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"HE%NE& "S&Y) " HESUH $A0& " (Y0)H# quots of cement samples placed by the
"HS%& (J$#*+# - '#/0# 1.2#23)# combined compaction and ultrasonic activa-
IS % $&'()F$%*$"+.8*,  tion method (Figure 3b).
""HR"#$% & Walnt.

Regression
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"H"HS %&'(1")*$ $ +()$ %,-1.)$ /00)1$ 0.&2)$ tribution! . . In this S.tudy, we introduced gas
I"H#$ #O6&$ &'S "()"*+%$ "&$ "$ *-.10$ #1%%($ ".$ A negative rel"#! 1"#$%8&" (%)% adsorption porosimetry as an acceptable

1"t SY&H Vo()*+HE ) +Y6-./%&H 0% (&1-0_*é#"#$%!&!!!!"#$%&'(&'#$% &'()&% *'+*% ,-%*'.%method for evaluation and distinction of
I"H$%6& () ++#&") $+) $-) ,"/(",0)) 12&#---,%23)!"#$% &'($% ")% &H$Y0! &HSYHE'( )" 1" specific pore characteristics of a dental re-
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IHBUHE " RIHSSBBI& SI()H14+* . (((, I"HSWIS

"#$ -1"# $UoH &'H# () &*# &+*,-.%" /# .,-,*"0$%-1#"*ton of the paste during its placement. A

suitable for the materials with apertures
smaller than 50nm or the powder with the
"#$%&'()*%+()*,""(#)$-".)/00.,)1 20].” Our
"#'$%&' ()| SH& " #S*"%$"1%'+,#-".$,"+'%-/ I"
"#$ %&'()$ *+$',+)$ -&"$ %&./0"0112+$ +20('

similar pattern was also observed in mid-
"#$%&'())%)$&*" (#+!%,'Bations of samples
from both groups. These cross sectional
preparations also revealed the presence of
more numerous air-entrapped pores in

"#$% &$'% (1&!"(1") &*% &$&*+("(% #,% -#1/% )O8aaples prepared by ultrasonic activation.

IHSYOISRY6' () +5)) I+ L IS, 0! G+

Similar observations have also been report-

"#'$%& #P& '()*+)#"%,& #-'&"..'[#0& $.& /-'1"/)*&d in other investigations where a “direct”

or physical manipulations on the materials’
specific pore characteristics. Lee at al stated
that gas adsorption technique gives the
largest amount of information for the po-
rous structure of solids [21].

When comparing the pore charac-
|n#$%|$&%| ()v %*+’_u%v ,'*&".'/O' n$!1u#| ()l !1|n
"#$ 19%&IY#$%&'()*" (*+,1-.",/0",1'0%$$"

!n#$%&%l(")*"#+’$_+* +./0*'/* +%1l%2%3(-!_v* 40/03 phenomenon of the action of

!ll#n$%n&| (u)*nu$| )+||| ,'.I/O#”I &1#12%™ 2 "

I"#$ %68 1S (&)*+H#$" -$ %&1$ ./01$-/.1/2*1/&,$ struments in liquid media, call

It SR (VBH "HI&H )+, ) 1M Y | N MO'SH
IH$9$& ()1 SHS(+,), (+-*./,08+(,(1234$&("5(

I"H$068$'( YR H# $I6& Yot &(1&')*+# )# ,_--&*&__,_%ptroduce larger bubbles into a
I""I#$% &'% #&()*H#S+&'% +'% #&',-'H#E+&'% .+
I"#1$%&' ()*'$+,-"1&('%&."1/)%0((1.%(")23%3,( that of Ol-lr Portland cement
I"H$U6& () &FSH +&S+&, # (4 +-(SH$+., [#0&1&# 2paste specimens.

I"H$% S&HY6 "% "(#% (1)(% *+"% ' % -% .-/)#/% +*- #% Another noteworthy

analysis.

Based on the limited number of
samples tested, eight samples per group, no
statistically significant differences in either
the average BET specific surface area, pore
volume or pore size distribution of samples
from either of the two groups may be re-
ported. However, from this data trends may
1"#$1%"rved. First, our data showed a trend
toward larger average surface area of pores
in those samples prepared by compaction
alone. In contrast, there was a trend toward
smaller average surface area of pores in
those samples prepared by compaction in
conjunction with ultrasonic activation of the
paste during its placement. Second, we
observed similar results with samples pr!"
"#$%& (&)*+!"),-*.&"/*.$&01*2-.3&" & #$.%&
"#$%&' ($%)*%' $+*%$)*" ,"%*" +"(-.*/' 0"I"

activation of the cement through insertion
of the vibrating ultrasonic tip into the paste
is thought to create a “whi!"

U S VOHE () 8FB(& &+ - IS O+ HSE1$28. 0" 06$3- % B(-("-%$4/$3&, ("3) &+ $5HESIE, ("3) &*$T+.8$+*06+'-3.$90. "HE IS +.")

pr! pared by the indirect ultrasonic method.
This conclusion was based on the pooling of
water observed on top of each aliquot of
cement paste placed to make up a whole
sample. This would suggest that sa

mples prepared by the indirect ultrasonic
actival"#$% &'l(#)% *#+,)% -.'/ tedly have
smaller pores sizes, while presenting larger
pore surface areas and pore volumes. Yet
this was not supported by our quantitative
I"#"$%%& % (')*' +' %, "#%0#, 'Uefet ultrasonic

ping” motion in the paste, lead- | Table 1:!"#$%&#"1"#$%&'(&)* #+&,&!-.&)*'#+8&l/
ing to introduction of larger air
bubbles into the paste [14]. 1"#$%&' | 1"#$%&' | 11" HS 0
Another explanation for this
observation may be related to
I"#$asonically vibrating in- I"#$%8.() f- %8 ' "HS%& I"H "HS%
"#$%&#()" I"#$%& I"# 1"#SU
“acoustic cavitation [22]”. This $,..(:#$| o $% %
phenomenon may potentially B
e viscous medium, such as !"#f:f’&l"!" !"!ﬁig/g/@g;' !"I!IJ'#$;°'/2§L$;!/” I"#$$
: : : 0 L 0
. Pore Size 1"#$%%&'(" "#$%&'(' 1"#$%#
observation that was made 450" 8" I"H$9%9%&( I"H$9%& &
only in the sample prepared by "4
the indirect ultrasonic activa- T
tion was the presence of hori- m m m
zontal demarcation lines be- ! #?Z?g; /! !|!”###$0(/;fg‘ S9DZ_.0312g7 0.894
tween aliquots of cement IH#‘ 0/$&S'| I#$% T
placed during obturation of the "HS%E™!
mold. A plausible explana!"#$%

for formation of such demarcations may be
that the agitation provided by the ultrasonic
energy may have potentially forced the solid
particles of Por!land cement to stack-up
more closely against each other by forcing
any unbound water out of the spaces be-
tween those particles, and essentially, caus-
ing sediment! tion of the solid entities in the
I"#$%-cement paste mixture. Other reports
have shown that a critical increase in the
liquid component of hydraulic cement

I"H$6& '(& ")(*$& HSI"HS%& +,& )& __%_#$/nwould lead to a decrease in the strength of
I"#$%68& )+ Yo* BV (") $+& & ,I-"./0& --)#_&the material. These “watered-down” inter-
!u#--$%&-&u(&!$u$#%&)!$*+,_+$_+/*&!$.on((&%$faces may ultimately present as those weak
I"HSI0HE '(SHE )*+#& *)-$*./1-*(0)& *0&)!1-2#)&"fault-lines" seen in the indirect ultr! soni-

I"HIS HY08 (&) +HIS), -+ &) +IS HI& *& OHE

cally prel"#$%& "(1)$'& *+& ,-#& (".+ ified

I"#$% &'()*% + $% (J#(-$.+% &/+-"0)(.% "+(1 images.

I"H$%8 | (#)*%%
IHSY68 (Yo)*( &+, (, & +)%l( B

The presence of visually larger

I"#$%0I&BIH!" #SUN&'I(#H)S" )" (+" %,-&.'%" 1"#$%& (& %)*!+$%& ), By the indirect ul-
1"#$% &' ()% *"#+,%-&.% +/% 0#% '% 1+$2&" % #iP4s}ihic activation method concur with our
"#3%"&'()**"+,*% ()$#!)-% +%*I (/1. (#$%{"00) report of larger values for aver!"#$ %&'#$

"#1$% &!"'(11"% )% '(*+% % ,'%ppeared that a
sample prepared by compaction alone had a
more uniform outer surface which was
devoid of any noticeably large sized air-
entrapped pores that were more readily
observed on the outer surface of the sample
prepared by the indirect ultrasonic activa-

"#35%%&' (")*" +,-.../#)""['&0

sizes along with the expected correspond-
ingly smaller average pore volume and av-
I"#3$1% &"1% (xface area of samples pre-
pared with the aid of an indirect ultrasonic
activation method. Such findings are in
"#$%&'$($"()""ibly more sedimentation of
solid Portland cement particles in the paste

activation creates more densely packed
specimens with smaller pores and poten-
I"#lly larger pore surface areas and pore
volumes. The larger air bubbles, as visual-
ized in stereomicroscopic evaluations, may

I"# $%&'(")*# &+,&H# *-"H# &+"# &, # "0$%1+# &$

support results reporting larger average
pore size distributions and smaller average
pore surface areas and pore volumes that
contradict the visually observed signs of
I"#$%"&tation in the indirectly activated
ultrasonic method. Excluding these outliers
we report that samples prepared by indirect
ultrasonic activation are indeed more
densely packed at a more microstructural
I"#"1$ %&™$ ()mpared to those placed by
I"#$%!&"'()%*"ne. Such extrapolations may
be further supported when comparisons
between data reflecting the average com-
pressive strength of samples from the two
groups is made.

Our data showed that the place-
ment method did not have a statistically
significant effect on the average compres-
sive strength of the samples from the two
groups; however, there was a trend toward
samples in the ultrasonically activated
group having a higher average compressive
strength values than those samples placed




Dentistry 3ty

Vol 2, No 1 (20!"#$$$$%6& $!()*1+*,-.(((, I"#$%!$

"t $Y6& ($)*Vo+# (Yot~ # # I04THS %6&S &H#'${)*
"I#$%& ()& 1$8 *+,$-%(.$/& 1)& .0$& +1$&
IHS Y08 ()< 1 ()% ) ¥, I
P SH8 (V) (") +, ) %"( $HEN, +%(
IHSO6& () $H+(&" +¥#-(1.-(/"(0"1.#"&(HY6 (H#S$"(
I'HE%&S'( )*H)$%( &$%, +B( -1./%SHH*&S(
I"#$%&" ()*(1+,-. 3! (*#),("/1(&#)0-1

| 1"H$%6&'1"& |

I"#$S "%H& )&+ (&'&H*,-).$ H#$ "$
I"HE06&' HS(H )(* +" Yo (/' 01"&' 2%3'
I"HBOHE! ()F (+*,-1.'[" *-(O1* 1#O#.&10" &' *(+*
I"#$%& (")$*(%$+," -%S$" (+%&)." " [%(0"(* )1%&"
IHS%68) ()& *REDES "+ &, (H("&" &' 1#&) V8
I"#$ %&S %'($ )("%+$ %&S ,-./()("'$S Y0(ES
I"#$%&

F1"I#1$%! &1

1. Evaluation of setting properties and
retention characteristics of mineral
trioxide aggregate when used as a
furcation perforation repair mate-
rial. Sluyk SR, Moon PC, Hartwell GR.
J Endod. 1998 Nov;24(11):768-71.
PMID: 9855831.

2. A comparison of MTA, Super-EBA,
composite and amalgam as root-end
filling materials using a bacterial mi-
croleakage model. Adamo, HL, Bu-
ruiana R, Schertzer L, Boyland RJ. In-
tEndod J. 1999 May;32(3):197-203.
PMID: 10530207.

3. Leakage evaluation of root end fill-
ing materials using endotoxin. Tang
HM, Torabinejad M, Kettering JD. J
Endod. 2002 Jan;28(1):5-7. PMID:
11806652.

4. Dye leakage of four root end filling
materials: effects of blood contami-
nation. Torabinejad M, Higa RK,
McKendry DJ, Pitt Ford TR.J Endod.
1994 Apr;20(4):159-63. PMID:
8035153.

5. Antibacterialeffects of some
rootendfillingmaterials. Torabinejad
M, Hong CU, Pitt Ford TR, Kettering
JD. J Endod. 1995 Aug;21(8):403-6.
PMID: 7595152.

6. Reaction of rat connective tissue to
implanted dentin tubes filled with a
white mineral trioxide aggregate.
Holland R1, Souza Vd, Nery MJ, Far-
acoJunior IM, Bernabé PF, Otoboni-
Filho JA, DezanJunior E. Braz Dent J.
2002;13(1):23-6. PMID: 11870957.

7. A comparison of laterallycon-
densedgutta-percha, thermoplasti-
cizedgutta-percha, and mineral tri-
oxide aggregate as root canal filling

"#35%%&' (")*" +,-.../#)""['&0

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

materials. Bogen G. J Endod. 2004 22.

Dec;30(12):826. PMID: 15564859.
A quantitative comparison of the fill
density of MTA produced by two

placement techniques. Yeung P1, 23.

Liewehr FR, Moon PC. J Endod. 2006
May;32(5):456-9. PMID: 16631848.
Porosity-dependence of effec

tive mechanical properties of pore-
solid composite materials. Pal R.J
Com-pos Mater. 2005
Jun;39(13):1147-1158.

Flexural strength and porosity of ce-
ments. Birchall J, Howard AJ, Kendall
K. Nature. 1981 Jan;289:388-390
Bye GC (1999). Portland Cement,
2ndedition: Composition, Production
and Properties. United King-
dom:Thomas Telford Ltd.248 p.
Placement of mineral trioxide aggre-
gate using two different techniques.
Aminoshariae A, Hartwell GR, Moon
PC. J Endod. 2003 Oct;29(10):679-
82. PMID: 14606796.

Comparative chemical study of MTA
and Portland cements. Oliveira MG,
Xavier CB, Demarco FF, Pinheiro AL,
Costa AT, Pozza DH. Braz Dent J.
2007 18(1):3-7. PMID: 17639192.
Microstructure and strength of hy-
drated cement.Feldman RF,
Beaudoin JJ. CemConcr Res. 1976
May;6(3):398-400.

Mehta PK (1993). Concrete: Struc-
ture, Properties, and Materials. New
York: Prentice Hall. 704 p.
Relationship between pore struc-
ture and mechanical properties of
ordinary concrete under bending fa-
tigue.Zhang B. Cem and Concr Res.
1998 May;28(5):699-711.
Compressive strength and pore
structure of high-performance con-
crete after exposure to high temper-
ature up to 800C.Chan Y, Luo X, Sun
W. CemConcr Res. 2000 30(2):247-
251.

Asthana R, Kumar A, Dahotre N
(2006). Materials Processing and-
Manufacturing Science, First Edition.
United Kingdom: Butterworth-
Heinemann. 656 p.

Aligizaki KK (2005). Pore Structure of
Cement-Based Materials: Testing,
Interpretation and Requirements.
Boca Raton: CRC Press, LLC. 432 p.
Determination of pore size distribu-
tion and surface area of several ma-
terials using mercury porosimetry
and gas adsorption. Tian Y, Chen Ke-
fu. China Pulp and Paper. 2004-04.

A gas adsorption porosimetry analysis of Portland cement prepared by compaction vs. compaction with ind!"#$%&'(%")*+,!$&)-1%).+,

The Characterization of Porous Sol-
ids from Gas Adsorption Measure-
ments.Lee CK, Chiang AST, Tsay CS.
Key Eng Mater. 1996 115:21-44.
Ultrasonic debridement of root ca-
nals: acoustic cavitation and its rele-
vance. 1988. Ahmad M, Pitt Ford TR,
Crum LA, Walton AJ. IntEndod J.
2009 May;42(5):391-8. PMID:
19356172.



