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Abstract

Aim

To evaluatesx vivo the bond strength and adaptation of fibre postis aaal and circular cross
sections luted in oval canals with post spacesgsegpusing dedicated drills or ultrasonic tips.
Methodology

Forty extracted premolars with oval canals werd filed, then randomly divided into four groups
according to the post space preparation devicaltenghape of the luted fibre post: dedicated

drill + round post, dedicated drill + oval posttrakonic tip + round post and ultrasonic tip + oval
post. Posts were cemented with a self-adhesivergiiRelyX Unicem 2; 3M ESPE). Samples
were sectioned in 1-mm-thick slices and observatkua microscope, and the area occupied by the
post within the post space area was calculatedd Boength was then measured using a push-out
test, and the failure modes were evaluated witker@smicroscope at 40x magnification. Fibre post
adaptation and push-out test results were evalimt@shalysis of variancé>(< 0.05).

Results

Fibre posts, both round and oval, were better adiat the apical region of the post space

(P =0.001). In oval canals, the bond strength wasifscantly higher in coronal regions, when the
post space was prepared with a dedicated drilbanolval post was luted (< 0.0001). Adhesive
failures between cement and post were the mostidragype of failure in all groups.

Conclusions

Circular and oval posts achieved similar adaptatiooval canals, but the use of ultrasonic tips and
round posts resulted in reduced bond strength salue

Introduction

Root filled teeth must be restored effectively teyent clinical failure due to bacterial reinfectio
of the root canal system by secondary caries (Teak 2011) or to coronal and root fractures
(Zadiket al. 2008. Post-endodontic restorations must assure tootm fand function, create
anchorage for restorative materials to preventlaigment and provide adequate force distribution
(Dietschit al. 2008. Fibre post—retained restorations are used cortymorthis type of treatment.
The post functions as an intraradicular retainegviping support for a subsequently placed
restoration (Schwartz & Robbi2904).

Oval canals are prevalent in the human dentitiod,onding procedures are difficult to perform in
such canals (Schwartz & Robbip804 Tayet al. 2005 Cleghorret al. 2007, Dietschiet al. 2008.
Circular posts are commonly employed, and resinecgris used to compensate for their lack of
adaptation to the canal walls. However, cementktrégss may be a critical factor affecting the
clinical performance of fibre posts (Grandahial. 2009; it is correlated with the fit of the post
within the post space, with greater adaption toctireal walls resulting in reduced cement thickness.
Ideal adaptation is difficult to obtain when usiagound fibre post in a canal with an irregular



anatomic configuration. Recently, posts with oualss sections have been introduced in an effort
to achieve better adaptation to the post spaceahaanals.

Drills are usually employed for post space prepanain oval canals, but this procedure alters canal
anatomy and sacrifices dentine (Conigli@al. 2009. The primary goal is to achieve the best
possible adaption of the fibre post to the candlswahereby minimizing the thickness of the
cement layer (Conigliet al. 2009. To reduce anatomic alteration during post sgmeparation, a
more conservative ultrasonic oval tip designedufa in oval canals has been introduced (Ellipson
tip; RTD/Satelec, Merignac, France). To date, nalgthas evaluated the correlations between fibre
post bond strength, post shape and post adaptation.

The aim of this laboratory study was to evaluatedbsirength and the adaptation of posts with oval
and circular cross sections luted in oval canath post spaces prepared using two different dgllin
techniques. The null hypothesis was that neithet pbape nor post space preparation technique
would affect push-out bond strength or fibre paki@ation to canal walls.

Materials and methods

Extracted, intact human mandibular premolars wiihgle root canals were selected. After
debriding the root surfaces, specimens were stior€b% chloramine at 4 °C for <1 month. Each
tooth was sectioned at the cemento—enamel junpopendicular to the long axis of the tooth to
visualize canal morphology. Mesiodistal and buctplial radiographs of each tooth were taken.
Teeth with long : short canal diameter ratiels at 5 mm from the apex were considered to have
oval canals (Wet al. 2000. The mean length of roots in the study sample 1@asim.

A total of 40 specimens were selected and rootlsgmrapared to working length using Pathfiles
(1-2-3) and ProTaper files (S1-S2-F1-F2—F3; Dentsalillefer, Ballaigues, Switzerland). The
working length was established using a microscdpE0a magnification (Pro Magis, Carl Zeiss,
Germany), when the tip of the file became visilileha apical foramen. Using a 2-mL syringe and a
22-gauge endodontic needle, specimens were irdgatth 10 mL 5% NaOCI (Niclor 5; Ogna,
Muggio, Italy) alternated with 2 mL 10% EDTA (Tulzliean; Ogna). The canals were dried with
paper points (Mynol; Curaden Healthcare, Saronniaril Italy). In accord with the continuous
wave technique, specimens were filled with endadocgment (Pulp Canal Sealer EWT; Kerr,
Sybron, Romulus, MI, USA) and medium-sized guttechba points with DownPak (Hu-Friedy,
Chicago, IL, USA) and Obtura Il (Analytic Techngies, Redmond, WA, USA). After 24 h, the
samples were divided randomly into two groups=@Q0 each) according to the post space
preparation device used. A dedicated drill (3M ESBE Paul, MN, USA) was used in group A,
and a fine-grit (46:m) diamond-coated ultrasonic tip with an oval cresstion (Ellipson tip;
RTD/Satelec) mounted on a Suprasson handpieceld®atperated at medium power in group B.
A 8-mm post space was prepared in each samplange&vwnm of apical root filling. Teeth were
then randomly assigned to two subgroups= (0 each) within each group according to the
morphology of the luted fibre post. Round glass€fiposts (RelyX Fibre Post, 3M ESPE) were
used in subgroup 1, and oval glass—fibre postgpelh post; RTD/Satelec) were used in subgroup
2.

Before cementing, the correct length of each poss$ werified. The posts were cleaned with a
microbrush immersed in 70% alcohol, and a silarena{Ceramic Primer; 3M ESPE) was applied
after drying. The external surfaces of all rootsreveeovered with wax to avoid lateral
polymerization. The internal root dentine was walstvth water and dried with paper points. The
luting agent (RelyX Unicem 2; 3M ESPE) was manipedaaccording to the manufacturer's
instructions and inserted into the canal. Threeuteis after post insertion, photoactivation was
performed with a LED curing light (VALO, Ultradengalt Lake City, UT, USA) for 40 s each
(total, 120 s) on the cervical face of the rootha direction of the long axis, and then obliquely
the buccal and palatal surfaces. After polymermgtihe samples were stored in distilled water at
37 °C for 24 h.



Six slices, each of 1 mm thick, were prepared freach sample. As previously reported
(Zhanget al. 2008 Salast al. 2011), the data of the coronal three slices were cemsdl to
represent the coronal region, those of the apitaktslices were considered to represent the apical
region of the post space. Each sample was sectipegubndicular to the post axis using a low-
speed diamond saw (Micromet; Remet, Bologna, Itahder abundant water. The coronal side of
each disc was marked with an indelible marker abseo/ed under a stereomicroscope. A 40x
magnification image of all sides of all discs weseorded with a stereomicroscope (Stemi 2000-C,
40% objective, Carl Zeiss Jena, Jena, Germanygusigraph paper as background. Every image
was edited using Photoshops(Microsoft Co., Redmond, WA, USA) in order to iease the
contrast, the area occupied by the post was inthedarea the cement was highlighted in green, and
on the, two 1-mm spaced blue points were drawn.s@heplours were chosen to ensure the
identification of the three parts from the dedidaseftware that used RGB colour system. The was
able to calculate the distance between the two fpduats in order to obtain a linear ratio mm/pixel
and as a consequence an area ratio/pixel; begidgesinted the number of red and green pixels and
allowed the result to be expressed Mifhe proportion of canal space occupied by the (msst
area/canal area x 100) and the area of the cemyartWwere calculated on these images (Fig. 1).

g

Figure 1.
Images of the post space with fibre post areas edafbr the calculation of fibre post adaptation.
Magnification: 40x.

Push-out test

The push-out test was performed by applying anlds&d to the post at a crosshead speed of
0.5 mm min* using an Instrom Machine | (model 10/D; Sintech[94 Canton, MA, USA). The
most coronal region was always faced downward (thiegttion, apical to coronal). The maximum
failure load was recorded in newtons (N) and comeemto megapascals (MPa) by dividing it by
the interfacial area of the post fragment, whichresponded to the bonded area (in PrThe
bonded area was calculated differently for each ploape, as described by Conighal. (2011).
Debonded specimens were examined using stereomi@esat 40x magnification (Stemi 2000-C,
40% objective, Carl Zeiss Jena), and the failuredenwas classified according to the following
criteria: adhesive failure between dentine and ecgr(®D), adhesive failure between the cement
and the post (AP), cohesive failure within the cet(€C), cohesive failure within the post (CP),
mixed failure (M). The percentage of each type aifufe mode within each group was then
calculated.

Statistical analysis



To evaluate the effects of post space region (89t ppace preparation technique (T), fibre post
shape (F) and the interaction between T and Floe fiost adaptation and bond strength, analysis
of variance ANOVA) was performed. Interactions involving the P dffgere not taken into account

in theaNovA because they are not relevant for the aim of shusly. The failure mode data were
analysed using the chi-square test. In all testigrences were considered statistically significan
wherP < 0.05. Statistical analyses were performed ugiegw MINITAB software (ver. 15; Minitab
Inc., State College, PA, USA).

Results

The mean proportion of space occupied by the pa$in@ean bond strength values are summarized
in Table 1. The proportion of space occupied bytgpdsdfered significantly only in relation to the
post space regioriP(= 0.001; Table 2).

Table 1.Mean proportion of post space occupied by the gostandard deviations (SD)], mean
bond strength (£SD) and failure modes in the fest groups

Proportion of
ost space EOTE
G pOSt Sp strength + SD Failure mode (%)
occupied by (MPa)
LO post (%)
D
Cor Api Cor Apic A A C C M
onal cal onal al D P C P
A 32.5 54.8 14.4 10.5 5 1 6 0 2
1 3+ 1+ 48 + 45 + 7 4 . 1
14.1 18.3 5.13 3.19 . . 7
5 3 5 7 3 9 1
A 47.0 47.9 17.7 12.0 5 1 8 0 2
2 4+ 7+ 76 £ 81+ 2 6 . 2
11.7 10.2 5.33 5.27 . . 5
5 1 7 0 9 3 3
B 36.6 44.2 8.61 6.74 5 1 4 0 2
1 7+ 1+ 2+3 8+4 4 8 . 2
8.28 18.1 .862 131 . . 3
7 1 9 7




Proportion of

ost space EElile
G post Sp strength + SD Failure mode (%)
occupied by (MPa)
LO post (%)
Q]
Cor Api Cor Apic A A C C M
onal cal onal al D P C P
B 39.7 38.3 10.7 8.86 5 1 5 0 2
2 2+ 4+ 89 + 1+3 6 5 : 3
9.44 11.6 4.24 .612 . . 2 .
4 3 2 1 5
Table 2. Analysis of variance results for fibre post adaptat
DELIEE Sum of Mean F-test P-
Source of g
squares square statistics value
freedom
Point 1 1391.7 1391.7 13.41 0.001
Tool 1 397.5 397.5 3.83 0.055
Post 1 21.7 21.7 0.21 0.649
Tool x Post 1 54.1 54.1 0.52 0.473
Error 59 6123.5 103.8
Total 63 7988.6

Push-out test results indicated that all factosgetdin this study influenced the bond strength of
fibre posts P < 0.0001), whereas the interaction between T adidl [Rot affect bond strength or the
space occupied by the post (Table 3).
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able 3.Analysis of variance results for bond strength

Degrees Sum of Mean F-test P-
Source of o

f squares square statistics value

reedom
Point 1 307.11 307.11 25.37 0.0001
Tool 1 808.63 808.63 66.80 0.0001
Post 1 203.15 203.15 16.78 0.0001
Tool x Post 1 0.08 0.08 0.01 0.934
Error 123 1488.85 12.10
Total 127 2807.83

The chi-square test revealed no significant difiees in the failure mode within the groups. No
cohesive failures were observed. Adhesive fail@tevben cement and dentine was the most
frequent type of failure mode in all groups (Tabje

Discussion

Many root canals are not circular (Pet2@94). The difficulties of completely eliminating gutta
percha remnants, endodontic sealer and the smeaiftam post space walls are enhanced in oval
canals (Coniglicet al. 2008, affecting the adaptation and bond strengthlw&fposts. The results

of this laboratory study led to the partial rejentof the null hypothesis, as only bond strengte wa
related significantly to both fibre post shape andt space preparation technique.

Several different mechanical testing methods haenlused to measure the bond strength between
fibre posts and intraradicular dentine, includinignotensile bond strength (Monticedi al. 2006,
pull-out tests (Valandret al. 2005 and push-out tests (Dimitroudi al. 2012). In this study, fibre
post bond strength was tested through the pustesutThis method is considered to be the most
appropriate for measuring the retention of postw&Cciet al. 20049, even if the dislodging forces
cannot be directly compared with functional stregbat the post needs to withstand during clinical
service. Moreover, the interfacial areas were dated according to the different posts shapes as
previously reported (Conigliet al. 2011).



In the present study, fibre post adaptation andistrength were significantly related to the post
space region. Bond strength values decreased freroaronal to the apical region of the post space,
in agreement with the results of several previdudiss (D'Arcangelet al. 2007

Zorbeet al. 2010 testing round-shaped fibre posts. This findingldde due to several factors,
such as reduced visibility in deeper areas of tst ppace, which reduces the predictability of post
space cleaning and results in the presence ofegraatounts of debris and occluded dentine tubules
that are not available for adhesion (Seraghal. 2004). As previously mentioned, this problem is
enhanced in root canals with irregular morpholagiyere the use of a dedicated drill or ultrasonic
tip is not significantly effective in dentinal walkbridement. In oval canals, it has been showed
(Coniglioet al. 2008 that round-shaped instruments are not able togereffective post space
debridement, leaving debris on dentinal walls palérly in buccal and lingual extensions or
recesses.

Other clinical factors may be related to this resuch as the distance from the curing light
(Goraccet al. 2008, the less dense dentinal tubule configuratiothéapical region of the root
canal system (Shemestal. 2006, apical sclerosis (Paqeeal. 2006, the cavity configuration
factor (Tayet al. 2009, and/or restrictions in the flow of cement tostpart of the root canal (de
Duréao Mauricioet al. 2007). The variation in bond strength along the ovatmpace, regardless of
the fibre post shape and the post space prepatatbnique, may also be related to the significant
difference in fibre post adaptation. In fact, cebtarckness may be directly related to the bond
strength of fibre posts. Some studies have repdhi@dhe highest bond strength values are not
obtained when a thinner cement layer surroundpaseor when an oversized post space is
prepared (D'Arcangelet al. 20078. The results of the present study revealed acestiaement
thickness, and thus better adaptation, towardapieal region of the oval post space, as described
by other authors (Conigliet al. 2009 Mufiozet al. 2017).

The post space preparation devices tested inttidy sesulted in similar fibre post adaptations.
Endodontic rotary instruments usually produce paration with a round outline. Oval root canals
are the simplest deviation from a round outline el be found in all tooth types. In such cases,
complete mechanical debridement is impossible bieae, and uninstrumented areas remain
(Wuet al. 200Q Weigeret al. 2002. The use of rotary instruments to prepare thé gsce in an
oval canal yields similar results to that obtaiméth canal shaping files: large regions of
uninstrumented post space may remain covered Witlgfmaterials and debris, thus affecting fibre
post adhesion. For this reason, post space prepamtthe present study focused on the
instrumentation of the entire canal area, with fioreto leave no area uninstrumented. The
operator moved the ultrasonic tip or dedicated giri buccal—palatal direction in an attempt to
achieve contact with all dentinal walls and to remdebris from even the narrowest post space
regions. On the contrary, a previous study (Coaiglial. 2008 reported that, within the post space
preparation, an oval ultrasonic drill, which is gdanto the tip tested in the present study,
effectively removed the smear layer, probably beeats shape enabled direct instrumentation of
oval-shaped canals surfaces. Thus, the shapeso$paces prepared by the drill and ultrasonic tip
were similar, resulting in similar fibre post adauins, although the ultrasonic tips created more
conservative post spaces in the apical region.

In contrast, post space preparation techniquefgigntly influenced bond strength. In this study,
RelyX Unicem 2 was employed as the luting agem;ntfanufacturer claims that its action is based
on micromechanical retention and chemical adhesiomever, the use of this agent has been
shown to produce no evidence of dentine deminextadiz and/or hybridization at the micrometre
level (Yangt al. 2006 Al-Assafet al. 2007), indicating a limited capacity to effectively filie and
decalcify the underlying dentin (De Munekal. 2004 Al-Assafet al. 2007). Furthermore, the
ability of an acidic primer to etch through the smkyer might depend directly upon smear layer
density (Sattabanasekal. 2007). Thus, it can be assumed that the dedicatedaatrdlultrasonic tip
produced different smear layers. Post space clggocedures are designed with the expectation
that a drill will be used to remove filling matdsand a cleaning regimen to eliminate the smear



layer. The drills used for post space preparatimayce sealer and gutta-percha remnants that are
plasticized by burr friction and heat and inorgazoenponents (Serafira al. 2004). Cutting blade
design affects the amounts of debris and remnaeg&ted in the canal (Jeenal. 2003. Thus,
ultrasonic tips should produce greater frictiondemtinal walls in comparison with drills.

Ultrasonic tips may contribute to the packing obie into dentinal tubules, making removal more
difficult and reducing bond strength. Recent stadiiave reported that self-adhesive cement
interacts superficially with dentine, leading totgd demineralization of the smear layer and ® th
formation of short resin tags (Monticedtial. 2008. Moreover, a previous study (Gedthal. 2006
revealed a good chemical interaction of RelyX Umgcegith calcium from hydroxyapatite, which
may explain the reduced bond strength values whpacked’ smear layer, such as that created
when a ultrasonic tip is employed for post spaeparation, is present on dentinal walls.

Finally, the results of a recent study (Mufeal. 2011]) indicated that oval posts do not adapt
better than circular posts to oval canal morphologgardless of the post space preparation device
employed. Conigliet al. (2009 found no significant difference in adaptatiorthie canal between
circular fibre posts and medium-grained oval tigewever, recent studies comparing the
performance of oval and circular posts in oval tehave emphasized that the hypothetically better
fit of oval posts did not translate to significanligher push-out strengths than those achievdd wit
circular posts (Conigliet al. 2011). A significant difference in bond strength rethte post shape,
with oval posts performing better than round postss found in the present study. This finding is
probably correlated with fibre post adaptation #mgs with cement layer thickness. In the present
study, the degrees of oval- and round post adaptatere statistically equivalent, although the
cement layer associated with round posts was §lighitker. These findings and those of previous
studies thus suggest that the increased thickrigee cement layer reduces bond strength because
of an oversized post space (D'Arcanggtlal. 20073 Schmaget al. 2009, above all in the apical
region.

The analysis of failure modes after push-out tegtaled a majority of adhesive between dentine
and cement, implying that the weak link was thedbbatween the resin cement and the root
dentine probably because of root canal walls debatsmight have remained and interfered with
effective bonding. Moreover, this finding suggesteat the RelyX Unicem 2 offers optimal
chemical compatibility and strong micromechaniegaéntion with both fibre posts employed in this
study, as previously reported (Radogi@l. 2008.

Conclusions

Within the limitations of this laboratory studybfe posts were better adapted to the coronal rather
to the apical region of the post space. Post spagaration device nor fibre post shape influenced
post adaptation to oval-shaped canals. Howeveg fibst adaptation was not directly correlated to
bond strength. In fact, both the post space préparaith an ultrasonic tip and the use of a round-

shaped fibre post reduced bond strength in ovallsamhen a self-adhesive cement was employed.
Finally, failures were mostly adhesive, implyingtihe weak link was the bond between the resin

cement and the root dentine.
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