 2.1645 0.93453 0.84335 0.41980 0.16040
Plastic(Resin) 2 5.8832 3.5750 1.4215 2.2440 1.0548 0.86330
3 3.3103 1.3049 0.92761 0.79862 0.19088 0.20334
*1: 1st premolar 2 2nd premolar 3 : 1st molar
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Table VI. Maximum principal stress of non-inclined model 3 (MPa)

Load Molar Molar Molar Premolar Premolar ~ Premolar
Component Horizontal Oblique Vertical =~ Horizontal Oblique Vertical
1 17.075 8.4268 55119 25.964 8.4385 2.0216
Abutment Screw | 2 22.464 9.2199 2.4853 27.501 8.3208 3.5805
3 41.766 12.058 7.4639 25.575 8.7266 2.3191
1 99.064 48.086 24.490 152.59 46.641 10.041
Abutment 2 140.85 52.212 10.742 166.52 39.870 12.380
3 228.71 45.667 23.323 154.90 48.533 14.545
1 105.21 42.707 19.807 154.10 45,265 4.0845
Fixture 2 136.96 51.370 6.6490 154.14 40.934 5.1670
3 201.02 45.040 21.363 147.40 48.986 5.0387
1 4.4817 2.1471 0.91269 4.5284 2.0533 1.3871
Cement 2 6.0036 24715 1.2148 54911 2.2353 1.1999
3 5.8218 4.3624 3.6178 4.1156 1.8906 1.0294
Cortical Bone 56.929 14.695 7.1795 49.690 12.083 3.2070
1 50.538 26.494 9.4537 46.067 18.126 5.8469
Superstructure 2 59.840 32.849 20.240 92.942 £69.107 23.091
3 57.535 32.154 41.924 34.132 12.565 4.8733
*1: 1st premolar 2 : 2nd premolar 3 : lst molar
Table VIl. Maximum principal stress of 20 degree inclined model 3 (MPa)
Load Molar Molar Molar Premolar Premolar  Premolar
Component Horizontal ~ Oblique Vertical ~ Horizontal Oblique Vertical
1 17.335 7.4020 4.7549 30.461 8.3801 3.4779
Abutment Screw | 2 24.650 7.4014 1.1112 30.363 7.7914 3.9047
3 40.194 8.3891 6.5705 28.451 9.5903 1.4710
1 90.403 37.093 13.509 120.40 37.392 16.936
Abutment 2 131.91 36.139 5.2925 160.14 45.554 15.743
3 153.60 54,981 31.559 119.54 38.042 4.5852
1 116.33 39.228 17.149 188.11 37.179 7.6767
Fixture 2 155.86 35.931 2.7090 189.55 28.607 8.5990
3 222.95 31.045 16.101 185.32 38.549 5.9460
1 3.2158 0.98053 0.32078 3.8854 2.2025 1.0539
Cement, 2 5.1031 1.7095 0.54175 4.6315 2.5425 1.4742
3 5.2062 2.8810 2.3135 3.0994 1.4681 0.64461
Cortical Bone 289.17 58.820 21.634 241.89 70.539 11.814
1 51.117 21.075 11.040 39.728 16.501 12.092
Superstructure 2 80.540 29.110 21.365 42.958 32.318 25.131
3 48.964 59.712 78.102 25.194 12.048 9.2444

* 15 1st premolar

2 ; 2nd premolar

3 ¢ 1st molar
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Table [X. Maximum principal stress of non-inclined model 4 (MPa)

Load Molar Molar Molar Premolar Premolar  Premolar
Component Horizontal ~ Oblique Vertical  Horizontal Oblique Vertical
1 33.211 9.5300 5.2520 45477 13.058 8.1854
Abutment Screw | 2 40.421 6.9312 .3.1989 46.702 14,937 12.234
3 62.006 24 .589 24.262 45.737 12.052 5.9712
1 67.188 15.800 6.9791 78.029 17.467 6.3702
Abutment 2 73.336 10.855 2.5373 78.464 14.316 9.0621
3 79.227 22,701 18.424 80.405 18.058 5.0757
1 107.87 25,121 18.819 158.21 36.901 3.6703
Fixture 2 130.68 21.926 2.4194 152.20 32.012 4.8790
3 185.57 23.738 15.537 148.73 38.379 3.6282
1 8.8996 2.8358 2.2205 6.3648 2.0050 1.8300
Cement, 2 10.153 2.0238 1.3296 7.3456 3.0741 1.9665
3 7.0449 3.0858 1.9729 4.7906 1.4223 0.69404
Cortical Bone 52.473 9.8927 6.5373 48.133 9.7190 3.2737
1 56.170 18.540 12777 41.769 12.135 11.176
Superstructure 2 61.684 22.678 17.799 49.912 30.271 30.139
3 | 44.985 25.713 34.083 30.991 16.354 7.7005
*1: Ist premolar 2 : 2nd premolar 3 : lst molar
Table X. Maximum principal stress of 20 degree inclined model 4 (MPa)
Load Molar Molar Molar Premolar Premolar  Premolar
Component Horizontal ~ Oblique Vertical ~ Horizontal Oblique Vertical
1 49.319 22.080 7.3574 62.922 18.711 7.7762
Abutment, Screw | 2 57.727 20.413 2.4638 65.649 21.461 13.720
3 75.815 37.363 27.776 61.194 19.587 8.6735
1 67.154 28.792 14.386 83.841 26.767 7.8477
Abutment 2 79.032 28.890 3.0782 85.137 24.086 12.909
3 112.30 32.844 19.812 84.510 28.867 8.2636
1 136.57 52.994 21.312 213.82 43.848 7.5591
Fixture 2 187.55 55.020 6.2539 212.18 43.427 9.0135
3 280.38 44,351 19.558 198.77 47.016 4.5538
1 9.4941 3.9887 0.66090 8.8335 2.9735 1.5607
Cement 2 14.586 5.7749 0.92628 8.0806 2.8883 2.1481
3 9.7555 4.2953 2.2837 4.5663 1.5269 0.60744
Cortical Bone 382.29 92.669 23.905 281.44 87.364 12.324
1 68.217 33.887 11.518 55.561 20.623 10.738
Superstructure 112.33 71.779 54.038 72.693 34.917 28.210
3 107.58 - 71.642 78.822 64.166 30.605 13.261

*1; 1st premolar

2 ; 2nd premolar

3 : 1st molar
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ABSTRACT

A COMPARISON OF LOAD TRANSFER IN SCREW- AND
CEMENT-RETAINED IMPLANT FIXED PARTIAL DENTURE DESIGNS

Joo-Hee Lee, D.D.S., M.S.D., Chang-Whe Kim D.D.S., M.S.D., Ph.D,,
Yung-Soo Kim D.D.S., M.S.D., Ph.D,

Department of Prosthodontics, College of Dentistry, Seoul National University.

To compare the stress distribution patterns between cement-retained and screw-retained
implant supported fixed prostheses according to four different abutment types, a three di-
mensional finite element analysis was performed. The hypothetical three unit fixed partial
denture case was modelled on the three implants(10mm length and 3.75 diameter) in mandibu-
lar bone. Four angles of implantation(vertical, 10,15 and 20 degree inclined mesially) were
created and three different directions of force(vertical, oblique, horizontal) were applied at
the center of the second premolar and distal end of the first molar for each cases.

Within the limits of this study, the results were as follows.

1. In vertically installed cases, the more stress was concentrated at upper compo-
nents, but mesially inclined cases, the more stress was concentrated at cortical
bone.

2. The more inclined mesially the more stress was observed, especially at cortical
bone.

3. The cement-retained models showed lower principal stress and more even stress dis-
tribution than the screw-retained models.

4. The similar stress distribution pattern was showed in model 1 and model 2, model 3
and model 4.

5. The more stress was observed when the loads were applied at the distal end of 1st mo-
lar than the center of 2nd premolar.

6. The fixture and the model as a whole, lesser stress values were observed when vertical
loads were applied as compared to horizontal and oblique loads.
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