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Fig. 1. Survival distribution function for implants
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Table 1. Characteristics of failed implants

ot

¢

o
Chy

Factors associated with failed implants

Failed implants (n=150)

N (%)

Implant with reconstructive procedure

Yes 62(41.33)

No 88(58.67)
Stage

1—state 69(46.00)

9—stage 81(54.00)
Pain incidence before implant failure

Yes 57(38.00)

93(62.00)

No

Factors associated with late failures

Failed implants (n=64)

N (%)

Opposite tooth

Natural tooth 42(65.63)

Implant supported fixed partial denture 14(21.88)

Removable partial denture 3(6.49)

Implant overdenture 5(7.81)
Prosthetic complication incidence

before implant failure

Yes 18(28.13)

No 46(71.88)
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Host response  Unknown Combined
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Fig. 2. Estimated causes of early implant failure

Z7] Aozt dZFES] H YELL 174.21+19.96Y40]30t}

-10 -



Z7] A JEFE] Ad 97 A mE JETES] FEE= Table 29
UERAITE 913 Q1S s RAl 7] Fo] et Zlow UEhd JEREE TASHA
WA A AgAF O s A HE AYHe A dESHE F A JEHES
v &g Alatete] A4 E4S Aletqlth 7F Al Al fe e AF A
s}e] A A9 A= p-value® EASHATH

A flo] dFQ S X (p =.0398), 7] AFA (p =.0088), Y=HE
EH 54 (p =.0023), YZFE ol (p =.0043), A7AZH +2](<0.0001), F&= &
ACp=.0078) 9 Aol Adet. =2 A7t Al A% =4 (p<0.0001), =
7] QA (p <0.0001), AAA %2 (p <0.0001) 7] Aol = Aoz ey

11 -



Table 2.

Statistical analysis for risk factors associated with cause of early
implant failure

Causes of early implant failure

Inf. F.0 P.L H.R Un. Com.
No. of failed implants (%) No. of No. of
total placed
%=failed implants/ placed implants in a horizontal row*100 failed implants
implants (%)
Gender
Male 21(1.47) 16(1.12)  7(0.49) 3(0.21) 0(0.00) 2(0.14) 49(3.43) 1431
Female 19(1.39)  7(0.51) 4(0.29) 4(0.29) 3(0.22) 0(0.00) 37(2.70) 1365
p—value 0.8664 0.0765 0.5493 0.7203 0.1162 0.5001
Location
Ant. Mx. 10(2.69) 1(0.27) 0(0.00) 2(0.54) 0(0.00) 0(0.00) 13(3.50) 372
Post.Mx. 16(1.84) 13(1.49) 8(0.92) 4(0.46) 3(0.34) 1(0.11) 45(5.16) 871
Ant. Mn. 1(0.70) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(0.70) 143
Post. Mn. 13(0.92)  9(0.64) 3(0.21) 1(0.07) 0(0.00) 1(0.07) 27(1.91) 1410
p—value 0.0398" 0.0839 0.0584 0.1345 0.1342 1.0000
Bone quality
Type 1 2(2.74) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 2(2.74) 73
Type II 15(1.25)  3(0.25) 10(0.84) 1(0.08) 3(0.25) 1(0.08) 23(2.75) 1197
Type I 5(1.29) 13(3.35) 1(0.26) 0(0.00) 0(0.00) 1(0.26) 20(5.16) 388
Type IV 2(2.27) 2(2.27) 0(0.00) 2(2.27) 0(0.00) 0(0.00) 6(9.08) 88
Unknown 16(1.52)  5(0.48) 0(0.00) 4(0.38) 0(0.00) 0(0.00) 25(2.38) 1050
p—value 0.3754 <0.0001"  0.7032 0.0151" 1.0000 0.5301
Primary stability
Excellent 5(0.71) 1(0.14) 7(0.99) 1(0.14) 1(0.14) 0(0.00) 15(2.12) 704
Good 8(1.57) 3(0.59) 3(0.59) 0(0.00) 1(0.20) 0(0.00) 15(2.95) 511
Fair 4(2.07) 10(5.18) 1(0.52) 1(0.52) 1(0.52) 1(0.52) 18(9.33) 193
Poor 3(7.89) 3(7.89) 0(0.00) 1(2.63) 0(0.00) 0(0.00) 7(18.41) 38
Unknown 20(1.48)  6(0.44) 0(0.00) 4(0.30) 0(0.00) 1(0.07) 31(2.29) 1350
p—value 0.0088" <0.0001"  0.8266 0.0333" 0.5661 0.1598
Implant surface
Smooth 22(2.42)  8(0.88) 0(0.00) 3(0.33) 0(0.00) 1(0.11D) 34(3.74) 910
Rough 18(0.95) 15(0.80) 11(0.58)  4(0.21) 3(0.16) 1(0.05) 52(2.75) 1886
p—value 0.0023" 0.8182 0.0204° 0.6890 0.5555 0.5451
Implant diameter
<3.75 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 112
3.75-4.5 25(1.51) 10(0.61)  5(0.30) 4(0.24) 0(0.00) 2(0.12) 46(2.79) 1652
>4.5 15(1.45) 13(1.26)  6(0.58) 3(0.29) 3(0.29) 0(0.00) 40(3.87) 1032
p—value 0.9062 0.1902 0.3844 1.0000 0.0693 0.5307
Implant length
<10 6(2.21) 3(1.10) 3(1.10) 2(0.74) 0(0.00) 0(0.00) 14(5.15) 271
10-15 30(1.21)  20(0.81)  7(0.28) 5(0.20) 3(0.12) 2(0.08) 67(2.70) 2466
>15 4(6.78) 0(0.00) 1(1.69) 0(0.00) 0(0.00) 0(0.00) 5(8.47) 59
p—value 0.0043" 0.6895 0.0362° 0.2655 1.0000 1.0000
Reconstructive
technique
Yes 19(7.39) 11(4.28)  4(1.56) 2(0.78) 2(0.78) 2(0.78) 40(15.57) 257
No 21(0.83) 12(0.47)  7(0.28) 5(0.20) 1(0.04) 0(0.00) 46(1.82) 2539
p—value <0.0001"  <0.0001*  0.0137" 0.1298 0.0237" 0.0084"
Staging
1-stage 17(0.97) 12(0.68) 10(0.57)  2(0.11) 3(0.17) 1(0.06) 45(2.56) 1753
2—stage 23(2.20) 11(1.05) 1(0.10) 5(0.48) 0(0.00) 1(0.10) 41(3.93) 1043
p—value 0.0078" 0.2947 0.0626 0.1101 0.2981 1.0000

Inf.  inflammation ; F.O : failure of osseointegration ; P.L : premature loading
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> unknown ; Com. : combined ; Ant.: anterior; Post.: posterior

Mx: maxilla; Mn.: mandible

*

H.R : host response ; Un.
significant p—value < .05
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Table 3. Statistical analysis for significant risk factors associated with cause of

early implant failure

Causes of Variables % P—value Odds 95% CI
early implant ratio
failure
Inflammation Location 0.0398
Ant. Mx. 2.69 1.00 1.00
Post. Mx. 1.84 0.6774 0.3045, 1.5070
Ant. Mn. 0.70 0.2549 0.0323, 2.0097
Post. Mn. 0.92 0.3369 0.1465, 0.7744
Primary stability 0.0088
Excellent 0.71 1.00 1.00
Good 1.57 2.2235 0.7231, 6.8365
Fair 2.07 2.9587 0.7868, 11.1265
Poor 7.89 11.9829 2.7522,52.1718
Implant surface 0.0023
Smooth 2.42 1.00 1.00 ]
Rough 0.95 0.3889 0.2076, 0.7288
Implant length 0.0043
<10 2.21 1.00 1.00
10—-15 1.21 0.5439 0.2243,1.3188
>15 6.78 3.2121 0.8770, 11.7633
Reconstructive <0.0001
technique
Yes 7.39 1.00 1.00 ]
No 0.83 0.1045 0.0554, 0.1971
Staging 0.0078
1—stage 0.97 1.00 1.00 ]
2—stage 2.20 2.3027 1.2244, 4.3306
Failure of Bone quality <0.0001
osseointegration Type 1 0.00 0.00 0.00
Type II 0.25 1.00 1.00
Type I 3.35 13.7931 0.0205, 0.2557 ﬂ
Type IV 2.27 9.2593 0.0178, 0.6553
Primary stability <0.0001
Excellent 0.14 1.00 1.00 ll
Good 0.59 4.1511 0.0205, 2.3223
Fair 5.18 38.4615 0.0033, 0.2047
Poor 7.89 60.2410 0.0017,0.1636 ——
Reconstructive <0.0001
technique
Yes 4.28 1.00 1.00 ]
No 0.47 0.1062 4.1120, 21.5632
Premature Implant surface 0.0204
loading Smooth 0.05 1.00 1.00 j
Rough 0.61 12.2000 0.1686, 52.8600
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Causes of Variables % P—value Odds 95% CI
early implant ratio
failure
Premature Implant length 0.0362
loading <10 1.10 1.00
10—-15 0.28 0.2543 0.0654, 0.9892
>15 1.69 1.5401 0.0663, 6.3533
Reconstructive 0.0137
technique
Yes 1.56 1.00 1.00 ]
No 0.28 0.1749 1.6628, 19.6683
Host response Bone quality 0.0151
Type 1 0.00 0.00 0.00
Type I 0.08 1.00 1.00 ]
Type I 0.00 0.00 0.00
Type IV 2.27 27.7778 0.0032,0.4005 —
Primary stability 0.0333
Excellent 0.14 1.00 1.00 ]
Good 0.00 0.00 0.00
Fair 0.52 3.6617 0.0170, 4.3865
Poor 2.63 19.0114 0.0032, 0.8581 —
Unknown Reconstructive 0.0237
technique
Yes 0.78 1.00 1.00 j
No 0.04 0.0502 0.0045, 0.0559
Combined Reconstructive 0.0084
technique
Yes 0.98 1.00 1.00 T
No 0.02 0.0191 0.0085, 3.7400 —

%: failed implants/total placed implants x 100

CI : confidence interval

Ant.: anterior ; Post.: posterior ; Mx: maxilla; Mn.: mandible

] - significant difference
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Table 4. Statistical analysis for risk factors associated with cause of late implant

failure
Causes of Late Implant Failure
O.L F.F P.1 Un. H.R Inf.
No. of failed implants (%) No. of No.of
total placed
%=failed implants/ placed implants in a horizontal row*100 failed implants
implants (%)
Gender
Male 22(1.54) 10(0.70) 6(0.42) 1(0.07) 2(0.14) 1(0.07) 42(2.94) 1431
Female 12(0.15) 1(0.07) 2(0.15) 5(0.37) 2(0.15) 0(0.00) 22(0.89) 1365
p—value 0.1124 0.0083" 0.2895 0.1163 1.0000 1.0000
Location
Ant. Mx. 7(1.88) 1(0.27) 1(0.27) 2(0.54) 0(0.00) 0(0.00) 11(2.96) 372
Post.Mx. 16(1.84) 5(0.57) 5(0.57) 3(0.34) 2(0.23) 1(0.11) 32(3.66) 870
Ant. Mn. 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 143
Post. Mn. 11(0.78) 5(0.35) 2(0.14) 1(0.07) 2(0.14) 0(0.00) 21(1.48) 1410
p—value 0.0420" 0.8296 0.2751 0.1740 0.8402 0.4975
Bone quality
Type 1 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 73
Type I 9(0.75) 0(0.00) 5(0.42) 5(0.42) 0(0.00) 0(0.00) 19(1.59) 1197
Type I 4(1.03) 1(0.26) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 5(1.29) 388
Type IV 2(2.27) 1(1.14) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 5(3.41) 88
Unknown 19(1.80)  9(0.86) 3(0.29) 1(0.10) 4(0.38) 1(0.10) 37(3.53) 1050
p—value 0.3608 0.0495" 0.5952 0.5962 1.0000 1.0000
Primary stability
Excellent 7(0.99) 0(0.00) 5(0.71) 0(0.00) 0(0.00) 0(0.00) 12(1.70) 704
Good 3(0.59) 0(0.00) 0(0.00) 2(0.39) 0(0.00) 0(0.00) 5(0.98) 511
Fair 0(0.00) 0(0.00) 0(0.00) 2(1.04) 0(0.00) 0(0.00) 2(1.04) 193
Poor 2(5.26) 0(0.00) 1(2.63) 1(2.63) 0(0.00) 0(0.00) 4(10.52) 38
Unknown 22(1.63) 11(0.81) 2(0.15) 1(0.07) 4(0.30) 1(0.07) 41(3.03) 1350
p—value 0.0103" 1.0000 0.0352" 0.0106" 1.0000 1.0000
Implant surface
Smooth 22(2.42)  11(1.21) 2(0.22) 1(0.11D) 4(0.44) 1(0.11) 41(4.51) 910
Rough 12(0.64)  0(0.00) 6(0.32) 5(0.27) 0(0.00) 0(0.00) 23(1.23) 1886
p—value <0.0001*  <0.0001° 1.0000 0.6707 0.0112" 0.3255
Implant
diameter 0(0.00) 0(0.00) 0(0.00) 1(8.33) 0(0.00) 0(0.00) 1(8.33) 112
<3.75 17(1.03) 10(0.61) 4(0.24) 4(0.24) 4(0.24) 1(0.06) 40(2.42) 1652
3.75—4.5 17(1.65) 1(0.10) 4(0.39) 1(0.10) 0(0.00) 0(0.00) 23(2.24) 1032
>4.5 0.3493 0.5110 0.5173 0.0205" 0.3173 1.0000
p—value
Implant length
<10 3(1.11) 0(0.00) 1(0.37) 1(0.37) 0(0.00) 0(0.00) 5(1.85) 271
10-15 31(1.26) 10(0.41) 7(0.28) 5(0.20) 4(0.16) 1(0.04) 58(2.35) 2466
>15 0(0.00) 1(1.70) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(1.70) 59
p—value 1.0000 0.2053 0.6344 0.5296 1.0000 1.0000
Reconstructive
technique
Yes 15(5.84) 1(0.39) 2(0.78) 4(1.56) 0(0.00) 0(0.00) 22(8.57) 257
No 19(0.75) 10(0.40) 6(0.24) 2(0.08) 4(0.16) 1(0.04) 42(1.67) 2539
p—value <0.0001"  1.0000 0.1630 <0.0001"  1.0000 1.0000
Staging
1-stage 13(0.74)  2(0.11) 5(0.29) 4(0.23) 0(0.00) 0(0.00) 24(1.37) 1753
2—stage 21(2.01) 9(0.86) 3(0.29) 2(0.19) 4(0.38) 1(0.10) 40(3.83) 1043
p—value 0.0030*  0.0033" 1.0000 1.0000 0.0193" 0.3730
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Causes of Late Implant Failure

O.L F.F P.I Un. H.R Inf.
No. of failed implants (%) No. of No.of
total placed
%=failed implants/ placed implants in a horizontal row*100 failed implants
implants (%)
Prosthetic type

SC 8(1.70) 2(0.43) 3(0.64) 0(0.00) 0(0.00) 0(0.00) 13(2.77) 469
FPD 10(0.51)  7(0.36) 4(0.23) 6(0.31) 2(0.10) 1(0.05) 30(1.56) 1966
OD 8(3.11) 2(0.78) 1(0.39) 0(0.00) 2(0.78) 0(0.00) 13(5.06) 257
TD 8(44.4) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 8(44.4) 18
p—value <0.0001*  0.4290 0.2333 0.7913 0.1155 1.0000

O.L : overload : F.F ; fixture fracture ; P.I : peri—implantitis ; Un. : unknown

H.R : host response ; Inf. : inflammation

Ant.: anterior; Post.: posterior; Mx: maxilla; Mn.: mandible

SC: implant supported single crown; FPD: implant supported fixed partial denture
OD: overdenture ; TD: telescopic denture

* significant p—value < .05
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Table 5. Statistical analysis for significant risk factors associated with cause of
late implant failure

Causes of Variables % P—value Odds 95% CI
late implant ratio
failure
Overload Location 0.0420
Ant. Mx. 1.88 1.00 1.00
Post. Mx. 1.84 0.9758 0.3981, 2.3919
Ant. Mn. 0.00 0.00 0.00
Post. Mn. 0.78 0.4100 0.1578, 1.0650
Primary stability 0.0219
Excellent 0.99 1.00 1.00
Good 0.59 0.5880 0.1513, 2.2849
Fair 0.00 0.00 0.00
Poor 5.26 5.5317 1.1093, 27.5852
Implant surface <0.0001
Smooth 2.42 1.00 1.00 T
Rough 0.64 0.2585 0.1273, 0.5246 |
Reconstructive <0.0001
technique
Yes 5.84 1.00 1.00 ]
No 0.75 0.1216 0.0610, 0.2424
Staging 0.0030
1—stage 0.74 1.00 1.00 ]
2—stage 2.01 2.7503 1.3712, 5.5161
Prosthetic type <0.0001
SC 1.70 1.00 1.00
FPD 0.51 0.2946 0.1156, 0.7506
0D 3.11 1.8514 0.6865, 4.9927 ﬂ
TD 44.4 46.1000 14.4067,147.5152
Fixture Gender 0.0083
fracture Male 0.70 1.00 1.00 ]
Female 0.07 0.0142 0.0133, 0.8149
Bone quality 0.0495
Type 1 0.00 0.00 0.00
Type II 0.00 0.00 0.00
Type I 0.26 1.00 1.00
Type IV 1.14 4.4484 0.0139, 3.6293
Implant surface <0.0001
Smooth 1.27 1.00 1.00 ]
Rough 0.02 0.0207 0.0109, 3.1525
Staging 0.0033
1—stage 0.11 1.00 1.00 ]
2—stage 0.86 7.624 1.6433, 35.3370
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Causes of Variables % P—value Odds 95% CI
late implant ratio
failure
Peri—implantitis  Primary stability 0.0352
Excellent 0.71 1.00 1.00
Good 0.00 0.00 0.00
Fair 0.00 0.00 0.00
Poor 2.63 3.7784 0.4304, 33.1697
Unknown Primary stability 0.0106
Excellent 0.00 0 0
Good 0.39 1.00 1.00
Fair 1.04 2.6449 0.3728, 19.0522
Poor 2.63 6.8776 0.0129, 1.6408
Implant 0.0205
diameter 8.33 1.00 1.00
<3.75 0.24 0.8267 0.0028, 0.2585
3.75—4.5 0.10 0.0107 0.0006, 0.1817
>4.5
Reconstructive <0.0001
technique
Yes 1.56 1.00 1.00
No 0.08 0.0049 0.0094, 0.2736
Host Implant surface 0.0112
response Smooth 0.49 1.00 1.00
Rough 0.02 0.0533 0.0150, 5.2022
Staging 0.0193
1—stage 0.02 1.00 1.00
2—stage 0.43 15.1894 1.2938, 8.2103

%: failed implants/total placed implants x 100

CI : confidence interval

SC: implant supported single crown; FPD : implant supported fixed partial denture

OD: overdenture ; TD: telescopic denture

] * significant difference
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Fig. 4. A radiograph of an implant Fig. 5. A radiograph of an implant

failure due to overload. failure due to fixture fracture.

A narrow radiolucency is observed A crater shaped radiolucency is

at the implant bone interface. observed in the marginal bone area
surrounding the implant, and the bone
resorption has proceeded to the
lower boundary of the abutment

SCrew.

-22 -



Az AA

i3

S AN FaEst ey o]z <l

]

[e;
=

=

L B
%o T g2
fo o]
" o~ OF
5o} nD._ © H;I
o 2o
o X° Y H
P TR
ﬂﬂ R R .
AR o
o) W w .
o) h 90
NN o= o
EU ﬂl OW i) MM
M 5o o Hi iy
w MR o R
o T OF o W
® o >
sl ™o % X0

,Dld.LWIMEuNL
MMmm.LeTP.N_I
% _,o‘_L.o
o o T
MO
o N 2 &
Ry < g

g~
pow oL ¥
R T R
= O oh 5o
g g = B
wpo B WoxT S
MWt W H °©
of = W ™
Mo = 9 g

the

observed in

Fig. 7. A radiograph of an implant
failure due to inflammation (burn).
1S

A radiographic view of implant place
in the lower anterior region, 37 days
marginal and apical bone region of the

post placement.
Radiolucency
implant.

-23-

Fig. 6. A radiograph of an implant
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Abstract

Evaluation of implant failure causes :

A 19—Year retrospective study

Hyun—Jin Han

Department of Prosthetic Dentistry

The Graduate School, Yonsei University

(Directed by Professor Dong—Hoo Han, DDS, MSD, Ph.D.)

Despite the predictability of dental implants for replacement of missing
teeth, few patients continue to experience implant failure. The aim of this
retrospective study was to reduce implant failure rate by analyzing
characteristics of failed implants and its failure causes.

Objects of the study were those who experienced one or more implant
failure, selected from 2796 implant cases from 879 patients treated at the
Implant clinic of Yonsei Dental College Hospital between February 1991 and

May 2009.

1. Out of total 2796 implants from 879 patients, 150 implants from 91
patients were failed. Early implant failures occurred in 86
implants(57.33%) and late implant failures in 64 implants(42.67%).

2. Causes of early implant failure were inflammation (40 implants, 47%),

failure of osseointegration(23 implants, 27%), premature loading(11
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implants, 13%), host response(7 implants, 8%), unknown(3 implants,
3%) and combined (2 implants, 2%).

3. Causes of late implant failure were overload(34 implants, 53%), fixture
fracture (11limplants, 17%), peri—implantitis (8 implants, 13%), unknown
(6 implants, 9%), host response(4 implants, 6%) and inflammation (1
implants, 2%).

4. In cases of early implant failure, especially when its failure cause was
inflammation, risk factors were as follows :@ maxillary incisor, poor
primary stability, smooth implant surface, more than 15mm of implant
length, reconstructive technique and two stage surgery. When the
failure cause was failure of osseointegration, risk factors were type III
bone quality, poor primary stability and reconstructive technique. When
the failure cause was premature loading, risk factor was smooth implant
surface and reconstructive technique.

5. In cases of late implant failure, especially when its failure cause was
overload, risk factors were as follows : smooth implant surface,
reconstructive technique, two stage surgery and telescopic denture.
When the failure cause was fixture fracture, risk factors were male,

smooth implant surface and two stage surgery.

Key Words: causes of implant failure, early implant failure, late implant failure,

inflammation, overload
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