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Table 1. Types of Implant system, abutment, screws, a number of

specimens and torque value used In this study. e, 6

Table 2. Contact length on interfaces in Biomet 31 group and statical

analysis for contact length by Mann-Whitney test --:e-seereereereeeees 12

Table 3. Contact length on interfaces in Astra group and statical analysis

fOT contact length by Mann*Whitney LESE  srererreerrerrereiiitiiiiiiiiiiins 15

Table 4. Preloading reverse torque values and statistical analysis for RTV

by Student t—test il’l Biomet 31 GTOUP t7ereereermerreromsosseesmeseeseeseeeenens 16

Table 5. Preloading reverse torque values and statistical analysis for RTV

by Student t—test il’l Astra fe5ge 1010 AR LR E AL LR LR L AL S LALLALLARLE 16
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Fig. 1. Implant fixture used in this study.
(a) OSSEOTITE® Certain (Biomet 3i, Palm Beach Garden, FL, USA)
(b) OSSQOSpeedTM (Astra, Molndal, Sweden) ««=-«--ssssssseereesremesssenianeaiens. 3

Fig. 2. Abutments used in this study.

(a) Biomet 3i Ready-made abutment(GingiHue® Post, Biomet 3i, Palm
Beach Garden, FL, USA)

(b) Raphabio Custom-made abutment(Myplant, Raphabio, Seoul, Korea) for
31 system

(c) Astra Ready-made abutment(TiDesign™, Astra, Molndal, Sweden)

(d) Raphabio Custom-made abutment(Myplant, Raphabio, Seoul, Korea) for
ASETA SYSLEM +rerrrerrrerrressermneenttitt ettt 4

Fig. 3. Screws used in this study.

(a) Biomet 3i Ready-made screw(Biomet 3i, Palm Beach Garden, FL, USA)

(¢) Raphabio Custom-made screw(Myplant, Raphabio, Seoul, Korea) for 3i
system

(b) Astra Ready-made screw(Astra, Molndal, Sweden)

(d) Raphabio Custom-made screw(Myplant, Raphabio, Seoul, Korea) for
ASETA SYSEEITL ##rrrerrrerrrssreesseenntettettett ettt 5

Fig. 4. Prosthetic moter screw driver (iISD900, NSK, Japan) rwwrrreerrreeerereeres 6

Fig. 5. Micro-CT (SkyScanll73; SKYSCAN, Kartuizersweg 3B 2550
KontiCh, Belglum) and MiCl’OfcrI‘ images. ......................................... ’7

~ i -
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Fig. 6. Micro-CT images sectioned at 3 planes at each specimen --=w=s=s--+ 8

Fig. 7. Digital torque wrench (MGT 12% Mark-10 Co., USA) wrerrerrrrssesseenns 8

Fig. 8 Micro-CT images.
(a) Ready—made abutment in Biomet 3i group
(b

(c

)
) CAD/CAM Custom-made abutment in Biomet 3i group

) Ready-made abutment in Astra group

(d) CAD/CAM Custom—made abutment in Astra group ---=reessreersreeeemeeeees 9

Fig. 9. Micro-CT images of abutment-screw interface in Biomet 3i group.
(a) Ready-made abutment

(b) CAD/CAM Custom—made abUtment rreresr-rerererrrerererrmrrerererrenmreneeen. 10

Fig. 10. Micro-CT images of fixture-abutment interface in Biomet 3i group.
(a) Ready-made abutment

(b) CAD/CAM Custom—made abUtmeEnt rrererr-rererererereresrmrrerererremmreneeen. 11

Fig. 11. Micro-CT images of fixture-screw interface in Biomet 3i group.
(a) Ready-made abutment

(b) CAD/CAM Custom—made abUtmEnt rreresr-rerererererererrmrrererentrermreneenen. 12

Fig. 12. Micro-CT images of screw—abutment interface in Astra group.
(a) Ready-made abutment

(b) CAD/CAM Custom—made abUtmEnt sreesesreesrereersrsesessssrerereiesirmieieencns 13

Fig. 13. Micro-CT images of fixture-abutment interface in Astra group.
(a) Ready-made abutment

(b) CAD/CAM Custom—made abUutment «-wr--r-r=rerererererrrrrrrerrrrrnriea.. 14
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Fig. 14. Micro-CT images of fixture-screw interface in Astra group.
(a) Ready-made abutment

(b) CAD/CAM Custom-made abutment rrrrrrrerrrrrrrerrrerrrrrrrerreririrrrrr.
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ABSTRACT

Fit of CAD/CAM custom-made Abutment
using Micro-CT

Min, Gwang-Seok
Advisor : Prof. Chung, Chae-Heon, D.D.S, Ph.D.
Department of Dentistry

Graduate School of Chosun University

CAD/CAM custom-made abutment has been currently produced in Korea
as well. However, doubt has been increasing about the precision and
stability between CAD/CAM custom-made abutment, fixture, and screw.

In this study, implant fixtures from 2 manufacturers were selected, and
ready-made abutment and CAD/CAM custom-made abutment were
fabricated. Then, the fitness between fixture, abutment, and screw was
studied by reverse torque value and Micro-CT.

Implant fixtures were chosen as OSSEOTITE® Certain(Biomet 3i, Palm
Beach Garden, FL, USA) and OsseoSpeed™ (Astra, Molndal, Sweden). 6
ready-made abutments compatible with each fixture and 6 CAD/CAM
custom-made abutments(Myplant, Raphabio Co., Seoul, Korea) were
fabricated, and screws provided by each company were used. Fixture and
abutments were tightened with 20Ncm according to the manufacturer’'s
instruction. Micro-CT was taken for the fitness test, and 3 surfaces were
aquired along the line which connected hex points(vertexs), inner connection
area of abutment. On the cross—section, the fitness(adaptive) states of the
interfaces beween abutment-screw, fixture-abutment, and fixture-screw were

observed, and the contact lengths on each interface were measured.
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Mann-Whitney test (P <.05) was used for statistical analysis of the contact
lengths of 2 abutments. Preloding reverse torque values(RTV) were
measured 3 times repeatedly for screw stability test. Student t-test (P <.05)
was used for significance between RTVs of 2 abutments.

The results are as follows:

1. The case of CAD/CAM custom-made abutment shows precise and
proper contact on interfaces beween abutment-screw, fixture-abutment,
and fixture-screw. Comparing to the case of ready-made abutment,
the case of CAD/CAM custom-made abutment has significantly longer
contact length on interfaces between abutment-screw, and fixture -
SCrew, but  there 1is no significant  difference  between
fixture-abutment.

2. Comparing to the case of ready-made abutment, the case of
CAD/CAM custom-made abutment indicates lower value of the RTV.

In conclusion, it is considered that domestically manufactured CAD/CAM
custom-made abutment has better fitness and lower initial reverse torque than

ready-made abutment.
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2o, JAMEL olHeS Hieg dutdor Yz
At 5 (Ready-made abutment) A& A] n

HAEol #F§H7] 4ot o18d g% sAsy] 9el, UCLA A thF° 9 22

emergence profile®] x&d A~ %]
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Aol F453% AFH 71E9 ddoz CAD/CAM AFhgas T3 af-st4

o2 oA PHE e EEFFH AdF(CAD/CAM custom-made abutment)&
Azt = dA HAJAY ol g wrEd CAD/CAM AT+ A/ A oke
emergence profiles A& & F i, T RAES odHow AXAT 5+ o
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°olF F AUTh wWEtA thEE = AHEH Abelo] NHE HELS AT vpAbel] e
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Al A= oA wn g Aot

Micro-CT(X-ray microcomputed tomography)= 1980t Zo] 7/ZdsE =
voxel 719 Zrast G E T7F 59 BHAS o] FUY. @A Micro-CT Al 2=8S
o]-&3t A A A= AA BxA E AxA, AgHelyd §A8E, a5H 22 o

=
g ARES AA Byt olyel AFFE in vivod Pl E EH T QPP o

23t Micro-CT Al281& X-ray #9F 3D AFAS E3 9ddS A7) wfj&Fo,
Aet= A Yo e A8 = Adu FA3 AJH Yol A v Y9
WS st = Q) T3 7S FALEAAEE H9S 93

TAZALY] JETHE BAAE AAstAL 71 A

F 2 el A A 25y CAD/CAM A FE o &3te] o]5o] Add 45
= 2 Micro-CTE o] &3le] d=&dE uAA, A5,

Aol sl v, A& staa g
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I 4345 % TH
dEA=

) dEgE agAe] A
2l

JJZHE uAAE FAZ 41mm, Z°] 11.5mme Biomet 3i

K

B Ao A ALE
AF OSSEOTITE® Certain (Palm Beach Garden, FL, USA) 6701} 274 4.0mm, Z

i

i

o] 11.0mm<e] Astrar} OsseoSpeed™ (Molndal, Sweden) 671°|t}. T EH< <
HE 34x 25 S48 YHdd F2E 2=t (Fig. 1).

mi

(a) (b)

Fig. 1. Implant fixture used in this study.
(a) OSSEOTITE® Certain (Biomet 3i, Palm Beach Garden, FL, USA)

(b) OsseoSpeed (Astra, MoIndal, Sweden)

2) AdF B yAke] AE

N4 AFE 2AZA AZANA AZE Biomet 3iAe]  GingiHue® Post
(Biomet 3i, Palm Beach Garden, FL, USA)®} Astrarle] TiDesign™ (Astra,
Molndal, Sweden)E 2tz ARE-3l A tH(Fig. 2).
5% CAD/CAM At AZts 98 dSTE
A5se] AAdRdAS A FsAck. o] 5 RaphabioAl(Myplant, Raphabio Co.,

5 agAZE AdHE U Y
o] 4

Seoul, Korea)ell %%3% CAD/CAM AdiFE5 A& o= stdth(Fig. 2.). 12744 ¢k
AT A4S st YAl 7 FAbelA AFEE AE AHESHSHH(Fig.

o] 9

3)(Table 1).
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(a) (b) (c) (d)

Fig. 2. Abutments used in this study.
(a) Biomet 3i Ready-made abutment(GingiHue® Post, Biomet 3i, Palm Beach
Garden, FL, USA)
(b) Raphabio Custom-made abutment(Myplant, Raphabio, Seoul, Korea) for 3i
system
(c) Astra Ready-made abutment(TiDesign", Astra, M&Indal, Sweden)
(d) Raphabio Custom-made abutment(Myplant, Raphabio, Seoul, Korea) for Astra

system
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(a) (b) (c) (d)

Fig. 3. Screws used in this study.
(a) Biomet 3i Ready—made screw(Biomet 3i, Palm Beach Garden, FL, USA)

(b) Raphabio Custom-made screw(Myplant, Raphabio, Seoul, Korea) for 3i
system

(c) Astra Ready-made screw(Astra, MoIndal, Sweden)

(d) Raphabio Custom-made screw(Myplant, Raphabio, Seoul, Korea) for Astra

system
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Table 1. Types of Implant systems, abutments, screws, a number of specimens and

torque value used in this study.

Implant No. of Recommeded
Abutment Screw )
system specimens  Torque (Nem)
Biomet 31 Titanium
6 20Ncm
Biomet 3i Ready-made abutment (Ready-made)
Raphabio
Internal CAII; JCAM Titanium
Hex (CAD/CAM 6 20Nem
Custom-made
custom-made)
abutment
Astra Titanium
6 20Ncm
Ready-made abutment (Ready-made)
Astra
Raphabio
Internal CAII; JCAM Titanium
Hex (CAD/CAM 6 20Nem

Custom-made
custom-made)
abutment

3) A} Ao A4

g o] SHE HEXI JEHE AL jigol AT & AdFE A4
Ak Ak x9 EAE Tet7] flste] JdETWE HEHE moter screw driver
(iSD900, NSK, Japan) (Fig. 4)& AF&3t9om, 7zt A&+ vt} 20Nem= %2 E
AE 7tstdnh o] & Ao WIS e wWE Hits AAS BT fla 107

5 = =] 1¢
F 59 29 3 oW o 4gagn”

Fig. 4. Prosthetic moter screw driver (iSD900, NSK, Japan).
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2. 434

D A5 2

T A-A Y F=-AF 7he] KA S dolr 7] 98] Micro-CT (SkyScanll73,
SKYSCAN, Kontich, Belgium)E #9933 oW (Fig. 5), 7 Al#Hwult} X]W"erﬂ l
SAA4FR 499 HAHES Ad4s As we 37HA g e AJAHFig. 6).
A Aol A F-vAbe] AW, A A=At Fe] A, g A -uARe] A o] A g
BHE WSk, 24 AW F5o JF HolE AU nAA-UALY A
el HEHe] = Afvinr ofke] Aolzt lojM HEFsta = 37Me A=W

il

Fig. 5. Micro—CT (SkyScan1173; SKYSCAN, Kartuizersweg 3B 2550 Kontich, Belgium)

and Micro—-CT images.
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Fig. 6. Micro—CT images sectioned at 3 planes at each specimen.

2) WAF 4G 2 27 29 B9

5|\

g
Add Aok ake] A AdS skl 27 29 E2E SA8 o

A" Bz3dx (MGT 12% Mark-10 Co., USA) (Fig. 7)& o] g3}o] ztzte] m1AA)

AYF AAA 7] Y EAS ARG 38 08 24349

Fig. 7. Digital torque wrench (MGT 12% Mark-10 Co., USA)

3. TAEH
SPSS Ver. 20.0 (SPSS Tnc,, IL, USA) Z213& o] g3te] 7t Al#e] HF7o

_

- =
o 27 9 EA o Hy % XFAAE AREAdY. 1A AdFo wEY
CAD/CAM AUl  Afole]  fFoAds&  vlusty] 98t APAH A2
Mann-Whitney test (P <.05)Z Al s, <tAA 23S Student t-test

(P <095 Al 3at
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1. 238 234

( e
(b)

Fig. 8. Micro-CT images.

1L Ay 29

oy

/JJJF
\\\'\‘\t

I

J

(a
(b
(c
(d

Ready-made abutment in Biomet 3i group
CAD/CAM Custom-made abutment in Biomet 3i group

Ready-made abutment in Astra group

)
)
)
) CAD/CAM Custom-made abutment in Astra group
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Biomet 3ii¢] OSSEOTITE® Certainoll A& A A-A 52 Ado] A A <]
Ak (top)F-Hloll A @202 Attt 714 A5 st5d CAD/CAM A i
T Bl nAZA-AHFY AW, AWF-vAe] A, A -vARe] AT ol A
o] HFol BEEAow, uAHA FHo -k AT Apolol A ofxte] Fo] A

shth 714 AT HAF-(apex)oll EAet= AT Gt AeS AT
AT Certaint-9l= %F3 CAD/CAM A tfFoll A= AdstA xato] ad F-19
Hl &3kl =48kl vh(Fig. 8 ab).

Astrai @] OsseoSpeed™ = wAA-ANWF 7+e] ZFo] 11529 morse taper %
2 yehyteow 714 AgFe wEE CAD/CAM A tF 2R A A A-A o5
of AW, AhF-vpAbe] AW, LA -LUALe] AWM o] HFo] #EHAT (Fig.
8 c,d).

1) Biomet 3i OSSEOTITE® Certain
(1) A -A 52 AN
TAA ] Hk(top) F-S1olA AFete] £HHA HFo] FUAdH
At (Fig. 9). AW Ae HE dol= 714 Aol A 338.08+18.58um,
CAD/CAM At A 334.0+70.67umSF o™, SAH o2 Folst o7}k

(Table 2).

i
iy
oft A

)
32
o

. o, o A \ K
e 1 |
l\ EEF, ‘ l

(A:abutment, F:fixture, Arrow:fixture—abutment interface)
(a) (b)

Fig. 9. Micro—CT images of fixture—abutment interface in Biomet 3i group.

(a) Ready-made abutment
(b) CAD/CAM Custom-made abutment
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(2) AHF-tpALS] A

WAL F5-(head)®] 7] A F-92F A 9] K- (shoulder)®] HZFH< 714 Aol
Me= WAL TR AN T diErte] HEF
CAD/CAM AdFoA= AAHoz ¢ B
T 2 AR S AU F Afolddl= o AUF EFA Fo] EAst
(Fig. 10). AdoA el H= Aol 714 AdiFolA 59.83 + 885 ym, &3
CAD/CAM Aol Al 145.67+10.27 Sl 2™, Mann-Whitney test& Al gt 2
I FAgH R ok Ao]7t AR TH Table 2).

e g

d
ol

RV
tlo
4
2
N o
32
no M
[
ot
i
=
1o,

(A:abutment, S:screw, Arrow:abutment-screw interface)
(a) (b)

Fig. 10. Micro-CT images of abutment-screw interface in Biomet 3i group.

(a) Ready-made abutment
(b) CAD/CAM Custom-made abutment

(3) A -1hAke] A

A5G Fe T AUF BE A 4Rsk AEH T SRl Bo] B
HckFig. 11). & A9 AL AR AE o= 714 Ao
Al 84.61+£7.46/m, %+ CAD/CAM At A 138.31+11.66m% ™, & A4
o= §oI5 Akol7k 9ATH(Table 2),

i
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u"\“:

I

§

D ¢
“
(F:fixture, S:screw, Arrow:fixture-screw interface)

(a) (b)

Fig. 11. Micro-CT images of fixture-screw interface in Biomet 3i group.

(a) Ready-made abutment
(b) CAD/CAM Custom-made abutment

Table 2. Contact length on interfaces in Biomet 3i group and statistical

analysis for contact length by Mann-Whitney test

Mean+SD Mann—-Whitney
(zm) P-value
] Ready-made
Fixture- 338.08+18.58
Abutment
Abutment 0.150
. Custom-made
interface 334.0+£70.67
Abutment
Ready-made
Abutment- 59.83£8.85
Abutment N
Screw 0.004
. Custom-made
interface 145.67£10.27
Abutment
Ready-made
Fixture- 84.61+7.46
Abutment N
Screw 0.004
. Custom-made
interface 138.31£11.66
Abutment

* significantly different (P<.05)
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2) Astra OsseoSpeed™
(1) 2AZA-AdF2 AA
714 AF¢ &8 CAD/CAM AF & of, =& v
Z

9ol Aa gegt 5o #EHAT. (Fig. 12) Aol 9
A Fel A 1036.68+108.01mA L™, A A o=

4] morse tapert-

o
% Zolx 714 AT

Fol A 1028.33+51.04m, Sr=3
gk 2ol 7t gl tH(Table 3).

ri[ 41‘1 IQ[ :

F:fixture, Arrow:fixture—abutment interface)
(b)

(A:abutment,

(a)

Fig. 12. Micro-CT images of fixture-abutment interface in Astra group.
(a) Ready-made abutment

(b) CAD/CAM Custom-made abutment

(2) AjF=-1hALe] A
7174 A Fol = dAb F5-(head) o] 71 A F-2F A

$% F @ roAw BRI,

Fo AR (shoulder)ﬁq

o EABIAARE, A AlHAM = 2

9%
59 ANFAAE ADE A A5 o A, 93 Bl Waas
9 FAeA e hFig 13). & AWML HE Dol /4 ArjFe)A

H
167.33+16,51 ¢m, g%y CAD/CAM Al o =0l A 299.0+13.06m S & ™,

Mann-Whitney testE& A8t A3} FAH o= {3t zto]7F A THTable 3).
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(A:abutment, S:screw, Arrow:abutment-screw interface)
(a) (b)
Fig. 13. Micro—CT images of screw—abutment interface in Astra group.
(a) Ready-made abutment
(b) CAD/CAM Custom-made abutment

(3) A A -thALe] A

7174 ATt 2EE CAD/CAM AdFddA e JHFHS + AdF ZF o
ARbe] R JEEH I s E Bol #EFATHFIg. 14). ¢ o] g A -
A Ao A e HE Aol= 714 ATl A 167.19+9.60m, %% CAD/CAM A
ool A 155.36+7.83m= el on EAHoz §o8 zo|7t 9l tHTable 3).

oft

(F:fixture, S:screw, Arrow:fixture-screw interface)
(a) (b)

Fig. 14. Micro-CT images of fixture-screw interface in Astra group.

(a) Ready-made abutment
(b) CAD/CAM Custom-made abutment
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Table 3. Contact length on interfaces in Astra group and statical analysis for

contact length by Mann-Whitney test

Mean+SD Mann—-Whitney
(¢m) P-value
. Ready-made 1028.33+51.04
Fixture- Abutment T
Abutment 0.262
interface Custom-made 1036.68+108.01
Abutment
Ready-made 167.33+16,51
Abutment- Abutment T ‘
Screw 0.004"
. Custom-made
interface 299.0+13.06
Abutment
‘ Ready—-made 167.19+9.60
Fixture- Abutment T .
Screw 0.037
. Custom-made
interface 155.36+7.83
Abutment

* significantly different (P<.05)
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2. YA St Ag - z7] £ E3

1) Biomet 3i OSSEOTITE® Certain

A Fe] %7 EY EAa e 714 AuFoA 1576+056Ncm, W&
CAD/CAM A Fol|A 1447+0.85Ncmth. F AhF Alole] %7] Z¥ E=d w3t
ZAA H7ME 938 Student t-testZ Al &3 A} F-213F 2po] 7 A AT} (Table 4).

K

Table 4. Preloading reverse torque values and statistical analysis for RTV by

Student t-test in Biomet 3i group

Min. Max. Mean+SD t-test
(Ncm) (Nem) (Nem) P-value
Ready-made
14.4 16.0 15.76+0.56
Abutment .
0.001"
Custom-made
13.3 16.5 14.47+0.85

Abutment

* significantly different (P<.05)

2) Astra OsseoSpeed™

Ao 27 FdW EA e 7148 AdFolA  1576+056Nem,  BHE
CAD/CAM AtfFo 4] 14.47+0.85Nem At -+ A5 Afole] %7] E9 E=] uigh
FAAJ] F7HE 98 Student t-testE Al Az Fol gk 2ol 7 A ATH(Table 5).

K

Table 5. Preloading reverse torque values and statistical analysis for RTV by

Student t-test in Astra group

Min. Max. Mean+SD t-test
(Ncm) (Nem) (Nem) P-value
Ready-made
14.7 17.1 15.76+0.73
Abutment .
0.00002"
Custom-made
12.8 159 14.41+0.90

Abutment

* significantly different (P<.05)
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2 AT A= el AFE k53 CAD/CAM Alth59] A 33 3 Al b4
el taf Lopr it &kl

1 ES stE Y CAD/CAM A diFol et Al #3 B2 d7-5°] Ay
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