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1. 947 iz 2 oy
1. 9T M2

AN5EE 1.44%9) A 43 T34 FEF Stabilor
G(Au 58%, Pd 5.5%, Ag23.3%, Degussa AG,
Germany)*E 23402 A3 ow g3t §Ale
Al zALe] A Ao whet HesttH(Table 1).

2. o7 Y

1) Al A=

217 6mm, Z°] 13mm9 Al 238 Helw 55

A8 Model WHN-1, Hasegawa, Japan)® 23
21 (Model HPF, Hasegawa, Japan)& ©]-&3}
Y= (Roundness) 3um ©|3te] 9EJeN =2 7+g8}

Table 1. Materials used in this study

. 959 AL FHol| 3] HEE 5?93"
23 2YHdE £°] 3mm, ol Imme &

3t AR 1H9 FPA o] eIt }
T3 T 3 B FHol e 5x4.5mme] ¥
AEe] Aol HastA st LT A
3 #HREZ2H 9 JIE HHoR o] &3t (Fig.

ofr

60x50x20mm¢e] F&%e F4 te] Arlrt
40mm7} =% A7 3.85mm, #°l 9mme] A2
B YA S LAl (Machining center,
Model number ECOMIL-65V, Hwacheon, Korea)
£ ol]&std FA3AH(Fig. 2). £¢ F&714 8
VAR I 2 729 VALE 2t A7 3.85mm,
Zo] 17mm9 positioning EAEE A28l (Fig.
2), o1& FENARY T2EY AH 8mmrt =&
HEE R UYAE o] &t 9AAIZ] F cyano-
acrylate cement (Alteco, Japan)2.2 113381},
75 7] Aol 2HE F positioning EAE] 247}
AES IAAZ F torque controller(Nobelpharma,
USA)$} guide ping ©]43t9 10NcmZ 117 3t
o} 43 749 FEAZE fstd A% 3mm, 2
o] 36mme] E&}~¥ 345 (Degussa AG, Germany)

& F 9F Aol AAAZ F "z (Pattern

resin, GC Co., Japan)< ©]-£3}4 brush-on 7|}
2 4557 A%y 28 G2 Y& ¢

Materials

Commercial products

Manufacturer

Degussa AG, Germany

Alloy Stabilor G
Solder Stabilor-Lot 710
Casting investment Deguvest CF
Soldering investment Deguvest L

Flux FluBmittel T
Solder index Pattern resin

Degussa AG, Germany
Degussa AG, Germany
Degussa AG, Germany
Degussa AG, Germany
GC Co., Japan

Table 2. Experimental groups

Group Method for connection Sample size
ocC One-piece casting 15
1S Investment-soldering 5
SS Soldering stand-soldering 5
CJ Cast—joining 5

* Composition from alloy manufacturer.
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Fig. 1. Specially designed cylinder for touch-trigger
type coordinate measuring machine.

ARt ol ¥ 10 AlolA] 98 42F YBelA
4mm HojA ZgkrH i FYHE HAAstn
24713 2ol BX A (Fig. 3).

T 959 dAyd ne AFZT, EAE
GHE, 260 G&AF, F2E4 79 W7 4
Ao g Wra, dAFZToE 15709 AlEE A
& T o] BEs WEAEE HFAE 5, 29
= GEE 5, F2AETE 5782 FASH Al
HE& FH| s th(Table 2).

o

A

)
af.

(1) GAFZ A|HAZ

89 FEE AagA fEAY Deguvest
CF(Degussa AG, Germany)& 22ml/100g8} &<
vl 2 £33l 27 656mme] 943 AE FxH
o E3lqch. dfEA AzALe} AAof wte} A3, &
8 3 A 48 F¥F(Stabilor G, Degussa AG,
Germany)& °|&3td nF3 Fx Fx7]
(Globucast, Krupp Medizintechnik GmbH,
Germany) 2 F33t31 427k A YAIZ{cH(Table
3). FzH AHS Y EAZHY AAT F 229
AH71e04 qnAA &9 (Biosonic stone and
plaster remover, Whaledent, Ny) 2.2 4434},

(2) HEAEE G2 A1 AAZ

A FzE o2 AZE AE F 548 FARA o)
0.3mm7} HE2 wire cutfing machine(Model
number 900X 500 % 250, Daewoo, Korea)< ©| &
dto] AlHY] FARAE AIH BFo 78 Y
st 7o B8 AlEE 35 7IAH A
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Fig. 2. Fabricated components for this study.
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Fig. 3. Schematic representation of assembled
framework pattern of specimen on the posi-
tioning post on the metal base with hatched
area representing section at center of spec-
imen.
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trollers} guide ping ©] &3t 10NcmZ 133 F
AL 0.8ml/1g H| 2 31 94, 2352
Ao 2447t LAt HEAESS] A71E
¥ Z3517] Y51 Fig. 49 Zo| el % AR ESZS
A &3k o] R& 17 3A (Dublisi-SP, Dentamid,
Germany) 2 EA s dZ2AEE5S E=§ AZ
ek £33 AUE NEAES Wolx] 3G 2
ol2 fx3ln A5EH FHE HHe S &
o|3HA| &t1A} 273 3.85mm, Z°] 11.5mme] |3t
& F2EZ AR cHFig. 2). AN oz ¢
Q719 A|HE positioning EAEA AAG F
guide ping °] &3t Fag FAE9 AFstn @
22 uf 22} (Deguvest L, Degussa AG, Germany)



£ 22ml/100g8] EFHZ S/} &3t E=
U2 28 o g3k T2AEQ A8 2 5mmt =
ZHEE AU WEAZ F 1A Bt B3
}(Fig. 4). ZslE wlEA £5& WEA AZAL
AAZ Az, 48 A7l & FA4(Flu mittel T,
Degussa AG, Germany)E €3 3d(Stabilor-
Lot 710, Degussa AG, Germany)2 ©]-&3l g4
ZA ] Al w2t =A 2 GEH & Al THE
D). §% F A2 AYA7n dAFZHH F
A3HA s EA] A A A HTHZE APt

(3) 2=9= w3 A|HA| 7

W34 290 A2 98k Zo] 45mme] 10 Al
o]z 48 g2d] Fo] 12mme] 14 Alo|A] 93 &
2% 40mm FF LB £ o7 AN F, A F
ZH3 2 oz oE LAfsln $UT &
(Stabilor G, Degussa AG, Germany) 2.2 F23}
Aok dAFEH o AE 509 AR HEA
BE gdayin Y3 ez £, 14, 943t
Att. ©] & positioning postell Al A AT AlHE 9F
o] Yo &% FA&uj &) (Deguvest L,
Degussa AG, Germany)E &3l F3& 2d=
o 133 F MEAES FAEY U HHoR
A2 g3 S AP tH(Fig. 5, Table 3).

(4) #2424 ANEAZ

dAFzYoz A AH F 5/HE HF0]
Imm7t Y =% wire cutting machine ©] &3k}
Zo 202 AjH| FUFAE A3} U
HAl(Model HPF, Hasegawa, Japan)< ©]&3}
o Ao $£¥og £ Imm, Aol Imme] A&+
FAREHNE A T GAHT & Yo s 34
714 %] positioning E2Ed| 13, ddsdct
(Fig. 6). ©] ¥ 10 Alo|A] 98 ¢22 F2AZ R
o FUXE A3t AFZHAA Y FLE W
Hoz ol g, A%, F2 I THTable 3).

2) &%

A& A3 #7537 (MHB-665C, Dukin,
Korea)Z °]-&3l Fig. 73} Zo] 2t 4328 A3
HA ol b} F 142494 23S A Z
AlH ] F 4%5S 7159 B (reference cylinder)Z} A]
% 9% (test cylinder) &2 TE3813 7| &L Tl et
AELEY AL 37 BolMY dEd AxE
AE S5, 71E3EA 43S At 7154
59 F4&3 A 0|83l 25T XY HHE
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EAE 7152459 F45S 12} 6.5mm hteE

Table 3. Investing, heating, casting, and soldering protocol

Group

Variable oC CJ 1S SS
Alloy / Solder Stabilor G - Stabilor-Lot 710 -
Gap distance lmm 0.3mm -

Casting investment Deguvest CF -

Soldering investment Deguvest L -

Powder(g) :liquid{(ml) 100:22 100:22

Special liquid:water=(1:1) - water only &
Ring / Mold 65mm diameter 52x12X25mm '
s . - s . -
round silicon ring oval silicon mold
Setting / Drying time 40 min. bench set - 1 hour bench set -
Heating wax eliminarion at 300T preheating at 427TC
50 min. heat soak set the block in front of the open
casting at 650C - muffle for 10 min. -
45 min. heat soak for another 10 min. in the muffle
temp. rise 7C/min. soldering temperature 710
Casting / Soldering cast with Globucast - soldering with Mark ITI-Modular -
Cooling bench cooling - - -
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Fig. 4. Schematic representation of assembled
investment soldering specimen on the soldering
post in the soldering investment block with
hatched area representing section at center
of specimen.
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Fig. 6. Schematic representation of assembled cast-
joining specimen on the positioning post
on the metal base with hatched area rep-
resenting section at center of specimen.

olFAA 71E9EY FAAE FAReH, TUG
o R AEdEe FANE el tH(Fig. 8, 9).
Z AR AZIA o 2 FA ] AARA, 3
A FZE A AZEA] 7Hs e 3 9 F (rota-
tional displacement, 40x, 40y, 46z)%} &89
#(component displacement, 4Lx, 4Ly, 41.z)

& A4kl tH(Fig. 10, 11). o] o) AR EA
A2 S o] &8 H#FA A (conversion of coordinate
system)= E38t] AR AHA| Al FAE e F
8 A5 WA & UM (Fig. 8, 9).

ZA1A 7+ A (intercentroidal distance) ‘ID" &
NELEH AEYEe] FAA 2 A2 Zg}
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4 soldering
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Fig. 5. Schematic representation of assembled sol-
dering stand-soldering specimen on the sol-
dering stand with hatched area represent-
ing section at center of specimen.
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Fig. 7. Stages of measuring the centroids for four
experimental groups. Numbers in parentheses
are sample sizes.

2ID = /X + ¢ + 22 9 FHoZ AN
ZAA 7 A" 2 “4ID'e FAE 7 A9
(intercentroidal displacement)” 2 A j&tx 41D =
Ki+tyi+z7i-/+y + 29 Aoz
AArslsith, &9 9% (global displacement) *
AR & F2A 9 "FRUYYF 02 Po3la 4R =
J&E X+ (¥ )2 + (7 2?9 2Pz Atal
A (Fig. 9).

7 A 27] £33 (measurement set 1, 4,
8, 12)¢t WiEA Y o 544 (neasurement
set 6, 1002 A stnE, 5 AdU59 MY S A
F2o] 3437 Y3, 712D NE FSVIAEY




conversion

Fig. 8. Conversion of coordinate system.

Fig. 9. Expressed intercentroidal distance(ID) and
global displacement(4R).

Fig. 10. Positive directions for rotational displace-
ment.
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3t7] Y5t 0.3mm 27| probes} 7g9] trigger-
forced AHE-3F 2™ positioning EAEA A A g
T &3 98 AR 3% olUZ A3

I, oi7 4%

1. #ielol 24

7 2978 AR BE 724 Ae ¥
V2 ekl om Fg 125 139 2+ A7) A%
A R WS XY, X-Z B o] ehigl
=

363

piane
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Fig. 11. Positive directions for component dis-
placement.
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Fig. 12. Mean component displacements for four

experimental groups expressed at X-Y
plane.

Fig. 13. Mean component displacements for four

experimental groups expressed at X-Z
plane.

Table 4. Mean values of rotational, component, intercentroidal, and global displacements

Measurement Rotational displacement (") Component displacement (m)

Group set 46y 4 apy 46, 4 pr 4 Iljy Az 4ID' (m) 4R ()
1-2 0.106 -0.146 -0.195 -0.014 0.008 -0.108 -0.013 0.115
Postpatterning (0.143)* (0.303) (0.549) (0.011) (0.028) (0.059) (0.010) (0.055)

oC 23 0.007 0.156 0.113 0.106 -0.008 0.086 0.106 0.169
Postcasting (0.233) (0.358) (0.627) (0.021) (0.032) (0.106) (0.021) (0.046)
1—3 0.113 0.010 -0.082 0.092 0.000 -0.022 0.093 0.137
Final (0.172) (0.219) (0.856) (0.023) (0.020) (0.107) (0.023) (0.045)
4—5 0.063 0.158 0.002 -0.011 -0.018 0.007 -0.011 0.040
Postindexing (0.180)  (0.294) (0.271) (0.016) (0.025) (0.032) (0.016) (0.023)
56 -0.365 -0.295  0.058 0.012 0.028 0.138 0.012 0.146
g  Postinvesting (0.163)  (0.365) (0.158) (0.010) (0.028) (0.085) (0.010) (0.079)
6—7 -0.810 0.141 0.222 -0.135 -0.012 0274 -0.134 0.312
Postsoldering (0.221) (0.333) (0.221) (0.050) (0.033) (0.110) (0.050) (0.102)
4-7 -1.112 0.004 0.281 -0.134 -0.003 0.418 -0.133 - 0.444
Final (0.188) (0.354) (0.192) (0.057) (0.031) (0.076) (0.056) (0.067)
8—9 0.045 -0.036 -0.063 -0.009 0.004 -0.028 -0.009 0.051
Postindexing (0.132)  (0.170) (0.126) (0.006) (0.018) (0.065) (0.006) (0.050)
9—10 0.000 0.022 -0.135 -0.002 -0.002 -0.009 -0.002 0.068
gg Poststanding (0.137)  (0.268) (0.295) (0.010) (0.032) (0.081) (0.010) (0.046)
1011 -0.689 0.240 -0.101 -0.155 -0.028 0.187 -0.154 0.291
Postsoldering (0.384) (0.572) (0.670) (0.033) (0.054) (0.184) (0.034) (0.083)
8—11 -0.644 0.226 -0.299 -0.166 -0.027 0.150 -0.165 0.257
Final (0.370)  (0.542) (0.674) (0.039) (0.053) (0.147) (0.040) (0.082)
12—13 0.004 -0.028 0.000 .-0.011 0.006 -0.012 -0.011 0.046
Postindexing (0.107)  (0.187) (0.112) (0.005) (0.022) (0.047) (0.005) (0.021)
cJ 13—14 -0.225 -0.049 0.059 0.106 0.006 0.092 0106 0.112
Postjoining (0.416) (0.198) (0.234 (0.077) (0.017) (0.167) (0.076) (0.067)
12-14 -0.221 -0.077  0.059 0.095 0.011 0.080 0.095 0.180
Final (0.403) (0.148) (0.300) (0.078) (0.012) (0.141) (0.078) (0.072)

*Standard deviation in parenthesis.
'Intercentroidal displacement.
*Global displacement.
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31 tHTable 6, Fig. 15). WEAEE F&FolA W
A7F 7V8 ol BRI, 2R FAE, F24
AT dAFETY eolder dAFE=ITH F
ZAA T Alolole fe a7} gl

7t A8 AR E FHAFES S BE
Hoz folXS #H8a, Duncand] hEHARH

22 A% Jiddz &k (Table 7, Fig. 15).

A F2TAE FE AZHF R FEIH
A #9171 Bo] AR 1, FRAZ TN e A&
3 el o)A e WSl dAA Fsth Hf

£

Postpatterning
. Postindexing

D Postinvesting
Posteasting

% Postsoldering

oc 1S S8 cJ

Fig. 14. Mean intercentroidal displacements for
four experimental groups.

274 A7 e Ao E f24 Y WAt
wya}A) ekstort, o] o] WETgeA W}
g Aoz BAL,

w3 7 gl ATy 3 4§48 Byol
At 37t Bethn A2t BHES ttestS
o] g-3te] AFEHL oS Table 89 UERIRIT.

YA F2TY F2AFAT e vlmaN F2944
Aol FHgEe AAFEZRA 2A YERte
o, G2 (1S9 SS) I FRAAFANA 7] A
29 F Aold| we AT KAt JART.
gRT Faoly] ¥ i BAHEES |88 17
W7 2HES ol$% TANES vad A,
FFE 10%AH 2Hd=g o] &3 aRuH o] &
W9) o] A& o2 ehge)

3) 54w

WHEHBE AP EHRE 2H B (-
0.365° £0.163°)3 F&314(-0.810° £0.221°),
2= d2Are] T3 (-0.689° £0.384° ) ol A
40x9) BN FHAARE G AA LA
AtHTable 4).

Table 5. Means and standard deviations of final intercentroidal displacement and intercentroidal strain

values for four experimental groups

G M Intercentroidal Intercentroidal F D
roup easurement set displacement (mm) strain(%)*
oC 1- 3 0.093%£0.023 0.231+0.057
CJ 12—-14 0.095%+0.078 0.238+0.194
IS 4 7 -0.133+0.056 -0.411+0.097 67.61  0.0001
SS 8—11 -0.165+0.040 -0.332+0.140

Groups connected by vertical line are not significantly different at p=0.05 level.
* Intercentroidal displacement (4 1D)/intercentroidal distance(ID) % 100.

Table 6. Means of final global displacement values for four experimental groups

Group Measurement set Mean+SD(mm) F p
0]0) 1— 3 0.137+0.045
CJ 12—14 0.180%0.072
S8 811 0.257+0.082 34.29 0.0001
IS 4— 7 0.444+0.067

Groups connected by vertical line are not significantly different at p=0.05 level.



7 % gage) HRUITE YHoRe WY Fur)
w9l B Uehgrh. 51399
of Pt fAlA EALS dARe) h2A R

B Postpatterning
. Postindexing
] Postlnvestmg
% P g

73 Postsoidering

. Final

2 1ARRY GARY, 20E GATY G
oA 7% oke] Weko zo) Wiglel X& o) Wero
29 A7t ZA vt 2N XE &4
o] whgko 2 W97t A A Jelgth(Fig. 12, 13).

2. ZX xjof| st AS

1) F9%=(Roundness) &%

e, 2%, F2 2 g3 Y F Y 5T 4%
9] WY oRE Foliy] Yy AdE 237)
(Roundtest RA-400, Mitutoyo)Z 2071¢] 9 E| tj
sl AlH o] o dEe F2AY F e
% $9] FYxE LSC(least square center) ¥4 o
2 2%, ZA8I9tHTable 9). AAHAP 22 424
< ZAlstaL Table 109 YeRIATE. Roundnesse

Fig. 15. Mean global displacements for four exper— FENY F BE 1.3m F7te A2 e,
imental groups.
Table 7. Mean global displacement values for four experimental groups
Group Measurement set Mean=+SD(mm) F p
1— 2 0.115£0.055
ocC 2— 3 | 0.169£0.046 471 0.0142
1— 3 0.137+£0.045
4— 5 0.040+0.023
5- 6 0.146£0.079
IS 6— 7 0.31240 102 22.99 0.0001
4— 7 0.444+0.067
8&— 9 0.051£0.050
9-10" 0.068+0.046
88 10-11 0.29140.083 17.38 0.0001
8—11 0.257+0.082
12—13 0.046+0.021
CJ 1314 0.112£0.067 6.61 0.0116
12—14 0.180%0.072

Groups connected by vertical line are not significantly different at p=0.05 level.

Table 8. t-test results comparing mean global displacement values between two interesting fabricating

steps

Measurement set Mean=*SD(mm) p
1512 01120067 00443
1513 004620.020 0.6929
310 0.068.£0.04¢ 00917
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Table 9. Results of roundness test,

. Roundness{um)
Sample size Initial Postcasting Postsoldering
20 2.1+0.7 3.410.9 25+1.3
Table 10. Paired comparison test.
T P
initial vs postcasting 7.0987 0.0001
initial vs postsoldering 1.7364 0.0987

Table 11. Standard deviations of rotational, component, and intercentroidal

displacement values

according to measuring states of test cylinder.

Measuring Rotational displacement(") Component displacement (mm) Sample
state dfx dfy dfz dLx dLy dLz D" size
A* 0.067 0.168 0.073 0.002 0.011 0.021 0.003 5
B! 0.079 0.046 0.057 0.005 0.006 0.038 0.005 5
ct 0.060 0.115 0.090 0.004 0.015 0.024 0.003 5

¥ Intercentroidal displacement.

* Measured at initial or invested state with support-set 1, 4, 6, 8, 9.1 2.
' Measured at indexing state without support-set 5, 9, 13.
' Measured at postcasting or postsoldering state without support-set 3, 7, 11, 14.

Table 12. Statistical results comparing standard deviations of intercentroidal displacement values

according to measuring states

Measuring states F p
AvsB 3.30 0.2737
AvsC 1.50 0.7028
BvsC 2.20 0.4641
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ABSTRACT

THREE-DIMENSIONAL COMPARISON OF FRAMEWORK DISPLACEMENTS
JOINED BY VARIOUS CONNECTION TECHNIQUES.

Jang-Seop Lim, Young-Chan Jeon, Chang-Mo Jeong

Department of Prosthodontics, College of Dentistry, Pusan National Untversity

This study measured the relative displacements of the five-unit fixed partial dentures as cast
with the same fixed partial dentures sectioned and assembled by investment-soldering, solder-
ing stand-soldering, and cast-joining techniques.

A total of fifteen specimens using a type IV gold alloy were one-piece cast as control and then
sectioned and assembled five test specimens for each method were prepared. A computerized three
dimensional coordinate measuring machine and specially designed cylinder for this study were used.

Displacement was defined by six displacement variables for the each of cylinders incorporated
in each casting’ three component displacements(41x, 4Ly, and 4Lz) and rotational displacements(4
0x, 46y, A6z). The global displacement was computed using the mathematical formula

4R = Global displacement = /x x)? + (y -y)? + (z -z)?

Under the conditions of this study, the following conclusions were drawn:

1. The investment-soldering group showed the largest mean value of final global displacements,

- followed by stand-soldering group, cast-joining group and one-piece cast group. However, between
the mean values of final global displacement for the cast-joining group and one-piece cast group,
there was no significant difference.

2. For investment-soldering and stand-soldering groups, the greater global displacements were
recorded in soldering phase than in indexing or investing phase.

3. For one-piece cast group, the displacements occured mostly in the casting phase. And for cast-
joining group, there was no significant difference in global aisplacements among the fabricating
procedures.

4. Intercentroidal distance decreased in framework-patterning, solder-indexing, solder—stand-
ing, and soldering phases, but increased in investment, block-investing and casting phases.

5. Specially designed cylinder for touch-trigger type coordinate measuring machine was validated.

Key words : Soldering, Cast—joining, Displacement
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