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— ABSTRACT

EVALUATION OF MICROLEAKAGE WITH RETROGRADE FILLING MATERIALS
IN BLOOD CONTAMINATION USING FLUID TRANSPORT MODEL

Hyo-Soon Ahn, In-Ho Jang, Se-Joon Lee, Kwang-Won Lee
Department of Conservative Dentistry & Institute for Gal B osci ence,
Col I ege of Dentistry, Chonbuk National University

Leakage studies have been performed frequently, since a fluid-tight seal provided by various dental fill-
ing materials has been considered clinically important. The leakage of the various root-end filling materials
has been widely investigated mostly dye penetration method. These dye studies cannot offer any informa-
tion about the quality of the seal of a test material over a long period of time The purpose of this study was
to evaluate the microleakage of root end cavities in blood contamination filled amalgam, intermediate
restorative material(IRM), light cured glass ionomer cement(GI) and mineral trioxide aggregate(MTA) by
means of a modified fluid transport model. Fifty standard human root sections, each 5mm high and with a
central pulp lumen of 3mm in diameter, were and filled with our commonly used or potential root end fill-
ing materials after they were contaminated with blood. At 24h, 72h, 1, 2, 4, 8, and 12 weeks after filling,
leakage along these filling materials was determined under a low pressure of 10KPa(0.1atm) using a fluid
transport model.

The results were as follows :

1. MTA group showed a tendency of decreasing percent of gross leakage (20ml/day) in process of time,
whereas the other materials showed a tendency of increasing in the process time.

2. At the all time interval, GI group leaked significantly less than amalgam group and IRM group (p
<0.05).

3. At the 4 weeks, the percentage of gross leakage in MTA group decreased to 0% thereafter, the low per-
centage of gross leakage was maintained in MTA group until the end of the experiment, whereas the
percentage in IRM group increased to 100%.

4. At the 12 weeks, percentage of gross leakage was significantly low in MTA group(0%), comparison
with GI group(40%), amalgam group(90%) and IRM group(100%), but there was no significant differ-
ence between latter two materials .
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Fig. 1. Schematic diagram of fluid transport device

Groups Filling materials Treatment of root cavity
AM Amalgam Blood Contamination
GI Fuji 1 LC GI Blood Contamination
IRM IRM Blood Contamination
MTA MTA Blood Contamination

Negative control

Positive control

AH26, nail varnish

No Blood Contamination,
No Blood Contamination,
No Sealer

Gutta-Percha with Obtura I
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Table 2. Result of fluid transport (F:zd/day)
No. of Root Sections
Groups Week
F<0 0¢(F <10 10<(F <20 F) 20 Total

AM lday 4 3 1 2 10

3day 1 2 2 5 10

1week 0 2 3 5 10

4week 0 0 4 6 10

8week 0 0 1 9 10

12week 0 0 1 9 10

GI lday 8 2 0 0 10

3day 7 2 1 0 10

1week 5 2 2 1 10

4week 3 2 2 3 10

8week 3 1 2 4 10

12week 2 2 2 4 10

IRM lday 1 1 1 7 10

3day 0 1 1 8 10

1week 0 0 1 9 10

4week 0 0 0 10 10

8week 0 0 0 10 10

12week 0 0 0 10 10

MTA lday 1 2 2 5 10

3day 4 2 2 2 10

1week 6 2 1 1 10

4dweek 8 2 0 0 10

8week 8 2 0 0 10

12week 8 2 0 0 10
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Table 3. Multiple comparison by Mann-Whitney rank sum test
material prob » |Z| P <0.05 P<0.01
1 day(24h) Am vs GI 0.047 *
Am vs IRM 0.025 *
Am vs MTA 0.030 *
GI vs IRM 0.000 * *
GI vs MTA 0.001 * *
IRM vs MTA 0.529
3 day(72h) Am vs GI 0.002 * *
Am vs IRM 0.154
Am vs MTA 0.099
GI vs IRM 0.000 * *
GI vs MTA 0.113
IRM vs MTA 0.006 * *
1 week Am vs GI 0.009 * *
Am vs IRM 0.049 *
Am vs MTA 0.004 * *
GI vs IRM 0.000 * *
GI vs MTA 0.647
IRM vs MTA 0.000 * *
4 week Am vs GI 0.044 *
Am vs IRM 0.029 *
Am vs MTA 0.000 * *
GI vs IRM 0.002 * *
GI vs MTA 0.012 *
IRM vs MTA 0.000 * *
8 week Am vs GI 0.016 *
Am vs IRM 0.317
Am vs MTA 0.000 * *
GI vs IRM 0.005 * *
GI vs MTA 0.010 * *
IRM vs MTA 0.000 * *
12 week Am vs GI 0.016 * *
Am vs IRM 0.317
Am vs MTA 0.000 * *
GI vs IRM 0.005 * *
GI vs MTA 0.003 * *
IRM vs MTA 0.000 * *




= AM G = RM MTA]

120 ¢

40 + Lo
20 p— ——

Percentage(%) of GL
(o]
o
|

24h 72h Twk 4wk 8wk 12wk

Time intervals

Fig. 2. Percentage of Gross leakage (F ) 20)

FAAA A B

opd7r e IRMw-& X247 it 1H4-& P43 o
S B93 JoldH e B s EAtH(Fig. 3, 5).
[RMto] th&to] Hsf d#s] W& H4s F4dsisia,
Gl FE4o2 X437 J2d 257 943 1H40] &
A= Yehde dd2 EAom (Fig. 4), MTATS 45
dre EFAY S 49 7120} #EEE sy
] YarEe] A -z 2] A" FEE EAT
(Fig. 6).

V. 52 5 ot

LT AHslolA AmE THtE 7IEE FHoR 5
ot fluid transport model~ Pashley 5>l ¢J3l *
TotElo] d=A Aud O3 d7S Fele] B A
e] A EAT AgE g, Ao
AzE 5% F 524 387 23 949 o o
ol Wk a2} U 2o gele dazas e
W] ogeh. AW arterioles®] 2

deA U A2l A 7 2 arterloles«] olgl o
43.35mmHg®th &1 ufabr] | ELDJ dzA A gd 7}
A S ARl e 27HE 5 AT A2 g
el A gt Wu ¢ AfeA st 2ol 0.171%
(76mmHg) S AHg-3lo] LR =2] a1 oAl #EA S
7].21 L [ =i=% }oﬂ

M=
o] A9 HA L ] =@ 93T Yo g 2 HA A
o T2 WAIS] 93 obE7t IRM, glass ionomer
cement, MTA®] &35 Hlul, H7tep7] fleto] dA7ds
7} FUsAl = ¥AR 2FstE oS At 7 AlERE

2 2 N oo o

Fluid transport model2 0|28} X|2Et GEX 2o EHAHQAA| OIMTSLI}

7] gl @HFEA FEE /MR Tk A, g A&
2} A7122 bone wax®2 71AA At oY 74|
W o] ARSEA|RE o] Wi Bsta et
Azxd AHE v 5371 A o] FoAE AL ofytt
212k 959 AZA] paper po 1nt—‘ o] &3 F glovt 1
B AR kL o] & AAN] S 4
=599 compressed airg 23 }*0“"}“ A& FHEA
& A,

2

Al S Bk fE o8 7k AR E Ak ¢
T7F gol AHEEo] gtov, due wet wEo A3yt o
2A vehta Wu 579 SJstd 7% A3 £3] o] &5
& methylene bluee F A€ 5 %A optical density7t
Hiete FEE Bovka Haste] 2 /“?ﬂoﬂ’ﬂ“ fluid
transportE &% HlATES Hrletaal s19aL, 9%
oz AZebeo] dAE SAAA U Fe ‘}0 oL
A} sttt

Phillips®ol] w29 trituration, condensations %=
A =2t 5:01] JeiM Y FA FEFY izt

l

ool A] ol e Ho] dojid  gitkar skt of
A& dhtn e ot %%"] THELAl e o
B YIS e Aor G glon FReAA 7
o] Frreith, Eg H2lo] F7 3} A HEd oA 5
A =R 0% W pittingS FEEHA &1 opEziel
ARV e el B b R e e I = e Y = g
2078 ofddol ?ﬂ"ﬂx] % opto A= U
WA et mebA i o] kel e F9lolA
© ofddo] FfEA] 2 opdzte] Meo] ;e ok 5l
o} 3HH ofdo] FREA| ¢ op A WF porosity©]

Agko] t] A1, upebr EaA AAo] 7isHA Aoz I
o#%  Callis 570 9J3HH varnish® AFE-3S w) opZ
el 7] vAlFES A do 153 o) sle]
A ool gltka ¥uska King 572 Inose %
T 2o A3E Hud a gl

[RM#} 2-& Atglold A5 Alge] AlHE 3 +F9
Aol oJ) JaFs wett FE2 AR F8ste] [RM
o] AstritE @8] AAaAZITh, o] A& A BT Adotdd
I JEp] doll e EsH HEstA A-L=7] Aol
gAY, AsE }'3}‘4 FHAstuA & o SR
2 s Om‘/}ﬂ g B E 47] oH9A gt gt
o B Ao [RMS o] A5l Az 54
S 4S5 T UL oPEET U B FEHYE BT
°|A2 Bondra 5% Smee 59 India inkE ©]-&3t
ATobE thxA oY, Torabingjad 5291 & methyl-
ene blueE ©] &3 dree 22 475 Yepllt 19
1/} & AT FARAL An ARRle] 212 [RM Aol 9

< A AHAR B F dAnf A A Te] Hol

29



LHBHIA| 22 ZSES| X Vol 27, No. 1, 2002

2| ¥ 2] ol thar #AE o] et AR Al
B oo FE A ofo] QemE RE ZH A4 opEkzt
ol i} IRMol| Hlal et A EHE Hel o= e
t}. 2099 A Wilson¥} Kent® ol oJ&] Fg] 2 olo] 2=
7 A 2YE oY 2 XA} oAy gl FAE=
Age] A el o 5 3 AR AHEEHA ¢
o Aolda W dig FEsote] ewer o] A
orthograde filling ¥5F oF4 g} retrograde sealant@A ]
"FQ“"H gk 2471 €@ 4= 9t} Rahmat 579 9485 ©]
23 n| A T& AEol|A bR HT} leakage’l Atha B
J_OPM.L 53] varnish® EX319< Wl s 9 & 31‘3}
3 B33l Roth9] dye penetration Ao M=
grofol e em = S B E S Yeplla FARIA 54

S B ERHEAN BHE AL BEE

A% AR el FE T3 ronl Ao 2
ool cs) A Aol 008 A3 ol gt 2

kel
13819t Chong 592 Al o] &3 U]"ﬂ?‘i‘ﬂ:’l
23 du|Zd ## India inkE ©] &3 tAFE AT B

olA] opEztE T} Srsltia Haas on %Fﬂiﬂﬁi/\i
o] 7FsdS Eo] H7Iekt. Jesslen 592 JdHo R
ot} S 2ofo] Qem] AW EALC]d] AJFEL] fogt
Aol glovt opighel A FxA 029 Fefel7teA
2 52789 e wiAlAT| L 220kl Qe m o
A ATES =& AT S 2T o opEzte] of
AAMER $58 EAS 7RKda Basidt, a2y £
AT A 9} o] Al A= RINE] B 5 Ao 2 A

2 oA olaatel Aol WoiA 1 ml4] FEo] A
o whet 271E7) Wl A% A 0@ e Hazer] el
welaol & Aol vamish® EEdY FEE Zo|Es
walof & Ao ARHG G B A7) Agd 3F
#% 2o ofe] oxr] AREY] S 4olN Belo] A
26 59le] FAA] £ 0% £2e] ofg7] B2 =
716l 93] A257] of2l & Aolw weby A2 A2

Wt} o] Torabinejad 52 A9l MTAE 7
glol Ay gl ool 9l uf B
T2 A7A 2 HAEo]l Am, Super-EBAE F7tetthe
Haye} Ay fAabelA 909 Bk AldrE AT
ol M= o7t Super-EBA, IRMl H&| FZo] 2 %lom
W AN AZA] A= Kettering® Torabinejad 52
MTA7} nonmutagenicg-s& E 18l 1% Torabinejad
52 Super-EBA®} IRMELE Al 254 o] Hom FE4T
A MTAE AS9Z 9d FAS s dste 7Y &
;é]i ilﬂ qu_%.m. guinea pig48'49)9]' 7H46 ’ %%0]4/ %—Oﬂ

30

A RS o =2 AP Bylon dggem <
ZF osteoblastell 28t cytokine w49} interlukin
AE FR0a HuEleh Sealing ability™ <}
HEo] AAAY 2 antimicrobial effect EZ”% ke eis
o] MTAE 229 934 Aa2d 2o A448S 712 A
B2E AlRdED ey 2 oqrr“’ﬂ/ﬂ %V\M@b} FrAFSHI
Adstuz =g oy, sEddol AdAdae <
AL AL bl A 5‘% AR oA E AL
obm, A Abghel| A<l wh ° ‘
vivo oA o B Aot ArIzte] #e] d gste e
At

V.2 £

| o4 Jﬂdﬂ el PA= 9S4

at7] flste] EAHE @22 50/0E Zo] Smm WF A7

3mm 9 holes @43t 47 o QAT opdzt

Fujii T LC GI, IRM, MTAE FH3s}a,

AH262.2 F73 T nail polishE =¥3}

< sealers AME38IA] &1 Obtura [ & o] &3t gutta-
m

P

perchags FAste] A9t v =

fluid transport method& ©]-§-3td tha-2}

£ a4t

1. MTAT-& AJZto] 73 2gel| mhe} gross leakage(20)4)
7} Aadhe A Hole vk AM,, GI, IRM-& Al
7ro] 73}t gross leakage’t F7FetE A B

o,
rlo

mi

< A8

)

E 23 Ao Gl leakaget® AME, IRMel| H]

Aoz Fod gk WUTHp(0.05).

ZA MTATY] gross leakage= 0%7HA] 743t

I, A8 FE A A B FEE A v

IRMT< 100%7HA] 571815 T,

4. 125 A MTAT9 gross leakage(0%)E GIT
(40%), AMT(90%), IRMT(100%)l ¥ A4
o2 598 wahA ¥kork(p0.05). AMZ} [RME
k] SAEA fre -2 flATHp)0.05).

b
)

w
N
= =N

)

rak

F2s

ikal

—

.Sjogrem U, Hidgglund B, Sundqvist G, Wing K.:
Factors affecting the long term results of endodontic
treatment. J Endodon 16: 498-504, 1990.

2. Ingle. J. 1. and Backland. L. K.: Endodontics, 4th ed,

Lea & Febiger Book, Philadelphia 689-763, 1994.

3. Baumgartner J. C. and Galkler, W. A.: Bacteria in the

apical bmm of infected root canals. J. Endodont, 17:

380-383, 1991.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

. Dorn SO, Gartner A.: Retrofilling materials :

. Harty FJ, Parkins BJ, Wengrat AM: The success rate

of Apicoectomy, A retrospective study of 1016 case. Br.
Dent. J. 129: 407-418, 1970.

. Gartner A and Dorn S: Advances in endodontic

surgery. Dent Clin North Am 36: 357-78, 1992.
Zzaw

CEEW, R ATE: £ ALY dFAA AT 24

gl vAe 9. WEAFEEEGS A, 20(1): 17-32,
1995.

. Rud J, Andreason JO, Jensen JEM: Radiographic cri-

teria for the assessment of healing after endodontic
surgery. Int J Oral Surg 1: 195-214, 1972.

a retro-
spective success-failure study of amalgam, EBA, and
IRM. J Endodon 16: 391-3, 1990.

. Frank AL, Click DH, Paterson SS and Weine FS:

Long-term evaluation of surgically placed amalgam fill-
ings. J Endodon 18: 391-8, 1992.

Rapp EL, Grown CE, Newton CW: An analysis of suc-
cess and failure of apicoectomies. J Endodon 17: 508-
12, 1991.

Smee G, Bolanos OR, Morse DR, Furst MF, Yesilsoy
C.: A comparative leakage study of P-30 resin bonded
ceramic, Teflon, amalgam, and IRM as retrofilling
seals. J Endodon 13:117-21, 1987.

Bondra DL, Hartwell GR, Macpherson MG, Portell
FR.: Leakage in vitro with IRM,, high copper amal-
gam, and EBA cement as retrofilling materials. J
Endodon 15:157-60, 1989.

Wilson AD, Kent BE.: A new translucent cement for
dentistry. Br Dent J 132: 133-5, 1972.

Tobias RS, Brows RM., Plant CG, INgram DW.: Pulpal
response to a glass ionomer cement. Br Dent J
144:345-50, 1978.

Pitt Ford TR, Robers GJ: Tissue response to glass
ionomer retrograde root fillings. Int Endod 23:223-
8,1990.

Abdal Ak, Retief DH: The apical seal via the retrosur-
gical approach (1. A Preliminary study). Oral Surg
53:614-21, 1982.

Ruyter, L.E. and Sjevik, 1.J.: Monomer composition of
dental composites and sealants, J Dent Res, 57(spec.
iss.):249, abstr. 700, 1978.

Rueggeberg, F.A. and Craig, R. G.: Correlation of
parameters used to estimate monomer conversion in a
light-cured composite. Dent Res., 67:932-937,1998.
Asmussen, E.: Restorative resins: hardness and
strength vs quantity of remaining double bonds. Scand
J Dent Res 90: 484-89, 1982.

Blackman R, Gross M, Seltzer S: An Evaluation of the
biocompatibility of a glass ionomer-silver cement in rat
connective tissue. J Endodon 15: 76-9, 1989.

. Pissiotis E, Sapounas G, Spangberg LSW: Silver glass

ionomer cement as a retrograde filling material @ a
study in vitro. J Endodon 17:225-9, 1991.

Christopher F. Bates, David L. Carnes, Barlos E. del
Rio: Longitudinal sealing ability of mineral trioxide
aggregate as a root-end filling material.

Torabinejad M, Watson TF, Pitt Ford TR.: Sealing
ability of a mineral trioxide aggregate when used as a
root end filling material. J Endodon 19:591-5, 1993.
Torabinejad M, Dby Wc, Naidorf [J: Inflammatory and
immunological aspects of the pathogenesis of human
periapical lesions. J Endodon 11:479-88,1985.
Torabinejad M, Hong CU, Pitt Ford TR, Kettering JD:
Cytotoxiciy of four root end filling materials on mouse

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Fluid transport model2 0|28} X|2Et GEX 2o EHAHQAA| OIMTSLI}

1.929 cells. J Endodon 19:203, 1993.

Hong Cu, McKendry DJ, Pitt Ford TR, Torabinejad M:
Healing of furcal lesions repaired by amalgam or min-
eral trioxide aggregate. J Endodon 29: 197, 1994.
Torabinejad M, Hong CU, Kettering JD: Antibacterial
effects of some root end filling materials J Endodon
19:200, 1993.

Mahmoud Torabinejad, Robert K. Higa, Douglas J.
McKendry, and Thomas R. Pitt Ford.: Dye leakage of
four root end filling materials: Effects of blood contam-
ination J Endodon 20(4): 159-63, 1994.

Pashley DH, Thompson SM,, Stewart FP.: Dentin per-
meability: effects of temperature on hydraulic conduc-
tance. J Dent Res 62:956-9, 1983.

Wu M-K, De Gee AJ, Wesselink PR.: Leakage of four
root canal sealers at different thicknesses. Int Endod J
27 304-8, 1994.

Derkson GD, Pashley DH, Derkson ME.: Microleakage
measurement of selected restorative materials: a new
in vitro method. J Prosthet Dent56:435-40, 1986.
King KT, Anderson RW, Pashley DH, Pantera EA.:
Longitudinal evaluation of the seal of endodontic retro—
fillings. J Endodon16:307-10, 1990.

Trowbridge HO, Kim S.: Pulp development, structure
and function. Pathways of the pulp. 6th ed. St. Louis,
Mosby, 322-5, 1994.

Min-Kai Wu, Evangelos G. Kontakiotis, Paul R.
Wesselink.: Long-term seal provided by some root-end
filling materials. J Enoddon 1998 : 24(8) 557-560.
M.-K. Wu, E.G.. Kontakiotis, P. R. Wesselink.:
Decoloration of 1% methylene blue solution in contact
with dental filling materials. J Dentistry 26: 585-589,
1998.

Philips RW.: Skinner s science of dental materials.
7th. ed. Philadelphia WB b Saunders. 1973.

P. D. Callis, G. Mannan.: Microleakage of retrograde
fillings: assessment using a novel measurement sys-
tem. J Endodon 20(11):555-57, 1994.

Inose S, Yoshimura M, Tinkle JS, Marshall FJ.: A 24-
week study of the microleakage of four retrofilling
materials using a fluid filtration method. J Endodon
17:369-75, 1991.

Kent BE, Lewis BG, Wilson AD.: The properties of
glass ionomer cement. Br. Dent J 135: 322-6, 1973.
Rahmat A, Barkhordar, Roger B, Pelzner, Marvin M.
Stark, Fran.: Use of glass ionomers as retrofilling
materials Oral Surg Oral Med Oral Pathol 67: 734-9,
1989.

Stephan Roth.: A laboratory study of glass ionomer
cement as a retrograde filling material. Australian
Dental J 36(5): 384-90, 1991.

B. S. Chong, T. R. Pitt Ford, F. F. Watson, R.F.
Wilson.: Sealing ability of potential retrograde root fill-
ing materials. Endod Dent Traumatol 11: 264-69,
1995.

Per Jesslen, Lars Zetterqvist, and Ander Heimdahl,
Huddinge, Sweden.: Long-term results of amalgam
versus glass ionomer cement as apical sealant after
apicectomy. Oral Pathol Oral Radilol Endod 79: 101-3,
1995.

Torabinejad M, Rastegar AF, Kettering JD, Pitt Ford
TR.: Bacterial leakage of mineral trioxide aggregate as
a root-end filling material. J Endodon 21:109-12,
1995.

Kettering JD, Torabinejad M.: Investigation of muta-

317



LHBIX| BHEZES}S| ] Vol 27, No. 1, 2002

46.

417.

48.

32

genicity of mineral trioxide aggregate and other com-
monly used root-end filling materials. J Endodon
21:537-42, 1995.

Torabinejad M, Hong CU, Lee SJ, Monsef M, Pitt Ford
TR.: Investigation of mineral trioxide aggregate for
root-end filling in dogs. J Endodon 21:603-8, 1995.
Torabinejad M, Pitt Ford TR. McKendry DJ, Abedi
HR, Miller DA, Kariyawasam SP.: Histologic assess-
ment of mineral trioxide aggregate as a root-end filling
in monkeys. J Endodon 23: 225-8, 1997.

Torabinejad M, Hong CU, Pitt Ford TR. Kariyawasam
SP.: Tissue reaction to implanted SuperEBA and min-

eral trioxide aggregate in the mandible of guinea pigs:
a preliminary report. J Endodon 21:569-71, 1995.

49. Torabinejad M, Pitt Ford TR. Abedi HR, Tang HM.:

Tibia and mandible reaction to implanted root-end fill-
ing material. J Endodon 23: 263, 1997.

50. Koh ET, Pitt Ford TR. Torabinejad M, McDonald F.:

Mineral trioxide aggregate stimulates cytokine produc-
tion in human osteoblasts. J Bone Min Res 10S: S406,
1995.

51. Koh ET, McDonald F, Pitt Ford TR. Torabinejad M.:

Cellular response to Mineral trioxide aggregate. J
Endodon 24: 543-7, 1998.



Fluid transport modelS 0|28} A|ZEF 9IEXM A 20| HUQAA| DM =EL I}

Fig. 4. A SEM photograph of GI (x3,000)

Fig. 5. A SEM photograph of IRM (X 3,000) Fig. 6. A SEM photograph of MTA (x3,000)
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