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The Influence of Time and
Cement Type on Push-Out
Bond Strength of Fiber
Posts to Root Dentin

AA Leme ® M Coutinho ® AF Insaurralde
PMC Scaffa ® LM da Silva

Clinical Relevance

A self-adhesive resin cement can provide a significantly stronger bond than a three-step
etch-and-rinse adhesive and resin cement when used to lute fiber posts.

SUMMARY

The bond strength of fiber posts luted with
resin cements was evaluated after two storage
times in different regions of a post space. A
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total of 40 single-rooted human teeth were
endodontically treated and prepared for ce-
mentation of fiber posts (White Post DC). In
groups 1 and 3 (G1 and G3, respectively), posts
were luted with RelyX ARC, whereas the posts
in groups 2 and 4 (G2 and G4, respectively)
were luted with RelyX Unicem. After one
month of storage at 100% humidity, G1 and
G2 were transversally sectioned in 1.7-mm
slices of the cervical (C), middle (M), and apical
(A) thirds of the post space and submitted to
push-out testing at 1 mm/min. After nine
months of storage, the roots of G3 and G4
underwent the same process. Mean values
were analyzed using the Mann-Whitney and
Kruskal-Wallis tests (0=0.05). The bond
strengths in G2 (C=4.26+2.29; M=4.67+3.54;
A=7.27+4.30) were statistically higher than in
G1 (C=3.81*+1.07; M=1.57+1.62; A=1.99+1.60) in
the middle and apical thirds (p=0.001). Bond
strengths in G4 (C=3.36+1.39; M=4.49+2.17;
A=3.83+1.92) were higher than in G3
(C=2.13+0.47; M=0.94+1.05; A=0.95+1.02) in all
evaluated regions (p=0.02, p<0.001, and
p<0.001, respectively). When comparing the
root regions for each group, Gl had higher
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values in the cervical third than the middle
third (p=0.02). The self-adhesive resin cement
showed better results than the conventional
resin cement at both storage times. For both
materials a similar performance among the
three root regions was found. Storage time did
not influence the shear bond strength.

INTRODUCTION

The high rates of irreversible root fractures when
posts with a high modulus of elasticity are used have
contributed to the increasing use of glass fiber posts®
associated with resin cements, resulting in better
stress distribution along root canal walls.> The use
of three-step etch-and-rinse adhesive systems with
resin cements seems to decrease the microleakage
inside the root canal when compared with self-etch
adhesive systems or zinc phosphate cement,* which
helps to maintain an aseptic endodontic treatment.

However, the main cause of failures of these new
systems is related to the retention of the materials to
root canal walls.® In the cases of root canal prepara-
tions, the cavity configuration (C-factor) is high and
may even exceed 200, contributing to maximizing the
polymerization stress of resin cement.® The stress
may be so intense that the resin cement detaches
from dentin walls,” thus creating interfacial gaps and
decreasing the retention of posts.® Some studies
indicate that friction is mainly responsible for
maintaining posts inside the root canal.®!*

The retention of posts in the root canal may also be
influenced by the degradation of the adhesive system
over a long period of time,'? known as nanoleak-
age,'®!* resulting in decreased bond strength.1®'®
The control of moisture,'® inefficient polymerization
of the adhesive system or resin cement,'”'® and
aggressive etching that leaves the collagen fibrils
susceptible to the action of metalloproteinases'®!?
can all accentuate the degradation of hybrid layer
and adhesive interface.

The first attempt to reduce the number of steps
during clinical procedures of adhesive luting result-
ed in the development of simplified adhesive sys-
tems. However, these adhesive systems are
susceptible to an incompatibility with dual-cured
and self-cured resin cements®?%2?! and to the
permeability of the adhesive interface, causing water
blisters.?2?3 More recently, in an effort to reduce the
technique sensitivity due to the difficult access to
canal walls during handling and control of adhesive
procedures,'*?* self-adhesive resin cements were
developed. These materials are not able to form a

Operative Dentistry

true hybrid layer,?>?% and short-term studies show

inferior bond strength values when compared with
resin cements that require an adhesive system.?*?7

The push-out test has been widely used to test
bond strength of fiber posts to root canal, with fewer
premature failures, less variability of data distribu-
tion, and more uniform values than the microtensile
test.!® This present study verified the bond-strength
resistance of a conventional technique (resin cement
plus three-step etch-and-rinse adhesive system) and
a self-adhesive resin cement used to lute glass fiber
posts, based on the root region and storage periods.
The hypotheses tested were 1) the use of a simplified
application technique does not decrease bonding
effectiveness to root dentin; 2) there is a difference
in shear bond strength depending on storage time;
and 3) there are differences in shear bond strength
values among the three regions of the post space.

METHODS AND MATERIALS

A push-out bond strength test was performed on
glass fiber posts in flat discs of radicular dentin.
After approval of the ethics committee (protocol no.
753), 40 single-rooted human teeth, extracted for
orthodontic or periodontal reasons and stored in a
0.9% thymol solution at room temperature, were
used in this study. The teeth had their crowns
removed with a low-speed handpiece and diamond
discs (7016, KG Sorensen Ind Com Ltd, Barueri, SP,
Brazil) under water cooling. All teeth were endodon-
tically treated. A step-back preparation technique
was used. Apical preparation was conducted with the
final master apical file size 40. The root canals were
obturated with gutta-percha cones using the lateral
condensation technique and a eugenol-free sealer,
Sealer 26 (Dentsply Maillefer, Petropolis, RJ, Bra-
zil), sealed with Coltosol (Coltene/Whaledent, Alt-
statten, Switzerland) and left for seven days in a
lightproof container with 100% humidity at 37°C.

The gutta-percha filling was removed using Gates
Glidden drills (Dentsply Maillefer) with the working
length established at 10 mm, leaving an apical seal
of approximately 4 mm. The post spaces were
enlarged with a low-speed drill from the DC White
Post system no. 1 (FGM, Joinville, SC, Brazil). Roots
were randomly divided into four groups of 10
specimens.

DC White Post glass fiber posts (FGM), size 1 with
smooth surface, were etched with 37% phosphoric
acid for 60 seconds, washed, air-dried, and coated
with a silane coupling agent (Dentsply Maillefer),
which was applied with a microbrush and air-dried.
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Posts were not manipulated until the luting proce-
dure to avoid contamination of the post surface.

For groups 1 and 3 (G1 and G3, respectively), the
roots were etched with 37% phosphoric acid (Cond
Acid, FGM) for 15 seconds, water-rinsed, and excess
water was removed using absorbent paper points
(Dentsply Maillefer), leaving a moist dentin surface.
The adhesive system, Scotchbond Multi-Purpose
Plus (3M ESPE, St Paul, MN, USA), was applied
and light-cured for 60 seconds with Radii light-
emitting diodes at 1100 mW/cm? (SDI, Bayswater,
Victoria, Australia). The RelyX ARC (3M ESPE) base
and catalyst pastes were hand-mixed for 10 seconds,
then one portion was applied onto the post and the
other inserted into the post space using a Centrix
syringe (DFL, Rio de Janeiro, RJ, Brazil). The post
was then immediately inserted into the post space.
Excess cement was removed and light-cured for 60
seconds.

The root canals from groups 2 and 4 (G2 and G4,
respectively) were water-rinsed and the excess
moisture was removed with absorbent paper points
before the luting procedures. Each capsule of RelyX
Unicem (3M ESPE) was activated and triturated in
an Ultramat 2 amalgamator (SDI; frequency, 4600
oscillations per minute) for 15 seconds. The cement
was inserted into the post space with RelyX Unicem
Elongation Tips (3M ESPE) and applied on the post
surface. The post was then placed into the post
space. The excess cement was removed and the
remaining cement was light-cured for 60 seconds.
The resin cement and adhesive system compositions
are listed in Table 1.

To simulate the coronal restoration, all roots
received a coat of resin composite TPH (Dentsply
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Maillefer) that sealed the cervical surface and were
stored in a light-proof container with 100% humidity
at 37°C for one (G1 and G2) or nine months (G3 and
G4). The liquid used for 100% humidity aging was
0.9% thymol solution. It was changed every 15 days
to avoid fungal growth.

After the appropriate storage periods, the roots
were transversally sectioned into four slices using an
Isomet 1000 (Buehler, Lake Forest, IL, USA). The
first slice of 1 mm was discarded, and 1.7-mm thick
slices, corresponding to cervical, middle, and apical
thirds of the post space, were used for the push-out
test (Figure 1). To ensure that each inverted,
truncated fiber post section could be dislodged from
the root slice in an apical-coronal direction,'® each
specimen was secured with cyanoacrylate glue
(Super Bonder Gel, Loctite, Sao Paulo, SP, Brazil)
on the push-out jig, attached in the Kratos Testing
Machine (TRCv603, Industry Equipments Ltd, Sdo
Paulo, SP, Brazil). A compressive load was applied
on the center of the fiber post at a cross-head speed
of 1 mm/min until it was completely dislodged from
the root slice. The retentive strength was recorded
and expressed in megapascals, dividing the load at
failure by the area of the segment.'®'1?® The results
were statistically analyzed using Mann-Whitney
variance analysis at o« = 0.05 for independent
samples and Kruskal-Wallis with the Dunn post
hoc test at o = 0.05 to verify differences among the
thirds in the same teeth.

RESULTS

As shown in Table 2, the Mann-Whitney test showed
differences between G1 and G2 in the middle and
apical thirds (p=0.001) and between G3 and G4 in

Table 1: Chemical Composition, Manufacturer, and Batch Number of the Tested Materials

Materials

Composition

Manufacturer/Batch No.

Scotchbond Multi-Purpose Plus

Activator: ethyl, alcohol, benzene sulfinic acid, sodium
salt. Primer: water, HEMA, Vitrebond copolymer.
Catalyst: Bis-GMA, HEMA, benzoyl peroxide.

3M ESPE/Catalyst: 7BB; Primer: 7BP;
Activator:7KY

curing initiators.

RelyX ARC Silane, treated silica filler, TEGDMA, Bis-GMA, 3M ESPE/GHHM
dimethacrylate polymer. Filler content: 67.5 wt%.
RelyX Unicem Powder: glass fillers, silica, calcium hydroxide, self- 3M ESPE/233749

curing initiators, pigments, light-curing initiators. Filler
content: 72 wt%. Liquid: methacrylated phosphoric
esters, dimethacrylates, acetate, stabilizers, self-

Abbreviations: Bis-GMA, bis-phenol-A diglycidyl dimethacrylate; HEMA, 2-hydroxy ethyl methacrylate; TEGDMA, triethyleneglycol dimethacrylate.

$S900E 93l} BIA |L0-60-GZ0Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



646

Operative Dentistry

» push-out jig

fiber post
(FP)

Figure 1. Schematic representation of specimen sectioning model to obtain cervical, middle, and apical root sections and push-out test.
Abbreviations: RD, radicular dentin; FF, fiber post; F, compressive force; and GP, remaining gutta-percha.

Table 2:  Material’s Push-Out Bond Strength (MPa)
According to Tooth Region and Time

Material’s Bond
Strength, MPa

Tooth Region Time, mo

ARC (G1/G3)  Unicem (G2/G4)

Cervical 1 3.81 (1.07) Ba*  4.26 (2.29) Ba
9 213 (047)Bb  3.36 (1.39) Aa
Middle 1 1.57 (1.62) Ba*  4.67 (3.54) Aa
9 0.94 (1.05)Ba 4.49 (2.17) Aa
Apical 1 1.99 (1.60) Ba  7.27 (4.30) Aa
9 0.95(1.02)Ba  3.83 (1.92) Aa

Abbreviations: G1, group 1; G2, group 2; G3, group 3; G4, group 4.

2 Values in mean (standard deviation); results with the same letter
(uppercase—within resin cement; lowercase—within storage time) means
not statistically significant different p>0.05.

* Statistically significant difference (p<0.05) among root regions.

the cervical, middle, and apical thirds (p=0.02,
p<0.001, and p<0.001, respectively). G2 and G4
achieved better results.

There was a statistically significant difference
between G1 and G3 only in the cervical third
(p=0.01). When comparing the three thirds of the
post spaces for each group, the Kruskal-Wallis test
showed that only G1 was significantly different

(p=0.02). The Dunn post hoc test indicated that the
mean value of the cervical third was higher than the
mean of the middle third.

DISCUSSION

The self-adhesive resin cement, RelyX Unicem,
achieved better results than the conventional dual-
cured resin cement, RelyX ARC, for both storage
periods. The chemical composition of these materials
might have been a determinant in this study,
because the quantity of inorganic fillers by wt% in
the RelyX Unicem resin cement is higher than in the
RelyX ARC (72% and 67.5%, respectively). In
general, the higher the inorganic filler content in a
resin-based material, the lower its polymerization
shrinkage and the greater its stability, due to a
smaller resin matrix/filler ratio.?® Some studies have
shown that RelyX Unicem does not promote the
formation of a satisfactory hybrid layer?*2? because
it is not able to dissolve the thick smear layer
present after canal wall instrumentation for post
cementation.?* Thus its stability during storage
gives additional evidence to support the idea that
the retention of posts inside the root canal space is
predominantly frictional >*!

After nine months’ storage in 100% humidity, some
decrease of shear bond strength was expected;
however, these values were not statistically different
when compared with the one-month storage speci-
mens. RelyX ARC resulted in low shear bond strength
for both periods, which might be due to a degradation
process of the adhesive interface,® contributing to the
lower values for both storage periods.
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When submitted to a microtensile test, differences
among storage periods are more evident.'®3%3! Thig
test is more susceptible to failures related to the
adhesive interface (eg, nanoleakage, basic degrada-
tion)!®1* and to permeability of the adhesive lay-
er’>? and incompatibility between the simplified
adhesive system and dual cured or chemical cured
resin cements.>?%?! The push-out test did not suffer
negative influences due to alterations of the hybrid
layer formed with the three-step etch-and-rinse
adhesive system or from adverse effects on the
interface between the tooth structure and self-
adhesive resin cement.?*27

The three root thirds presented similar perfor-
mances with the exception of G1, where the cervical
third mean bond strength was higher than that of
the middle. This might be related to the better
handling of material in this area, because conditions
are better for etching, washing, drying, applying the
adhesive system, photo-curing, and luting proce-
dures.® The apical area represents the worst scenar-
io for achieving effective and durable adhesion.?!
The self-adhesive resin cement is applied in a single
step and is not acidic enough to etch the dentin
surface and dissolve the thick root dentin smear
layer?*; therefore, it interacts only superficially.?®
Thus, differences in morphology of the substrate of
the three root thirds®*® did not influence the shear
bond strength of this material. On the other hand,
for the conventional etch-and-rinse resin cement, the
three-step adhesive system was applied with a
microbrush, which can result in the formation of a
hybrid layer, in all root thirds.?*3® The difficulty of
light to penetrate to the apical third'”!® could cause
incomplete polymerization of the material. To min-
imize its effects on materials’ properties, a dual-cure
resin cement and adhesive system was used.

Dual-cured resin cements that need pretreatment
of dentin with phosphoric acid and adhesive systems
present some problems, especially in long-term
studies. Therefore, self-adhesive resin cements pre-
sent as a reliable alternative to conventional resin
cements to lute fiber posts in root canals. In addition
to the fact that they need less complex and sensitive
handling, they also present a satisfactory perfor-
mance, as indicated in the results of the laboratory
push-out bond strength test in this study. However,
clinical research is still required.

CONCLUSIONS

Considering the methodology applied in this in vitro
study, it can be concluded that the self-adhesive
resin cement, RelyX Unicem, had higher bond
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strength values than the adhesive resin cement,
RelyX ARC. Neither storage time nor location within
the root canal influenced the push-out bond
strength.

Acknowledgements

The authors are grateful to 3M ESPE and FGM for supplying
the products used in this study. Special thanks to Paulo
Francisconi from the Department of Operative Dentistry,
Dental Materials, and Endodontics of Bauru School of
Dentistry and Alessandro De Carli and Rodrigo Trentin for
advice and support with data analysis. This work was
supported by grant 23/200.084/2007, FUNDECT.

(Accepted 4 April 2011)

REFERENCES

1. Qing H, Zhu Z, Chao Y, & Zhang W (2007) In vitro
evaluation of the fracture resistance of anterior endodon-
tically treated teeth restored with glass fiber and zircon
posts. Journal of Prosthetic Dentistry 97(2) 93-98.

2. Asmussen E, Peutzfeldt A, & Sahafi A (2005) Finite
element analysis of stresses in endodontically treated,
dowel-restored teeth Journal of Prosthetic Dentistry 94(4)
321-329.

3. Salameh Z, Ounsi HF, Aboushelib MN, Al-Hamdan R,
Sadig W, & Ferrari M (2010) Effect of different onlay
systems on fracture resistance and failure pattern of
endodontically treated mandibular molars restored with
and without glass fiber posts. American Journal of
Dentistry 23(2) 81-86.

4. Mannocci F, Ferrari M, & Watson TF (2001) Microleakage
of endodontically treated teeth restored with fiber posts
and composite cores after cyclic loading: A confocal
microscopic study Journal of Prosthetic Dentistry 85(3)
284-291.

5. Ferrari M, Vichi A, Mannocci F, & Mason PN (2000)
Retrospective study of the clinical performance of fiber
posts American Journal of Dentistry 13(Special Issue)
9B-13B.

6. Bouillaguet S, Troesch S, Wataha JC, Krejci I, Meyer JM,
& Pashley DH (2003) Microtensile bond strength between
adhesive cements and root canal dentin Dental Materials
19(3) 199-205.

7. Alster D, Feilzer AJ, de Gee AJ, & Davidson CL (1997)
Polymerization contraction stress in thin resin composite
layers as a function of layer thickness Dental Materials
13(3) 146-150.

8. Pirani C, Chersoni S, Foschi F, Piana G, Loushine RdJ,
Tay FR, Prati C (2005) Does hybridization of intra-
radicular dentin really improve fiber post retention in
endodontically treated teeth? Journal of Endodontics
31(12) 891-894.

9. Faria e Silva AL, Casselli DS, Ambrosano GM, & Martins
LR (2007) Effect of the adhesive application mode and
fiber post translucency on the push-out bond strength to
dentin Journal of Endodontics 33(9) 1078-1081.

10. Goracci C, Fabianelli A, Sadek FT, Papacchini F, Tay FR,
& Ferrari M (2005) The contribution of friction to the

$S900E 93l} BIA |L0-60-GZ0Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



648

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

dislocation resistance of bonded fiber posts Journal of
Endodontics 31(8) 608-612.

Sadek FT, Goracci C, Monticelli F, Grandini S, Cury AH,
Tay F, Ferrari M (2006) Immediate and 24-hour evalu-
ation of the interfacial strengths of fiber posts Journal of
Endodontics 32(12) 1174-1177.

Duarte RM, de Goes MF, & Montes MA (2006) Effect of
time on tensile bond strength of resin cement bonded to
dentine and low-viscosity composite Journal of Dentistry
34(1) 52-61.

Hashimoto M, Tay FR, Ohno H, Sano H, Kaga M, Yiu C,
Kumagai H, Kudou Y, Kubota M, Oguchi H (2004) SEM
and TEM analysis of water degradation of human
dentinal collagen Journal of Biomedical Materials Re-
search Part B Applied Biomaterials 66(1) 287-298.

Tay FR, Hashimoto M, Pashley DH, Peters MC, Lai SC,
Yiu CK, Cheong C (2003) Aging affects two modes of
nanoleakage expression in bonded dentin Journal of
Dental Research 82(7) 537-541.

Okuda M, Pereira PN, Nakajima M, Tagami J, & Pashley
DH (2002) Long-term durability of resin dentin interface:
Nanoleakage vs. microtensile bond strength Operative
Dentistry 27(3) 289-296.

Chiba Y, Rikuta A, Yasuda G, Yamamoto A, Takamizawa
T, Kurokawa H, Ando S, Myiazaki M (2006) Influence of
moisture conditions on dentin bond strength of single-
step self-etch adhesive systems Journal of Oral Sciences
48(3) 131-137.

Faria e Silva AL, Arias VG, Soares LE, Martin AA, &
Martins LR (2007) Influence of fiber-post translucency on
the degree of conversion of a dual-cured resin cement.
Journal of Endodontics 33(3) 303-305.

Roberts HW, Leonard DL, Vandewalle KS, Cohen ME, &
Charlton DG (2004) The effect of a translucent post on
resin composite depth of cure. Dental Materials 20(7)
617-622.

Mazzoni A, Pashley DH, Nishitani Y, Breschi L, Mannello
F, Tjaderhane L, Toledano M, Pashley EL, Tay FR (2006)
Reactivation of inactivated endogenous proteolytic activ-
ities in phosphoric acid-etched dentine by etch-and-rinse
adhesives Biomaterials 27(25) 4470-4476.

Carracho HG, Heredia AR, Burnett Janior LH, & Spohr
AM (2005) Compatibilidade entre cimento resinoso qui-
micamente ativado e adesivos simplificados associados a
um catalisador universal Ciencia Odontologica Brasileira
8(2) 45-53.

Suh BI, Feng L, Pashley DH, & Tay FR (2003) Factors
contributing to the incompatibility between simplified-
step adhesives and chemically cured or dual-cured
composites. Part III. Effect of acidic resin monomers
Journal of Adhesive Dentistry 5(4) 267-282.

Carvalho RM, Pegoraro TA, Tay FR, Pegoraro LF, Silva
NR, & Pashley DH (2004) Adhesive permeability affects
coupling of resin cements that utilise self-etching primers
to dentine Journal of Dentistry 32(1) 55-65.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Operative Dentistry

Chersoni S, Acquaviva GL, Prati C, Ferrari M, Grandini
S, Pashley DH, Tay FR (2005) In vivo fluid movement
through dentin adhesives in endodontically treated teeth
Journal of Dental Research 84(3) 223-227.

Goracci C, Tavares AU, Fabianelli A, Monticelli F,
Raffaelli O, Cardoso PC, Tay F, Ferrari M (2004) The
adhesion between fiber posts and root canal walls:
Comparison between microtensile and push-out bond
strength measurements European Journal of Oral Sci-
ences 112(4) 353-361.

De Munck J, Vargas M, Van Landuyt K, Hikita K,
Lambrechts P, & Van Meerbeek B (2004) Bonding of an
auto-adhesive luting material to enamel and dentin
Dental Materials 20(10) 963-971.

Goracci C, Cury AH, Cantoro A, Papacchini F, Tay FR, &
Ferrari M (2006) Microtensile bond strength and interfa-
cial properties of self-etching and self-adhesive resin
cements used to lute composite onlays under different
seating forces Journal of Adhesive Dentistry 8(5) 327-335.

Yang B, Ludwig K, Adelung R, & Kern M (2006) Micro-
tensile bond strength of three luting resins to human
regional dentin. Dental Materials 22(1) 45-56.

Kalkan M, Usumez A, Ozturk AN, Belli S, & Eskitascio-
glu G (2006) Bond strength between root dentin and three
glass-fiber post systems Journal of Prosthetic Dentistry
96(1) 41-46.

Finer Y, & Santerre JP (2007) Influence of silanated filler
content on the biodegradation of bisGMA/TEGDMA
dental composite resins Journal of Biomedical Materials
Research Part A 81(1) 75-84.

Reis A, Grande RH, Oliveira GM, Lopes GC, & Loguercio
AD (2007) A 2-year evaluation of moisture on microtensile
bond strength and nanoleakage Dental Materials 23(7)
862-870.

Montanari M, Prati C, & Piana G (2011) Differential
hydrolytic degradation of dentin bonds when luting
carbon fiber posts to the root canal Medicina Oral
Patologia Oral y Cirugia Bucal 16(3) e411-7.

Ferrari M, Mannocci F, Vichi A, Cagidiaco MC, & Mjor IA
(2000) Bonding to root canal: Structural characteristics of
the substrate American Journal of Dentistry 13(5)
255-260.

Malyk Y, Kaaden C, Hickel R, & Ilie N (2010) Analysis of
resin tags formation in root canal dentine: A cross-
sectional study International Endodontic Journal 43(1)
47-56.

Ferrari M, Vichi A, Grandini S (2001) Efficacy of different
adhesive techniques on bonding to root canal walls: An
SEM investigation Dental Materials 17(5):422-429.

Ferrari M, Vichi A, Grandini S, & Geppi S (2002)
Influence of microbrush on efficacy of bonding into root
canals American Journal of Dentistry 15(4) 227-231.

Vichi A, Grandini S, & Ferrari M (2002) Comparison
between two clinical procedures for bonding fiber posts
into a root canal: A microscopic investigation. Journal of
Endodontics 28(5) 355-360.

$S900E 93l} BIA |L0-60-GZ0Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


