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Abstract
The aim of this study was evaluate the influence of the substance used as root canal
lubricant during relining and the cleaning protocol on the bond strength of relined
posts to root dentin. Eighty single canal mandibular bovine incisors were used in the
study. The root canals were endodontically treated and allocated into four groups
(n = 20) according to the lubricant material and the root canal cleaning protocol:
petroleum jelly/no cleaning; petroleum jelly/cleaning with paper points; hydrosolu‑
ble gel/no cleaning; hydrosoluble gel/water rinse and drying with paper points. All
posts were relined with resin composite and luted to the root canals with regular resin
cement. Specimens were cross-sectioned to obtain root slices producing 1.5 mm thick
slices. The push-out test was performed at a crosshead speed of 0.5 mm/min until
post dislodgement occurred. The failure mode was verified using a stereomicroscope.
Data were analyzed by two-way ANOVA followed by Tukey post hoc test (push-out)
with α = 0.05. A statistically significant difference was found considering the type
of lubricant (p < 0.001). The hydrosoluble gel/water rinse group showed the highest
mean bond strength value (11.0 ± 3.7 MPa). The most frequent pattern of failure was
adhesive between the root canal walls and resin cement. The use of a hydrosoluble gel
as lubricant substance seems to be adequate for the relining post technique.
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Background
Glass fiber posts (GFP) were introduced in restorative dentistry as an alternative to cast
metal posts, presenting good aesthetic results and better stress distribution around
the dentin/resin and cement/post interface due to the similar elastic modulus of GFP
and dentin [1–5]. Most failures associated to GFP are related to post debonding, especially because the adhesion to root dentin is a challenge due to control of humidity and
cement/adhesive polymerization [6–8].
However, GFP do not fit well in flared canals and in this situation the layer of resin
cement might be too thick, favoring the formation of air voids predisposing post
debonding [9]. Impairment of mechanical properties of the tooth is another concerning issue, although there is no clearly consensus about the effect of cement thickness,
attention must be given to these case scenarios, where the root canal walls are weakened
due the post space preparation and endodontic treatment [10, 11]. A simple solution for
this issue is post relining with resin composite enhancing the adaption to the root canal
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walls and consequently reducing the thickness of the resin cement [12]. This technique
requires the canal lubrication to allow post removal from the canal to be light cured previously to cementation [13]. Furthermore, previously to GFP cementation, the root canal
should be cleaned to remove the substance used as lubricant, which could hypothetically
jeopardize the adhesion of GFP to root canal dentin. Thus, it is not clear if the substance
used as lubricant and the cleaning protocol of root canal walls used after this lubrication
could influence the bond strength of relined posts to root dentin.
Therefore, the aim of this study was to evaluate the influence of the substance used as
root canal lubricant and the cleaning protocol in the bond strength of relined posts. The
null hypothesis tested was that the substance used as root canal lubricant and the cleaning protocol would have no influence on the push-out bond strength of the posts.

Methods
Experimental Design

This in vitro study has a factorial 2 × 2 design and assessed if lubricant material and
the cleaning method could affect the bond strength of relined glass fiber posts. For this
purpose, flared incisors received a relined glass fiber post and divided into four groups
according to the factor lubricant (petroleum jelly or hydrosoluble gel) and the factor root
canal wall cleaning protocol (with or without cleaning). Specimens were cross-sectioned
to root slices to perform a push-out test, followed by a failure mode analysis.
Tooth preparation

Bovine teeth without canal calcification, open apices and curved roots were selected,
cleaned with periodontal curettes (SS White, Duflex, Rio de Janeiro, Brazil) and stored
in 10% formalin. The crowns were removed at 16 mm from the apex using slow-speed
diamond disc (KG Sorensen, Barueri, Brazil) under water-cooling. The root canals were
prepared by hand instrumentation using K-type files (Dentsply/Maillefer, Ballaigues,
Switzerland). A crown down preparation with 1 mm increments was performed up to
instrument size 80. Irrigation was performed with 1% sodium hypochlorite solution
after every change of file, 17% EDTA at the finishing instrumentation and distilled water
rinse. Root canal spaces were dried for 30 s with paper points (Tanari, Manacapuru,
Amazonas, Brazil) and filled with gutta-percha and calcium hydroxide-based cement
(Sealer 26; Dentsply, Konstanz, Germany) using the lateral condensation technique. The
root canals were prepared for post placement removing 11 mm of gutta-percha using
a low-speed drill (Largo n°2, Dentsply Maillefer, Petrópolis, Rio de Janeiro, Brazil). The
enlargement and regulation of the root canal walls was performed using a low speed drill
from the post kit #3 (Exacto, Angelus, Londrina, Brazil-) to create flared root canals.
Lubrication and cleaning procedures

The roots were randomly divided into four groups (n = 20) according to the lubricant
material: petroleum jelly (Farmax, Divinópolis, Brazil) or hydrosoluble gel (KY, Johnson
& Johnson, Brazil) and root canal wall cleaning protocol was performed as following:
Group Pj Petroleum jelly applied to the root canal walls and no cleaning protocol prior
the etch-and-rinse procedures of cementation.
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Group Pj + C Petroleum jelly applied to the root canal walls and removal of excess of
lubricant using paper points prior the etch-and-rinse procedures of cementation.
Group Hg Hydrosoluble gel applied to root canal walls and no cleaning prior the etchand-rinse procedures of cementation.
Group Hg + C Hydrosoluble gel applied to root canal walls, cleaning with water irrigation and drying with paper points prior the etch-and-rinse procedure of cementation.
Preparation of relined posts

Glass fiber-posts #2 (Exacto, Angelus, Londrina, Brazil) were cleaned with ethanol for
30 s. Silane coupling agent (Dentsply, Brazil) was applied for 60 s on the post using a
microbrush and air-dried for 5 s and a small layer of adhesive (Adper Single Bond 2, 3M
ESPE, Brazil) was applied in the post surface.
After the lubrication of the canals with petroleum jelly or hydrosoluble gel using a
microbrush, the GFP previously prepared were covered with resin composite (Z350 XT,
3MESPE, St Paul, MN, USA) and inserted into the root canal. The resin composite was
light cured for 20 s, the relined post was removed, and then light cured (radii-cal, SDI)
again for 60 s. Next, the cleaning protocol was applied in the canals according to the previously mentioned protocol.
Cementation procedure

Dual-cured resin-based cement was used for post cementation in all groups (RelyX
ARC, 3MESPE, USA). The cementation protocol was performed according the manufacturer’s instructions. Briefly, each root canal wall and the relined post were etched
with 35% phosphoric acid for 15 and 30 s, respectively. The root canal walls were water
rinsed and dried with paper points and the relined posts were water rinsed and air-dried.
A small layer of adhesive (Adper Single Bond 2, 3MESPE, Brazil) was applied into the
canal and on the relined post surface, followed by soft air-drying for 10 s and light cured
for 10 s (root canal) and 40 s (relined post). The resin-based cement was inserted into
the root canals with a Centrix syringe (DFL Indústria e Comércio SA, Brazil). The posts
were seated and digital pressure was applied for 5 min, excess cement was removed and
light polymerized for 60 s. After cementation, specimens were stored in distilled water at
37 °C for 1 week until performed the bond strength test.
Push‑out test

Roots canals were sectioned into 1.5 mm-thick slices under water-cooling (Isomet, Buehler Ltd., Lake Bluff, IL, USA). Four slices from each root were obtained and subjected to
push-out bond strength testing. The push-out load was applied using cylindrical plungers attached to a universal testing machine (EMIC DL-1000, Equipamento e Sistemas
Ltd, Brazil). The tooth discs were positioned so that the load applicator tip matched with
the metal base orifice and then submitted to compression loading in an apex to crown
direction at a 0.5 mm/min speed with 1000 N until failure by displacement of the post.
Push-out bond strength was converted into megapascals (MPa) by dividing the load at
failure in Newton by the bonded surface area (SL) in mm2, where SL was calculated at the

0,5
lateral surface of a truncated cone using the formula: SL = π(R + r) h2 + (R−r)2 ,
where ‘R’ was the coronal post radius, ‘r’ was the apical post radius, and ‘h’ was the
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thickness of the slice. The largest and smallest diameters of the anatomic post and the
thickness of the slice were individually measured using a digital caliper (Series 799, Starrett, Brazil).
Failure mode analysis

The failure mode was verified by using a stereomicroscope at 40× magnification. Failures were classified into five categories: (1) adhesive between post and resin cement (no
resin cement visible around the post); (2) mixed, with resin cement covering 0–50% of
the post surface; (3) mixed, with resin cement covering between 50 and 100% of the post
surface; (4) adhesive between resin cement and root dentin (post enveloped by resin
cement); and (5) cohesive within the resin cement [9].
Statistical analysis

The assumptions of equality of variances and normal distribution of errors were checked,
and to fit these assumptions, MPa data were transformed in log10 and analyzed by twoway ANOVA followed by Tukey’s test. Data of failure mode was analyzed by Chi square
test. Data were analyzed using the Sigma Stat software v. 3.5 with α = 0.05 (Systat, Richmond, CA, USA).

Results
A statistically significant difference was found considering the type of product used as
root canal lubricant (p < 0.001, Table 1; Fig. 1). The cleaning condition and the interaction between factors did not present statistically significant differences on the bond
strength. However, groups with root canal cleaning presented a 10% higher bond
strength values for hydrosoluble gel and 14.7% for petroleum jelly than groups without
cleaning protocols. Figure 1 shows the bond strength results for the tested groups. The
hydrosoluble gel/water rinse group presented the highest mean bond strength value
(11.0 ± 3.7 MPa). Chi square test showed a significantly effect of tested groups on the
failure modes (p < 0.001). Table 2 shows the failure modes frequency. Groups Pj, Pj + C,
Hg and Hg + C presented adhesive failures between root canal and resin cement respectively of 62.7, 56.6, 61.3 and 31.5%. The most frequent pattern obtained considering all
groups was adhesive failure between the root canal and resin cement (53.2%).
Table 1 Two-way ANOVA for bond strength values
Source of variation

df

Sum of squares

Mean square

F

P
<0.001

Type of product

1

0.46

0.46

39.995

Cleaning condition

1

0.04

0.04

3.426

0.069

Interaction

1

0.00224

0.00224

0.196

0.659

Residual

72

0.82

0.01

Total

75

1.31

0.02
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Fig. 1 Push-out bond strength values in MPa

Table 2 Failure frequencies
Type of failure
1
Petroleum jelly
Hydrosoluble gel

2

Total
3

4

5

Without cleaning

1 (1.3%)

14 (18.7%)

5 (6.7%)

47 (62.7%)

8 (10.7%)

With cleaning

2 (2.4%)

23 (27.7%)

6 (7.2%)

47 (56.6%)

5 (6%)

83

Without cleaning

0 (0%)

20 (26.7%)

3 (4%)

46 (61.3%)

6 (8%)

75

7 (9.6%)

20 (27.4%)

20 (27.4%)

23 (31.5%)

3 (4.1%)

73

10 (3.3%)

77 (25.2%)

34 (11.1%)

163 (53.2%)

22 (7.2%)

306

With cleaning
Total

75

Classification of failures: (1) adhesive between post and resin cement (no resin cement visible around the post); (2) mixed,
with resin cement covering 0–50% of the post surface; (3) mixed, with resin cement covering between 50 and 100% of the
post surface; (4) adhesive between resin cement and root dentin (post enveloped by resin cement); and (5) cohesive within
the resin cement

Discussion
This study is the first to show that the substance used as root canal lubricant could influence the bond strength of relined posts. Our results suggest that the hydrosoluble gel is
an appropriate substance to be used as lubricant in the relining post technique. This is
especially important because the clinician may use hydrosoluble gel or petroleum jelly as
a lubricant in clinical practice, and this choice could jeopardize the bonding procedures,
leading to clinical failures, especially debonding. In addition, the cleaning protocol did
not influence the bond strength results. Thus, the null hypothesis was rejected.
The substances tested in this study (petroleum jelly and hydrosoluble gel) are the most
widely used substances in clinical practice when lubrication/isolation of the root canal
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walls is required. Irrespective of the cleaning condition, the hydrosoluble gel group presented higher bond strength values and this might be explained because the hydrosoluble gel can be removed from the root canal walls during the etch-and-rinse steps of the
adhesive technique for post cementation. Clinicians that use petroleum jelly as lubricant
material may not be aware that this product reduces (according to our study) almost 30%
of the bond strength of a cemented relined glass fiber post.
Petroleum jelly is insoluble in water and can only be dissolved with products that cannot be used into the root canal such as ether, benzene, chloroform, carbon sulfide, benzene and essence of turpentine. This is important because unlike hydrosoluble gel, the
etch-and-rinse steps of the adhesive technique for post cementation is not able to completely remove the petroleum jelly remnants of the root canal walls. The use of paper
points for the petroleum jelly groups seems to be insufficient to remove all the substance
from the root canal walls and the use of a substance that dissolves petroleum jelly could
provide higher values of bond strength, but this substance remains to be tested.
Flared canals are commonly found in the clinical practice, due to caries or endodontic procedures. This clinical condition presents a challenge to cementation of GFP. It’s
already stated in literature that a gap of about 50 µm between post and canal walls it is
recommended for a precise fit of the post to the root canals walls [14–16], since the lack
of adaptation of the post could generate a thick layer of the luting agent and non-homogeneous distribution of the occlusal forces in the interface post-cement [17, 18], leading
to lower bond strength values [9, 19, 20].
The impairment of adhesion between dual-cured resin cements and two-step adhesive
systems may occurs due the neutralization of elements responsible for chemical cure
of resin cement and the difficulty of complete polymerization by the halogen light in
deeper regions of canal [21–23]. Despite that, the association of RelyX Arc and Single
Bond is recommended by the manufactures, and its application on GFP cementation is
supported by a clinical study [24].
With regard to the failure mode analysis found in this study, the adhesive failure
between resin cement and root dentin was the most frequent pattern found in all groups,
corroborating previous studies [6, 25, 26]. The difference found between hydrosoluble
gel groups can be a result of the cleaning protocol, since most failures occurred in the
resin cement/dentin interface and only half of them occurred when a cleaning protocol
was used. Type of failure is important in clinical practice [27] mainly because repair of a
complete debonded relined post is simplified, only repeating the cementation procedure.
One of the limitations of present study is that only regular resin cement was tested
and this could affect the results since the etch-rinse and gently drying of root canal is
inherent of this technique. Knowing that this step could be suppressed in clinical practice makes the question about a cleaning protocol for root canals walls even more relevant and needed to be further improved for a better removal of the lubricant from canal
walls. The comparison with self-adhesive resin cement [28] could be important since this
cement does not require etch-and-rinse steps and consequently a real role of cleaning
protocol could be tested in future studies. Another limitation of this study is the absence
of a consolidated protocol for removal of lubricant substances from root canal walls such
as petroleum jelly that is insoluble in water.
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Most of the dentists believe the acid etching process is the most effective cleaning procedure for adhesive protocols, and this seems not to be the case when petroleum jelly
is used. Therefore, avoiding the use of non-hydrosoluble substances at clinical practice
could help to prevent future complications such as post debonding and the use of previous removal of the lubricant followed by etch-and-rinse step seems to be enough to provide acceptable results of bond strength when using hydrosoluble gel as lubricant.

Conclusion
The cleaning protocols tested in this study did not promote adequate removal of petroleum jelly from root canal walls. Thus, hydrosoluble gel seems to be an appropriate substance to use as lubricant material on manufacture of relined glass fiber posts.
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