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1. Abstract
Purpose

Laminated alginate impression for edentulous is simple and time efficient compared
to border molding technique. In order to apply this technique in clinical settings, four
experiments were designed and carried out to establish evidence based impression.
Research 1 examined measured effects of different Water/Powder (W/P) ratio and
mixing methods on alginate material property. Research 2 examined how different
bonding methods affect the strength for the secondary alginate impression. Research 3
1dentified the thickness of the secondary impression in the laminated body impression
of the maxillary alveolar ridge model and the differences between the operators.
Research 4 quantitatively and qualitatively examined the model surface to identify
their optimum thickness of the secondary laminated impression.
Materials and Methods
Research 1: Three W/P ratio: manufacturer-designated mixing water amount (standard),
1.5-fold (1.5X) and 1.75-fold (1.75X) water amount were mixed by manual and
automatic mixing. Initial and complete setting time, permanent and elastic deformation,
and consistency of the secondary impression were investigated (n=10).
Research 2: Tensile bond strength between the primary and secondary impression were
measured in the following surface treatment; air blow only (A), surface baking (B), and
alginate impression material bonding agent (ALGI-BOND: AB) (n=12).
Research 3: Seven operators took impression of maxillary simulated model for four
times. Then the thicknesses of the secondary impression at five landmark; incisive
papilla (a), intersection of the midline and the line connecting the left and right canine
(b), mid line point 2cm anterior from palatine foveola (c), left and right canine
corresponding point (d), and the left and right first molar corresponding point (e) was
measured.
Research 4: The surface roughness of plaster model fabricated by four secondary
impression thickness 0.4mm (A0.4), 0.6mm (A0.6), and 0.8mm (A0.8) and control was
quantitatively assessed by measuring Ra, Ry, Rz using scanning laser microscope.
Qualitative observation of the surface was investigated with scanning electron
microscope (SEM), and crystal structure was assessed by X-ray diffraction.
Results
Research 1: Initial setting times significantly shortened with automatic mixing for all
W/P ratio (p<0.05). The permanent deformation decreased and elastic deformation
increased with high W/P ratio, regardless of the mixing method. Elastic deformation

significantly reduced in 1.5X and 1.75X with automatic mixing (p<0.05). All of these



properties resulted within the JIS standards.
Research 2: For all W/P ratio, AB showed a significantly high bonding strength as
compared to A and B (p<0.01).
Research 3: The thickness of the impression differed within the landmarks, ranged from
0.80 + 0.13mm (mean + SD) to 0.45 + 0.04mm (mean + SD). The thinnest part was
intersection of the midline and the line connecting the left and right canine (b) while the
thickest part was mid line point 2cm anterior from palatine foveola (c). One out of seven
operator showed significant difference in the average thickness of the impression.
Research 4: A0.4 significantly showed surface roughness compared to control in Ra and
Rz (p<0.01). Significantly high Ry were observed with A0.4 and A0.6, when compared
with the control (p<0.05). SEM observation revealed that the size of crystal column was
prominent with A0.4 among the samples exhibited a different image from control. The
X-ray diffraction, which detect anhydrite (gypsum hardened body) and anhydrite,
particle (gypsum unhardened body) detected strong peak of anhydrite that indicate
unhardened characteristic of gypsum with A0.4.
Conclusions

The increase of mixing water, 1.5X and 1.75X, resulted within JIS standards in
setting time, suggesting its applicability in clinical setting. The use of automatic mixing
device decreased elastic strain and shortening of the curing time. For the secondary
impression application of adhesives on the primary impression gives secure adhesion.
Optimum thickness of the secondary laminated impression was suggested at 0.8mm to

keep comparable surface quality and surface texture of the single impression.
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3. MBS HIE
3.1. ZIRHIROWERFE (% 1)
3.1.1.  FEERbIE

T F— FHIGHM (T 2—R L, TV T T A&t ik, BA)
7.5g ZARBEK (17.0+£0.5°C) 17Tml (A — A —FEERAKE : LT, EUEE), 25.5ml (£
— I —FRERAKED 1.5 55 : LIT, 1.55%) B3L1029.8ml (A —H—fRERKED
1.75 58 . LR, L751%8&) L L7z,

3.1.2. #FHIE

MR AR T (AR 2 40 B B X O BE@#fg (27 e Ixd—,
MIKRONA TECHNOLOGY AG, Spreitenbach, Switzerland) % FV 7= B @higiFn  (GeFniEfs
1200 & Uiz, fifn/E, =R (23.5£1°C) OBEEE FICTT-7-.

3.1.8.  JIEHH

BIETEE L, AR, KAOT A, HEOT R, JEE Uiz, LR, KAOT
-, BPEONT 2% JIS T 6505 102 HE U CHIIE L7z, IEM B I U CREBRIR 2 ERLL,
2 TOREIE, =i (23.5+1C) OBRE FIZT{T>7=. (n=10)

1) fE{kRe

T AR EICE NIRRT LTI & 72 LRIk & L7z, —dm & A
JE L7z PMMA #:% HIV T, 10 RO CEIR RIS S, FISM A HBREITAE L
72 IR HWER A MR L & L7z, S 612, PMMA #OIENHEI T DR & 54
bR & L7z,



2) KAOTH

&Y U7, R LTS 20672 L 7 ATEZ L, 35+ 1CORAKHIZIRE,
SEaf bk, &RV 7O EY ML, B 12.5mm, &S 20mm O ORER K
AERL L7, BBRE bicX A v —UoflET (0.5+0.1N) ZHEfistw, XA v
F—=rOREERE (A) %, EHIZ 20%07 A% 30 S LA EbRER, HES
A XN =V ORE T EHfESE (B)., ®EHAWTKAOTA (D) 2HHLE

D=2B%100
20

3)  HMEOT A4
AKAOT B ERERIC, MHEEOREBRAEZ/ER L7z, HBER{RIZ 1.25 £ 0.05N Dfaf B %
Mz ZA XY NTF—OREEZHE (C). ¥iZ, #irE 125+ 0.INNx, X1 ¥YLF—

CORBENELE (D). K& HOTHEEOTZ (8) ZHIMLE. S=22x100

4) T B

PR L7277 vk — NHIGH 2ml 238K & L=, B BRiK % 100x100mm D7 Z A
WA Rz o, #RBRLA 1 43 30 B4 12 100x100mm D A7 A (1.20 £ 0.02N) %
DATIE . BANBR A 6 31212 T V¥R — NENGB DIRIN 0 Z TR DB 2 73 & P E
L, ZOo0¥HEHWCHEZHEE, ZhazfEs L.

3.1.4. T ITiIA

TEACIRERE], KAOT F, FRMEONT 2 & FREEIX, MR E L IRK D 2 BRI W T
JCALE 5 B HT & Bonferroni fiE D% & I 21T > 7=, 77#471L PASW® Statistics 18.0
(SPSS, IL,USA) #HW\WTiT-o 7.

3.2. HEEEOEWIEABRIICBIIETTHE W 2)

3.2.1. ABRAEDOIER

—xtD& B Y 7 (N 12.5mm, &S 20mm) ZHAE L, T O—FITEEEDIRK
e TR L2 M 2380, SEeeii{biZ sl a7 7 CTHIBR L, ZOHIREIZENZE
ORI (=7 —7r—10 BHE LT A, #HABAoRmpA—EA<RLETEMm
ZBER (LUF B) BX O AF UBIEHIGMEEM (R v~ TAVRCEF, K
DN~ T oA, W, HAR, LT AB) #8Z7%-o7-. I, b9 —FHO&R
U U I RANG HE LT-HISH, (GRKEE « AR - 1.5 55 - 1.75 {5 &) Z Rl
BLUZmICREYE, KHIRNE2ELT 5 E T, —RAIGE ZIREIGAFenk 91z



F Xz, e, REOHSMEERY v 7IZn-o CTHWVEY, &FY 7 h
SEY H LA RERE (B 12.5mm, &S 4 0mm) & L7-. (n=12)

3.2.2. MEHFIE

A A br o (TG-5kN, I R3_THASH, #, AAR) 2T, 7
12 A~y FZAE— R 2mm/min THIEEAERRZITo7-. 2 THEMMTER L7z, 5]
EEEARBROBER, =R (23+£2°C) OBREE T TTo7-.

3.2.3. M7k

ZNENOIRKEITIIT 2 51 iREE B R ) T, R DENIT OV T HEE
L 7= (Kruskal-Wallis f& i€, 2 L8 1% Bonferroni #27E) . 734113 PASW® Statistics 18.0
(SPSS, IL,USA) #HW\WTiT-o 7.

3.3. “WRHIZOE SO  (WE 3)
3.3.1. AERADIER

R SRR (RGeS SR G10-402K-QF, MiXatt=v v >, 5UEF, AA)
Z, B N L— (7 X FU—E, BRASHAMEREE, FOK, BA) 2V CHEERS:
BAF AT o 7. B TR OMRRE THUZEE L7z RS SR 2 IS L7z, FI%
JEIZERE & L, FIGURITE 2 B LU 3fe CRETPRANE A A T E CTREF L.
BREHIZIE, —KHIRZT VY3 — RIS (T V=R 7, TV 7 T4 =&k
Stk WK, BA) 15g, KK 34ml & BB (227 2 I%¥—, MIKRONA
TECHNOLOGY AG, Spreitenbach, Switzerland) Z H\T 12 PRI L, &% FL—I(C
BT — RS BRAG 2 1T o 7. WFBAME D 3 4 (et bief]) %, gz —2¢
B THE L. —IRAIGES%, KREE D 2 WR8ETHF A7 (S—= K= — - &H
#25, Keystone industries, K[EH) TERE L%, 70X CFBRESH HEEM (B
7YX~ THAVRYR, KRSt N YT 2L, B, BAR) B A= —IREICHRE
VB LECER L=, B T IREIZIE, 7AYo — R ZT7.5g, 7KK 30ml (X —h—7F&
EIRKED 1.75 ff5) T, —IREIG & FERICHTN L — RIS mIc 2B LK 17 721%,
TIRENGERAGEAT o 2. SRRBG D 6 43 30 B, FISM & —FEh Tk L. 7ok,
HE AR 23 £ 1°C, M 45 £ 10%, KR 17+0.5C& L7z, FISERMSIEHAKR
FIAF A BRI ETE T A E A T 4 (BRRRBRAEEL 10 4FLLE 3 44, 10
RN 4 4) CHEB 4EAT- 7.

3.3.2. WIEHIE
RIEHBALIE, UIHEFLEE (a), A REAYE LGSR E EFRRORZZES (b), EH
HwEOOZF/NEND 2em BT O (¢), EAREMHYSE (d) BILOLEAE—KHAHH



WER (e) @ 5 @A Lz (Fig.l). HIEE, FEEESRRGERZICE 22, JEAT
ZHEEBHEL TH A 7 CEISREICx L CREICYIRT L, 2O o IKAIGORE S % /
F A (500-444 CD-S15C, BEX&fEI Y ba, HAE, HA) ITTHYIEL 3EIJEIEL
7.

3.3.3. fEMTITIE

FEJE NG S X IEEAL & MTE M TENR RN E W) IREGLEZRET D729, Tkl
BB AT T2 CHEMER 5%) . 5471E PASW® Statistics 18.0 (SPSS, IL,USA)
HAWTIT- 72,

3.4, “WKHIGEIOEVPABEREICS 2 HHE (W 4)

3.4.1. HERKRDOIER

FEHIZIE, —KESRE T VIR — NS TNV —R L, TV T T4 =&k
Kt ik, AAR) 7.5g, ZHK 1Tml (X —h—{EERKS) B8NS (27
1) 2 ¥ —, MIKRONA TECHNOLOGY AG,Spreitenbach,Switzerland) % F\C 12 7
WEf L, &8V 7 (B 26mm, @S 20mm) (ZBY HF7 7 U U2 ENS5R1&
Lz, ZOT7 7 VABIE KA ZBE LHIGES 2K X2 5729, 0.4mm, 0.6mm,
0.8mm (LL'F, A0.4, A0.6, A0.8 L ¥%) O3FHAHEL, “IRFIGMDE X %1k
T DHDAX—Y—L Lz (Fig.2-a). MR 370 GERmE b)) %, FIG
Mz —%8ClE L. —REISEREE, TAXUVBIERISHAEEY (h2 Y~ 7
NURU R, RS N7 =T o0, B, HAR) A =0 —BEICEV B Lz
BT, R CRENGIE, 7Y — R 7 7.5g, AR 30ml (A —H—EEIRAKED
1.75 %) T, —WHEIR & RERICHN L —REIREICRREZ K 15 72%, o7 7Y
M A ZIRENGEAG LTz (Fig.2-b). #FBALEDD 6 43 30 B (GEmf{biEf) (ZFI%
a7 27 VRN LEEL, BEHICHSED RIS, &RV v 7 EREDT 7 ) Lol
Pz B 372, A8 (ma—7 72 b=y, BASHY—2—, W, BER) &2
—H—HREE Y OIRAKL THEHZEFHMZIT), "M T L—X—%HAL, 18277 U
FORIMIZEA LTz (Fig.2-c). #FBAGE S 1 ReffRiek, BM SBUH L 24 FERH
FRICHE L-ObEERM S ZHE L., SERBRE (LI, CO &795) 1%, —KkH
LHT 7 IVNRTEREL, Eio7 7 VABORPZ, a5 2 EA LELIE-b 0
ZHAE L.

AREBR IR O/ERLTEIR 25+ 1°C, 1B 50 £ 10%, K 17£0.5CHOEKRMETE I eoT-.

3.4.2. KEMHZOHE

KM S OWEIFEER L —F —BEMEE (LEXT OLS3500, OLYMPUS, #i{, H
AR) RO T 72, PIEERNCRBRIKOT 7 U VEEfiliE 2 = 7 — & 2 X2 —CyiF L.
FHHRF O E TR L X 100 5, B> A TZE 26pm, KEMH I DT X —H—(F



JISB 0031 (1994) 29V, HAFFAM S (Ra), s K@ S (Ry) &+ FAH E (Rz)
O 3FEFECTHEM Lz (Fig.3). HEEALIT 1 RBRIKIC XD 148, FOonbAERAICSE
Mg 2 MO 3 s & L, FHAIEPHIX 128%128um OREFNIZE T DIEED 5 DT F
Y% = OREROBEME Lz, (n=7)

3.4.3. EERE FBAMBEIC L DG O B2

FHRMCB T HRIMOFEREL R T 2 - DRB AL I —R > 23— (VC—100S A
—ARra—F—, (Fk) BET AR, K, BA) Ltk EEWEFEME (A2
AR TE IS S-3400N, HITACHI, Tokyo, Japan) % HWC, MEFEE 15 kV,
532 1000 75 CAEERE MR (LLT, SEM B &9 25) 12X 2R ARR OB
ZiTo72.

3.4.4. T v 7 AREWTIZ & 5947

PSPC /N =~ 7 ZfEfrEEE (PSPC-RINT-2500-Micro X-ray-Diffractometer,
Rigaku, R, HA, LLF : Micro-XRD) ZHWTHIEZIT > 7=, WESM: EEE
50kV; EHEH 300mA; =Y A—X—, [EfE 100pm ; ABRIAFEE), x#h +30°, o +
10° ; FEAEAGP, 3-160° (20) ; 5HE&IFH 30 77, 1&BRKIZOZHL 1 4L, Fulde
OAEAIZERBEO 2 RO 38 AEflE L7 (n=38). HEMFIX, Jade software
(Materials Data Institute, USA) =MW CEMN T 2B 2o 7=,

3.4.5. fRMTITIA

CIRENBICB T A FHIRE S OERE & L, R S 2R & Lz —Johl @ oo
¥ra Ra, Ry, Rz DENZEILTITolz. AEENRD LILZHA, Dunnett OZ &L
BARIE 2T -T2, A EAKEL S5%ITHRE L. oHTid PASW® Statistics 18.0 (SPSS,
IL,USA) Z#HW\WTiTo7-.

4. fER
4.1.  ZRHIROWERIFE WFE 1)
4.1.1. HE{LRER
MR LIRF R I, TR/KEE THEET % & Fifnds KO E B T, EKERE <251
ONTHEER I VABERIER 287, 72, T X OHBZ LT 5 &, &
IR I T H B O g AL RF A 23 B 70 i 238D 72 (p<0.05). (Tablel)
SERMCIRERIE, FEfn - o & HICKIRKEE CHER T 5 &, AR EL 725
ICOVEHER LV FERIER 2B, £7-, THfnL Aoz b4 2 &, EER
& L5 EREICE W T HEIMOA BB 28D (p<0.05). (Tablel)
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4.1.2. KAOTH
HRTEOBE VI L DA EREITRD SN o7-. LvL, IRKEOEIIN L
FFECED ST, KAOT T 27 L=, (Tablel)

4.1.3. HHEOT A
1.75 5 EO BB W TH BRIV 238972 (p<0.05). @ HiEICEDL 57,
BEPE O A AR & el L CA RIS L7-. (Tablel)

4.1.4. W=
FEAER & 1.75 (5 &m0 HEWEFICB W THERBD 2807 (p<0.05). BAKEOHE
DN FI FIEIC B &3, BT AEICHE L7, (Tablel)

4.2. BEEFEOEVHEEBRIICB XITTRE (WL 2)

FARAKIIZEBNT, ABIZA L BOW 7 & el U THEER S ICHERBMEZ RO (p
<0.01). F77, AL BORITITFIRAKKLIZENT, BEERIICHERRZEITRD b/
Mno7-. (Fig.4, 5, 6)

4.3. *‘/JYED%%O)ED%%}E% BT oM (WFSE 3)

FRE ST 2 L OREER 2L, a:0.63+0.07mm, b:0.45+ 0.04mm,
c:0.80+0.13mm, d:0.76+0.06mm, e:0.79+0.14mm TH-o7=. LA E T
HrofES, WESALOWE M a lL, OB TOUER LR L THREINAEIT/NS
KD &R EMESD b, MOETORIER L g L CTHIRE I BNAEEIC
INSL B Z EERRDT (F1g 7). £, WEFTIE 1 A OHBHER 5 D FTD R
SITBWTHOITE LV AEICREL 25 2 &bl (Fig.8).

4.4, TIREAIBESOEWDOEBEREICH 2 DHE (54
4.4.1. Kk S ORE

RafED&EF L OMEREF 21T, A0.4 :2.21+0.23pm, A0.6:1.86+0.11pm, A0.8 :
1.74+0.11pym, CO : 1.78 £ 0.08pm CTdH > 7=. L HELB O, A0.41%fhD4TDRa
B &t L CTHEICKRE 2fEL Rr Lz, Ry[EOAER X OMEERZX, A04: 17.43+
2.72pm, AO0.6 : 15.03+2.60pm, A0.8:12.86+ 1.05um, CO : 12.27+0. 75pm“C“a%o
7. ZEHBORE, A0.4LA0.8D, A0.4LCODMICOILEERELRBDOI-.
EOEAER X OMEAERFZEIE, A0.4 : 11.05+ 0.99um, A0.6 : 10.04 + 0.92pm, A0.8:
9.26+ 0.54um, CO : 9.32+0. 42pmf~‘3%>o7‘: L E O R, Rafl & FEEIC, A0.4
IO TORafl & ik L THEICKE 2fiZ 7~ L7z (Table 2).
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4.4.2 GEBRAEFBEMEEIC X DS OBl

Fig Q1IiABRIAD1000f%E 2 R LT\ 5. COLA0.81F, WOk bEER IO
K& SIFH—T, sHROBEERHZ LN, A0.6DFEMIL, $HROKEA2BIERTE -3,
FERDOIENCRCAR Y — T, CORA08L LD LiEMOREIIRE o7, F72, K
XL LD A DI, MEROSHIRREE X R SN e o7z, A0ADRKESLIE, EHIkAE
EITEBETE 2D o7, A0ADFE O REIFM O & OFRBIA L » IR E <
WiZlpo Tz, F2, LA ARKIEREZRDT-.

4.4.3 T 7 ARREWTIZ LD 50T

Powder Diffraction File CHis& L 7-f5H, £ CTORBRKT, —/kA%E (CaSOs - 2H20
/ JCPDS No.21-816) & #E/K A (y-CaS0s/JCPDS No.26-329) Dfi 52V T3
AFLL EO—F % 457-. COI%, —/KAFE (CaSO4- 2H20) DE—7 L DO—FKn388H -
7=. £7-, A0.8LA0.6HL,CO L IZITFAEED KABEDOEY—r %7 1L7=. Lo L, A0.41E
MAKAE (y-CaS0s) DE—7 i —&K L=, £/, EAKAE (y-CaSOs) DB —
271%, NEW PLASTONEI ¥y Ko v —2 & —FH L7-. (Fig.10, Table3)

5.  BE

ARRGEIL, TV R — MEBEHRERKE CORAZHNE LT, 4 OOEREMHL L
7o 1.ZREIBIZET 5 7 02— MR OIR/K I K OMFn FIEOE W DS E O
FetE (REALEFRE, AAOT A, HEOT A, FIE) ICRITTEE 2 KGR
2RI OE WD —RANR & ZIRAIGOHEAETR ST RITT . 3. LHEBRE O
FEEESRICBT 5 EBEBEIRO 7 F~—27 O ZRFIRIE S ORIE &, iii#E M OMED
W AT NUR— MERBRIED ZIRFIR DR S OEWA, AERAOREMERIC
B 2 BBz SN TIEf LT,

ZORER, IR OWERRECET 2 8MFHE, 1Rk 1.5 & & 1.75 RO
PEOT I L KAOTHT, JIS B OHIEOT 2 5%LLE 20%LLF, KAOT A 5%LL
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