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Purpose: The purpose of this study was to investigate the effect of implant connection type on marginal bone loss (MBL) and to ana-
lyze the factors that affect MBL. This study focuses on single implants planted in the upper and lower first molar area. Materials and
Methods: A total of 87 implants from 68 patients were tracked for a period over 5 years. There were 57 external connection type (EC)
implants and 30 internal connection type (IC) implants in 38 males and 30 females. The MBL and EA were measured from intraoral
radiograph images taken after 5 years at most. Results: Significant difference in MBL between EC and IC type was observed in pa-
tients without GBR or diabetes. Patients without GBR exhibited an MBL of -0.065 + 0.859 mm in EC type and -0.627 + 0.639 mm in
IC type (P = 0.025). Using multiple regression analysis, a statistically significant negative correlation was observed between MBL and
conditions including implant-abutment connection type (B = -0.303), diabetes (B = -0.113), emergence angle > 30° (f = -0.234), and
age (B =-0.776). Conclusion: Within this results, IC type implants had less MBL than EC type, and implant prosthesis with emergence
angle over 30° showed greater MBL. To minimize the MBL of the implant and ensure implant stability, careful consideration should
be given to the EA of implant prosthesis and its connection type. (J Dent Rehabil Appl Sci 2023;39(1):32-44)
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Marginal bone loss between internal- and external- abutment connection type implants placed in the first molar area
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Fig. 1. Radiographic images of two different abutment connection types. (A) EC, (B) IC.
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IC implants (n = 30)

Fig. 2. Flow diagram of this study.
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Fig. 3. Radiation photograph showing marginal bone level (MBL) were measured at mesial and distal sites. “a” and “b”
indicates the measured length from implant platform (IP) to actual length of the implant fixture (AF) and “c” indicates
the measured length of the implant fixture (MIF). BIC, Bone-to-implant contact.
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Fig. 4. Radiation photograph showing marginal bone level. Negative number was recorded at the bone level in the upper

part of the implant shoulder (A), and the positive number at the lower part (B).

marginal bone loss, respectively.

Fig. 5. Radiation photograph showing EA measured at
mesial and distal sites. (a) parallel to implant long axis.
(b) from implant to abutment connection point to the
emergence profile. The angle of the intersection (c) re-
sulted in the EA.
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Table 1. Demographic characteristics of study population according to implant-abutment connection type

Numbers of external

Numbers of internal

Variable Subjects M) i plants (N =57)  implants (N = 30)
Gender Male 38 (55.9%) 27 19
Female 30 (44.1%) 30 11
Age <20 0 (0%) 0 0
20 -39 3 (4.4%) 1
40 - 59 25 (36.8%) 23
60 -79 36 (52.9%) 31 20
80 - 100 4 (5.9%) 2 2
Site Maxillary posteriors (55.2%) 26 22
Periodontitis Status Healthy (2.3%) 2 0
Slight (11.5%) 6 4
Moderate (47.1%) 22 19
Severe (39.1%) 27
Diabetes Diabetes patient (18.4%) 9
GBR GBR operate (43.7%) 24 14
GBR non-operate (56.3%) 33 16

GBR, guided bone regeneration.

Table 2. Implants distribution by characteristics of placed implants

Varibles

Numbers of external

implants (N = 57)

Numbers of internal

implants (N = 30)

Fixture diameter (mm)

Fixture length (mm)

Prosthesis system

Implant brand

Emergence angle

4 (29.9%)

4.5 (10.3%)

5 (56.3%)

5.5 (3.4%)

7 (2.3%)

8.5 (13.7%)

10 (63.2%)

11.5 (17.2%)

13 (3.4%)

SCRP (78.2%)
Cemented (21.8%)
Osstem (37.9%)
Straumann (3.4%)
31 (21.8%)
MegaGen (10.3%)
KIS (26.4%)

Mesial and/or distal EA > 30 (47.1%)
Both EA 30 degrees or less (52.9%)

21
2
33
1
2

38
14

1
46
11
31

0
19

26
31

5
-
16

10
17

[N I

22

D O W N

23
15
15

SCRP, screw-cement retained prosthesis; EA, emergence angle.
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Table 3. t-test, Mann-Whitney U test EC and IC of marginal bone loss by characteristics of patients

Variable Subjects (N) M}iirie‘rtngll)l\/[(gllr;l) Mii:fimslg/l (i?m) T value*  P-value
Gender Male 38 (55.9%) -0.447 £ 0.552 -0.689 £ 0.544 1.476 0.147
Female 30 (44.1%) 0.013 £ 1.200 -0.590 *+ 0.686 1.567 0.125
Age <20 0 (0%) - - - -
20 -39 3 (4.4%) -0.356 0.048 £ 0.257 O* 0.667
40 - 59 25 (36.8%) -0.212 £ 0.939 -0.757 = 0.661 97* 0.142
60-79 36 (52.9%) -0.446 £ 1.015 -0.742 = 0.596 2.37 0.222
80 - 100 4 (5.9%) -0.960 £ 0.300 -0.587 = 0.578 1* 0.667
Site Maxillary posteriors 48 (55.2%) -0.644 £ 0.717 -0.833 + 0.600 0.899 0.374
Mandibular posteriors 39 (44.8%) 0.164 £ 1.009 -0.183 + 0.460 0.94 0.353
Periodontitis Status Healthy 2 (2.3%) -0.465 + 0.271 - - -
Slight 10 11.5%)  -0.1197 £ 0.719 -0.470 = 1.005 0.504 0.628
Moderate 41 (47.1%) -0.718 £ 1.095 -0.919 £0.774 2.662 0.111
Severe 34 (39.1%) -0.257 £ 0.968 -0.359 £ 0.272 106* 0.647
Diabetes Diabetes patient 16 (18.4%) -0.598 £ 0.694 -0.518 £ 0.707 28%* 0.758
Diabetes non-patient 64 (81.6%) -0.131 £ 1.002 -0.792 £ 0.762 2.799 0.007
GBR GBR operate 38 (43.7%) -0.396 £ 1.094 -0.845 £ 0.864 1.311 0.198
GBR non-operate 49 (56.3%) -0.65 £ 0.859 -0.627 = 0.639 2.317 0.025
*: results by Mann-Whitney U test.
MBL, marginal bone loss; SD, standard deviation; GBR, guided bone regeneration.
Table 4. t-test, Mann-Whitney U test EC and IC of marginal bone loss by characteristics of placed implants
Variables Su(bij\le)cts ME:;eingi)M(iI;m Mir;;eri{las.lll)\/[ (Brr?m) T value*  P-value
Fixture diameter 4 26 -0.183 £0.967  -0.872 £ 0.931 55% 0.9
(mm) 4.5 9 -0127 £1.000  -0.749 £ 0.789 10* 0.52
5 49 -0.205 £ 0.961  -0.746 £ 0.742 360%* 0.061
5.5 3 0.609 -0.744 £ 0.771 2% 1
Fixture length 7 2 -0.246 = 0.774 - - -
(mm) 8.5 12 -0.190 £0.986  -0.737 £ 1.229 15% 0.364
10 55 -0.303 £ 1.115  -0.605 £ 0.814 1.333 0.188
11.5 15 -0.154 £ 0.983 -0.256 6* 0.933
13 3 -0.346 -1.234 £ 0.500 2% 1
Prosthesis system SCRP 68 -0.329 £ 0.736  -0.742 £ 0.651 2.246 0.288
Cemented 19 -0.142 £1.000  -0.771 £ 0.819 52% 0.545
Implant brand Osstem 33 -0.177 £0.966  -0.232 + 0.024 28%* 0.852
Straumann 3 - -0.729 £ 0.823 - -
31 19 -0.140 = 0.991 - - -
MegaGen 9 -0.202 £ 0.969  -0.203 £ 0.194 4x 0.53
KIS 23 - -0.735 £ 0.740 - -
Emergence angle Mesial and/or distal EA > 30 46 -0.600 £ 0.736  -1.076 £ 0.212 -1.918 0.062
Both EA 30 degtees or less 41 0.126 £1.028  -0.393 £ 0.497 -1.846 0.072

*: results by Mann-Whitney U test.
MBL, marginal bone loss; SD, standard deviation; SCRP, screw-cement retained prosthesis; EA, emergence angle.
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MBLO| J3FS ulxls @4% AZ5h] 96 OFE @ 2o AREAE BYth 5 ECOlH B} IColA #
ARAE AT 2470 EYNSERE AT A 240 AL, Pl Y el 3¢ WA
EXloiF 97 P, REE A W, JERE AEY 440] U Betow BAo] 301 2 nEze] Peg
A, ASHE A 9AR], AEHE WA A 27, wiAA] 7H JETES] e HAF Aol o Wkl Yozt
o] o, HEE9] el EA, 2159 Ak, AE, Hol, A RS HAT 240] Zlvh 2E3L Al 2715 H|
U A GBR 4%, Gagoln], $594L 2450t 9 @9, ol = -0.776), ABUEADF A2 HW@
XXl MBL #Hs}FS Hi Wl o2 Falo] AL 7 =-0.303), G=H(@ = -0.237), EA (8 = -0.126) &
Fsiict. AR fod AT B, ASHEA MBLY|| 2 & Hlxl= A2 %*‘{E]%E}(Table 5)
7 AA PAE = -0303, P < 0.05), F3F| FRE = SRAARE o83 UEHARNE AN A},
-0.113, P < 0.05), BAS] x}O](g = -0.234, P < 0.05), 1} MBLO| Y& vlxles 242 YSHEX|WF A2 &
o] = -0.776, P < 0.05)0l A MBLo|| FASHA C 2 9] AL B, EA7L Qa8 ZRIsHITHP < 0.05, Table 6).
Table 5. Factors affecting marginal bone loss using multiple regression analysis
zigi?jfnt Independent variables B S.E. B t P VIF
(Constant) 3.152 0.323 9.773 < 0.001
Abutment connection type -0.590 0.137 -0.303 -4.294 < 0.001 1.566
Prosthesis system -0.068 0.050 -0.099 -1.345 0.183 1.712
Implant brand -0.104 0.148 0.046 0.703 0.484 1.373
Implant site 0.001 0.119 0.001 0.010 0.992 1.294
) Fixture length -0.016 0.075 -0.013 -0.207 0.837 1.191
aﬁaéfll‘;“sls Fixture Diameter -0.010 0.061 -0.010 -0.164 0.870 1198
Periodontitis status -0.080 0.079 -0.064 -1.016 0.313 1.250
Gender -0.187 0.119 -0.101 -1.573 0.120 1.291
Age -1.150 0.095 -0.776 -12.116 < 0.001 1.293
GBR -0.087 0.115 -0.047 -0.755 0.452 1.205
Diabetes -0.113 0.053 -0.237 -2.139 0.036 1.300
Emergence angle -0.234 0.117 -0.126 -2.001 0.049 1.254

F =20.088 (P < 0.001), R2 = 0.765, adjR2 = 0.727, D-W = 0.064

*: P <0.05.

B, beta estimator; S.E., standard error; 8, standardized coefficient; VIF, variance inflation factor; D-W, Durbin-Watson; GBR, guided bone regen-

eration.

Table 6. Factors affecting marginal bone loss (Backward Elimination)

Dependent Independent variables B SE. 8 ¢ P VIF
variables

(Constant) 2.955 0.180 16.464 < 0.001

_ Abutment connection type -0.708 0.110 -0.363 -6.444 < 0.001 1.045

Marginal Age -0.205 0.105 -0.110 -1.957 0.054 1.044

bone loss
Diabetes -1.138 0.087 0768 13121 < 0.001 1.125
Emergence angle 0.236 0.109 -0.127 -2.168 0.033 1.135

F =20.088 (P < 0.001), R2 = 0.765, adjR2 = 0.727, D-W = 0.064

Backward elimination: All independent variables are entered into the equation first and each one is deleted one at a time if they do not contribute

to the regression equation.

B, beta estimator; S.E., standard error; B, standardized coefficient; VIFE, variance inflation factor.
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