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Shrinkage of Resin Restoration in Dental Ring
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ABSTRACT

Acoustic emission (AE) signals are detected during the polymerization shrinkage of composite resin
restoration in artificial dental ring according to various interfacial treatment conditions. AE amplitudes and the
number of AE hit events were compared through the non-parametric statistics of Mann-Whitney method and
Kruskal-Wallis method. The AE amplitudes detected from the PMMA and human tooth ring specimens were
not significantly different according to adhesive conditions. The stainless steel ring specimen, meanwhile, had a
difference in AE amplitude (p<0.05). The quantity of hit events for the human molar dentin specimens of the
good bonding state was much less than that for the steel ring specimen but more than that for the PMMA ring
specimen. For the same substrate, the better the bonding state, the less the AE hit events (p<0.05). The degree
of marginal disintegration measured by SEM was proportional to the amount of AE hit events detected.
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Fig. 1 The non-penetrated ring for acoustic emission detection.
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Fig. 3 Acoustic emission measurement in composite restoration using a
non-penetrated ring substrate and a wave guide plate.
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Fg. 4 Schematic of specimen fixture for acoustic emission measurement.
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Table 1 AE hit events and amplitude for various substrate ring specimens

Materials AE hit events  Amplitude(dB) t ini(sec)
PMMA 1.89+1.17 36.08+5.73 19.23+16.88
Human tooth 6.751£1.50 31.94+3.92 43.18+48.78
Stainless steel 12.00£3.39 34.83+10.53 25.00+23.60
4 05
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Fig

. 5 AE signals detected during polymerization shrinkage: (a) typical
waveforms of signals, (b) signal analysis by a FFT.
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Fig. 6 Results of AE hit events and amplitude for the human molar
dentin specimens.
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Table 2 AE signal amplitude and statistic results according to various
adhesive conditions

. . AE litude (dB) | M. Vhi Kruskal-Wallis
Adhesive condition (me:n:S.D] (p-value) ’ (p-value)
Without adhesive 33.4316.97 =
< ]0.949
§ With adhesive/Without LED 33.87£7.02 0.479 0.702
& ]0.439
With adhesive/LED 31.886.42 -
£ | Without adhesive 36.08£5.73 ] b
3 0.569
]
£ | With adhesive/Without LED |  31.94:3.92 0.569 0773
£ ]0.728 |
T | With adhesive/LED 34.83£10.53
g | Without adhesive 33.59£11.54 e
g 0.038
£ | with adhesive/Without LED 33.90£9.62 0.001 0.002
5 ]0.031
& | With adhesive/LED 31.95+13.60 -

Table 3 AE hit event and statistics results according to different the
substrate rings

Materials n AE hit events Mann-Whitney Kruskal-Wallis
(meantS.D) (p-value) (p-value)
PMMA 7 189117
:l 0.0058
Tooth 4 6.75%1.50 0.0029 0.002
:I 0.0342
Stainless steel 7 12.00£3.39

Aoy wlEvE donms gyl 22 wjaniyzRe w
AE Aoz AT 4 glon Hao] gk 32 AH
gl ~d AHoA AEH ASELS 25~40dB2] wleket 4l
Wk ofyet 40dB oo MEZA FHE $7F 300 o)<l
AEEE AEHenz va IYorre oI Furt
AR A WY Aoz w5 Qo

4.3 Al™ Aol wE AE Atake RolM HE
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AE hit event =0 W3t mawa 9 7o) WE 54 A7
= vehdich Mann-Whitney'tH& AME3E A4 23l PMMASH
Z]okzke] pgte 0.00580]11 PMMASL AE|QlE]As A" 7He
pZFH-S 0.00292 4 AE hit event 4:9] o]z} v|mA 7}5}1A
ehiteh Alote} AE|QlEls A ZhoE pgho] 0084224
AE hit event 4=2] =}o]7} 9182 < 4= r}l. Kruskal-Wallis
WS LS A}, PR 000224 A|HO] Aol wel AE
hit event =7} t}2ct3l g 4=

Aol AR8E Clearfil S3 &A= A7} ol Zabo]u(self-
etching primer: old M2} JsiA)et HEed Bt &
Gelofgls BatdAE HRAolh A7k oy Zefolu
of 7hgwel onE Eefu Avo] Fsmear layen)S HelA)7]
I, oFso H3EE AAT] HHRAE obs wHd FEg

A =E A= i1, AT 24 SIS
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Fig. 7 AE ring-down count number versus amplitude for (aPMMA
specimen with adhesive / LED, (b)human tooth specimen with

adhesive / LED, (c)stainless steel specimen with adhesive /
LED, (d)stainless steel specimen without adhesive.
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wa 9 HJA A3E yehdth. PMMA AJsHE Mann-Whitney
HE ARgste] Fo)4dS HSe 23 HAAE viEa LED =
AR AAIGE A LEDE ARt Adxtele pitol 194
0.052T} 2Fe 0.01740|Q1 A4S vl23 LEDS AR A
A H2ZAE A "i2A] o2 Aol pglol 0.0018E 4
AE hit event 20| Zpol7} llch 1eju HAE A Hi=
A 2 AT GFAIE Bl2aL LEDRARE oFA] g2 A#RE
o= pfro] 0.2734=# AE hit event 42| x}o|7} QUich
Kruskal-Wallis®& o]-8sto] A7 H2h 271& SAlol Blal
3t Axl pgke 0.0132.24 AE hit event 2=9] z}o]7} J9ich

2o} Al HE e HakxzloA PMMA Ht} g2 AE A%
7b AE= AN PMMARE Ak 778 Aabrh ugic). Mann-
Whitney®]-& ARg-sto] wlwgt A¥ HAE €23l LED
ZARE AAIRE AT LEDE et Adztoll= patel 0.0316
ol HAAE HIEL LEDE AN Ay HAE A
3 vlEx] ke A7l pZlo] 0.0262Z# AE hit event
9 ztol7h Uit 1y HAAE A viEx] g2 A
3} HHAS Hl23 LEDRALE 1] o A7l p
Zro] 0.35910]= 2 AE hit event 4=2] 2pdAJo] gidc). Kruskal-
Wallis®H& o]-&-sto] A7kA] &b 27& FAlol vlug 2
I} pgk2 0.0292 4 AE hit event 4=9] x}o]7} Qllct.

Table 4 AE hit events and statistic results according to different adhesive

conditions
. - AE hit events Mann-Whitney Kruskal-Wallis
Adhesive condition n (mean5.0) (p-value) (p-value)

Without adhesive 9 4.33:0.87
< :I 0.2734
Z | With adhesive/without LED | 7 386157 0.0018 0.013
& :I 00174

With adhesive/LED 7 189:1.17
£ | Without adhesive 5 14.20:7.40
H :I 03591
£ | With adhesive/without LED | 6 14332367 00262 0.029
E :| 0.0136
I | With adhesive/LED 4 6.75:3.67
% | Without adhesive 10 | 2060762
g ] 0.0339
£ | with adhesive/without LED | 7 1283:371 0.0231 0.021
'E :I 0.7823
& | With adhesive/LED 7 12.0023.39

Table 5 The gap percentage and the maximum gap width at the margin

of the specimen

Stainless steel PMMA Human tooth
Bonding Without With adhesive/ With With With
Condition adhesive Without LED adhesive/LED | adhesive/LED | adhesive/LED
Gap
Percentage(%) 99.2120.74 94.65£2.57 88.6913.47 0.7810.31 43.25$4.21
Maximum
widthgm 0T | 6072190 5.6741.87 5.07£171 191£0.72 2.86£1.01

Composite resin

P —

pr—
—r 5.259m
6.511pm

Stainless steel substrate

Fig. 8 SEM taken from the marginal region of composite restoration
in a steel ring.
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Fig. 9 SEM taken from the marginal region of composite restoration
in a human tooth ring.
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