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I [Abstract]

< Objective >

To establish a clinical method of selective pressure impression technique following research were planned and
investigated. In research 1, viscoelastic rheological properties of impression materials by focusing on tray
seating was investigated. In research 2, pressure dynamics in the investigated trays caused by differences in the
various impression materials and in the thickness of the relief provided for the trays was investigated.

< Material and methods >

Research 1:

Eight types of polyvinylsiloxane (PVS), two types of polyether, and two types of alginate impression materials
were used. The storage modulus (G'; degree of stiffness) and loss tangent (tand; degree of hardening) were
determined as functions of time from 0 to 360 s, commencing immediately after the 60 s of mixing, by using a
stress control-type rheometer. Statistical analysis was carried out to compare between the impression materials
by using the One-way analysis of variance and Tukey's HSD method (p<0.05) . G' and tand for each of the
impression materials were compared at 0 s and 20 s.

Research 2:

Two types of polyvinylsiloxane elastomers, one type of polyether elastomer and one type of alginate impression
material were used. Pressure sensors were embedded at eight locations in a model of an edentulous maxilla, and
used a simulation model covered with a pseudomucosa. For each impression material, the measurement was
performed five times for each of the three types of trays, and the mean values were compared. Statistical analysis
was carried out using the One-way analysis of variance and Tukey's HSD method (p<0.05) . The various pressure
sensor values for each of the impression materials were compared 10 s and 20 s after the start of the
measurement. Additionally, we compared differences among the three types of trays 20 s after the start of the
measurement.

< Result and discussion >

Research 1:

Stiffness was found to be widely distributed (4.49-0.26 X 10* Pa) among PVS-types, even immediately after
mixing the impression material. There was also variation among polyether (1.55-0.5X10* Pa) and among
alginates (0.64-0.21X10* Pa). The hardening of all impression materials progresses beyond 20 s after the
completion of mixing.

Research 2:

The pressure values for sensors placed in the relief region tended to become uniform. Furthermore, the pressure
trend to increase at the alveolar crests of the left and right first molars at 10 s and 20 s and the posterior border of
the palate, all of which support the denture, when relief was provided.

< Conclusion>

Based on the results of our study, in research 1, differences in G' were observed between various impression
materials, even immediately after mixing. In addition, accurate timeframes for impression taking could be
suggested based on the results of tand. In study 2, observed significant differences were observed in pressure
dynamics on the impression materials, depending on whether or not relief was used, and the thickness of the

relief. Because of this, we believe that the selection of the impression material and contrivance of the tray design
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is important. In addition, the results serve as guidelines for a clinical application of the selective pressure

technique.
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Table 1 FI%44

Manufacturer's Instruction

Constituent Material Manufacturer Operating time Operating +
(from start of mixing) Tray holding time
Polyvinylsiloxane  EXADENTURE (ED) GC, Tokyo, Japan 2.5 (min) 5.5 (min)

EXAMIXFINE INJECTION TYPE (EM) GC, Tokyo, Japan 3 6
EXAHIFLEX INJECTION TYPE (EH) GC, Tokyo, Japan 2 5
SILDE FIT REGULAR&DENTURE TYPE (SI) Shofu, Kyoto, Japan 2 6
Aquasil Ultra XLV (AQ) Dentsply-Sankin, Tokyo, Japan 2.5 5
Imprint3 Light Body (IP) IM ESPE, Neuss, Germany 2 5.5
Genie Extra Light Body (GE) MORITA, Osaka, Japan 2.5 4.5
AFFINIS PRECIOUS light body (AF) YOSHIDA, Tokyo, Japan 1 3

Polyether Impregum Soft Medium Body (IG) 3M ESPE, Neuss, Germany 2.5 6
FUSIONII EXTRA WASHTYPE (FU) GC, Tokyo, Japan 2 5

Alginate AROMA FINE PLUS NORMAL SET (AR) GC, Tokyo, Japan 2.17 4.17
ALGIACE 7. (AL) Dentsply-Sankin, Tokyo, Japan 2 4

Table2 & ¥ —FRENLE & LI OE S

Sensor Sensor setting location Thicknesses of the pseudomucosa (mm)
Sensorl1 (S-1) Incisive papilla 3.5
Sensor2 (S-2) Anterior point of the mid-palatal suture 23
Sensor3 (S-3) Deepest point of the mid-palatal suture 2
Sensor4 (S-4) Part corresponding to the right first molar 3
Sensors5 (S-5) Part corresponding to the left first molar 3
Sensor6 (S-6) Right greater platine foramen 3
Sensor7 (S-7) Posterior point of the mid-palatal suture 2
Sensor8 (S-8) Left greater platine foramen 3

Table3 10 M& BT DIPEHMER (G) OHIGMH TOREZE (p<0.05)

ED EM EH SI AQ 1P GE AF IG FU AR AL

ED
EM
EH
SI * *
AQ
IP
GE
AF
IG
FU *
AR
AL

*

* ¥ *
*
* X * ¥ *

* ¥ ¥ K

LR N
*
*
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Table 4 20 B 1228510 2 AR (G) OGHE TCOREZ (p<0.05)

ED EM EH SI AQ 1P GE AF 1G FU AR AL
ED
EM
EH
SI * * *
AQ *
P * % *
GE * * * * * *
AF * * * *
IG * * * *
FU * * * * *
AR * * * *
AL * * * * *
Table5 10 #%I281F 5 tand (FAKIERE) OHIGHME TOAEZE (p<0.05)
ED EM EH SI AQ 1P GE AF 1G FU AR AL
ED
EM *
EH %
SI * * *
AQ | * *
P * *
GE * % * *
AF * * % * * * *
1G * * * %
FU * * * %k
AR * * * * * * % *
AL * * * * % * * * *
Table 6 20 P ICH T 5 tand (FRKIERE) OHIGHMEI COAEE (p<0.05)
ED EM EH SI AQ 1P GE AF 1G FU AR AL
ED
EM | *
EH E 3
SI * % *
AQ * *
P * * *
GE * % % * *
AF * % * * * * %
i % % * * * % *
FU * % * * % %
AR * % * * * % * %
AL * * * * * * * *
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Table 7 10 f0%# & 20 #1251 5 NR TOHIGH B OHIGE (kPa)

R— After 10s NR After 20s

ED AF 1G AR ED AF 1G AR
S-1  79.66(8.08)C 81.44(8.90) € 61.813.67) X 77.96(6.66) © 79.63(9.05) € 80.04(8.75) © 56.63(2.47) X 74.90(10.10) ¢
S-2  9520613) 4970033) 47.12080) S113214) 47.88(3.46) 49.73(4.TT) 45.28(2.71)  45.81(3.05)
S-3 34560428 ¢ 32.96(3.76) ¢ 42.56(0.61) % 33.54(1.57) ¢ 34.11(4.28) ¢ 32.67(3.32) ¢ 40.25(0.70) ¥ 29.47(2.45) ©
S-4  sse141n)  3581621) 38.02(1.60)  36.64(2.40) 37.722.99)  32.51(5.83) 37.93(1.65) 38.42(1.94)
S-S 31.72(4.19)  34.48(2.40) © 27’.95(1&41)b 29.85(3.00) 29.24(3.42) 30.84(3.00) © 25.84(1.20) b 32.98(2.82) €
S-0  20095.10) 19400167 ° 25.29(3.06) ° 19.97(1.58) 20.103.99)  18.98(1.39) 23.30(1.67) 4 18.27(1.67) ¢
S-7 1877462 ¢ 1815(1.88) ¢ 26.1100.43) X 19.400.25) ¢ 17.40(4.28) © 18.48(1.80) © 23.56(0.68) X 17.24(1.97) ¢
S-8  1s520200° 17.5801.05) ° 25.680.70) K 16.2001.57) ¢ 171311 € 17.950.96) € 23.87(0.87 X 16.75(1.75) €

NR, No Relief tray; ED, EXADENTURE : AF, AFFINIS PRECIOUS light body: IG, Impregum Soft Medium Body ; AR, AROMA FINE PLUS NORMAL SET

Means (SD)), Values with different letters are significantly different for each sensor and time measurement ; P < (.05

2P < 0.05 when compared to ED, bp <0.05 when compared to AF, P < 0.05 when compared to IG,

dp <0.05 when compared to AR, P < 0.05 when compared to D and AL, fpo 0.05 when compared to ED and AR,

£ P < 0.05 when compared to AF and IG, hp <0.05 when compared to AF and AR, ' P < 0.05 when compared to IG and AR,
1 P <0.05 when compared to ED and AF and 1G, k'p<0.05 when compared to ED and AF and AR,

1P <0.05 when compared to ED and IG and AR.

Table 8 10 f0% & 20 #1217 5 R1 TOEISRM I OEIRE (kPa)

Sensor After 10s R1 After 20s

ED AF 1G AR ED AF 1G AR
S-1 49.503.67) ¢ 42.17(6.88) 1 63.30(2.47) % 52.71(2.54) & 47.15(3.96) ¢ 40.37(7.26) ¢ 59.892.47) © 49.14(3.44) €
S-2 52.27(2.47) ¢ 47.43(3.13)® 46.23(1.73) © 48.1(1.89) 51.23(3.05) 8 45.79(3.95) ® 45.24(1.65) 47.89(1.89)
S-3 40.44(1.14)  40.49(2.10) 41.99(0.61)  39.49(1.31) 39.29(2.36)  39.24(2.62) 40.88(0.44) 39.82(1.14)
S-4  3586017)° 38620389 4181105 36472.17) ¢ 36.05(1.87) ¢ 37.693.52) 42240187 T 3672 247 €
S—S 32.99(3.94) ¢ 29.52(2.65) 25.81(1.46)® 28.55(3.17) 32.64(4.19)° 29.24(3.00) 25.37(1.71) * 28.52(3.17)
S-6 25330957 2801084 26.600.37) " 25.471.30)° 2533110 ° 27.521.21) F 26.11(0.46)  25.96(0.92)
S-7 2520(0.77)  26.27(2.23) 26.95(0.60)  25.97(0.86) 24.15(1.37) 7 25.91(1.54)  26.27(0.34) * 26.64(0.77)
S-8 2379096 2490031 25.090.35)  23.59(0.96) 23120131)  2457(0.87) 24.49(0.44)  24.04(0.70)

RI, One part Relief tray; ED, EXADENTURE : AF, AFFINIS PRECTIOUS light body; IG, Impregum Soft Medium Body ; AR, AROMA FINE PLUS NORMAL SET .

Means (SD), Values with different letters are significantly different for each sensor and time measurement ; P < 0.05

4P < 0.05 when compared to ED, bp < 0.05 when compared to A, ©P < (.05 when compared to 1G,

4P <0.05 when compared to AR, ¢ P < 0.05 when compared to ED and AF, fp< 0.05 when compared to ED and AR,

2P < (.05 when compared 1o AF and 1G, hp<0.05 when compared to AF and AR, ' P < 0.05 when compared to IG and AR,
J P < 0.05 when compared to ED and AF and IG, kP <0.05 when compared to ED and AF and AR,

1P <0.05 when compared to ED and IG and AR.
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Table9 10 B & 20 BV#212581F 5 R2 TOEHIERMB OEIARE (kPa)

R2 After 20s
ED AF 1G AR

After 10s
ED AF I1G AR

Sensor

44.75(1.42) ¢ 43.333.14) 1 49.76(4.71) 0 54.2002.24) € 42.7401.5m 9 402804399 46.81(5.98) 53.052.17) ©

16.92(1.56) ® 39.34(2.72) ! 453503.13) 2 51.85(1.56) 46.53(1.64) " 37.4502.47)! 44583871 51.93(1.48))

43.770131) © 3936(052) ! 42.96(1.31) ® 43.68(1.05) P 43.58(0.87) ® 38.06(1.310) ! 42.462.27) ® 4u420131) P

UJCDCIJCIIJV)CDM
NN N -

41.97(3.44)  4621(2.62) 9 41.00(4.04)  38.05(1.65) " 4120411 47.103.29) 1 39.22(6.66) P 37.54¢1.50) P
- 28.20(4.88)  30.66(0.94) 27.01(2.05) 27.55(2.91) 27.41(4.28)  30.62(1.46) 26.55(2.31) 27.24(2.65)
- 29.88(0.46)  29.93(2.04) 30.48(1.95)  28.50(1.11) 29.85(0.37)  29.79(2.69) 30.58(1.58) 29.23(1.21)
- 27.28(1.63)  27.99(1.03) 29.03(0.77)  28.94(1.28) 27.24(1.54)  26.98(2.23) 28.59(1.11) 29.55(1.54)
S-8 26.27(1.05)  26.73(L84) 26.59(1.05) 26.12(1.14) 26.02(0.52) 25.86(2.19) 26.43(1.22) 26.63(1.22)

R2, Two part Relief tray; ED, EXADENTURE :; AF. AFFINIS PRECIOUS light body: IG, Impregum Soft Medium Body : AR, AROMA FINE PLUS NORMAL SET

Means (SD), Values with different letters are significantly different for each sensor and time measurement ; P < 0.05

2P < 0.05 when compared to ED, bp < 0.05 when compared to Al, P < 0.05 when compared to 1G,

dp < 0.05 when compared to AR, ¢ P < 0.05 when compared to ED and AF, Ip< 0.05 when compared to ED and AR,

£ P < 0.05 when compared to AF and IG, b p<0.05 when compared to AF and AR, ' P < 0.05 when compared to IG and AR,
J P < 0.05 when compared to ED and AF and IG, kP <0.05 when compared to ED and AF and AR,

1P <0.05 when compared to ED and 1G and AR.

Table 10 20 & ICB T A2 EMBEAN S L —%&2 HWZBD ED OHIZRE (kPa)

Sensor NR R1 R2

S-1 79.63 (9.05) © 47.15 (3.96) 42.74 (1.57) ®
S-2 47.88 (3.46) 51.23 (3.05) 46.53 (1.64)
S-3 34.11 (4.28) © 39.29 (2.36) @ 43.58 (0.87) °
S-4 37.72 (2.99) 36.05 (1.87) 41.20 (4.11)
S-5 29.24 (3.42) 32.64 (4.19) 27.41 (4.28)
S-6 20.10 (3.99) © 2533 (1.11) ¢ 29.85(0.37) ¢
S-7 17.40 (4.28) © 24,15 (1.37) 2 27.24 (1.54) °

S-8

17.13 (d.11)©

23.12 (1.31) @

26.02 (0.52)

NR. No Reliefl tray; one-part relief tray; R2, two-part relief tray.
Means (SD), Values with different letters are significantly different for each sensor ; P <0.05

AP < 0.05 when compared to NR, bp < 0.05 when compared to R2,
©P < 0.05 when compared to NR and R1, dp < 0.05 when compared to NR and R2.° P < 0.05 when compared to R1 and R2
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Table 11 20 & ICHBITF HEHEMEAN b L—%2 HW RO AF OHI%E (kPa)

Sensor NR R1 R2
S-1 80.04 (8.75) © 40.37 (7.26) @ 40.28 (4.34) °
S-2 49.73 (4.77) ° 45.79 (3.95) ° 37.45 (2.47) ©
S-3 32.67(3.32)¢ 39.24 (2.62) ® 38.06 (1.31)
S-4 32.51(5.83)° 37.69 (3.52) b 47.10 (3.29) ©
S-5 30.84 (3.00) 29.24 (3.00) 30.62 (1.46)
S-6 18.98 (1.39) © 27.52 (1.21) @ 29.79 (2.69) °
S-7 18.48 (1.80) © 25.91 (1.54) @ 26.98 (2.23) ®

S-8

17.95 (0.96) ©

24.57 (0.87)

25.86 (2.19)

NR, No Relief tray; one-part relief tray; R2, two-part relief tray.
Means (SD), Values with different letters are significantly different for each sensor ; P <0.05
AP < (.05 when compared to NR, bp<0.05 when compared to R2,

€ P < 0.05 when compared to NR and R1, dp < 0.05 when compared to NR and R2,° P < 0.05 when compared to R1 and R2

Table 12 20 ZICB T A EHEN S L —% HWT2BR0 IG OHIZE (kPa)

Sensor NR R1 R2
S-1 56.63 (2.47) © 59.89 (2.47) © 46.81 (5.98) ©
S-2 45.28 (2.71) 45.24 (1.65) 44.58 (3.87)
S-3 40.25 (0.70) 40.88 (0.44) 42.46 (2.27)
S-4 37.93 (1.65) 42.24 (1.87) 39.22 (6.66)
S-5 25.84 (1.20) 25.37 (1.71) 26.55 (2.31)
S-6 23.30 (1.67) 26.11 (0.46) ¢ 30.58 (1.58) ©
S-7 23.56 (0.68) © 26.27 (0.34) * 28.59 (1.11)
S-8 23.87 (0.87) ° 24.49 (0.44) © 26.43 (1.22) ©

NR, No Relief tray; one-part relief tray; R2, two-part relief tray.
Means (SD), Values with different letters are significantly different for each sensor ; P < (0.05
AP < (.05 when compared to NR, bp<0.05 when compared to R2,

€ P < 0.05 when compared to NR and R1, 4P <0.05 when compared to NR and R2,° P < 0.05 when compared to R1 and R2

Table 13 20 RPZICB T D2 KFEMBA N L—%2 HW 2D AR OHIZJE (kPa)

Sensor NR R1 R2
S-1 74.90 (10.10) © 49.14 (3.44) 53.05 (2.17) @
S-2 45.81 (3.05)° 47.89 (1.89) © 51.93 (1.48)
S-3 29.47 (2.45) ¢ 39.82 (1.14) ¢ 44.42 (1.31) ¢
S-4 38.42 (1.94) 36.72 (2.47) 37.54 (1.50)
S-5 32.98 (2.82)° 28.52 (3.17) 27.24 (2.65)
S-6 18.27 (1.67) 25,96 (0.92) ¢ 29.23 (1.21) ¢
S-7 17.24 (1.97) © 26.64 (0.77) ¢ 29.55 (1.54) ©
S-8 16.75 (1.75) © 24.04 (0.70) ¢ 26.63 (1.22) ¢

NR, No Relief tray; one-part relief tray; R2, two-part relief tray.
Means (SD), Values with different letters are significantly different for each sensor ; P <0.05
AP < (.05 when compared to NR, bp<0.05 when compared to R2,

€ P < 0.05 when compared to NR and R1, dp < 0.05 when compared to NR and R2,° P < 0.05 when compared to R1 and R2
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