nsAneFaLauNsITNIasmAtANsgafiaulanasn 2 uuy

ﬂ‘lJEJ’JVIEM‘iWEJ’lﬂi
gosEE ARIHIBAINAE B

ANURTINENAUIARRUST  NIARTIIUANIINIRANAS
ARLTTIUALANYANERT  AWIAINTDINUNINENGE
Tnsfnen 2552

AVRNDVBINIAINTUNYN NG



COMPARISON OF MICROLEAKAGE OF TWO RETROFILLING TECHNIQUES

ﬂ‘LlEJ’JVIEM‘iWEJ’]ﬂi

Fhesis Submitted in F;artlal Fulflllment of the Requwements
q Wﬂeﬁ@ﬂf%&ﬁ%ﬂ% B
Department of Operative Dentistry
Faculty of Dentistry
Chulalongkorn University
Academic Year 2009

Copyright of Chulalongkorn University



Thesis Title COMPARISON OF MICROLEAKAGE OF TWO RETROFILLING

TECHNIQUES
By Fit.Lt. Tippawan Inthararith
Field of Study Endodontics
Thesis Advisor Associate Professor Piyanee Panitvisai, M.D.Sc (Endodontics)

Accepted b iglalongkorn University in Partial Fulfillment of

the Requirements for the /

l: Jocigte P e charand sachan',i

"3 ."Wk... Dean of the Faculty of Dentistry

THESIS COMMITTEE
Sk
Ll -Ffr

L
'."’,E-!-Jl'—l!-Il-tﬂ";:.-;‘--i—_'—i-' Ch2 e rh et 0 2 B i D]
.'

.. Thesis Advisor

f uﬁmw

AN AR 8
—Eo#-%;«- External Examiner

(Assistant Professor Peraya Surapipongpuntr, Ph.D.)



findad Sunsqrs - msAnmuFoufieunsidiesmatiansgatieulaiosn 2
UL, (COMPARISON OF MICROLEAKAGE OF TWO RETROFILLING

TECHNIQUES) 8. MBnmianeriinugudn: sangy Jondl widiatidn, 97 wi

TanUrzasArssdsuliAameAn L FounounisiaTnreanAliAN IRty

Usiusinstinlidandnnenurtiald
R .
Wu viansdaniuaszlaifing
aanilu 4 NNNITNARSY PPN UAEZRGHAILAN (NGUAT 4 31N) ABINGHUNIS

sl L ke ’. - k3
naRBans T a o gt aefidrahd lslindRn Paad e uargatiaularnsindon
a o = - - 1 : L RS ’ ! =
Jamaunie Muuuniuagiipfaiiileudo e  RnagandunimasaAsoalainn
Wusasansagnaunse b gafioulauiniusondansd
urnuIndnTiinlnaud n s giingsth \\ Uszidiun1siodulng 148
.i-l L ' i S
wmsAuuglussvugindRsiia)ng \w u wrsvnalauldatmdineed
AruwlnsauasamsisdhuditdAal 08 URa N IAn T IN LG INgUNITNARDIT M ATiA
. 1 P -
wistnnlanesnAulisiguiaiineiss udss ausinudndansTunen indntiin
W i W - it‘:"- i v - W
Wnaud wouilifingudleukasiie 3R tian NI INaUNARID UL
NUAVAYNIIATAN ;;,‘__ ":# sinWuABIaRIaNTIBUAY
iﬂQtﬁunﬂuTwamﬁn ALK pUha gl nuaslasuananianudleu

AILLADA Tﬂﬂlﬂﬂﬁﬂtﬁfl&lﬁﬂﬂ?ﬂﬂﬁﬂiﬁﬁ iadudnan udtgetiaudaiusainiuso

ﬁ'ﬂmﬁunau‘ivﬂ;iwm%'ﬁf ﬁqﬂﬁ%ﬁuaﬂﬂﬁﬁn
RINNTUUNININY

[

MAMUANSTIRONYE. ;wiledetian 5.0 %ifm
- = [ Ia - i = o wj
adrinedulaseud  adiledes finwineniwusuan ded w5 U5



# # 5076110332 : MAJOR ENDODONTICS
KEYWORDS : ELOOD CONTAMINATION / FLOWABLE RESIN COMPOSITES / MTA:
MINERAL TRIOXIDE AGGREGATE / SEALING ABILITY

TIPPAWAN INTHARARITH : COMPARISON OF MICROLEAKAGE OF TWO
RETROFILLING TECHNIQUES. THESIS ADVISOR : ASSOCIATE PROFESSOR
PIYANEE PANITVISAI 97 pie

The purpose 15 y, |5 _lo e Jare ihe dye leakage of root-end
preparalion techniquE s andirobt-end preparation technique using flowable
nination. Sixty-eight human
upper anlernors werg 1@cifand-r: Iy divided dnto four experimental (n=15)

and two control gro@ps, . SNGTE % groups of class | root-end

preparation were retropfe nth Ancplirasonic (ip (Kis-1D) to the depth of 3 mm
and filled with MTA wilh@ g _* it ofiflamination. Another two groups of
concave cavily rool-end prep ,e‘ ed with flowable resin composite with

and without blood Cpr @wes evaluated by dye vacuum

A v IOVA was used to lest for

ong the {groups of specimens at the

penelrating tesl s c
significant differencg of the leakage
significant level of 0 0.09 &ne concave cadity root-end preparation filled with flowable

i ol eu S1 330 BJ L3 ELAE) Friccanty ress ratae

(p=<0.05) than all other groups. Legikage of retrghillings using MTgyand flowable resin
conpfeh Frbd by 3o bdAind ool be) QP ava e oo
cantammalmn The concave cavily root-end preparation filled with flowable resin

composile without blood contamination displayed the least leakage.

Department : Operalive denlistry Student's Signalture : T, L. ﬁ‘ﬁ"“"‘.‘“ T thornritb
Field of Study : Endodontology ... Advisor's Signature : F&ﬁ'ﬂ" . "M* wad

Academic Year : 2009



Vi

ACKNOWLEDGEMENTS

The authors would like to thank the Dental Research Unit, Chulalongkorn
University, for providing the laboratory facilities and instruments, Visiting Professor Harold
H Messer for his valuable guidance. We also wish to express our appreciations to

Associate Professor Chanchai Hosanc or his statistic advices and to Dr. Ninnara

Areethamsirikul for her valuable «

AU INENTNEINS
MR TUNN NGNS Y



CONTENTS

ABSTRACT (THAI et
ABSTRACT (ENGLISH). ...ttt

Research questions........ A W 4 ) 2\ ' BN . U
Research objectives....... &.. 4. i _ MR s
Hypothesis................. A S s v A Y,
Experimental design........... ..............................................
Limitations of research................ e
Keywords.............. = el ...... O
Benefits.............. 1. ——; ............................
Research design......... 4 e e,
Ethical Con3|deratlon..b. .7 ....................................................................................

Steps to propoﬁ %da&j\q ‘VI EJ ‘nj w Hqﬂ‘j ......................

CHAPTER Il LITERATURE REVIEW .........................................................
YRISINHMINYARY
Mineral Trioxide Aggregate (MTA).... ..o
RESIN COMPOSITES . .uuviiiiii i e
BONAING @0ENT. ...
Blood contamination............cooiiii

Sealing ability @ssessmMeNnt... ...,

Vi

Vii

©



CHAPTER [l MATERIALS AND METHODS.........ccooiiiiiiiiiiiiiccee e

Population and SamPIE. .. ..o

V= LT = R
EQUIDIMENT. .ot e e

Data COl B ON. ..o e

- Tooth selection, storage ai
- Root-end preparatio ' -. 3 B e
- Dye vacuum penetrating.test............ - B e e s
- Dye extraction testet .l 0 L o e,
Statistic analysis.......... /TR e,
CHAPTER IV RESULTS 4. .. ‘ RN
Dye vacuum penetrating Y ¥ oA - e,
Dye extraction test........... & EWr N2 L Wes SRR
CHAPTER V DISCUSSI y L T

DISCUSSION. ... e

ﬂUEJ’JVIEW]iWEﬂﬂi
QW?Nﬂ‘iﬂJ UNIAINYAY

Vi
LN
45
45

45



LIST OF TABLES

Table
1 Previous studies on dentine-bonded Retroplast for root-end filling........
2 Standard composition of Tetric ~ FIOW ..o,
3 Physical properties of Tetric™ FIOW ..........oooviiiiiiiiiiiiiee e
4 Radiopacity of resi sed materidls’z sed by Densitometer..........
5 ; d with aluminum
6 Components andgiser guide of Clearfil SEBond ..........................l.
7 Mean and ion- 6 hyle c » eakage into root canal
space (mm P 3 0N
8 Mean and St leakage for retrofilling
materials ...... .l . e e - B e
9 A double classifi ance showed the significance of
and blood contamination) and
their interactic ol ) T
10 The Dunneit" ‘ ‘ >nces between

groups wheﬂtudied within the interaction »-‘” en the main effects.....

F’TUEJ’JVIEWI?WEHH‘?
ammmm UA1AINYAY

A
NN

24
24

26
26

33

57

58



LIST OF FIGURES

Images page

1 Debris found in the cavities consisted of superficial dentinal chips and 11

2 (a) 12

shows denti@l tubules
(ST T TP

s oa s@%nggwﬁwgﬂﬂm don composis 2

resin r24 T

q WW@D@'@‘%W%WFW%W -

7 9 Tetric® Flow (Ivoclar Vivadent, Liechtenstein).................ccccccoeeeeenn, 23

8 A few composite restoratives demonstrate radiopacity higher than 25
250% Al

9 A. Phosphoric acid decalcification zone.............cocooiviiiiiiiiiiiii 28
B. Self-etching primer (Clearfil SE Bond) decalcification zone..............

10 Clearfil SE-bond (Kuraray medical INC., Japan)...............ccccoeeeveinnn... 33



11 Dye penetrating model.........oooiiiii 52
12 A. Stereo micrographs at magnification X30 of MTA groups show 54
complete dye leakage. ... ..o

B. Stereo micrographs at magnification X30 of MTA groups show

incomplete dye leakage.......o.oiiiii

13 56

14 58

ﬂUEJ’JVIEW]iWEﬂﬂi
QW?Nﬂ‘iﬂJ UNIAINYAY

Xi



CHAPTER |

INTRODUCTION

Background of present study

The degree of success of root canal therapy has been reported between

[1-3] [4]

45-98.7% . Harty et al. reported that the majority of failures of non-surgical
endodontic procedures were because of+ inadequate apical seal. The preferred
treatment of failing endedentic cases is “non=surgical retreatment. However the
procedure may not achieve«due 0 the complexity of root canal systems and the
presence of physical barriers such as poékt and core restoration, separated instruments.

When nonsdrgieal’ roet canal retreatment has been unsuccessful or is
inadvisable, surgical root canal trea.tm’enti; often carried out to save teeth. Its success
is reported to range between 58f96%‘[5'7]. :Fhisl_procedure routinely consists of root-end

exposure of the involved apex, resection OfJLt_s apical end, a root-end preparation, and

the placement of a root-end filling material to seal the root canal system.

The apical seal.is the single_f"rhogt_ important factor affecting success in

surgical endodontics E‘ﬂ The placement of a root-end fillirjgr material during periapical

surgery is a procedu"r'éﬁ of paramount importance to seal t-h’e_l root canal that inhibits the
leakage of residual irritants from the root canal into the périradicular tissues “ Several
materials have~been; evaluated rifon used «as rootsend=fillingesmaterials. They include
amalgam, guttazpercha, zinc oxide-eugenal Cements, composite resins, glass ionomers,

polycarboxylate«cements ~ethoxybenzoic ~acids, (EBA) ~cament, .and, mineral trioxide

aggregate (MTA), but none of them has been'demonstrated-to be free from limitations s

9]

. . " 9-11
|deal materials for sealing root-end cavities should be: o

® Fasy to manipulate
® Radiopaque
® Non absorbable

® \Well tolerated by periradicular tissue



® Promote healing and regeneration

® Adhere and seal the root canal system in three dimensions
® Nontoxic

® Biocompatibility

® Dimensional stability

® Moisture insensitivity

There are two_root-end preparation. techniques which were reported in

the literature depended onsthe-types of reot-end-illing-materials:

1. Class | root-end preparation

The rooi=end filling mater;ials used with this technique are amalgam,

reinforced zinc oxide and eugenal bgme:r;té (IRM), Super-ethoxy benzoic acid (EBA)

cement, mineral trioxide aggregate"'(l\/ITA) I?ana etc. Originally amalgam was the material

of choice for root-end fillings for many. years"»- hawever, it has several disadvantages are

associated with amalgam, mcludmg ma’r{;}mal leakage, expansion characteristics,
,u

potential of corrosion, m0|sture sensntmty —ﬁ;‘ectrochemlcal reactions, staining of the

mucosa, scattering of partlcles release of free mercury tOXICIty and the need for an

undercut root-end prgeparatlon

Reinforoé_d zinc oxide and eugenol cements (IRM) and Super-ethoxy
benzoic acid (EBA) ce;nent, have gained popularity ove’r the years. IRM is reinforced
with polymethyl-methacrylate while- Super-EBA cement (is' reinforced with alumina.
Numerous studies have reported favorable results in sealing ability, marginal adaptation,

[5, 17]

tissue “talerance, and, clinicaly success for both | IRM "and Super-EBA One
disadvantage of using IRM is the way it handles in clinical situations. IRM must be
placed in the root-end preparation in one segment because it does not self-adhere well
and cannot be added in small increments. Super-EBA can be placed in the root-end
preparation and condensed incrementally because it is self-adhesive. The main

disadvantage of using Super-EBA is that mixing is very technique-sensitive. The

variations of temperature and humidity alter its manipulative properties "% Both IRM and



Super-EBA are soluble in different media, including serum and more soluble than glass

. [18,19]
ionomer and amalgam .

Torabinejad and colleagues have published numerous articles

[20-25]

advocating MTA . The principal compounds of MTA are tricalcium silicate,

tricalcium aluminate, tricalcium oxide, and silicate oxide, as well as a few other mineral
oxides. The powder consists of fine hydrophilic particles, which set in the presence of
moisture. MTA’s characteristics have been investigated, including its physical and
chemical properties, sealing ability, marginal® adaptation, cytotoxicity, antibacterial

effects, and histologic evaluation in animal-studies. Even though mineral trioxide

[26]

aggregate (MTA) is reputed.to”pessess many ideal characteristics ~, some clinicians

claim to have difficulties inthandling vvhén filling a root-end prepared root cavity. It is

extremely difficult to pressdnside theroot, and it tends to easily be washed out from its

seat “". Furthermore MTA is expens_ivé anc-djha.’s a very long setting time e,

4

2. Concave cavity root-end preparaﬁon'
The root-end f||||ng materlalé ‘used with this technique are adhesive
- A

materials such as glass ionomer (Gl) cemeﬁfdentln bonding agent as a sealant, and

resin composite with~dentin bondlng agent. Glass ionomergecement has been proposed

as a root-end filling material because of chemical adheren‘o’ie:‘to both enamel and dentin.
However, clinically, thé_ plasticity and stickiness of glass ionomer cement impede

[29-32]
. In

condensation into the root-end cavity, and it,is extremely sensitive to moisture
recent years, new generations of compasite resins and dentin bonding agents have
been introduced”in restorative dentistry. This material has shown remarkable clinical
success, however bonding systems are technique and moisture| sensitive. It is plausible
that a flowable, light-cure composite resin combined with a high output of curing light in
a 10-second duration could be used to fill any root-end preparation effectively.
Specifically, the short curing time required could minimize the adverse effect of moisture
and hemorrhagic contamination "M Successful use of resin composite as a root-end
filling material is a matter of obtaining permanent good retention without gaps between

filling and root substance. A special designed resin composite filling was applied using

a concave preparation of the apical root end around the canal, this method may provide



a tight seal of the apical end, giving a higher success rate than that of retrograde

[14,15]
amalgam .

[3

Guttman and Harrison * suggested that, if proper nonsurgical root canal

treatment is unfeasible, then root-end cavity depth must be deep enough to eliminate
the possible leakage of bacteria or necrotic debris from the main canal or tubules e,
The use of a more transverse root-end resection combined with surgical ultrasonics to
obtain class | root-end preparation results jin a high-quality, root-end preparation.
However, Abedi et al. Y demonstrated that rBotend preparations with ultrasonic tips 3
mm deep create more mierefractures “than reet=end  preparation with burs. Another
obvious concern is the deereased crown-root ratio following the class | root-end
preparation. A concave cavity roet-end éreparation filled with resin composite as root-
end filling material would decrgase this possibility of microfractures while preserving the

[35-37]

crown-root ratio . In"addition, the ﬁrepafation technigue offers treatment to otherwise
_ )

inaccessible or fragile roots with rootend filling and is also easier to perform clinically

than the commonly used root-end prepared{cj:@vities %

Resin composite: is- readily-available in clinical practice, less expensive

than MTA, and provide better: seal” than dgﬁggroot—end filling materials “ Wnen a

concave cavity rogtiend preparation was performed,. esin  composite may be

considered as alternafive root-end filing material to MTA. —

Research questions
-Are_there differences on leakage (of root-end.preparation techniques
using MTA and root-end preparation technique using flowable resin,composite with and

withoutthuman bload centamination?

Research objectives
- To compare the leakage of root-end preparation technique using MTA
and root-end preparation technique using flowable resin composite by dye penetration

method and dye extraction method.



- To compare the leakage of root-end preparation technique using MTA
and root-end preparation technique using flowable resin composite after contamination

with human blood by dye penetration method and dye extraction method.

Hypothesis

- The null hypothesis is that there are no_differences on leakage between

the two root-end preparation techniques. \U

- The null hypothes ' : no differences on leakage between
the two root-end preparation afSr c n with human blood.

d preparation in straight, single

Experimental Desigr/

root upper anterior teeth whict = GOl o] ation, no crack or fracture, no
root caries, no root re

- Variables & Outc

® Perpendicular root-end resections for 3 mm., slightly concave cavity

ﬁﬂﬁ%%ﬁ%%wiﬂ|ﬂﬂﬁsin composite (Tetric”

flow, Ivorclar Vivadent, Shaan, Liechtenstein)
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Dye penetration observed under stereomicroscope and dye absorbance

measured on a spectrophotometer at 580 nm.

- Outcome Measurement

1. Dye penetration method



A vertical sectioning technique is used to visualize the amount of dye penetration.
Dye penetration depth is evaluated in each root using a stereomicroscope x30
magnification. The greatest depth of dye penetration was used to determine. The results
in each group are calculated and compared statistically with a significance level of
p<0.05.

2. Dye extraction method

The specimens are dissolved in v the dye absorbance is recorded by the

use of a spectrophotometer. Th Ll ra %e in each group is calculated and

compared statistically with-assi¢ nce'ev

using human extracted teeth.
Effects of the interve ompletely represented to the

populations.

Keywords

Benefits
0 evalug‘tﬁh sealing ability of two root-end preparation techniques
| ‘
and the sealin M t r &Lhﬁr | muful iiter contamination with
U
human blood ¢
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CHAPTER I

LITERATURE REVIEW
As most endodontic failures are due to inadequate cleaning and shaping

and/or insufficient obtulation, the placement of root-end filling materials in the root which

[40-42]

require root-end resection is recommended . The purpose of inserting a root-end

filing material is to provide an apiez

inhibits the leakage of irritants from the

. Numerous materials have been

- Gold foil
- Glass ionomer
- Amalgam

- SuperEBA
- IRM Vi
- Polycarboxylatﬁement
- Zinc phosphate cément

- CWa@Wumwsmwmm

- Diaket

svmmmm UA1AINYAY

T flon

Only some materials have been commonly used in clinical practice within
the past ten years with class | root-end preparation. These materials are zinc oxide-
eugenol cement (IRM and superEBA), mineral trioxide aggregate (MTA). Meanwhile

glass ionomer cement, resin composite, resin glass ionomer hybrids were used with



concave root-end preparation. However, none of the materials has most of the ideal

properties of a root-end filling material.

Root-end cavity preparation

The cause of surgical endodontic retreatment is the residual bacteria at
apical area of the root. Generally apical resections at 3 mm are most effective for
eliminating potential causes of failure, then canals are sealed with retrograde fillings el

Class | root-end preparation

Conventionally, a root-end cavity“is_prepared by means of a round or

)
inverted cone bur in a micro-handpiece! However,.this technique of apical preparation
has a number of limitations™ The axis of preparation may not parallel to root canal, risk of

|
perforation of lingual dentin walli insufficient depth of reot-end cavity, requires a root-

4

face bevel of 45° or mogé which enléfged;a'rea of patent dentinal tubules and reduced

surgical site visibility A Alternative"foot—enb 5reparation techniques like slot preparation

<

using a fissure bur or reverse instrumentation using modified K-files or Hedstrom files in

547 These methods have

' Lt .
special holders or hemostats were ‘advocated:in the 1980s
i el
circumvented some of the limitatiens inherent 0 the conventional technique, but have

not become standardsprooedures in periradicular surgery .

Richman ““reported the first documented application of ultrasound in
periradicular surgery in-_1 957 using an ultrasonic chisel to cut bone and resects apical
tooth tissue. The first root-end preparation, by means of modified ultrasonic inserts

[49]. Flath and Hicks =01 also

following apicoectomy 'is: attributed~to |Bertrand in 1976
reported the application of ultrasonics for root-end cavity preparation in two case
presentations. Ultrasonic instrumentation was found 10| produce~fess. enlargement of
canal than the conventional technique. Preparation were well centered and thicker
dentin walls were maintain in ultrasonically prepared teeth compared to bur
preparations o152,

O'Conner et al. "™ investigated the apical leakage of amalgam and EBA
root-end fillings with two methods of root-end preparation. Teeth were randomly placed

into four groups. Two groups received perpendicular root-end resections, 3 mm deep

ultrasonic root-end preparations, and either amalgam or Super EBA root-end fillings. The



10

other two groups received beveled root-end resections, 3 mm deep micro-handpiece
preparations, and either amalgam or Super EBA root-end fillings. Microleakage was
assessed at 4 months using methylene blue dye. Statistical analysis showed that,
regardless of technique, Super EBA leaked significantly less than amalgam. The
ultrasonic preparations showed less leakage than bur preparations, however, there was
no significant difference between the two root-end resection and preparation
techniques.

Lloyd et al. . analyzed the‘apieal seal of amalgam and Daiket as root-
end filling materials following-two root<end preparation techniques. Amalgam fillings
exhibited significantly morg«linear dye: leakage than Daiket irrespective of the
preparation techniques. Nossignificant diﬁerence in leakage was observed between the
root-end preparations madeé with/ultrasonic retrotips compared to cavities prepared by
burs. a | A 4
/4

The study by Chailertvanitk@{ iet‘_al. “4 evaluated the coronal leakage of
EBA root-end fillings follewing two root—e':riéq breparation techniques using bacterial
leakage model. After 90 ‘days;  the ultrei's'bf;{t group showed significantly fewer

specimens with complete leakage® than theqbur group. This study demonstrated

significantly less (cgronal) leakage of root-end fi!lings_following ultrasonic root-end

[16, 53]
found no

preparation compared-ito bur preparation. Other Ieakagé studies
statistically significant differences between root-end preparation techniques within the
limits of apical dyepenetnation studies.

Class™l ultrasonic root-end preparation is popular and has been widely
studied.However, there.are, some.disadvantages '0f the.ultrasonic.root-end preparation
technique. They ‘are’less’canal debridement, cracking, chipping, "difficult to have an

ideal preparation and fracture of instrument.

Less canal debridement

Two studies reported difficulty in removing gutta-percha with ultrasonic
instrumentation resulted in less canal debridement with some residual gutta-percha

remaining on the wall (51,981, Gutta-percha remnants were detected on the walls of both
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large and thin roots in most of the ultrasonically prepared cavities, regardless of the type

of tip (Fig. 1) .

may result in an increased InCIdE'BE of
z‘,i ‘

possibility of apical ﬁakage
N

especially in thin fr areas, may be more

(CT-2 and EIE uItrasg—_a‘ic tips) tha entionaﬂotary preparation. Cracking
correlated with the remaihing width of dentins walls, with 95% of cracks found in the
thinnest part oﬂaw %II(Q\/% %4 %%i%d%}liﬂwmﬁere thinner than 1 mm
75% of uItrasoni{yaIIy prepared root-ends developeﬂicracks. Wherea; this phenomenon
was n@rﬁs%@ﬂ\%ﬁp%pﬁrﬂoﬂil [%ﬁ}aﬁ%ﬂ%ﬂ@}auﬂsonic root end
instrumeﬂts, as well as the time of cavity preparation, are indicated to monitor whether
these factors may cause root end fracture “. The experiments involving the ENAC
system have reported that root-end cavity preparation with the ultrasonic tips required
additional time and effort compared with the use of a bur; additional hand

[55, 58]

instrumentation was sometimes necessary . The significance of root-end cracking

would seem to be increased susceptibility to root fracture, the inability to adequately
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seal the root-end preparation, and the likelihood of additional sites of bacterial

. . 59
contamination [ ].

Fig. 2 (a) Intracanal cr Rxw\m\ sen pattern (thin arrow) originated within
o /
the canal and extends into&?é) Eétracaétk (thick arrow) developed on the
—"

root surface and extery fentin. S.Wthree intracanal cracks (thin
arrow) are also seen i tt"T‘n. {E)\Co\ﬁunioating crack (thin arrow)

[60]

extends from the root ification x40)

Chippin

Chipping of the nc\ase with power setting, this is
likely to be the prominen tribution of chipping observed
(Fig. 3A). The significance finish is unclear but it may effect the
marginal seal produced when é : J, material is placed o8, Lloyd et al. 53]

S88km 539044

Fig. 3A Marginal chipping after Fig. 3B Rotary bur prepared cavity that
ultrasonic preparation is lack of marginal chipping

(magnification x50) (magnification x50)
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Sometimes difficult to have an ideal preparation

According to Arens [61], the class | apical preparation must be parallel to
the long axis of the root, 3 mm deep, centered in the root throughout its depth, and
should include the entire apical root canal system. To accomplish these goals a
significant amount of the apical bone is removed and the roots are resected and
beveled toward the operator. This procedure is sometimes difficult or even impossible to
execute for several reasons: the anatomicalicomplexity of the apical portion of the root
canal, root location, the flexibility of instrumentsy*and the unavailability of enough apical
bone or root structures. ol

Fracture of instrument

The problem of instrument fracture when ultrasonically —driven
microsurgical instruments were' used for root-end cavity preparation is always occured.

Angulation of retrotips increases, the T,fransverse ascillation and decreases the
\
longitudinal ascillation, putting the greatest strain on the bend of the instrument. It is

therefore recommended .not  to pUt excesé_ivé load on the activated retrotips .

Walmsley et al. 2 also suggested.reducing th‘é;_ag'_ngulated design and producing thicker
instruments to resist breakage: However tk;sjtaighter design will restrict access to
difficult to reach areas, and thicker instruments=preventiinstrumentation of fine root
canals and isthmuses:

Concave cavity root-end preparation

The, cavity,design.is a slightly.concave dissection of the apical part of the
root. This root-end "preparation”technique using an-adhesive material especially resin

composite with dentin bonding agent'as recommended by Rud et al: jos. &4

. The bonding
capability permits the filling to be’retaified on an almostiflat-root surface without further
preparation to a class | other cavity, as the one needed, when amalgam is used as filling
material. It is an advantage that a class | other cavity preparation can be avoided. The
filling may thus be placed on otherwise inaccessible roots in molars. Furthermore, gap
formation, often found in a class | other cavity filled with resin composite, is avoided

when the composite is placed on an almost flat surface e,
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The resected root surface was made slightly concave by using a round

bur. This facilitated precise application of the composite to the central aspect of the

resected root surface, without contaminating the surrounding tissues e,

A concave cavity root-end preparation filled with resin composite as root-
end filling material would decrease this possibility of microfractures while preserving the
crown-root ratio “°". In addition, the preparation technique offers treatment to otherwise

inaccessible or fragile roots with reot-end fiIIng and is also easier to perform clinically

> .
than the commonly used root-end prepared cavit‘i"e_s,[%].

Clinically, insteeth-receiving a previous root resection or teeth with short
\
roots and long posts, whergsa 3" mm root end cavity depth cannot be achieved the

concave cavity preparawht be a bétter choice for root-end preparation than Class

| root-end preparation. Insufficient length Qf‘rema[nmg gutta-percha root filling has been

r

shown to provide an un\?éic,téb!e, seal W\;] A concave root-end preparation technique

tefial as. 'roots end filling could also be less effective when

AR A
-:, F

the remaining length of th root f||||ng 'aptcal.f9f the post is short

using a suitable adhes;j

[66]

Ambus and Mu{m‘k-sgaard [:,]‘ é&aluated the ability of five different

commercial dentin bonding.-agents to _;;b__dgd_ composite to concave root-end

preparations. They concluded that all five dentin bondirirg,--systems yielded gap-free
-l T |

specimens. It has belziéja__.shown that the size of marginal éB'r#traction gaps of composite
filings decreases by Icreasing the cavosurface angle from 90° to 160°. Thus, the
slightly curved~surfaces (Figs, 4) swith; a cavosurface jangle~clese to 180° will prevent
formation of contracCtion 'gaps between composite retrograde filling and bonding agent

[38]

treated..dentin . ~...This configuration., produces far. less, interfacial, stresses during

polymerization contraction'than‘that' which would'occur in a=Class 'f root=end preparation

[67]

[38]

Fig. 4
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The study of Platt and Wannfors which compared the treatment outcome
of concave root-end preparation with a root-end filling of bonded compomer and dentin
adhesive to a class | root-end preparation with a root-end filling of glass ionomer at 1
year reported that concave root-end preparation with a root-end filling of bonded
compomer improved significant healing than another group. A concave root-end
preparation technique using an adhesive material covering the whole surface of the
denuded root could reduce apical leakage and enhance the possibility of healing (ee]

Among the availability of roet-end filling materials, composite resins and

MTA have been shown to-have superior sealing-eharaecteristics el

Mineral Trioxide Aggregate (MTA)

Mineral Jifioxide Aggregaté_ (MTA) was described for the first time in 1993

(69]

by Lee "~ and 1995 by Jorabingjad e MLTA is a derivative of Portland cement used at

Loma Linda University asa root- end filling materlal in surgical endodontic treatment

70]

. Gray MTA has been patented and approved by Federal Drug Administration (FDA) in

the USA. In 2002 a white verS|on replaced the gray MTA in order to solve esthetic
71,721 22M
concern T .

The MTA powder consists of finehydrephilic particles. The main

constituents of this:rr_iaterial are calcium silicate, bismljtfi::"oxide, calcium carbonate,
calcium sulfate, and cal-pium aluminate. When mixed with sterile water, hydration of the
MTA powder results in agcolloidal gel that solidifies into a hard structure consisting of
discrete crystals inlan amorphous matrix, The crystals are composed of calcium oxide
and the amorphaus matrix which hassthe composition of 33% calcium, 49% phosphate,
2% carbon; 3% chiovide; and 6% silica ™t .

The physical and chemical properties of MTA has been investigated
which pH, radiopacity, setting time, compressive strength and solubility of the material

were compared with amalgam, superEBA and IRM )

. The pH of MTA immediately after
mixing was 10.2, rising to 12.5 at 3 hours after which it remained constant. Because
MTA has high pH similar to calcium hydroxide cement, it is possible that the induction of
hard tissue formation may occur following the use of MTA as a root-end filling material.

The radiopacity was equivalent to 7.17 mm of aluminum which is more radiopaque than
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conventional gutta-percha and dentin. It should be easily distinguishable on
radiographs when used as a root-end filling material. The mean setting time was 2 h 45
min (£ 5 min). The mean compressive strength was 40.0 + 4.4 MPa at 24 h and 67.3+
6.6 MPa after 21 days. MTA initially had the lowest compressive strength among
materials tested, but its value increased with time. The increase in compressive strength
of MTA required the presence of moisture. However, the compressive strength value

obtained for MTA is similar to those abtained for Super-EBA, IRM, and zinc phosphate.

There was no significant in solubility amongMTA"and the others. 2,

The biocompatibility asseéssment-of+MTA encompassed in vitro cell
culture techniques using eitherestablished cell lines or primary cell cultures. The results

showed MTA to be biocompatible /7. /r‘i vivo usage testing revealed less periradicular

inflammation with MTA comparediwith amalgam e

The sealinggabilitys of I\7ITATWas also investigated using fluorescent dye
: )

. [9 f 80 . 24
and confocal microscopy ], methylene“Blue, dye % and bacterial marker Y,

Its

. . e . \ [25]
marginal adaptation was assessed.using e[re__ctron microscopy . The long term seal

(814

was measured over a 12-week i “ahd 12-m’ht};\}period (42l using different fluid filtration

methods. They all reported good-results M}?E}.’M_TA when ranked with other materials

which mostly were amalgam, IRM and superEBA.

MTA originally designed for application in eﬁ'dodontio surgery as a root-

end filling material and™to seal the communications betwéen the root canal system and

[9, 80, 83]

the periodontium . The, otherjindications jare yital-pulpytherapy [84'86], apexification

87, 88 . 3 83,.89-91] | . 1 . .
[ ], reparationof root perforation : ], internal bleaching and resorption repair.

Advantages.of MTA.

® MTA is the" hydrophilic' cement which can*set in“the presence of water and

calcium in its hydroxide stage can release when MTA mixed with water e,

® MTA has been shown to be superior to other materials in terms of

. T . . . . 28,76,77,79,93,94
biocompatibility in vitro and in vivo " !

[9, 24, 25, 82, 95-97]

® MTA has good sealing ability

® MTA enhancing regeneration of the periradicular tissues [87], including

. . 22,98
antimicrobial effect[ ].
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® MTA has the radiopacity and dimensional stability.

Disadvantages of MTA:"".

® MTA has the extended setting time
® [Expensive

® Difficulty in handle

Grey MTA (GMTA) has been associated with the occasional staining of

[99]

teeth . As a result, white MTA (WMTA)/ hassrecently been introduced as a more

esthethically appealing material. The structure and physical characteristics of GMTA
and WMTA that may account for'the observed differences in cell growth, the surface of

GMTA and WMTA may differ slightly ‘lin chemical composition. According to the

manufacturer, the compositions‘of GMTA and WMTA are similar except WMTA does not

[100

contain tetracalcium altimigoferrite. ? lfvav_ever, a recent study that analyzed the

chemical differences of GMTA and WMTA ';‘ound that WMTA contained significantly less

borundum (Al,O,), periclase (l\/IgO) and espemally FeO compared to GMTA ron,

..r.-.
Holland et al " subcutaneoqsly@xposed rat connective tissue to dentin

tubes filled with GMTA and WMTA They found that GMTA and WMTA had very similar

biocompatibility. In a dn‘ferent in vitro study |t was found that primary osteoblasts initially

bound to the surface WI\/ITA but did not remain bound aneL visible by the end of a 13-

[103]

day incubation period<+". In this same study, cells growth on GMTA remained bound

and visible at_this 13-day.*endpoint.. However, it was observed that the surface

morphology oft GMTA fand WMTALarel similar "and=human losteosarcroma cells grow

[7131 [104]

equally well on these materials = Parirokh et=al. examined the dental pulp
responses inidogsito both typesioft MTFA used lasta pulp.capping agent. Histological
analysis was performed one and two weeks after treatment. Calcified bridge could be
seen one week after treatment with both types of MTA, with no significant differences

between the two treatments. The study of Oviir et al. nool

that evaluated and compared
the effects of GMTA and WMTA on the proliferation of epithelial cells and cementoblasts.
Cells were grown for 72 h on GMTA or WMTA that had been cure for 24 h or 12 days.

The results indicated that WMTA (24-h and 12-day-cure) is more biocompatible than
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GMTA (24-h and 12-day-cure). The high degree of biocompatibility with cementoblasts
demonstrated in this study suggested that GMTA (12-day-cure) and WMTA (24-h and
12-day-cure) may significantly contribute to the regeneration of tissue after root
perforation repair "% An in vitro study concerning repair of furcal perforations with MTA
concluded that the two types of MTA showed no significant difference in preventing
bacteria Ieakage . In addition, the study of Stefopoulos et al. compared the root
canal sealing efficiency of white and grey MTA when used as apical barriers in teeth
with open apices demonstrated that no statistieallysignificant differences between the

two types of MTA in sealing-ability-when t€stea withradye leakage model (basic fuchsine).

Resin composites

Resin composite dis/ a blend of arematic and/or aliphatic dimethacrylate

a3 |

monomer such as bis=GMA, triethylglycjgl' dimethacrylate (TEGDMA) and urethane

dimethacrylate (UDMA). Resin com‘bosite maferials have some desirable properties and

may be considered for use as' root-end ﬂllih-g materials. From systematic reviews of in
vitro leakage of root-end filling materlals tHe‘results indicated that the most effective
: u

root-end filling material when measured by d*y:e/mk penetration is resin comp03|te which

is more effective thamglass ionomer cement amalgam angd superEBA ' While in vivo

review of effectivenes_e determined by reduction in periabigal radiolucency, the results
showed that resin compesite and superEBA were more effective than amalgam o8l

An in vitre study indicated Jless bacterial microleakage with dentine-
bonded compasite resim root-end fillings when compared with amalgam and Super EBA
" 1 a clinical and radiographic .study of 388 operated teeth, Rud et al. (1989)
compared amalgamyand composite resin with a bonding agent asyroot-end seals. After
1 year the total number of healed cases increased 16% (statistically significant) using
bonded composite rather than amalgam root-end seals.

The restorative composites have a relatively high modulus of elasticity,
and it has been suggested that this high stiffness contributes to their inability to
compensate for contraction stress during polymerization. This can lead to bond failure,

. . . [108]
resulting in microleakage = .
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Flowable resin composite was introduced to the dental profession in late
1996. These flowable composites had as their principal characteristic a viscosity that
allowed them to be injected into a cavity preparation 19 1t is purported to offer higher
flow, better adaptation, easier insertion and greater elasticity than restorative composite.
Depending on the type of filler used, the majority of flowable resin composite are filled

between 41-53% by volume which translates into 56-70% by weight "9 The filler

content was found to be 20% to 256% less than the universal composite materials sl

Because of its low filler content, the flowable resin composite presents the flow
characteristics compared-ie-arestorative resin-compesite. As a result, enhanced wetting

of the tooth surface and a.dew.modulus: of elasticity can be achieved. Two clinical

benefits are expected: reduction of marginal microleakage in the short term as a result

of its stress-reduction-by-flow gporeperty and reduction of marginal microleakage in the
long term because of improved durabifity inder flexural load """,

: )
According to' Hooke’s' law," the higher the elastic modulus and the

polymerization shrinkage of the Com,posite,'.._’tp__e higher the contraction stress will be A,

Some in vitro studies have shownf-that use 'c';f_'.ﬂ@wable composites reduces restoration

1S has been suggested that favorable

1=

microleakage and the occurrence.-of:voids

effects are due te:the improved cavity adaptation a‘lnd stress-absorbing ability.

Microleakage Studieé' comparing flowable with nonﬂowablé'l composite materials have
shown better results with the flowable material ' "',

Flowabley nesin eompositerhas: beensintroduced=in surgical endodontics
as a root-end filling material with the desirable property of ease in placement. It can also
be used. in qareas .that.are, difficult to, access., Their. viscosity, consistency, handling
characteristics and“delivery 'system- allows the material to readily adaptto the prepared
tooth structure. A study of flowable resin composite as root-end filling material, using
scanning electron microscopy (SEM) showed that there was no interface gap formation

when used in combination with dentin bonding agent (Fig. 5A, 5B) o,
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O § 'y ok X / ) ) o ng s
Fig. 5A Scanning photomicrographlf Fig. 5B Scanning photomicrograph of

magnification, 3,500X). Bar: 5 um. (7]

of dentinal tubules filled with ‘_/égside view of root-end preparation
composite resin. (Qrigfngl 3 " Shﬁ_ws_’gentinal tubules filled with
magnification, 3@5 ’ pm‘ composite resin. (Original

3
i

e .c_‘om.pat|b|l|ty is also the utmost concern when

evaluating materials to bg used in peﬂap I tlssue A 1 year histological evaluation of

The biolegic

periapical tissue surround| Gldma bo’dd'rfg and Retroplast root-end fillings placed

It ¥

noe df lnﬂamgﬁ?ry cells around the filling and a close

;; % -.-—i-.-‘y 4

in monkeys revealed the ab

contact between the filling andﬁbroblagwlth collagenous fibers, mcluding the
_—a“‘ ..f "q l----
formation of CementuT and Sharpeys flbers in contacti\'mth the f||I|ng . Similarly,
b - o
Andreason and colle;ggues reported that in vivo stud&_} testing tissue reactions to

| o

retrograde bonded coﬂposite resin filling in"monkeys that the roots were treated by

1994

apicoectomy and a retrograde dentin-bondedscomposite filling. Periapical healing was
observed a few| months Iatert by ‘a histologiéal érnd scanning electron microscopic
examination showed reformation ofy periodontium. adjacent to the, resin composite,
including d‘ebositioh' of'cementum and i‘:nse‘rtion of new Sharpey’s fibres-éntering a newly
formed apical lamina dura. These pointed to tissue regeneration, including
cementogenesis, and consequently forms a biological closure of the root canal. The
study of Zhu ®9 Which adhesion of human osteoblasts to root-end filling materials
(mineral trioxide aggregated (MTA), IRM, resin composite, and amalgam) was observed
by scanning electron microscope (SEM) showed adhesion and the spreading of human

osteoblasts on resin composite that was used as root-end filling material (Fig. 6A, 6B).
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The risk of biological harm is from the degraded or unpolymerized monomers ,

Because all polymerized resins contain a surface layer of oxygen-inhibited monomer,

this layer should be removed by swapping with a 70% alcohol gauze before wound

[37]

closure

morphology of

S on composite resin
[94]

| magnification X1000).

of a flowable resin composite bonm—‘wn el el ching adhesive compared with a glass
‘.-r".-v“ RAA S JL

ionomer cement and‘jmalgam FépoﬁéJthat Mg’?

detected in flowabl sin composite gro ical cavity and no bacterial

nflammatory cell infiltration

penetration along the cgzity -;/_\;é S in the floﬁble resin composite after 30

[118]

days The histologiealeanalysis of pulpsreaction to Z100 resin composite and

I LYL T UL ST Tk p—

observed in the pulp at 4 week after restoration [119]

e N1INYA Y

[39,107]

L4 R%sin composite has good sealing ability

® Resin composite has biocompatibility and tissue regeneration (95,64, 941

® Fasy to manipulate freot

® |nexpensive

Disadvantages of resin composite:

® Moisture sensitivity
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Retroplast is a chemically cured flowable resin composite developed in
1984. It is a BISGMA/TEGDMA-based resin composite in combination with a dentine-
bonding agent (GLUMA) which has been developed for root-end filling during
endodontic surgery e Retroplast is a two paste system. Paste A is composed of Bis-
GMA/TEGDMA 1:1, benzoyl peroxide N, N-di-(2-hydroxyethyl)-p-toluidine. This is mixed

in equal parts with paste B, which is composed of resin ytterbium trifluoride and ferric

oxide. A Gluma-based dentin bon 'n» | is used to adhere the material to root-end

surface. The working time is ; ﬂe radiopacity (due to the ytterbium

wl cavity, but applied onto a

slightly concave resection root canals and exposed dentinal tubules

that does not involve p jon of: oy Nas for other root-end filling
materials. / S5 (= \

74-92% using Retroplast as

root-end filling material w a 6 month to 12 year follow up

. [36, 63, 64, 121-123]
period .
Previous studies on 2troplast for root-end filling
jlassiﬁcataon {%)
Uncerntain  Unsatisfactory
Study healing healing
Rud ot o (1991b) 388 & No information 15
Rud er al. (1996) No m'ormauon 347 1
Rud ef al, (1987) No inform. Oﬁ 551

-
O.NNQN

a3 £ IV 8N ‘ﬁ’iﬂ EnJ A ﬂi

*Six patients re-oper and excluded from the radnographac classnﬁunon
“Incomplete healing and uncertain healing

’QW’W@\‘iﬂ‘ﬁﬂJ WAIANYIRY -

-—
-4

The present long-term study indicates that Retroplast used as a root-end

filling material is associated with a successful treatment outcome (Table 1) fe),

However, in the cases which were poor hemostasis during surgery, there was an

absence of complete healing, possibly because of bond failure between the Retroplast

[63

. , 124 . . . .
and root dentin ]. Therefore, avoidance of contamination of the resection surface
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with blood and saliva during the conditioning procedure and application of Retroplast is
important for a successful treatment outcome o4,

Although Retroplast has shown remarkable clinical success,
unfortunately Retroplast is not yet available in Thailand. Therefore other available

flowable resin composite might be considered as candidates for this procedure.

Tetric® Flow (lvoclar Vivadent, Liechtenstein) (Fig. 7) is flowable, light-
curing, radiopaque fine-particle hyb‘n&i gyr}osne for the restorative therapy which
widely available in chmcal_p_ﬁiq_tlces Tetr| s compositions are the monomer

matrix  (contains Bis-GMA, fethane d?n‘efﬁ?ﬁ?’late, and triethylene glycol
dimethacrylate), the le_er particles (comprise barium glass, ytterbium

v‘ highly  dispersed silicon dioxide, and spheroid

"énfd-_‘p@ments (are additional contents). The total

— 3

content of inorganic fillers i .6%wtl or 9-;7% vol. The particle size is between 0.04
d"

and 3.0 ym. The mean‘'pa szze JS 0. -:%‘m the denSIty is 1.83-1.96 g/cm and the
v \

& "\

== \

o/ S o
g A.“ A

N T
ol -
S R

4
¥
A

Fig. 7 Te‘[ric® Flow (Ivoclar Vivadent, Liechtenstein)

(http://www.ivoclarvivadent.com/content/products/detail.aspx?id=prd-

t1.1399779828&product=Tetric+Flow)
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Standard-Composition: Tetric Tetric Tetric Flow Tetric Flow
Ceram Ceram HB Chroma
Cavifil | Syringe
Dimethacrylates 20.2 18.4 13.1 351 32,6
Bariumglass filler, 55.6 554 47.9 45.2 50.0
Ba-Al-Fluorosilicate-glass
Yiterbiumtrifluoride 17.0 12.0 14.6 13.7 12.0
Mixed oxide, High dispersed silica 6.0 13.0 53 4.9 5.0
Additives 0.9 0.9 0.7 0.7 -
Catalysts and Stabilizers 0.3 0.3 0.4 0.4 0.4
Pigments < =01 <0.01 <0.01 <0.03
(in weight %)

'Ifable v

(http:/Awww.ivoclapvivadent.gom/eontent/products/detail. aspx?id=prd-

1.4 399779828&pfoq_uct:TetriC+Flow)

Physical properties: F 4 mi f ‘fe11-iéf{-, , Tetric I Tetric Flow Tetric

/ E ?er auf :5|' Ceram HB -Flow

B > j,' b Cavifil | Syringe Chroma
7 —';::; n W
Flexural strength MPa 130—==" 150 110 110 110
Flexural modulus MPBa = 9400+ S f~282000 5300 5300 5300
Compressive strength MPa 230 290 230 230 230
Vickers hardness MPa 600 740 400 350 350
Water absorption pg/mm’ 21.5 16.0 243 243 24.3
Water solubility ng/mm’ 1.0 0.5 1.0 1.0 1.0
Radiopacity %% Al 400 330 280 280 280
Depth of cure pim =20 20 2.0 =2.0 = 1.5
Total filler content wi% 79 81 68.1 64.6 64.6
Totalfillerjcontent ol 60 63 43,8 387 39.7
Density (unpolymerised) glcni? 225 2. 1.96 1183 1.83
Bleach It 2.06
Table 3

(http://www.ivoclarvivadent.com/content/products/detail.aspx?id=prd-

t1.1399779828&product=Tetric+Flow)
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The minimum radiopacity of restorative materials has been defined to
comply with the radiopacity of 250% of aluminium (%Al). Only a few composite
restoratives demonstrate radiopacity higher than 250% Al. By adding ytterbium
trifluoride to Tetric® Flow makes it achieve both fluoride release and a high radiopacity

(Table 2, Fig. 8).

"\\IH

Internal investigation. Ivoc £ Vivadent, Schaan

& |
e li/@ ﬂ\\ S ———
\\

Conclusion:  When A i it diopacity of more than 250 % Al by Lutz

(1980), Te Elo Teirie y lwoma ars cwrently the only radiopaque
flowable estors = indietis iy \

(http://www.ivoclarvivad — nt/products/detail.aspx?id=prd-

N »J'v

)

Bousch@wer et al. """ sugges d that cdmposite materials should have

radiopacity similar to or greater than that of gnamel for optimal radiographic diagnosis.

i sty PR TRV ET IR S 20 resn compeste

materials. Four ajthe six flowable composites testﬂ complied wﬂf‘hﬁO Standard 4049,

s LR BT ]G e

radlopac y” is defined as greater than enamel, then two flowable composites, Flow-It

and Tetric® Flow, demonstrated adequate radiopacity (Table 4) sl



26

Densitometer Al Equivalent
Material Reading (SD) (mm) % Al
All-Bond 2 D/E Resin 3.05 (0.07) 0.30 - 15
OptiBond FL Adhesive 2.34 (0.29) 1.88 94
Ultgaseal XT 231 (0.07) 1.96 98
DENTIN 2.30 (0.07) 1.99 100
FloRestore 2.17 (0.07)" 235 118
AcliteFlo 2,12 (0.07) 2.49 125
Revolution 2.08 (0.07) 2.61 131
ENAMEL 1.87 (0.05) 3.29 165
Bis-Fil-2B 1.80 (0.05) 3.54 177
Charisma 3.61 181
Heliomolar 3.73 187
Hytac Aplitip 3.80 190
Flow-It 392 196
Herculite XRV Dentin 4.20 210
Prodigy 4.20 210
Herculite XRV Enamel 219
Restorative Z-100 232
Dyract 234
Compoglass 239
f 243
Tetric-Flow 266
Pertac 11 305
[125]
The st o etal. T suggested that the radiopacity of 2 mm
of aluminum lies bet 4. >s for enamel and dentin. The flowable
. . ® y S g \
composites Tetric Flow d pacity g \= - than an aluminum equivalent of
2 mm and had the high Faciop: : e enamel and other flowable resin
composites. Similary Sabbagh "9 ed the radiopacity of 41 resin-based
materials using .!_.4"; peed-D) and a digital system

WV

(Digora) demonstrated:

flowable resin compos-ﬂ.

q RIRSDI O ma'nmi'm d

AeliteFlo 5 1.75 mm
Revolution 5 1.88 mm
VersaFlo 5 1.75 mm
UltraSeal XT plus 5 1.65 mm
FloRestore 5 1.63 mm
Aluminum 3 2.00 mm
Enamel S 2.50 mm
Dentin 5 1.50 mm

[126]

Table 5
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The advantages of Tetric® Flow are hygienic single-dose delivery form,
long thin application tip, easy access to even the smallest cavities, bubble-free direct
application, accurate and economic application, possibility of gentle, minimally invasive
preparation, and excellent retention even in preparations without undercuts. This
material completely fills the smallest of cavities without entrapping air. The paste is easy
to model without flowing away.

Tetrio® Flow is a material that requires etching and use of bonding agent

. : . . ® .
before placement. Placement is taken approximately 2 minutes. As Tetric~ Flow is a

3
flowable composite, placement is-easy. Furthermore, little amount of material is required

and it exhibits a contrastingsshade .to the root o

!
A

Bonding agent 7 x4

Contemporary dentin adhesives are classified into three-step, two-step,

and single-step systems depending on hov}"/J‘tHe three cardinal steps of etching, priming,

and bonding to dentin ape accdmplished';{ml. The three-step systems require acid
¢ ") |l-

o
etching, rinsing, priming, and application o{_..ej]rh adhesive. The two-step systems are

subdivided into self-priming adhesives that r@ire a separate etching step and the self-

J i

etching primers that require an additional bonding step. The single-step adhesive

systems contain a mixture of acidic monomers bapable —df:acid—etching dentin, mixed
with hydrophilic monamers that can both prime and.pbond dentin, all in a single
application a1,

Conventional ¢/ banding systems for_the [direct placement of resin
composites usually utilize a three-step bondingsprocedure, combining a separate
surface“acid etching and | rinsing -step; a priming step, and: placement of the bonding
agent.

Advances in dentin bonding have been significant since 1982, with the
introduction of hybridization concepts and hydrophilic adhesives by Nakabayashi e,
The interlocking of resin monomer with the collagen network of decalcified dentin,

obtained after acid application to form a hybrid layer has been largely accepted as the

bonding mechanism "1 Due to the relative complexity, technique sensitivity, and time
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[132, 133]

consumption of total-etch adhesive systems , New adhesive systems have been

introduced onto the market in an effort to simplify clinical procedures ot 1s

. Among
these new materials, there are one-bottle adhesive systems, which combine primer with
their corresponding adhesive monomers in one single bottle, demanding basically two
clinical steps (acid etching and bonding) sl

In an effort to simplify clinical bonding procedures, self-etching
adhesives were developed, eliminating s“ep}rat_e acid-etching and primer-application
steps. Dentin hybridization is.obtained in o'nfé‘ﬁa,-step ren through acidic monomers

(primer) which can disselve the ‘Smear layer, promoting superficial dentin

demineralization "> Th@;’e‘z‘t

[133,7136]

re is a simultaneous incorporation of resin monomers
ent dentin

nd subj . It is important to note that

the application of self-et i ers r‘ﬁdﬁuces technigue-sensitive factors, such as

— st
rinsing and drying st e difﬂgult,;to standardize under clinical conditions.
o .

ers*reduhéefS the possibility of surface overwetting and
g RN .-‘."-},4‘ i:

m|§%_‘_oondj._§yggth

Thus, the use of self-et

. . 131,136
overdrying, which could ¢ [ !

The develop entjéﬁﬁondin@-@j@ms'has been toward improved quality

and ease of manipulation. P T ] =
The advantages of self-etch bonding systems—over phosphoric acid based
(137, 138] LY \J

systems =t —

] i\
1.Mild acid gentlé“on tooth structure -

Self=etchy, bondingy systemy deesy notnexeessively-decalcify and weaken

dentin tissue and collagen fibers (Fig. 9A, 9B).
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Fig. 9A Phosphoric acid Fig. 9B Self-etching primer (Clearfil

[138]

decalcification zone SE Bond) decalcification zone
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Treating prepared dentin with phosphoric acid can result in excessive
decalcification and exposure of the collagen fiber network because it is a relatively
strong acid. The collagen network may collapse upon itself, creating a physical barrier
to the penetration of the bonding agent to the full depth of the decalcified zone, and
resulting in weak, unsupported dentin. This in turn may result in decreased strength

within the dentin tissue and impaired overall adhesion durability.

2.Formation of a uniform hyfbrid layer

With conventienal-bonding systems;primers and/or bonding agents are
introduced into the dentinal tissue following phosphoeric acid etching and water rinsing.
However, in many cases the phosphoricllacid may. have decalcified the tooth structure
deeper than the primer and bonding-agent are able to penetrate. The full penetration of
the monomer may also berinhibited éhOl,Tjd ithe unsupported collagen fibers collapse
upon themselves. Any area within the tootfﬁstructure that are not fully penetrated by the
bonding monomer will become We-al.{;links ir%'ib?-overall restoration.

Self-etching ‘primer-decalcifies only as deeply as it penetrates. And

because the acid is polymerizable phosp’tjxét‘eg_monomer, complete support for the

decalcified tissue isyprovided by its co-polymerization wi_thv the bonding component. In

this way, self-etch bonding system eliminates the problem of void formation, and creates

a very uniform hybrid 1ayer.

3.Reduced technique sensitivity

Self-etch. bonding .system does .not-employ.the.technigue sensitive “wet
bonding™ procedure! The majority “of*bonding’ systems “employing “phosphoric acid
etching specify the use of the “wet bonding” technique, which requires critical attention
to the amount of moisture left on the preparation surface after water rinsing. Accurate
moisture control is a requirement for success with the “wet bonding” technique systems
because water acts as the wetting agent to allow permeability. If the preparation is dried
excessively after water rinsing, the primer and bond will not sufficiently penetrate the

tooth structure and weak, unsupported voids will result. Alternatively, if excessive water
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is allowed to remain, this will dilute the bonding monomer excessively and reduce
adhesion. Clinically, however, it is extremely difficult to precisely control the amount of
moisture remaining on the preparation surface due to variables such as the strength and
duration of the air stream used for drying, or the amount of moisture blotted with
sponges. The depth of the preparation will also affect the amount of moisture removed
with such procedures. With self-etch bonding system, the preparation may be dried
extensively following application of.the primer; there is very little possibility of over- or
under-drying the preparation. With the consisient.surface treatment afforded by this
priming procedure, far greater-adhesion consisieney-ean also be obtained, regardless
of the clinical case or operatorThe main advantage of self-etch bonding agent in apical
surgery is that its conditioning primer, used to etch the dentin, does not require washing,
and thus there is less chanee of contamination IR

When bonded {0 dentin, itisJ_evident that two-step self-etch adhesives

v
are able to compete with etch-and-rinse adhesives, not only in terms of early bonding

effectiveness, but also in terms of durabi‘li'];y da Taking into account the lower

[142]

technique sensitivity , the /faster - application procedure and the lower risk to

nanoleakage " the two-step. self-gich app‘rc_)agh‘may become the future standard of

adhesion.

"4 found that the use of bonding agent (Scotch-

Thirawat.and Edmunds
bond; etch & rinse adhesive) provided the better seal than super EBA and amalgam
with varnish. Hardy, et.ral. = who investigatedthe; ability~ef ©One-Up Bond (One-step
self-etch adhesiye) ‘alone and MTA'With and withouta secondary seal of One-Up Bond
or Super, EBA.to.seal saucer-shaped, perforation, defects, in, human.molars. The integrity
of the seal was' evaluated’ by fiuid filtration. It was® shown that"MTA alone leaked
significantly more than One-Up Bond alone or MTA with either secondary seal or Super
EBA at 24 hours. A study of Adamo " which MTA, Super-EBA, composite with ProBond
(two-step self-etching adhesive) and amalgam as root-end filling materials were tested
for their ability to prevent microleakage in a bacterial assay system for 12 weeks. The
results showed no statistically significant differences in the rate of microleakage among

[146]

all groups. Fogel and Peikoff evaluated the microleakage of amalgam, Super EBA,
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IRM, MTA and dentin bonding resin (Clearfil Liner Bond 2; self-etching adhesive system)
using a fluid filtration system and root-end preparations were made to a depth of 3 mm
using ultrasonic. MTA seemed to perform as well as Super EBA, IRM, and Clearfil Liner
Bond 2.

Some studies have shown that using self-etching adhesive with a resin
composite did not provide as good a bond to the enamel surface as a phosphoric
etching system e, However, several studies reported good bonding performance of

the self-etching adhesive system by Kuraray €os Clearfil SE Bond on enamel and dentin

[118] [148]

surfaces . The study oi+Munck et al. adetermined the bonding effectiveness and
the interaction with enamel/dentin’ of three contemporary one- and two-step self-etch
adhesives by microtensilesbond strength testing (UTBS) when compared to a control
two-step self-etch and a threé-step’ etch-and-rinse adhesive. The one-step self-etch
adhesive, Adper Prompt (3M ESPE), scoF:edJ_.‘the lowest UTBS of all experimental and
control adhesives tested. Conversely; the tf?w_o—st_ep self-etch adhesives Clearfil SE Bond
(Kuraray) and OptiBond Solo Plué S:elf-Etck}i;(_Kérr) approached the values obtained by
the three-step etch-and-rinse centrol (OptiBo’dds;FL, Kerr) when bonded to enamel and

dentin. A TEM study revealed.that thick sméa_ﬁlayers (up to 4.1 ym) did not hinder

9]

Clearfil SE Bond to hybridize dentin =

150 0 y .
"9 evaluated the influence.of occlusal load cycling on

Mitsui et al.
cervical microleakage of proximal slot restorations located in dentin, using two self-
etching (Experimental EXL 547 /Clearfilk SE=Band) and~twe~one-bottle dentin adhesive
systems (Single;Bond, Optibond 'Sclo Plus) and restored following the manufacturers’
instructions. ~All.specimens, were. subsequently immersed, in. a.-2%, methylene blue
solution (pH "7),"and sectioned “to “examine the ‘extent ‘of dye“penetration under a
stereomicroscope. The results showed that the Experimental self-etching adhesive EXL
547 presented the lowest microleakage scored, however no statistically significant
difference was observed in comparison with the other adhesive systems.

Nikaido et al. " evaluated the in vitro dentin bond strengths of two

dentin bonding systems (Clearfil SE Bond; self-etching bonding system and Single

Bond; two-step etch-and-rinse bonding system) in class | cavities following fatigue load
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cycling with thermal cycling. Clearfil SE Bond produced excellent dentin bonds that
were much stronger than those produced by Single Bond, which was shown to be a
technique-sensitive bonding system, most probably due to defects created by the
overwet phenomenon. From the clinical standpoint, a self-etching primer system should
provide more reliable results in various complex cavity preparations ren

Air-blowing is important to eliminate substances that could influence
polymerization and to ensure a good distribution of the adhesive on the dentin surface.
Since the introduction of self-etching primersy gentle air-blowing was generally required
for removing the excesswprmer solution. “lt-is=eemmonly recommended by the
manufacturer that gentle blowing.should be performed in order to achieve higher bond
strengths. Strong air-blowing .may have‘j, caused over-removal of the adhesive resin
causing incomplete enveloping of the' collagen fibrils leading to adhesive failure 19 1t s
speculated that when#strong air—b!ow;ing Ts used, water and solvents are evaporated
quickly resulting in a vis€ous resinous' on t';’re d(_entin surface. This would lead to weaker
mechanical properties, resulting iri_léwer bom -strengths. Spresfico et al. 199 assessed
the effect of gentle air-blowing and-strong a}ﬁj.é);j' the bond strength of one 2-step self-

etching system: Clearfil SE Bond and three a‘l‘F@-rj;bne systems: G-Bond, Adper Prompt L-

Pop, and SSB-200..The purpose of the study was to eva'[uate the effect of technique

sensitive on microteﬁéile bond strength of four different seﬁiétching adhesive, focus on
the air-blowing step. Clearfil SE Bond showed the highest bond strengths regardless of
gentle and strong airsblowing during the application;of thesprimer. For all materials, the
gentle air-blowed,group showed more complex failures (at different plane), while failures
in the strong.air-group showed.the.presence,of many voids.in the adhesive. The authors
speculate that these'voids are“pockets of air, which could=be stress*raisers within the
cured adhesive resin during testing. This may be a big reason for the poor adhesion e,

However, the fact that most of the fractures occurred within the adhesive layer of Clearfil

SE Bond suggests that this system is less technique sensitive to the air-blowing step.
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Clearfil SE Bond is a light-curing bonding system, and consists of a self-

MDP
HEMA
Dimethacrylate

=) ///

Water
1-_—-5

Photoq\

Primer

primer offers simultaneous treatment of both dentin and enamel.

MDP

HEMA
Dimethacrylate
monomer
Microfiller
Photoinitiator

rroduettlame INER BOND2Y
Dual-liguid type primer
AL Single- or dual- liquid type bond
1. Priming for ‘—.ﬂ:;;. g iming for 30 seconds
Procedural no mmanM?&fzﬂ s {mixing required)
Time 2. Bond application and Nghtcuring for 2. Bond application and light curing for 20 seconds
(30 sewnd'ﬁ,r}tddj), o' | (50 seconds in total)
Polymerization y g
Light-cure only it chemical-cure or dual-cure
Method e,
ighorations using light-curing and
compasite o compomer ical-auring composite
* Cavﬁlytealing as a pretreatm * Cavty s as a pretreatment for indirect restorations
re ions * Treatm hypersensitivity
* Treatment of hypersensitive and'or exposed root |+ Intraoral repairs of fractuted porceslain
surface restorations using light-curing compaosite
Clinical

PO J ‘
Indicationsﬂ

=

| RS

» Surface treatment of prosthetic

= 1,:‘:1 r composite inlays/onlays
g resin
51—
porcelain when used with

appliances made of porcelsg ~ CLEARFIL PORCELAIN
Fwyboricl ceramlcs ar cured #=BOND ACTIVATOR and | .
i A RLLOY +
gt
a da ===
a storation:
]
Basic Primer : MDP, HEMA, dimethacrylate monomer, water, catalyst
Components Bond : MDP, HEMA, dimethacrylate monomer, microfiller, catalyst
CLEARFIL SE BOND :
* Faster priming procedure due to lower pH
Technical + Faster light cure time due to modified catalysts

Characteristics

* Single liquid components

CLEARFIL LINER BOND 2V:

* Dual liguid primer component

+ Dual cure bond capability allows for use in indirect restorations

Table 6 Components and user guide of Clearfil SE Bond

etching primer and a bonding agent, with the principle ingredients of each shown. The
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Clearfil SE Bond Primer contains an acidic phosphate monomer which
penetrates dentinal tissue well and dissolves the smear layer created during cavity
preparation. This replaces the need for a separate phosphoric acid etching and water
rinsing procedure as use with traditional bonding systems. Clearfil SE Bond Primer is
mildly acidic, with a pH of 2.0. The acidity of the Primer has been optimized to allow
simultaneous treatment of enamel and dentin: it etched enamel enough to ensure good
bond adaptation, while not excessively decalcifying the collagen structure of the dentin.
Importantly, the primer remains diffused throughout.the dentin tissue after treatment: it is
not rinsed away. Therefore«the collagen network-dees not collapse, but remains fully
supported, which allows exeellent penetration of the bond component. The Primer
reverts to a neutral pH aiter treatmentllof enamel and dentin with demineralization.
Together they create a strong, stable-bonding layer with excellent dentinal sealing.

Clearfil’SE Bond'is a sfimpﬁieg, light-cure bonding system containing a
water-based primer. The procedure time v;i'th Qlearﬁl SE Bond is significantly reduced,
while providing enhancedond st-re‘znr:-lgth arié:l;@f):elling properties.

[154]

In biological ‘@spett,<ihe study oft Lu et al. that evaluated the pulp

response of beagles following direct pulp Cap—)plgg with Clearfil SE Bond, a self-etching

adhesive. Clearfil SE:Bond showed good biocompatibility Wlth pulp, most pulp tended to

show normal histological, features over 30 and 90 days.

Blood contamination

Clinically, |during endodontic: surgery, it is loften difficult to maintain
proper isolation, and blood contamipation may occur. When root-end preparations are
made using/ultrasanics, with: maghification, the root-end preparations must be filled with
a restorative material, such as Super EBA, MTA, resin composite, or others. This is a

technique sensitive procedure that requires a dry field for ideal working conditions el

[80]

In the study of Torabinajad which compared the amount of dye leakage in the
presence versus absence of blood in root-end cavities filled with amalgam, Super EBA,

IRM, and MTA. The results shown that IRM and Super EBA did not seal well in the
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presence of blood and MTA leaked significantly less than other materials tested with or
without blood contamination of the root-end cavities.

One possible way to simplify the procedure would be to seal the
resected root surface, without a preparation or slightly concave preparation, with self-

[129]

etching adhesives The complexity of dentin-bonding procedures and their

sensitivity to blood contamination 19575 has limited their use to well-isolated sites.
Kaneshima et al. suggested some reaction petween the exposed collagen network and
the blood protein components that could «inhibiteprimer infiltration into dentin ren,
Although most studies indieate-that blood contamination causes a significant decrease
in bond strengths. However, several studies have shown that dentin surfaces
contaminated by blood can bg decontar"pinated relatively easily %9 Kaneshima et al.
ren reported that the effeet of blood contamination varies greatly, according to the
surface condition of the adherent. If bI(;pd,;contamination occurred before collagen
fibers were exposed /by either phosp:jt)ric_ acid etching or self-etching primer
application, the contamination présénted a[rmf)st no influence on bond strength. This

result indicated that the effect ofibleod contamination of nontreated dentin surface was

eliminated, together with the smear Iayerf,;;'i_bz_acid etching or self-etching primer

application. Blood cgntamination of the dentin surface wh?re collagen fibers had been

exposed decreased the bond strength. In this situation,;blood contamination might
permit some reaction between the superficial organic layer of exposed dentinal collagen
and the blood protein eompaenents #This reaction might-inhibitprimer infiltration into the
dentin or subsequent Tesin penetration and polymerization. However, when the
contaminated.collagen fibers were. dissolved, or. when.the .contamination occurred after
the exposed ‘collagen fibers were “dissolved, the bond'strength“was=maintained. The
bond strength was markedly decreased when the contamination occurred after the

primer application, but was restored by reapplication of the self-etching primer ren,

58] evaluated the effect of blood contamination on

Eiriksson et al.
microtensile bond strength between resin interface and to determine the best
decontamination method to re-establish the original resin-resin bond strength. The

adhesive systems used in this study were Single Bond, One-Step, Clearfil SE Bond, and
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Prompt L Pop. The results demonstrated that blood contamination significantly reduced
the bond strengths between resin composite increments regardless of the materials
evaluated. However rinsing with water restored the bond strength significantly. Rinsing
and application of a dentin adhesive appears to be necessary whenever blood
contamination exists on a resin surface to ensure better interfacial bonding of the next
increment.

The in vitro study of Miles et al. " that evaluated the effect of blood
contamination on the tensile bond strengthsof .adhesive resins. The teeth were
contaminated with human«bleed for 5 'min before~applied the adhesive system. The
results showed no significaniedifference between the contaminated and control groups

of Amalgambond 19,

\
Vignaroli etsal. ¥ measured the sealing ability of four dentin bonding

agents on the resected root end. Thefbona‘ing systems evaluated were Amalgam bond
: y
(AMB), Scotchbond Multi-Purpase (SMP),“Prisma Universal Bond 3 (PUB 3), and All-

Bond 2 (AB 2). All materials were abplied 'dj;_ectly to the resected root-end which were
contaminated with human blood for6 min befare bonding. Microleakage was measured

using fluid filtration at various_time -intervalsf;ﬁf_dm_J to 24 weeks. The results indicated

that blood contamination did not adversely affect the s_éaling or bonding of several
dentin bonding agents.— |

(o3l feported that when applying the “dentin bonding agent Gluma

Rud
and Retroplastreomposite as, ayreot-endssealant; jassignificantly~lowered bond strength
occurred if blogd or saliva contamination occurred™at the time of placement. This is
interesting Joecause.it implies that,.even though-the.bend strength.of some agents may
be compromised by'blood contamination, the seal*may’ net be adversely affected. As
the periapical region is an area not subjected to significant dislodging forces, the
microleakage of these agents may be more important to the long term success than
bond strength 7 If used in endodontic surgery, sealing the apical preparation rather

than obtaining a strong bond would be the primary objective 191,
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Sealing ability assessment

To assess sealing ability, there are a few methodologies in vitro.
Generally sealing quality is estimated by measuring microleakage that allows the tracer
agent to penetrate the filled canal. Commonly used tracers are dyes, radioisotopes,
bacteria and their products, such as endotoxin.

1.Dyes penetration method

The methodology using tooth/immersion in dyes reported for the first time
by Grossman in 1939. Dye penetration is perhaps the most widely used method, mainly
because it is easy to perform:The phenamenon-efeapillarity is the utmost importance in
this passive method used mainly for assessing apical leakage, as the tooth apex is
submerged in the dye thai'penetrates thirough any space between the canal wall and
filling material oo, Then, the teeth are sectioned longitudinally, transversely, or cleared
and the linear penetration ofthe dye isfrecc-{r‘dgd.

The longitudipal sectioning %ethpd enables examination on the exposed
filling material and any dye penétrétion ir:}té__the material and at the interface of the
dentinal wall on one side. The d—iﬂ_sadvantages'-bﬁ{@ngitudinal dentinal sectioning seem to

be the random choice of the cutaxis'and tﬁé_—-ygry low probability of the section being

made through the degpest dye penetration point, with anéequently underestimation of
the leakage and recording of unreliable data. |

Transverse root sectioning results in loss of part of the dentinal tissue
and dye to thegsawsthickness, and enlysallows one to determineswhether or not there is
penetration in each section e

The.clearing, technigue recommended by, Okumura«n 1927, in which the
teeth become transparent’ after ‘@ process of “demineralization, “dehydration and
immersion in methyl salicylate, provides a three-dimensional view of the internal
anatomy of root canal without the loss of dental substance, making it easier to view the
leakage area. It is simple, fast, performed with substances low in toxins and does not
require complex equipment. It was affirmed that the technique makes it easier to
observe the lateral and accessory canals, and clearly reflects the relation between the

[16

sealing material and apical foramen 2, However, some of the samples submitted to
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clearing may present deficient demineralization, which would compromise the final
transparency of the specimen res), Furthermore, the demineralization times differs, as
greater the weight of the dentinal part, the greater the mineral content present and the
longer it would take to complete the process. The endpoint of this step could be easily
assessed by inserting a thin needle in an unimportant area of the crown or by
radiography %4 Another potential problem is that incomplete dehydration will leave
opaque areas in the teeth, but this .can be corrected by additional dehydration in 100%
ethy! alcohol "% Immersion-in acids such/a€ aifficrand alcohol for a long period may
cause dye dissolution in thissteehnique ¥ Clearing-technique was more precise than
the transverse section for detecting apical leakage, as it allows the leakage to be
visualized in tenths of millimeters, while tiransverse sectioning only determines whether
or not leakage has occurred ineach sectiqn’-[m].

There are various ty‘peé of aye§: methylene blue, India ink, silver nitrate,
etc. Particle molecule size, pH and chemicgﬂ_ rea_ctivity of'dyes are expected to affect the

[16

degree of penetration F 2 Iargé numbé;_ of studies used methylene blue as dye

because it is inexpensive, easydo manipulate, has a high degree of staining. Methylene

blue presents the same leakage' as butyjlrti_c'gacid, which is a cytotoxic bacterial

[166]

metabolite with low molecular weight (mol. wt 88), anq‘vhas greater penetration than

Indian ink. Thus, methylene blue may serve as an adquéte indicator of leakage of
microorganisms and toxic agents of low molecular weight. However methylene blue
presents a few-{disadyvantages; such as; dissolution jduring, the demineralization and
clearing process L'®

Indian ink is.comprised.of carbon particles.in suspension in an organic
solvent with shellac, a resinous’ material.“Indian ink*particles with ‘diameter smaller than
or equal to 10 pym are also widely used " Indian ink is used as the leakage detector
because of its broadly similar size to bacteria. If clearing tooth technique is used, Indian
ink is indicated as acid is used to demineralize the obturated teeth. However, its large
particles may have blocked the tubules openings and limited further ingress. Another
possible reason for reduced ink penetration is that the shellac/amyl acetate solvent is

. . [168]
too viscous to allow tubular penetration
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Silver nitrate is the salt of a strong acid and weak base, silver nitrate is
acidic when prepared (pH 3.04). Despite its smaller molecular size, silver nitrate was
found to have less dentinal penetration power. It can be postulated that upon contact
with the dentin, insoluble silver phosphate crystals precipitated within the tubules which
may have limited further penetration. Another limiting factor with the use of this tracer is
the degree to which the developer can enter the tubules to reduced the silver to its
elemental state "

One of the major consideraiions#with-respect to dye penetration studies
is air entrapped in voids aleng-the root*canal-filling=may hinder fluid movement. It has
been recommended that dyespenetration should be performed under reduced pressure
, incorrectly referred to asfvagtum WOJ."LThe vacuum method resulted in significantly
more dye penetration than luid filtration and passive dye penetration 1A comparison
of techniques for assessmegnt of dye Iéakz;gj]e,;emphasized the importance of the use of
reduced air pressure in«dye penetration. P;ssiv_e dye penetration resulted in incomplete
void filling, regardless of void size-,‘ _@herea’%&eﬁuced air pressure technique resulted in
complete void filling HEIN'S sighificant difféiéj,{f:es between a horizontally positioned

experimental group under reduced pressugé_--.'gnd groups in passive immersion, but

when the apices wegelin an upright position, the-mean le_akage was significantly higher

" Tooth positioning had a Sigﬁ:iﬁcant effect on linear dye

under reduce pressure.
penetration under reduced pressure. It was emphasized the need to standardize factors
that may influepce penetration whensassessing the methodolegy-of leakage studies.

Qne possible variable'inleakage studies is the pH of the dye solution. In

[174]

a study..of. demineralization of.enamel, ;Theuns et al. found. that, the pH had a

significant effect ‘on' the“rate of' demineralization. The acidie’ pH of methylene blue dye

was noted by Antoniazzi et al. el

, who reported that the inorganic portion of the tooth
may be dissolved and that adjustment of the pH is important in assessing leakage. In
that study, the dye solution was buffered to pH 7. Wu et al. " indicated that methylene
blue is most commonly used in a 2% aqueous solution in coronal and endodontic

microleakage studies. This concentration of methylene blue was observed to be acidic

when prepared (pH 3.45) although it proved possible to raise the pH to 6.96 by the
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addition of a phosphate buffer. Using the neutral buffered methylene blue would show
the true penetrability of the canal by an aqueous solution and not by an acid. The India
ink, as obtained from the manufacturer, had a pH of 7.37 and was therefore
unnecessary to buffer this tracer.

2.Fluid filtration or transportation methodology

The fluid filtration method, in which the sealing capacity is measured by
means of air bubble movement inside a capillary tube, was developed by Pashley ' s
group in 1987 and modified by Wu et al. in.1993 for use in root canal. It consists of a
filled canal that has its eerenal portion’ connected~to a tube filled with water under
atmospheric pressure, and itsrapex to a 20 ul glass capillary tube 170 mm long and of
uniform caliber filled with water. Finally, "p pressure of 0.1 atm is applied through the

coronal part, which forcesfthe water through the empty spaces along the root canal

[170] [176]

.The results are generally expres_sed n gl /,min
. §, 4
The fluid#filtration” method preésents many advantages in comparison with

dye penetration method. As the Sarhples a’rjisj,‘_not destroyed, therefore it allows both the

apical and coronal sealing to be @ssessed after along period of time.

Furthermore, the. results aré-‘i_-r,e_;corded automatically, thus providing

quantitative measuremients and avoiding operator errors. The results are precise, as

small volume can be Tecorded and it would be more sensitive than dye penetration in
detecting empty spaces along the canal. System sensitivity can be adjusted by altering
the pressure usedyortheydiameter of; theymicropipette e However, the materials and
methods used 'in this'teChnique are hot standardized. As the pressure used may range
from 10.t0 20.psi. and the.measuring time from-1 min.to. 3.h., this.would alter the result
obtained; Since lower filtration Values have been found"asseciated“with-longer recording
time, and the values recorded were higher when high pressure was used in comparison
with low pressure. It was suggested that 20psi pressure would appear to be far too high
because it corresponds to 1406 cm H,O pressure. Therefore, to be as close as possible
to physiological pressures, 15 cm by H,O would appear to be sufficient when highly
sensitive equipment is used. The pressures should included in the results and should be

expressed as pl/min cm H,O instead of pl/min el
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As various parameters could affect the test results, diameter of the
capillary that contains the bubble, bubble length, measuring time and pressures
applied, must be mentioned in the materials and methods section hel,

A new computerized fluid filtration meter based on light refraction at
starting and ending positions of air bubble movement inside micropipette was
developed " It has some advantages over the conventional ones with the computer
control and digital air pressure arrangement. Additionally, the movement of air bubbles
can be observed by laser diodes which ‘ares€omputer controlled rather than visual
findings. ’

3.Dye Extraction Methed

This method#developed by Zakariasen et.al. rel

. In the dye extraction or
dissolution method, the tegth are dissolved in acids that release all the dye from the
interface and the optieal density /of the sgﬂutj_on is measured by a spectrophotometer.
This technique is basedion the assumptionithat _the amount of tracer uptake is related to
the width of the gap appearing beiween tfle r”oot filling and the root canal wall. This
technique should provide reliable results in efn:do'_'dontics because it measures all of dye

taken up in the root. It is fast and-can be c‘q'r._rieg out with equipment available at most

. iy [160]
universities .

There Was no correlation between dye penetration and the fluid filtration
which determine microleakage. However, the dye exiraction method and the fluid
filtration were statistically icorrelateds Therdye-extraction-method-presents an advantage
over the fluid filtration method, because the filtration values tend to diminish over time,
as the water penetrates all.the.irregularities until.a plateau is reached fool

The*lack' of" correlation "between the" dye* penetration and the dye
extraction techniques cannot be related to a lack of physical coherence, because the
same roots were dipped into the same dye and were subsequently compared. The dye
penetration relies on randomly cutting the root into two pieces, without knowing if the
section goes through the deepest dye penetration and the small size of the root limits

this possibility. On the other hand, dye extraction technique involves recovering all of the

dye that penetrated the apex, thereby avoiding the limitations of sectioning the root. The
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fluid filtration technique gives results similar to the dye extraction technique because,
like the dye extraction technique, it takes into account all of the porosities of the
interfaces between the filling material and the root. In addition, both techniques are
based on quantitative measurements of the passage of a liquid within these interfaces

[160]

4.Bacteria and toxin infiltration method

The use of bacteria to assess leakage (mainly coronal) is considered to

be of greater clinical and bioclogical relevancerthan the dye penetration method real,

Many different strains of baeteria-have been used-torassess marginal leakage and this
has lead to contradictory resultsy” because methods depend on the type of bacteria
used. Moreover, if the sealer has antimi"probial activity, it is unfeasible to employ the
bacteria method "*". The system generally comprises two chambers and enables the

apical and coronal extrenities of ,each gbecimen to be completely separated. The
: }

turbidity of the broth in" apical chamber is the first indication of contamination by

[182, 183] > =

microorganisms ,.j'J,_

These bacterial studies have been gualitative rather than quantitative. If

only one bacterium passes through the ob!ti_ir‘g_i;ted root canal, it may multiply in the

enriched broth and cause turbidity [163. 1841

The differences in behavior between bacteria and endotoxins must be
related to their chemical activities. Endotoxins are lipopolysaccharides of the external
membrane of Gfam-negative bacteriagand=cansistyof/a lipideportion, Lipid A, and a
polysaccharide portion, which is the external part of the membrane. The possibility of
the bagcteria~exerting enzymatic .action .on .the, gutta-percha,. sealer. and dentin and

[182]

creating a passage through' the seal, has not yet been ‘demonstrated . It has been

reported that endotoxin preceded bacterial penetration of canal system nes

A new method for analysis of endodontic microleakage based on the
filtration rate of glucose along the root canal filling was introduced "% The model
consists of a tube containing concentrated glucose solution that is connected to

the coronal aspect of the tooth, whilst the apical region in water. Glucose that

accumulates in apical chamber is measure with a spectrophotometer, following an
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enzymatic reaction. The amount of leakage was quantified with spectrophotometry.
Glucose was selected as the tracer because of its small molecular size (MW=180 Da)
and as it is a nutrient for bacteria. So, if glucose could enter the canal from the oral
cavity, bacteria that survive root canal preparation could multiply.

5. Scanning electron microscope (SEM)

The SEM provided a means of direct visual observation of the adaptation
of restorative materials to the margins of cavity preparations. It has the depth of focus
and magnification required for this type of study. Limiting factors related to this method
for the study of marginal-diserepancies-attending-adaptation procedures including the
technique is restricted to the.evaluation of teeth outside of the mouth environment and is
not oriented to diffusion and penetratior‘j as most previous studies have been. Data
analysis of photomicrographs is based on measurements of the fissure size between the
restoration and the teoth, @and the téchnTi:ng: has a potential for the introduction of

/4
artifacts during specimen preparation, through SEM viewing, or through the disruption

and shifting of the restorative material duringﬁectioning procedures ren,
fa il
Among the various-methods which have been used to assess sealing

[188]

quality, dye penetration is the most Widely us‘e'c_lqn;éthod /It has been suggested that

the reduced air pre-js_sfure method whereby all entrapped;;_éir is removed is the most

[189] | - , .
. Dye extraction provides more reliable

reliable method for dyeé_penetration studies
results because it measures.all of the dye taken up in the root and it is a quantitative
measurement.

The leakage occurred in Class | root-end preparation is around the
margingef roet-end fillihg materialiwhich is direct to_the'root canal“system and can leak
through the exposed dentinal tubules at the resected area, but the leakage of concave
cavity preparation filling with bonding agent and resin composite is at the cavosurface
margin of the preparation.

In apical surgery, it is often very difficult to maintain proper isolation, and

blood contamination may occur. Therefore, consideration should be made in choosing
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root-end filling material and it would be advantageous to find a material that may inhibit
leakage both from the root canal and the resected dentinal tubules.

Flowable resin composite that is available in Thailand are Tetric® Flow
(Ivorclar Vivadent, Liechtenstein), Filtek Z350 Flow (3M ESPE, St.Paul, USA), Revolution2
(Kerr, Orange, CA, USA), Estht X flow (Densply, Tulsa, OK, USA), Alite Flo (Bisco,

Schaumburg, lllinois, USA) and Flow- It ALC (Pentron, Chicago, lllinois, USA). Tetric®

Flow is widely used. It was man! .n and imported in Thailand in 1998. Its

placement is easy. Only little amol ~C*. m U|red and it exhibits a contrasting

shade to the root. Tetrio OW..had th hlg aolty above enamel and other

-

llowing \\ al ate root-end filling integrity at

subsequent recall appoiatmen | much less expensive than MTA

flowable resin composite

and has good biocompatiiit ; ook font t|on and direct contact. It also

demonstrated good atta ant :pn' hen contacting to Tetric Flow " ™. 1o
4 m!:m 4 L "

consider Tetric® Flow as an al -m filling material to MTA, its sealing ability

i
should be investigated. ‘i’f;

2
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CHAPTER llI

MATERIALS AND METHODS
Population & Sample

-Target population: Human radicular dentin surface of root-end

ﬁicular dentin surface of root-end
7.,

ce of root-end preparation in

_Sample:p' ' Q
straight, single root upper Wte root formation, no crack or

preparation

-Study  population:

preparation in straight rooted

'
4) K-file (SybronEndo, O%?

S e T

5) ProTape(ﬁtar’yfinstruments llaigues, Switzerland)

0) GlydeTM >'prep (Dent

7) Sodium hy[ﬂ:hlorite
8) Ethylenedmmiﬁeﬁtraaoenc acid solution (EDTA)

o culdpbdribodobd Sl b Woan T

10) AH- Plus root canal sealer{Dentsply De Frey, Konstanz, Germany)
ARSI UNAINDIR Y

13 #701 fissure bur (Kerr, Romulus, MI, USA)

13) KiS-1D retrotips (Obtura-Spartan, Fenton, MO, USA)

14) MTA Gun (Dentsply Maillefer, Ballaigues, Switzerland)

15) Microbrush (Kerr Corporation, Orange, CA, USA)

16) #27 Round carbide bur (Komet, Lemgo, Germany)

17) Nail varnish (Revlon, New York, USA)



18) Methylene blue (Sigma Chemical, St. Louis, MO, USA)

19) Potassium phosphate monobasic-sodium hydroxide (0.05M) buffer solution
(Fisher Chemical, Fisher Scientific, Pittsburgh, PA)

20) Polishing disc (Sof-Lex Pop-on, 3M, St Paul, Minn, USA)

21) Syringe filter (Millipore, Billerica, MA, USA)

22) 65% Nitric acid

23) Paper point
24) Blade No.15 (Swann
25) Pasteur pipette«(ii
26) Pipette tip 200, 1

Equipment
1) Light curin , n, Liechtenstein)
2) Low speed o, B d, Lake Bluff, IL, USA)
3) Operating mi J ‘._ 3 Ze ice nc.,Thornwood, NY)
4) T,
5)
6) MO, USA)
7) by, CT, USA)

8) Accumet mel 950 pH/lon meter (Fisher Scientific, Pittsburgh, PA)

9) C@ﬂﬂ %WW?W%W?MM@ Richmond,
RS AN I8

Germany)
12) Automatic spectrophotometer (SLT Spectra Il; Labinstruments A-5082,
Salzburg, Austria)

13) Incubator (Contherm series five, Contherm Scientific Ltd., New Zealand)
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Data collection

Tooth selection, storage and root canal preparation
68 extracted, single-rooted, single-canals of upper anterior teeth were

collected. All teeth had canal curvatures less than 10°C ron

and the canals were patent.
No previous root canal treatment or restorations had been performed on the teeth. Teeth
that present any root fractures, immature apices, resorption, root caries were excluded
from the study. Only teeth which had initial/apical file (IAF) equal file number 20 or 25
were used. Attempt to standardize the size of the roots was made by measuring the
circumference (15mm.) of each tooth at the level of 3'mm from the apex. Teeth were
then stored in a 0.5% Chloramine solutiti)n for at least 1 week. Thereafter, they were
stored in distilled water'in asfrefiigerator at 4:C according to the guidelines of 1ISO 2l
order to reduce deterioration, the storage medrum was replaced once a week.
The rootsyof all teeth were Cleaned by hand scaling to remove adherent
soft tissue, and calculus./The crowns Were removed with low speed saw (IsoMet

4 ..f...

Buehler Ltd, Lake Bluff, IL, USA) to give apprt»ymately 15 mm. of root length from the

coronal surfaces to the apex of the roots. An_-!Qper_a_trng microscope (Carl Zeiss Surgical,

Inc.,Thornwood, NY_,!USA) was used to inspect the rebt__s for cracks under 25x

magnification. A size£15 endodontic K-file was placed:ﬂ'hto the canal until the tip
protrudes past the apical foramen. The file was drawn back into the tooth until it just
appeared at the,level of the*apical foramen-and then_the_length was measured. The
working lengthwas'determined to'be-1 mm. short ofithis length.

All teeth were instrumented with modgified crown-down‘technique, using a
set of ProTaper! rotary: instruments: (Dentsply Maillefer, Ballaigues,.Switzerland) as
follows: S, (tip diameter 0.17 mm; variable taper) was taken into the canal just short of
depth at which hand file was taken previously. The other files were used to working
length in the following sequence, S, (tip diameter 0.20 mm; variable taper), F, (tip
diameter 0.20 mm), F, (tip diameter 0.25 mm), F, (tip diameter 0.30 mm), F, (tip
diameter 0.40 mm), and F, (tip diameter 0.50 mm). The purpose of this preparation

regimen was to create a uniform size of canal and to overcome the variation in natural
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morphology. Each set of file was discarded after instrumented 20 root canals s, During
mechanical instrumentation, each file was coated with GlydeTM file prep (Dentsply,
Tulsa, OK, USA) to act as a lubricant, and apical patency was confirmed with a small file
size 15 (K-Flex-o-files, Dentsply Maillefer, Ballaigues, Switzerland) throughout the
procedures after each larger file size. Irrigant was delivered in the canals by means of a
5-ml disposable syringe with a 23-gauge needle. After the use of each file, canal was
irrigated with 3.0 ml. of 2.5% sodium hypochlerite (NaOCI) which was delivered to 2-3
mm from working length. After instrumentation,.the_smear layer was removed by rinsing
with 5.0 ml. of 17% ethylenediaminetetraacetic aecid-selution, follows by a final rinse with
5.0 ml. of sterile water " The*€anals weare dried with sterile paper points and obturated
using lateral condensation.of gutta-perché (4% taper) and AH-Plus root canal sealer.

At least corenal@ mm. opening for each canal was sealed with Cavit (3M
ESPE, St.Paul, USA) and subsequentlf/, alﬁfegth were stored at 37°C and 95% humidity
for 24 hr to allow complete setting of the sei%der. :

All procedures Wer-eﬂ _olonduc’tééqt-)y one experienced endodontist.

e ity
Root-end preparation and root-end filling~

The samples weré divided raﬁagér“f'll_j inte.foug-groups (n=15) according to

the technique of root-efid-preparation; root-end filling maté'ri_'él and blood contamination
on the resected root surf_aces: |

Group A: Class I reot-end preparation, and filled Wi’th MTA.

Group B: Class I root-end preparation and blood cantamination before filled with
MTA.

Group Ci Slightly .concave root-end preparation, ‘treated he'resected surface
with the" self-etching adhesives (Clearfil SE Bond) and filled with flowable resin
composite (Tetric® Flow).

Group D: Slightly concave root-end preparation, treated the resected surface

with the self-etching adhesives (Clearfil SE Bond) and blood contamination before filled

with flowable resin composite (Tetric® Flow).
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The blood sample used as the contamination substance was obtained
from one volunteer and immediately inserted in a vacutainer tube containing 50 I.U.

Heparin per ml blood. The collected blood sample was used within 24 hr.

MTA group (n=34)
Three millimeters of the root apex was resected (0° bevel) using #7017

“8]. Root-end

fissure bur (Kerr, Romulus, MI, USA) in a high-speed handpiece
preparation were made with KiS-1D retrotips (Obtura-Spartan, Fenton, MO, USA) driven
with the Spartan ultrasonic unit (Obtura-Spartam, Fenton, MO, USA) at the intensity
prescribed by the manufacturer.te the dgpth of-3.mm. The specimens were divided into
two groups of 15. :
Group A: The preparations were drled with paper points. White MTA (ProRoot

Dentsply, Tulsa, OK, USA) was mlxed aCcordlng to manufacturer's recommendations
and placed with a MTA Gun (Dentsply Marllefer, Ballaigues, Switzerland). Microball

burnisher and micro-plugger were. used £Q gently condense MTA into the root-end

cavity. A moistened gauze was usedito gently clean the resected surface and to remove

-

any excessive MTA from the cavrty T

Group B: The_ preparations were dried with paper points and contaminated with

human blood for 15-seconds—using—a microbrush (Kerr'Corporation Orange, CA,

[1 95}

USA) Care was taken that the contaminant completely covered the preparation.
White MTA ProRoot” (Dentsply, Tulsa, OK, USA) was fllled with the same technique as
group A.

The radiographs were exposed to evaluate the quality and density of the
root canal“obturatiois, 'and ithe, root-end| fillings! 1t ithe' poor ‘qualily was seen, it was
refilled.

The material was allowed to completely set for 24 hr. as recommended
by the manufacturer. Then three layers of nail varnish (Revlon, New York, USA) were
applied to the external surfaces of all roots except at the resected root surfaces.

The teeth in the negative control of the MTA group (n=2) were prepared

and fill with the same techniques as described. The entire root surfaces and the apical

foramens were covered with three layers of nail varnish to prevent any dye penetration.



50

Two instrumented roots which were root-end prepared with the same techniques as
described (no obturation and root-end fillings placed) were served as positive controls

(n=2).

Composite group (n=34)

Three millimeters of the root apex was resected (0° bevel) using #7017
fissure bur (Kerr, Romulus, MI, USA) in a high-speed handpiece " The resected root
apex was prepared slightly concave using @ large, round carbide bur (#27, Komet,
Lemgo, Germany). Each bur was replaced-afier preparing each root. The prepared
surface was dried with a small.sponge. ?‘he specimens were divided into two groups of
15.

Group C: The resecied stifface! was treated with the two-step self-etching

adhesive system (ClearfiWSE Bond, Kuraréy' Medical Co., Ltd., Osaka, Japan) following

the manufacturer's instructions.f The .prepared surface was filled with Tetric ™ flow
(Ivorclar Vivadent, Shaan, Liechtenstein). ‘Tk}e«_-average height of the resin composite

filling was 2 mm measured from réot—end:’ﬁ?eparation surface to the outer surface of

" The Composité'“ foot ﬂlling—jv;}éé' polymerized under 40 seconds light

Tetric® flow

cured. The light intensity. was measured pe.rjic-iaTC_e{IIy during-the restorative procedures

using a radiometer (Model 100, Demetron/Kerr, Danbury; CT USA) that ranged from

720 to 800 mW/cm®. Caf_e was taken to perpendicular light cure the restorative area from
a distance of 10 mm. Qxygen inhibited layer was removed by swabbing with 70%
alcohol and distilled water soaked cotton pellet as recommended by Rud et al. o,
Group D The resected surface was conditioned with the self-etching primer
(Clearfily, \SE' Bond™/Primer) and" 'left’ for ;20 'seconds -as recommended by the
manufactured. The treated surface was gentle dried carefully by 10 mm oil-free
compressed air to obtain the dried and shiny appearance which ensuring complete
removal of the solvent. The conditioned surface was contaminated with human blood for
15 seconds using a microbrush (Kerr Corporation, Orange, CA, USA). No rinsing or re-
conditioning was performed in order to investigate the variables under the harshest

possible condition. Then the bonding agent (Clearfil SE Bond) was applied and light-

cure for 10 seconds using a visible light-curing unit (VLC, Astralis 5, Vivadent, Shaan,
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Liechtenstein) and filled with Tetric® flow (lvorclar Vivadent, Shaan, Liechtenstein) in the
same technique as group C. Three layers of nail varnish were applied to all external root
surfaces except the resected root surfaces.

The teeth served as negative control in composite group (n=2) were
prepared and filled with the same techniques as described, but the entire root surfaces
were covered with three layers of nail varnish to prevent any dye penetration. Two
instrumented roots which were root-end /prepared with the same techniques as
described but no obturation. and root-end jillings placed were served as positive
controls (n=2). v

All specimens*Weré stored at 37°C and 95% humidity for 24 hr before

leakage test. 1

a3 |

Dye vacuum penetrating'test —
Two percent methyléne blué 5ye solutions (0.062 M) were prepared by
mixing 2 g of methylene blue powder (MW_'Sﬂ‘9‘.9; Sigma Chemical, St. Louis, MO, USA)

' g
with 100 ml of a standardized potassium phd‘s_bh!ate monobasic-sodium hydroxide (0.05

*ad

M) buffer solution (Fisher Chemical; Fisher Sﬁghtific, Pittsburgh, PA, USA) of pH 7. The

pH of the solution was meajsu'-r-ed‘ prior to the addition sof methylene blue with an

Accumet model 950 :p_:H/Ion meter (Fisher Scientific, Pittst'r':g‘h, PA, USA).

Each roo;t_ sample was connected 1o a glass tube and sealed with sticky
wax. The assembly wasi'then placed in agcentrifuge tube with a rubber cap. Two
centimeters of the neutral buffered 2% methylene blue solution.was dispensed into the
centrifuge tube. The root was suspended in the dye, leaving 2 mm of the root apex in

189]

the dye [ (Figl 11). “The glass|tube was /connected fo the vacuum pump (Bio-Rad
Laboratories, Richmond, CA, USA) by using a solid glass plug. Pressure in the system
was measured by a manometer that was connected to the vacuum pump and stabilized
at 20 inch Hg for 15 minutes " The vacuum was released slowly and the root

remained in the 2% methylene blue. All specimens were stored in the incubator at 37 "C

and 95% humidity for 24 hr.
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F|g:T1 DyefPenetratmg‘ model

P 3 \
;]'.-:-f:_‘ ‘--rf-tuid

The roots Were_r,emo\/ed and }M_pu.ghly rinsed with running water for 30

min. The nail varmsh_aiwd sticky wax were scraped away—fém the teeth with blades #15

(Swann-Morton, Sheff‘e{Ld England) and the polishing d|sc..TSof Lex Pop-on, 3M, St Paul,
Minn, USA) on a rotafyJ slow-speed handpiece. Care v§7§s taken not to remove tooth
structure. '

The roots” were 'sectioned’ vertically “along the long axis using the low
speed saw. (IsoMet Buehler Ltd, Lake BIUff, JL, USA). The Jtwo, halves of each tooth
were mounted with' the repositioned pin‘for viewing“and recording“under a stereoscopic
microscope (Model XT, Olympus, Tokyo, Japan) at x30 magnification and evaluated by
UTHSCSA Image tool program version 3.0. The maximum distance of dye penetration
was measured by tracing the leakage from the beginning point at the interface of root
surface and root-end filling material to the furthest point in the root canal system. The
measurements were made by a blinded investigator. Reliability of the investigator was

tested using the Intraclass correlation coeffient. (SPSS for windows, version 15.0; SPSS
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Inc., Chicago, IL, USA). The data were recorded for statistical analysis. These same two

root halves were then subjected to quantitative dye extraction.

Dye Extraction test

The teeth were stored in a vial containing 1ml of concentrated (65%)
nitric acid for 3 days. The solution was transferred to the centrifuged tube and then

centrifuged (Universal 16R; Hettich Ze t gen Tuttlingen, Germany) at 14,000 rpm for

5 min to separate debris from th e hundred microliters of supernatant

was taken from each centii ed using syringe filter (Millipore,

Billerica, MA, USA). Th sferred to the glass cuvette.

Sample absorbance tic spectrophotometer (SLT

Spectra Il; Labinstrum nm using 65% nitric acid as

[160]

the blank = . Pilot stud imal wavelength.

Statistic Analysis
The data were analyzed by the T ay ANOVA followed by post hoc

of significance was set at 0L = 0.05
1L USA). The Pearson correlation
coefficient was used or s isti ifference i leakage outcome

between the dye pene ion method and the dye extraction method.

- eI 9 S WG U St g s

correlation coefﬂment at statistically significant level.0.05.
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CHAPTER IV

RESULTS

Dye vacuum penetrating test

The Intraclass correlation coefficient is 0.95 at statistically significant
level 0.05 indicating excellent reliability of the blind investigator.

All positive control # 100% dye leaked into the root canal
system. In contrast, no Ieaka egative control group.
;
Dye Ieaka can'be |ded as complete leakage and

incomplete leakage. Com sieledkage was WY dye leakage through root-

end filling material into the

dye leakage through root-gnd filli 1 e he root canal system (Fig 12).

INIFATE

L

4
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Fig 12 Stereo micrographs at magnification X30 of MTA groups show complete dye
leakage (A) and incomplete dye leakage (B) and Tetric Flow groups show complete dye

leakage (C) and incomplete dye leakage (D)

Complete leakage was observed in 14 roots (93.33%) of the
contaminated MTA group, 15 roots (100%) in the uncontaminated MTA group, and 14
roots (93.33%) in the contaminated Tetric s Flow group. Incomplete leakage was
observed in 15 roots (100%) of the uncemtaminated Tetric Flow group and 1 root

(6.67%) both in the contaminated MTA and the-eontaminated Tetric Flow group.

Means and standard deviationll of the dye leakage distance (mm.) are

summarized in table 7 /. i

_—

Blooad ’ ]
Technique N “I“ Mean leakage (mm.) Std. Deviation
contamination |+ < e
W
vl
No blood : 15 — 4 3.61 1.36
MTA I
Bloodaif =S5 RN 2 >/ 1.19
N6-blood 15 00~ 0.08
Tetric Flow
Bload 15 3.97 1.64

Table 7 Mean and standard deviation of the methylene blue leakage into root canal

space (mm.)

A double classification analysis of variance was performed to determine
the significance of the main effects (root-end filling techniques and blood contamination)
and their interaction. Analysis of the data indicated that the main effects and their
interaction were significantly related to dye leakage in the tooth. (0.05 level of

significance).
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Dye leakage distance *
(mm)

OBlood

BEnNo blood

’ Retrofilling
* = statistically significa

—
Fig. 13  Methylene b e

blood contamination.

techniques with and without

nce among the experimental
groups (p<0.05). Because varie nce of: unequal the Dunnett T3 test
- | groups that were statistically

> uncontaminated Tetric Flow group

displayed the least leakage (p<0:05), wherea

difference was observed among the

absorbance Deviation
R ggﬁle B
9 No blood 15 .037 .024
MTA
Blood 15 .030 .018
No blood 15 .009 .006
Tetric Flow
Blood 15 .080 .037

Table 8 Mean and standard deviation of the leakage absorbance
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Results of the spectrophotometric readings for each group were
summarized in Table 8. The highest dye absorbance was seen in the blood
contaminated Tetric Flow group (0.08) followed by the uncontaminated (0.037) and
blood contaminated MTA groups (0.03). The uncontaminated Tetric Flow group (0.009)
had the least dye absorbance. The blood contaminated Tetric Flow group showed

significantly higher dye absorbance than the other three experimental groups. The two

groups of MTA were not significa )aut had higher dye absorbance than the

s

n aLnysre-d—uI.I'ce was performed to determine

uncontaminated Tetric Flow

A double ifi

the significance of the main chnique and blood contamination)

and their interaction. An blood contamination and the

interaction between  the » ... 0C filling technique and blood
contamination) were “Sig ant ?ﬁref ,' }1 bsorbance (0.05 level of
significance) (Table 9, Fig 14). A

e

Wiy
e

Jl*ff}af s, - ‘-* I

Effects Sig
Retrofilling tech .091
Blood contamin&on .000 *
Pl
Tech x Blood 1240.104 Qs .000 *
‘s : 4
ALY PBIINEITN &
[ ™ B |

*q: statistically significance

Table 9 Double classification analysis of variance
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Estimated Marginal Means of Ext

0.080 ") blood

no blood

blood

0.060 7

o
o
s
o

Estimated Marginal Means
o
(=]
N
(=]

9 MTA B MTA-N B -.007067
Tet-B -.049667* .001
Tet-NB .021400* .002
MTA-NB  Tet-B .042600* .006
Tet-NB 028467+ .002
Tet-B Tet-NB 1071067 .000

*. The mean diff erence is significant at the .05 level.

Table 10 The Dunnett T3 significance test
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The Dunnett T3 indicated that there were no significant differences
between the blood contaminated and uncontaminated MTA groups, but differences did
exist when comparing the blood contaminated Tetric Flow group with the blood
contaminated and uncontaminated MTA groups. The uncontaminated Tetric Flow group

displayed significant difference from the three other experimental groups (Table 10).

AU INENTNEINS
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CHAPTER V

DISCUSSION AND CONCLUSION

Discussion

Leakage study methodologies and their results, which are often
contradictory, are being questioned. Factors such as the choice of storage solution,
choice of dye and their pH as well as a great deal of other variables, can influence the
outcome in these in vitro studies. The most popular method for leakage assessment,
namely, linear measurement of tracer or dye penetration, should be considered as a
semiquantitative technigque whichsdoes not provide any information about the volume or
tracer that penetrates afrootfilling 'r The Iimitations of dye penetration technique have

[176 188, 197]
been discussed in previous pubhcatlons —

. Methylene blue solution penetrating
through the root-end filling does not indicaté the passage of bacteria, however the

leakage of bacterial by-products; Itke metabdhtes toxins, and degradation products
A n'
smaller than bacteria may occur and play a demswe role in periapical disease free)

Torabinejad et al. ¥ stated that a matenal thaF_s able to prevent the penetration of small

q —

molecules (dye) shouid be able to prevent Iarger substances like bacteria and their

byproducts. Although bactenal microleakage models can represent the reality of
bacteria leakage in c||n|cal “but it should also be tak_en into account that common

procedures for sterilizingsy,specimens used in bacterial microleakage models

[198]

(autoclaving and ethylene oxide) may alter the structure of dentin . In addition, this

method is not suitable for testing leakage of anti-bacterial materials like MTA e,

Quantitative measurements \include. flbid filtration.‘technique and dye

extraction technique. The methodology of using dye extraction technique to analyze

[179, 200, 201]

leakage was presented in previous studies . The dye extraction technique

involves recovering all of the dye that penetrated the interfaces between the root-end
filling material and the root, thereby avoiding the limitations of sectioning the root. In
addition, this technique is based on quantitative measurements of the passage of a

[160]

liquid within these interfaces . This technique has one advantage over the linear
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method in that linear measurements do not allow for differentiation in density of leakage,
provide only a two-dimensional view of a three-dimensional body, and do not allow for

leakage that penetrates laterally into the dentinal tubules e, 2o

. In endodontics,
bacteria are entrapped within the dentinal tubules and the infection potential they
represent is likely proportional to their number “%2 This is estimated better by the
quantitative methods; the dye extraction technique and the fluid filtration technique than
the qualitative method; dye penetration method neor Dye leakage degree can be widely
divided as complete leakage and incomplete deakage. Complete leakage was
determined by dye leakage-through root-end filling-material into the root canal system.
Incomplete leakage was detesmined by dye leakage through root-end filling material but
not into the root canal system (Fig 12). Most of specimens in each experimental group
showed complete leakage" except the uncontaminated Tetric Flow group which all
specimens showed ineomplete Ieak_agfe. Irfclipic, complete leakage indicates the failure
of sealing ability. Therefore, this study C;TOSeI_’l to determine the leakage using dye
penetration method and dye extrégﬁlipn metgp_d The data provided both the pattern of
leakage and the quantitative /leéakage of 'lt-b(“:‘._{_!same tooth. The results from both

measurement techniques were.in.the sameiy\}_ax but dye extraction method was better

classification. The w.contaminated Tetric Flow-—group _Was significant higher dye

absorbance than the".contaminated and uncontaminated MTA groups but from dye
penetration study thesé three groups were not significant"differences. This may indicate
that the dye penetsation didy netyprovide; enough discrimination to find any difference
between the two;MTA droups and the contaminated Tetric Flow group.

The means.of dye.leakage distances from .this.study (the contaminated
MTA group'="3.24 'mm and the‘uncontaminated MTA group= 3.6% mm) are higher than
the study of Torabinejad % \which mean distance of the contaminated MTA group was
0.28 mm and the uncontamination MTA group was 0.31 mm. This study tested the
leakage of methylene blue under 20 inches Hg vacuum pressure for 15 minutes to
simulate the severe condition that may occur. The pilot study found that 20 inches Hg
pressure was the appropriate reading and could exhibit 100% dye leaked into the root

canal system (positive control group). The pH and chemical reactivity of dye might also
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70, 175]

influence the degree of dye penetration . . The 2% concentration of methylene blue

[170, 203]
)

was observed to be acidic when prepared (pH 3.45 . If use without adjustment to

the neutral pH, it would cause too much leakage than the reality as the inorganic part of

. . . 170, 175, 204
dentine was dissolved by acid [ :

. The other factor that affects leakage is the root
position suspended in dye. If the root was upright position and tested under vacuum
systems, leakage would be more than testing under atmospheric pressure and
horizontal position under vacuum "SI0 this study the neutral pH of methylene blue was
adjusted to get the actual leakage of root-end filling.whereas the study of Torabinejad 150)
tested under atmospheric-pressure and-only-1% eeneentration of methylene blue was
used. No information about pH" oi“dye and root suspended position which might cause

i

the different leakage valuest \

38]:

Ambus and'Munksgaard = evaluated the ability of dentin bonding

agents to bond composite to concave ro&}—e,_nd preparations. They concluded that the
slightly curved surface will prevent formai_’ron c_>f contraction gaps between composite
retrograde filling and bonding agént‘-treated@eﬁtin. This is consistent with the data from
this study which did not find any -gap betvx'/é.énif the dentinal wall and root-end filling
material in the uncontaminated.-Tetric Flow gfqup. under x30 magnification microscope.
However gaps were found in most of specimens in the cantaminated Tetric Flow group
due to loss of adhesion-on the root surfaces when contaminated with blood >

In clinical endodontic surgery, it is often difficult to avoid blood
contamination. /Forabinejad et al. L reported-that blead~eontamination did not affect the
sealing ability "of; MTA."This" is in "Consistent with the results of this study which the
contaminated., MTA. group .was. not , statistically . significant ..different from the
uncontaminated MTA group. It*was “notable that rood-end-fillings’ in ‘the contaminated
Tetric Flow group had lower bond strength than the uncontaminated Tetric Flow group.
As in the process of cutting the roots longitudinally to assess the dye leakage,
composite root-end filling materials of most of specimens in the contaminated Tetric
Flow group were dislodged immediately when contacting with the cutting disc while all

of the uncontaminated Tetric Flow group were intact. When blood contamination

occurred on the dentin surface after dentinal collagen had been exposed, the bond



63

strength was decreased. The inhibition of adhesion by blood contamination on the
dentin is strongly associated with the superficial layer of exposed collagen. Blood
contamination might permit some reaction between the superficial organic layer of
exposed dentinal collagen and the blood protein components. This reaction might inhibit
resin penetration into the dentin and polymerization. The residues or reactants can
become a strong mechanical inhibitor to the adhesion between the dentin and the
adhesive resin cement ", Therefore, blood: contamination on the adherent surface
during the root-end filling is likely to be one oithe main causes of leakage.

The different~root-end filling “teehniques created different pattern of
leakage. This study found that'beth the root-end preparation techniques and the blood
contamination influenceds the Ieakagé of root-end. filling materials. Only the
uncontaminated Tetric Flow group was the least leakage significantly. Three millimeters
deep ultrasonic root-end pgeparation is di?ﬁcqlt to get an ideal preparation. The axis of

/ 4
the preparation may not parallel to the root canal and often left some residual gutta-

g 4

percha remaining on the root canal wall EG{;‘JI;) the process of root-end preparing in this

4l

study, the same problem o€curred: which rhéi_{affeot the occurrence of leakage. The

slightly concave root-end preparation filed \_Ag.fi_h’jlowable resin composite was easy and

simple to perform. T_hé‘i short time required when performt"pg« the slightly concave root-

end preparation could. minimize the adverse effect of moisture and hemorrhagic

(371

contamination

N gases jwhichy arey diffieult~te, amaintain .proper isolation from blood
contamination, " ultrasonic root-end “preparation” filled” with"MTA" is more suitable than
slightly .concave, root-end..preparation. filled, with “flowable ,resin.composite. If blood
contamination cah ‘control’ properly “the“slightly concave 'root-end "preparation filled with
flowable resin composite seems to be another alternative technique which is effectively

resistance to leakage.
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Conclusion
Factors affecting dye leakage of the two root-end filling techniques are
both the techniques and the blood contamination. The concave cavity root-end

preparation filled with Tetric Flow without blood contamination has the least dye leakage.
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Table 1 Reading score data of dye penetration

MTA-B Dye penetration (mm) Tetric-B Dye penetration (mm)
1 2.52 1 6.66
2 2.89 2 4.05
3 6.00 3 1.81
4 2.55 4 2.72
5 2.52 5 3.05
6 2.78 6 1.80
7 247 ’ 6.18
8 2.38 8 6.14
9 ! 4 e 3.22
10 2.08 10 4.44
11 3.98 | 11 1.84
12 543 \ 12 4.50
13 oo i T %3, 3.81
14 sgb A T 14 3.55
15 ool B (- g 15 5.76
MTA-NB Dye pénetration (mm) i_ Tetric-NB Dye penetration (mm)

1 cie MR TAL | 1 0.00
2 ol == 0.10
3 2394 = 3 0.20
4 2.7650 4 s 4 0.25
5 , 281 ' 5 0.00
6 T 5.44 6 d 0.00
7 41 269 i >~ 0.05
8 3.64 8 0.1
9 6.04 9 0.00
10 2.63 10 0.09
11 5.53 11 0.1
12 3.12 12 0.09
13 5.88 13 0.00
14 3.03 14 0.00
15 2.54 15 0.08

MTA-B = The blood contaminated MTA group

MTA-NB = The uncontaminated MTA group

Tetric-B = The blood contaminated Tetric Flow group

Tetric-NB = The uncontaminated Tetric Flow group
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Table 2 Reading score data of dye penetration for the reliability test of the investigator

First time
MTA-B Dye penetration (mm) Tetric-B Dye penetration (mm)
1 2.74 1 6.28
2 2.59 2 7.38
3 2.76 3 6.97
4 5.87 4 6.50
5 2.36 5 5.23
6 5.91 6 6.63
7 1. Z 6.46
8 4.00 < 8 6.41
9 5.76 9 4.03
10 2185 _ 10 2.22
11 5179 '; 11 7.27
12 2,60 ' 12 6.12
13 2.04 2 13 6.32
14 Fpy T8 14 4.33
15 T T E Y 15 6.37
MTA-NB Dye penetration (mm)- .. || Tetric-NB Dye penetration (mm)
1 sl Sy 0.17
2 o dfaks i . 0.00
3 261 : 7 0.53
4 . 266~ T 0.06
5 o 344 5 0.12
6 L/ 625 6 0.00
7 388 7 0.10
8 ~ 251 g = 0.00
9 3:02 9 0.30
10 250 10 0.33
11 369 M 0.19
12 6.12 12 0.36
13 4.78 13 0.43
14 2.99 14 0.24
15 2.80 15 0.00

MTA-B =
MTA-NB =

Tetric-B

Tetric-NB

The blood contaminated MTA group

The uncontaminated MTA group

The blood contaminated Tetric Flow group

The uncontaminated Tetric Flow group
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Table 3 Reading score data of dye penetration for the reliability test of the investigator

Second time

MTA-B Dye penetration (mm) Tetric-B Dye penetration (mm)
1 2.30 1 7.04
2 3.19 2 4.05
3 9.24 3 3.37
4 2.55 4 2.72
5 2.67 5 3.05
6 2.78 6 1.80
7 2 47 Z 5.90
8 3.24 J 8 5.87
9 2.91 9 2.41
10 2103 _ 10 6.67
11 216 '; 11 3.59
12 247 ' 12 4.50
13 7.98 2 13 3.81
14 306 = 4 14 2.78
15 3.31 Y 15 5.16

MTA-NB Dye penetration (mm)- .. || Tetric-NB Dye penetration (mm)
1 off A, 1 0.17
2 1.82 415 e I 0.20
3 2.19 e 7 0.13
4 . 285 =1 T 0.45
5 A o1g 5 0.12
6 L/ 456 6 0.00
7 269 7 0.00
8 “ a7 g = 0.22
9 6:04 9 0.30
10 576 10 0.15
11 7:36 " 0.03
12 3.12 12 0.18
13 5.88 13 0.43
14 3.08 14 0.24
15 2.28 15 0.16

MTA-B =
MTA-NB =

Tetric-B
Tetric-NB

The blood contaminated MTA group

The uncontaminated MTA group

The blood contaminated Tetric Flow group

The uncontaminated Tetric Flow group
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Table 4 Quantitative leakage (dye absorbance) data

MTA-B Absorbance (580 nm) Tetric-B Absorbance (580 nm)
1 0.031 1 0.110
2 0.023 2 0.085
3 0.032 3 0.035
4 0.017 4 0.043
5 0.032 5 0.022
6 0.040 6 0.075
7 0.027 7 0.116
8 0.006 8 0.027
9 0.025 4 9 0.086
10 0.004 10 0.123
11 0.026 , 11 0.071
12 0.036 \ 12 0.129
13 0069 e v 13 0.060
14 0gfaf f == 14 0.084
15 god F (o 16 0.130
MTA-NB Absorbange (580 nm) " Tetric-NB Absorbance (580 nm)

1 0.0/ 4 .. 1 0.003
2 o7 s == 0.013
3 0.015% = 3 0.006
4 0.032 . s 4 0.009
5 . 0040 ' 5 0.011
6 T o —0-04a 6 / 0.003
7 ~41 0006 L 0.002
8 0.043 8 0.014
9 0.014 9 0.005
10 0:024 10 0.024
11 0.088 11 0.006
12 0.033 12 0.015
13 0.059 13 0.013
14 0.050 14 0.002
15 0.046 15 0.004

MTA-B = The blood contaminated MTA group

MTA-NB = The uncontaminated MTA group

Tetric-B = The blood contaminated Tetric Flow group

Tetric-NB = The uncontaminated Tetric Flow group
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Table 5 Statistical analysis using SPSS of dye penetration data for reliability test of the

investigator

Intraclass Correlation Coefficient

Intraclass 95% Confidence Interv al F Test with True Value 0

Correlation Value dil df2 Sig

Single Measures .904 \ 4 - 19.843 59.0 59 .000
Av erage Measures . - 'r. 19.843 59.0 59 .000
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Table 6 Statistical analysis using SPSS of dye penetration leakage (ANOVA)

Descriptive Statistics

Dependent Variable: mm

tech blood Mean Std. Deviation N

MTA no blood 3.60680 1.363821 15
blood 3.24033 1.198413 15
Total 1.275148 30

Tet  noblood | .077520 15

538950 15
30

Total nob o3 T— 30
) 30

60

9
U
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Tests of Between-Subjects Effects

Dependent Variable: mm

Type Il Sum Noncent. Observed
| Source of Squares df Mean Square F Sig. Parameter Power®

Corrected Model 144.467° 3 48.156 32.166 .000 96.499 1.000
Intercept 444.552 1 444.552 296.943 .000 296.943 1.000
tech 29.533 1 29.533 19.727 .000 19.727 .992
blood 46.755 1 46.755 31.230 .000 31.230 1.000
tech * blood 68.179 1 68.179 45,541 .000 45,541 1.000
Error 83.837 5 1.497
Total 672.856
Corrected Total 228.304

a. Computed using alpha=.05.
b. R Squared = .633 (Adjust

AU INENTNEINS
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ANOVA
mm
Sum of
Squares df Mean Square F Sig.
Between Groups 144.467 3 48.156 32.166 .000
Within Groups 83.837 56 1.497
Total 228.304 59

k
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Multiple Comparisons

Dependent Variable: mm

Dunnett T3
Mean
Diff erence 95% Confidence Interv al
() type  (J)type (- Std. Error Sig. Lower Bound | Upper Bound
MTA-B MTA-NB -.366467 .468772 .964 -1.68891 .95598
Tet-B -.728800 .524236 .664 -2.21548 75788
Tet-NB 3.168667* [ .310076 .000 2.23264 4.10469
MTA-NB  MTA-B .366467 468772, .964 -.95598 1.68891
Tet-B -.362833 .550525 .984 -1.91719 1.19252
Tet-NB 3.535133% 1 .352705 000 2.47014 4.60013
Tet-B MTA-B .728800 .524236 .664 -.75788 2.21548
MTA-NB .362833 .550525 .984 -1.19252 1.91719
Tet-NB 3.890467* | | /423648 .000 2.61790 5.17703
Tet-NB  MTA-B 31168667 |/ /310076 .000 -4.10469 -2.23264
MTA-NB -3.885183% | /11352705 .000 -4.60013 -2.47014
Tet-B 8.897467* | .423648 .000 -5.17703 -2.61790

*. The mean diff erence is significant at thé;,.OS level.




Table 7 Statistical analysis using SPSS of dye absorbance (ANOVA)

Descriptive Statistics

Dependent Variable: Ext

Total

tech blood Mean Std. Dev iation N

MTA no blood .03713 .023694 15
blood .03007 .017854 15
Total A .020924 30

Tet no blood .006264 15

036931 15
044537 30
30
30
60

R
{
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Tests of Between-Subjects Effects

Dependent Variable: Ext

Type Il Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Power’
Corrected Model .040° 3 .013 23.322 .000 69.965 1.000
Intercept .091 1 .091 159.051 .000 159.051 1.000
tech .002 1 .002 2.953 .091 2.953 .393
blood .015 1 .015 26.908 .000 26.908 .999
tech * blood .023 1 .023 40.104 .000 40.104 1.000
Error .032 ¢ .001
Total .163 )
Corrected Total .072

a. Computed using alpha =..0
b. R Squared = .555 (Adj
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ANOVA
Ext
Sum of
Squares df Mean Square F Sig.
Between Groups .040 3 .013 23.322 .000
Within Groups .032 56 .001
Total .072 59

\Z
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Multiple Comparisons

Dependent Variable: Ext

96

Dunnett T3
Mean
Diff erence 95% Confidence Interv al
() type  (J)type (- Std. Error Sig. Lower Bound | Upper Bound
MTA-B MTA-NB -.007067 .007660 .923 -.02877 .01463
Tet-B -.049667* | .010592 .001 -.08032 -.01901
Tet-NB .021400* | .004885 .002 .00704 .03576
MTA-NB  MTA-B .007067 .007660, .923 -.01463 .02877
Tet-B -.042600* | .011329 .006 -.07491 -.01029
Tet-NB 0284671~ .006828 .002 .00967 .04726
Tet-B MTA-B .049667* |- .010592 .001 .01901 .08032
MTA-NB .042600#1 .011329 .006 .01029 .07491
Tet-NB .0Z406 2% |4/ /009672 .000 .04206 .10007
Tet-NB  MTA-B 4021400 |/ /004885 .002 -.03576 -.00704
MTA-NB -.0284677% | /1006328 .002 -.04726 -.00967
Tet-B -.074067* [ 009672 .000 -.10007 -.04206

*. The mean diff erence is significant at thé;,.OS level.
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