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5-implant model 4-implant model
.):Strain gauged :Loading side
Fig. 3 The position of strain gauges in model.
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Table 1. Strain value at different rosette in 4-implant model (9kg loading)

Cantilever length

. ; 5mm 10mm 15mm 20mm
Measuring point
Dir 1 -117 18 22 128
Buccal 1 Dir 2 -67 -76 -141 -119
Dir 3 50 -7 =77 -104
Dir 1 152 243 83 525
Buccal 2 Dir 2 63 -52 83 -132
Dir 3 -33 -20 -68 =77
Dir 1 149 192 250 -324
Buccal 3 Dir 2 25 12 15 33
Dir 3 - -4 -111 358 -197
Dir 1 10 -10 -29 -42
Buccal 4 Dir 2 22 14 -1 18
Dir 3 18 23 33 63
Dir 1 20 126 124 200
Lingual 1 Dir 2 83 70 126 145
Dir 3 ~245 -461 -643 -733
Dir 1 15 5 699 104
Lingual 2 Dir 2 -10 -122 -156 -252
Dir 3 -89 -141 -189 =271
Dir 1 113 185 209 292
Lingual 3 Dir 2 -6 -44 -61 -87
Dir 3 -31 -8 -42 -38
Dir 1 -178 -8 -42 -38
Lingual 4 Dir 2 -26 -309 -122 -149
Dir 3 21 -16 -3 15
Dir 1 -82 14 -109 -112
Proximal 1 Dir 2 8 12 29 32
Dir 3 53 -29 -24 -97
Dir 1 82 215 245 297
Proximal 2 Dir 2 92 127 204 309
Dir 3 -177 -322 -453 -61

+ tension, - compression

(deformation rate : 10%)
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Table 2. Strain value at different rosette in 4-implant model (15kg loading)
Cantilever length

. ; 5mm 10mm 15mm 20mm
Measuring point
Dir 1 -179 8 140 15
Buccal 1 Dir 2 -124 -160 -156
Dir 3 95 -44 18 -293
Dir 1 218 383 582 1114
Buccal 2 Dir 2 79 102 116 36
Dir 3 -39 -100 -102 -353
_ Dir 1 235 =210 449 1207
Buccal 3 Dir 2 32 24 5 -87
Dir 3 -142 -158 -281 -540
Dir 1 : 33 -36 -34 -145
Buccal 4 Dir 2 51 11 8 -132
Dir 3 45 36 27 -159
Dir 1 38 48 198 19
Lingual 1 Dir 2 157 -132 217 357
Dir 3 ©-333 -627 -812 -1270
Dir 1 19 114 178 . 778
Lingual 2 Dir 2 -12 -135 -206 -9
Dir 3 -144 -214 -374 -582
Dir 1 168 235 422 856
Lingual 3 Dir 2 -11 77 -88 -137
Dir 3 -66 -56 -202 -391
Dir 1 ° -185 -212 -13 85
Lingual 4 Dir 2 -48 -348 -212 -470
Dir 3 35 -195 -16 -116
Dir 1 -133 -101 -166 -59
Proximal 1 Dir 2 5 -8 -10 - -143
Dir 3 88 -17 -37 -59
Dir 1 147 265 336 365
Proximal 2 Dir 2 108 178 292 400
Dir 3 -244 -441 -670 -748
+ tension, - compression (deformation rate : 10%)
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Z717F A9 Utk 15k 3 A% 22 ok 15mmol A} 8800] 2 5 tH(Table 4-6).
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g9l FA7lE g Z7HEAA 15mm AL H 1) Agdy Zolo] wE F3o] W3l
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ZPENME 11 93 A 2E# ] wAE AdEwe Zold wWE g Ho| wWlth
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Table 3. Strain value at different rosette in 4-implant model (21kg loading)
Cantilever length

) - 5mm 10mm 15mm 20mm
Measuring point
Dir 1 -100 -78 -122
Buccal 1 Dir 2 =207 -353
Dir 3 370 156 -40
Dir 1 318 649 1100
Buccal 2 Dir 2 50 52 68
Dir 3 -67 -133 -382
Dir 1 323 582 1180
Buccal 3 Dir 2 44 -43 -110
Dir 3 -224 -3563 -667
Dir 1 4 -40 -39
Buccal 4 Dir 2 - -18 -100
Dir 3 31 14 -81
Dir 1 18 78 35
Lingual 1 Dir 2 140 211 358
Dir 3 -293 -560 -1246
_ Dir 1 43 198 699
Lingual 2 Dir 2 24 -10 15
Dir 3 -250 -480 -715
Dir 1 293 480 865
Lingual 3 Dir 2 -26 -88 -153
Dir 3 -208 -226 -526
Dir 1 -22 18 . 158
Lingual 4 Dir 2 -177 -250 -513
Dir 3 21 -56 -193
Dir 1 -213 -220 -265
Proximal 1 Dir 2 -102 -33 -130
Dir 3 199 105 91
Dir 1 123 243 420
Proximal 2 Dir 2 52 252 439
4Di£ 3 » -250 -518 -312
+ tension, - compression - (deformation rate : 10°)
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Table 4. Strain value at different rosette in 5-implant mode! (Skg loading)

Cantilever length

. ; 5mm - 10mm 15mm- 20mm
Measuring point

Dir 1 75 33 228 216

Buccal 1 Dir 2 -98 183 . 225 27
Dir 3 -70 -141 -100 921

Dir 1 22 54 132 66

Buccal 2 Dir 2 153 220 202 217
Dir 3 -108 47 -289 -113

Dir 1 84 33 102 228

Buccal 3 Dir 2 93 68 45 35
Dir 3 -15 -59 -127 274

Dir 1 52 -43 25 155

Buccal 4 Dir 2 135 84 82 62
Dir 3 36 32 25 -70

Dir 1 " -84 75 -9%5 -189

Lingual 1 Dir 2 -3 -40 -48 -111
~ Dir3 -7 -67 -81 -197

Dir 1 40 -138 -168 -131

Lingual 2 Dir 2 -588 -533 528 -764
Dir 3 725 ~770 -810 -1148

Dir 1 54 55 102 115

Lingual 3 Dir 2 -53 55 102 115
' Dir 3 -151 -166 -186 -331

Dir 1 60 54 132 208

Lingual 4 Dir 2 -209 ~180 -182 223
Dir 3 -50 -164 -87 -233

Dir 1 26 24 24 153

Proximal 1 Dir 2 -68 -46 -66 -4
Dir 3 125 75 66 69

Dir 1 -70 -35 50 77

Proximal 2 Dir 2 15 16 1 -29
Dir 3 43 35 29 48

+ tension, - compression

{(deformation rate : 10°)
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5o mE F5EE ASIME S T W
A JSHENA T3 H2gME= 852 W

A ASUENM HIE BAT T o] FHdA
= Z A7t ek = AEEH o] 10mm7t

Table 5. Strain value at 'different rosette in 5-implant model (15kg loading)

Cantilever length

. ) 5mm 10mm 15mm 20mm
Measuring point

Dir 1 38 189 212 254

Buccal 1 Dir 2 224 -100 208 280
Dir 3 -175 -177 ~276 -270

Dir 1 78 60 132 698

Buccal 2 Dir 2 294 236 162 226
Dir 3 -13 -169 ~289 62

Dir 1 12 46 234 420

Buccal 3 Dir 2 78 78 48 -41
Dir 3 -10 -56 -250 -467

Dir 1 2 28 174 354

Buccal 4 Dir 2 73 85 6 -216
' Dir 3 48 68 -30 -320
Dir 1 -46 -82 -170 -41

Lingual 1 Dir 2 -9 -20 -134 -383
Dir 3 -16 -30 -195 -303

Dir 1 -116 -106 -78 -80

Lingual 2 Dir 2 =730 -918 -968 -897
Dir 3 -830 -1063 -1353 -1706

Dir 1 -6 68 167 220

Lingual 3 Dir 2 -90 -116 -106 -31
Dir 3 -153 -240 -395 -378

Dir 1 78 172 355 576

Lingual 4 Dir 2 -173 =227 -219 -35
Dir 3 -10 -70 -201 -389

Dir 1 -10 28 1-53 520

Proximal 1 Dir 2 44 =77 -62 -48
Dir 3 86 9% 42 -190

Dir 1 -29 -60 95 89

Proximal 2 Dir 2 4 =31 -88 -188
Dir 3 57 37 48 30

+ tension, ~ compression
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Ak AEHH o] 15mm<

9kg, 15kg, 21kgl & W3lA| ol ate} FENM =

432  9A 9F

40psi. 291psi, 517psi® Z7V8t

AEANN Hh AF-sHol
G223

= A

HA] ZAENA HUI4E-3 30| 364psi, 458psi,
812psiE WEFI TH(Table 8-10).

3 5-4&
1) g4y doldl & F3H9 st

%kg BFA FSAME V8

WE EFPoMe F59

g o] Hslol) w

Table 6. Strain value at different rosette in 5-implant model (21kg loading)

Cantilever length

, : 5mm 10mm 15mm 20mm

Measuring point

Dir 1 260 255 560

Buccal 1 Dir 2 -166 164 -144

Dir 3 -230 -336 -440

Dir 1 80 202 -99

Buccal 2 Dir 2 -115 30 41

Dir 3 -16 -120 -763

Dir 1 154 463 695

Buccal 3 Dir 2 -34 -140 -210

Dir 3 -154 -425 -617

Dir 1 219 520 780

Buccal 4 Dir 2 -17 -89 -290

Dir 3 -50 -222 90

Dir 1 -52 183 248

Lingual 1 Dir 2 -192 -314 264

Dir 3 5 -8 15

Dir 1 -10 -230 -126

Lingual 2 Dir 2 7% -347 787

Dir 3 -846 -1132 -1470

Dir 1 266 395 367

Lingual 3 Dir 2 -67 70 66

Dir 3 -203 342 -615

Dir 1 318 510 724

Lingual 4 Dir 2 -102 -74 -69

Dir 3 -166 -399 -570

Dir 1 -40 495 830

Proximal 1 Dir 2 -102 -44 -99

Dir 3 -16 -250 -555

Dir 1 35 209 248

Proximal 2 Dir 2 -47 -157 -259

' Dir 3 -14 -27 -54

+ tension, - compression

624
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2 F599] Wiyt A9 gitHFig 9). ASllA 9 455psi® RS ZUHES Holthyl AEdEy 24
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Table 7. Strain value at proximal rosette in S5-implant model
Cantilever length

. - 5mm 10mm 15mm 20mm
Measuring point
. Dir 1 -9 77 158 12
Proximal 1 ] .
Dir 2 28 152 262 127
(9ke) .
Dir 3 16 -269 -199 -257
i Dir 1 -154 . -20 -136 -350
Proximal 2 . -
Dir 2 40 92 130 - 151
(9ke) .
Dir 3 45 -101 -60 22
) Dir 1 119 -20 93 64
Proximal 1 .
Dir 2 179 92 246 302
(15kg) .
Dir 3 -336 37 -428 -433
Proximal 2 Dir1 119 -243 93 64
roxim Dir 2 179 108 246 302
(15kg) ‘
Dir 3 o7 -20 42 30
. Dir 1 18 142 -60
Proximal 1 )
Dir 2 154 280 320
(21kg) .
Dir 3 -44 -367 =233
. Dir 1 -23 257 155
Proximal 2 )
Dir 2 -101 -41 -100
(21ke) .
Dir 3 145 -99 -79
+ tension, - compression . (deformation rate : 10%)

Table 8. Principal stress at different rosette in 4 implant mode! (Skg loading)

Cantilever length 5mm 10mm 15mm . 20mm
Principal stress S1 S2 S1 82 S1 S2 S1 S2
Buccal 1 6 -53 31 -23 21 -60 66 -49
Buccal 2 73 12 149 11 40 -30 313 7
Buccal 3 60 -20 80 -22 314 121 87 -285
Buccal 4 130 7 11 -1 12 -9 25 -10
Lingual 1 -3 -158 4 -244 -97 -364 14 -39
Lingual 2 -7 -46 17 -71 28 -92 23 -142
Lingual 3 58 1 105 -2 127 0 200 18
Lingual 4 -19 -93 89 -106 17 -49 38 -54
Proximal 1 13 -34 4 -15 -13 -82 -39 -120
Proximal 2 29 -96 68 -144 79 -227 102 -325
+ tension, - compression ' ( psi)
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Zo| M 15kg BFAIZMAE & ¥ AL
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R JERENAM Ho) AF-5Ho| 7kt chH(Fig.

Table 9. Principal stress at different rosette in 4 implant model (15kg loading)

Cantilever length 5mm 10mm 15mm 20mm
Principal stress S1 S2 S1 S2 S1 S2 S1 S2
Buccal 1 122 - =82 35 -61 136 -23
Buccal 2 106 22 181 21 291 52 538 6
Buccal 3 - 95 -29 -73 -233 183 -63 557 -80
Buccal 4 32 23 12 -12 ‘ 8 -13 102 -116
Lingual 1 12 =222 -84 -329 . 198 -458 -61 -833
Lingual 2 -13 =76 25 -96 27 -167 296 -156
Lingual 3 80 7 137 1 100 -43 404 =72
Lingual 4 -16 -01 -08 -193 55 =75 142 -164
Proximal 1 21 -53 -20 -64 -36 -109 -15 =70
Proximal 2 48 -117 82 ~208 104 -343 130 ~-404
+ tension, - compression ( psi)
Table 10. Principal stress at different rosette in 4 implant model (21kg loading)
Cantilever length 5mm 10mm 15mm 20mm
Principal stress S1 S2 S1 S2 S1 S2 S1 S2
Buccal 1 233 -40 162 -106
Buccal 2 158 22 329 39 -52 -5
Buccal 3 125 -55 244 -80 227 -103
Buccal 4 19 6 0 -18 160 58
Lingual 1 6 -203 10 -36 160 -813
Lingual 2 -10 -138 29 -179 518 -238
Lingual 3 116 -55 63 -90 53 -185
Lingual 4 58 -59 65 -90 -28 -185
Proximal 1 70 -80 13 -95 -2 -12
Proximal 2 27 -117 81 =277 213 -136
+ tension, - compression ( psi)
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Table 11. Principal stress at different rosette in 5 implant model (9kg loading)

Cantilever length 5mm 10mm 15mm 20mm

Principal stress S1 52 S1 S2 S1 S2 S1 S2
Buccal 1 42 -39 44 =122 121 -30 71 -74
Buccal 2 37 -99 92 -20 59 171 68 -101
Buccal 3 10 -1 21 40 33 -b1 68 -101
Buccal 4 43 -55 28 -36 37 -1 68 -7
Buccal 5 -14 -51 -40 -61 -50 -76 -111 -165
Lingual 1 -95 -394 =217 -431 -243 -456 -285 -629
Lingual 2 -50 ~-96 0 -80 19 -79 -3 -152
Lingual 3 76 ~69 15 -94 92 -60 15 -100
Lingual 4 104 4 47 -10 69 -5 148 . 11
Lingual 5 11 -30 13 -13 6 -21 11 =31
Proximal 1 12 -7 31 -168 95 -124 6 -181
Proximal 2 6 -84 -7 -181 -2 -174 3 -237

+ tension, - compression (psi)

Table 12. Principal stress at different rosette in 5 implant model (15kg loading)
Cantilever length 5mm 10mm 15mm 20mm

Principal stress S1 S2 S1 S2 S1 52 S1 S2
Buccal 1 53 -151 74 -65 90 -135 122 -134
Buccal 2 110 ~64 64 -142 49 -161 387 155
Buccal 3 26 ~25 28 -36 76 -87 129 -163
Buccal 4 35 0 48 20 91" 12 47 -122
Buccal 5 -13 -301 -25 -55 -1134 -144 -41 -204
Lingual 1 -193 -482 -226 -609 -286 =736 -371 -905
Lingual 2 -33 -81 -10 -113 110 -174 43 -156
Lingual 3 94 -45 135 -63 188 -78 231 -97
Lingual 4 43 11 91 -3 160 14 254 -18
Lingual 5 23 -5 9 -25 20 -28 124 -39
Proximal 1 43 -120 9 -95 41 -280 48 -39
Proximal 2 8 -148 21 -217 7 =222 0 -168

+ tension, - compression (psi)
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Table 13. Principal stress at different rosette in 5-implant model (21kg loading)

Cantilever length 5mm 10mm 15mm 20mm
Principal stress S1 S2 S1 S2 S1 S2 S1 S2
Buccal 1 111 -89 89 -147 220 -135
Buccal 2 38 -28 82 -24 -118 -497
Buccal 3 52 -52 168 -141 258 -203
Buccal 4 116 5 251 -38 574 47
Buccal 5 39 -73 198 -73 152 36
Lingual 1 -137 -474 -302 -671 -349 -791
Lingual 2 106 -61 141 -103 34 -26
Lingual 3 153 -44 195 -116 273 -163
Lingual 4 5 -45 222 -47 367 -135
Lingual 5 28 -13 155 =25 196 -58
Proximal 1 47 -65 73 -234 51 -261
Proximal 2 104 -16 127 -14 87 -32
+ tension, - compression ( psi )

Table 14. Stress value and locaion of the highest maximum principal stress in the bone around the neck of
the implant in the four and five implant model.

Load kg 15kg 2lke
Model Cantil Val
© antiever ue Location Value Location Value Location
length (mm) (MPa)
5 05 B2 073 B2 1.08 B2
. 10 1.03 B2 1.25 B2 - 234 B2
4-imp
15 207 B3 201 B2 234 B2
20 206 B2 384 B3
5 0.72 L4 076 B2 1.05 L3
) 10 063 B2 093 L3 173 B4
5-imp
15 083 Bl 13 L3 396 B4
20 1.02 - 14 267 B2
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Table 15. Stress value and locaion of the lowest minimum principal stress in the bone around the neck of
the implant in the four and five implant model.

Load 9keg 15kg 21kg
Model Cantil Val
€ Antiever ue Location Value Location Value Location
length (mm) (MPa)
5 - L1 -1.03 Ll -14 L1
» 10 1.09 L1 -2.27 L1 -191 L1
mp 15 172 L1 -316 L1 561 L1
20 -254 L1 -574 L1
5 =272 L1 -3.32 L1 -3.27 L1
] 10 -272 L1 -4.2 L1 -463 L1
5-imp
15 297 L1 -507 11 - 545 11
20 ~168 L1 -6.24 L1
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Fig 4. Principal stress in buccal side of 4-implant model (9kg loading)

900

700

500 |
& 300 }
0
é 100 A @ N ) ——S1
5 i N : 'S =52
9 -100 B2 2 % S R EEB
g0 EsdE BEEE Bgyet IEEX
£ -300 }
a

<500 .

-700 |

-800

Position of rosette due to cantilever length

Fig 5. Principal stress in buccal side of 4-implant model (15kg loading)
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Position of rosette due to cantilever length
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Fig 6. Principal stress in buccal side of 4-implant model (21kg loading)
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Fig 7. Principal stress in lingual side of 4-implant model (9kg loading)
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Fig 8. Principal stress in lingual side of 4-implant model (15kg loeiding)
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Principal stress (psi)
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Fig 9.

Principal stress in lingual side of 4-implant model (21kg loading)
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Fig 10. Principal stress in buccal side of 5-implant model (9kg loading)
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Fig 11. Principal stress in buccal side of 5-implant model (15kg loading)
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Fig 12, Priricipal stress in buccal side of 5-implant model (21kg loading)
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Fig 13. Principal stress in lingual side of 5-implant model (9kg loading)
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Fig 15. Principal stress in lingual side of 5-implant model (21kg loading)
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ABSTRACT

EFFECT OF CANTILEVER LENGTH AND LOAD ON STRESS DISTRIBUTION OF
FIXED IMPLANT-SUPPORTED PROSTHESES

Yen-Sup Tae, Wha-Young Lee, Hye-Won Cho

Department of Prosthodontics, School of Dentistry, Wonkwang University

The purpose of this study was to evaluate the effect of cantilever length, load, and implant num-
ber on the stress distribution of implant supported fixed prosthesis. '

In the replica of an edentulous human mandible, four or five implants were placed and spaced even-
ly between the mental foramina and symmetrical gold alloy cast superstructures with cantilever were
fabricated. Strain gauges were placed in buccal and lingual side of implants. 9, 15, 21kg of loads at
varying cantilever lengths were applied to the occlusal surface of fixed prostheses. The strains were
recorded from each gauge and principal stresses were calculated

The results were as follows :

1. Increasing the length of the cantilever increased the stresses on the bone supporting implants, and
the ratio of increase became high as increasing the load.

2. In the model with four implants, the highest compressive stress was measured on lingual side of
the first implants nearest loading point and the highest tensile stress was measured on buccal side
of the second implants,

3. In the model with five implants, the highest compressive stress was measured on lingual side of the
first implants nearest loading point. And the highest tensile stress was measured on buccal side of
the second implants, and lingual side of the third implants.

4, There was no significant change of the magnitude of stress on the most distal implant of non can-
tilevered side as increasing the cantilever length or load.

5. In general, the superstructure supported by five implants reduced the stress and was less affect-
ed by cantilever length compared to the support provided by four implants,
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