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Abstract

Rasimick BJ, Shah RP, Musikant BL, Deutsch AS. Effect

of EDTA conditioning upon the retention of fibre posts luted

with resin cements. International Endodontic Journal, 41, 1101–

1106, 2008.

Aim To determine if a final rinse with EDTA improves

the short-term in-tooth retentive strength of adhesively

luted fibre-reinforced composite posts.

Methodology Six different commercial fibre post

systems were tested. Post spaces in extracted human

anterior teeth were irrigated with either 6% NaOCl or

6% NaOCl followed by 17% EDTA. Posts were luted

using the manufacturer’s recommended bonding agent

and luting cement. Two different sizes of post were tested

for each post system. After 24 h of storage, the retentive

strength of the post to the tooth (14 per group, 336

total) was tested using a pull-out technique. Three-way

anova and the Student–Newman–Kuels test were used

to test the effects of irrigation regimen, post size and post

brand on the retentive strength of the fibre post.

Results Almost every sample failed at the interface

between dentine and luting cement. Irrigation method

did not have any significant effect (P > 0.14) for any

group other than ParaPost Fibre White (P < 0.001).

The overall retention of a post appeared to be correlated

to the amount of surface texture on the post; the

smooth ICEPost was the least retentive brand, the

textured FibreKor and the ParaPost Fibre White posts

were moderately retained, and the threaded Flexi-Post

Fibre and the Flexi-Flange Fibre posts were the most

retentive brands tested. For all brands, larger diameter

posts were more retentive than smaller diameter posts

(P < 0.008).

Conclusions A final rinse of EDTA did not improve

the short-term retention of fibre posts except for

ParaPost Fibre White.

Keywords: EDTA, fibre post, retention, root canal

posts.
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Introduction

Two recent reviews of published studies on adhesively

luted fibre-reinforced composite post systems (Bateman

et al. 2003, Bitter & Kielbassa 2007) concluded that a

common mode of clinical failure for these restorations

was loss of retention. Hence, there is a definite need for

materials and methods that improve the retention of

these increasingly popular restorations.

One commonly proposed method of improving the

retention of posts is by conditioning the post space

with EDTA (ethylenediaminetetracetic acid, typically

neutralized to pH 7–8) before applying the luting

cement. At least five laboratory studies (Goldman

et al. 1984a,b, Burns et al. 1993, Mohammed et al.

1995, Baldissara et al. 2006) have measured the

change in retentive strength after irrigation with

sodium hypochlorite (NaOCl) alone versus an EDTA

rinse prior to the NaOCl rinse. Four of these studies

(Goldman et al. 1984a,b, Burns et al. 1993, Moham-

med et al. 1995) reported that EDTA provided a

statistically significant improvement. EDTA is specu-

lated to improve the retention of the post by removing

the smear layer, opening the dentine tubules, and/or

etching the inter-tubular dentine which in turn allows

for better contact between the luting cement and the

dentine.
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In the previously mentioned studies, application of

the EDTA was followed by a rinse of sodium hypochlo-

rite. However, there are two reasons to suspect that

EDTA may be more beneficial as the final rinse. Three

studies (Torri et al. 2003, Goracci et al. 2005b, Doyle

et al. 2006) have suggested that certain ‘all-in-one’

self-etch bonding agents may have insufficient etching

power, possibly because of high pH, and could therefore

benefit from a final EDTA rinse to pre-etch the canal.

The other potential benefit of EDTA as the final rinse

before applying the resin composite is the reported

(Osorio et al. 2005) improvement in the resistance of

the final resin–dentine bond to degradation.

The purpose of this study was to determine

whether a final rinse with EDTA improves the

short-term in-tooth retentive strength of adhesively

luted fibre-reinforced composite posts. There is no one

accepted method of placing a fibre post. In an effort to

consider various combinations of factors such as

luting cement, bonding agent, etchant, or post

insertion depth, this study tested six different com-

mercial fibre post systems used according to their

manufacturer’s recommendations (with the exception

of irrigation). Two sizes of each post were tested to

ensure that minor variations in post size were not a

significant complicating factor. The null hypothesis is

that neither irrigation regimen nor post size have an

effect upon retention.

Materials and methods

The fibre posts used in this study were ICEPost (Danville

Materials, San Ramon, CA, USA), ParaPost Fibre White

(Colténe Whaledent, Cuyahoga Falls, OH, USA), Fibre-

Kor (Pentron Clinical Technologies, Wallingford, CT,

USA), Flexi-Post Fibre (Essential Dental Systems, South

Hackensack, NJ, USA) and Flexi-Flange Fibre (Essential

Dental Systems). Two sizes of each post were tested,

corresponding to post space preparations of either 1.2

or 1.4 mm in diameter.

Extracted human anterior teeth stored in 0.07%

thymol (Fisher Scientific, Fair Lawn, NJ, USA) were cut

at the cemento-enamel junction with a diamond disc.

Teeth with circular root canals were then drilled to

accept a fibre post according to the manufacturer’s

instructions and irrigated with a 27-gauge notch-tip

needle (Henry Schein Inc. Melville, NY, USA). All

samples received a 1 m rinse with 1 mL of 6% NaOCl

followed by a 1 m rinse with 1 mL of water. Half of the

samples received an additional 1 m rinse with 1 mL of

17% EDTA (Henry Schein) followed by a 1 m rinse with

1 mL water. Excess water was removed from the canals

using paper points (Henry Schein) and posts were then

luted according to the manufacturer’s recommended

instructions. Table 1 summarizes the materials and

insertion depths used. FibreKor TE samples were

prepared by etching the canal with 37% phosphoric

acid gel (Pentron Clinical Technologies) for 20 s,

rinsing with water, blotting the excess water with

paper points, applying two coats of Bond-1 Adhesive

(Pentron Clinical Technologies) with paper points,

drying for 10 s with a gentle air jet, light curing

(Radii, SDI, Bayswater, Australia) for 10 s, mixing the

two components of Lute-it (Pentron Clinical Technol-

ogies), applying the mixed cement to the canal with a

lentulo spiral (Dentsply Maillefer, Tulsa, OK, USA),

coating the post in luting cement, inserting the post,

and light curing the luting cement for 50 s. FibreKor SE

samples were prepared by applying Breeze luting

cement (Pentron Clinical Technologies) with a lentulo

spiral, coating the post in luting cement, and inserting

the post. ICEPost samples were prepared by mixing the

ED Primer II (Kuraray Medical), applying two coats of

ED Primer II using the included brushes, waiting for

30 s, drying with a gentle air jet for 10 s, removing

excess primer with paper points, mixing the luting

Table 1 Details of the sample preparation procedure

Testing Group

Etching

Mode

Approximate

pH Etchant Bonding agent

Luting

Cement

Apical

depth

(mm)

FibreKor TE Total-etch 0.5 37% Phosphoric

acid

Bond 1 primer/adhesive Lute-It 13, 12

ICEPost Self-etch 2.5 ED Primer II Panavia F 2.0 13, 12

FibreKor SE Self-etch 3.5 Breeze 13, 12

ParaPost Self-etch 4.0 Adhesive conditioner ParaPost Self

Cure

10, 9

Flexi-Post Fibre No-etch 5.5 Flexi-Flow Auto E 9.9, 10.9

Flexi-Flange Fibre No-etch 5.5 Flexi-Flow Auto E 9.5, 10.4
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cement components, applying the cement to the canal

using a lentulo spiral, coating the post with cement,

and inserting the post. ParaPost samples were prepared

by mixing the ParaPost Adhesive Conditioner (Colténe

Whaledent), applying two coats of the conditioner with

the included brushes for 30 s, removing excess condi-

tioner with paper points, drying with a gentle air jet for

2 s, mixing the ParaPost Cement for 30 s, applying the

cement with a lentulo spiral, coating the post in

cement, and inserting the post into the canal. Flexi-

Flange Fibre and Flexi-Post Fibre samples were

prepared by applying Flexi-Flow Auto E luting cement

(Essential Dental Systems) to the canal with the

included dispensing tip and then screwing the post

into the canal using the supplied wrench.

pH was measured by mixing 0.5 mL of material with

0.5 mL of distilled water and pouring onto a set of six

pH sensitive papers (Fisher Scientific) which change

colour for every 0.5 pH units.

All samples (14 in each post-size-irrigation group,

336 total) were stored at 37 �C and 100% humidity for

24 h before testing. Afterwards, they were cured into

acrylic blocks (Acratray; Henry Schein). Wax paper was

placed on the coronal dentine and Ti-Core Auto E

(Essential Dental Systems) was applied to the post in

order to provide a better gripping surface for the

retention test. The maximum retention strength was

measured using a model 810 Material Test System

(Material Test System Corp Minneapolis, MN, USA) with

a crosshead speed of 3 cm min)1. Some of the extracted

posts were analysed under a stereomicroscope at

45 · magnification to estimate the mode of failure.

Three-way analysis of variance (anova) was used to

test the effects of irrigation routine, post size and post

brand on the retentive strength of the fibre post. A

significant anova result was followed by the Student–

Neuman–Keuls (SNK) multiple comparisons test. For all

tests, the results were considered significant if P < 0.05.

Results

Retentive strengths ranged from approximately 200 to

450 N (Fig. 1). In the vast majority of samples, the

failure mode was loss of adhesion between the luting

cement and the dentine. Three-way anova testing

revealed that the following factors and interactions

were significant: post system (P < 0.001), post size

(P < 0.001), the interaction between post system and

post size (P = 0.021) and the interaction between post

system and irrigation type (P = 0.007). Irrigation type

was not a significant factor (P > 0.14) for any group

other than ParaPost Fibre White (P < 0.001). The size

of the post had a significant impact on the measured

retention strength for all groups (P < 0.008). The SNK

ranking for the 1.2 mm diameter posts was as follows:

Flexi-Flange Fibre = Flexi-Post Fibre > FibreKor

TE = FibreKor SE = ParaPost Fibre White > ICEPost.

The SNK ranking for the 1.4 mm diameter posts was as

follows: Flexi-Post Fibre = Flexi-Flange Fibre > Fibre-

Kor TE > FibreKor SE = ParaPost Fibre White > ICE-

Post.

Discussion

The results of this study indicated that for most post

systems, rinsing the post space with EDTA after NaOCl

does not increase the short-term retention of the post to

the tooth any more than a rinse of NaOCl alone. The

only system in which EDTA improved retention is for

ParaPost Fibre White, a system that uses a very mild

pH 4 self-etching adhesive. This result agrees with

previous studies (Torri et al. 2003, Doyle et al. 2006)

that reported the final rinse of EDTA was beneficial only

for certain ‘all-in-one’ self-etch bonding agents which

may have insufficient etching power. Although the

Flexi-Post Fibre and Flexi-Flange Fibre also had a very

mild pH of 5.5, these posts did not benefit from the final

EDTA rinse. It is believed that these active threaded

posts are primarily retained in the canal by mechanical

forces rather than chemical bonding. As a result, any

improved chemical bonding because of EDTA would

not be readily apparent. The results for the active posts

do suggest that potential weakening of the dentine

because of EDTA demineralization (Saleh & Ettman

1999, Eldeniz et al. 2005, Sayin et al. 2007) did not

seem to affect the overall retention of the post.
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Figure 1 Overlay bar chart of the retentive strengths. Note

that the 1.2 mm data is overlaid directly on top of the 1.4 mm

data in order to highlight the effect of post size.

Rasimick et al. EDTA and fibre post retention

ª 2008 International Endodontic Journal International Endodontic Journal, 41, 1101–1106, 2008 1103



The size of the post was found to have a significant

effect (P < 0.008) for all tested brands of post. On

average, the 1.4 mm diameter reamer posts were

28 ± 12% more retentive than their 1.2 mm counter-

parts. Such an increase was expected because the

1.4 mm posts have approximately 35% more surface

area available for adhesive bonding or frictional reten-

tion. The length of a post should theoretically influence

retention as well. Although this has not yet been tested

for resin-luted, parallel-sided fibre posts, an investiga-

tion of a double-tapered fibre post found no significant

effect (Innella et al. 2005). Investigations on resin-

luted, parallel-sided metal posts also did not detect any

significant difference because of the length of the post

(Cohen et al. 1992, El-Mowafy & Milenkovic 1994).

A rigorous analysis of the modes of failure was not

conducted in this study. Approximately 20% of the

dislodged posts were examined under a 45 · steromi-

croscope; every sample was at least partially covered

with luting cement with coverage being nearly total in

most cases. The luting cement surface did not generally

show jagged edges or other evidence of fracture. The

presence or absence of the bonding agent could not be

reliably detected using the steromicroscope. Based on

these observations, it appears that the dominant mode

of failure was loss of adhesion between the dentine and

the luting cement (or bonding agent). Such a result has

been commonly reported by other pull-out studies on

fibre posts (Pithan et al. 2002, Nagase et al. 2005,

Bonfante et al. 2007, D’Arcangelo et al. 2007). How-

ever, studies have also reported primarily mixed failure

(Nagase et al. 2005) or adhesive failure between the

luting cement and the post (Balbosh & Kern 2006).

Some breakage of the active threads on the Flexi-Post

Fibre and the Flexi-Flange Fibre was evident.

It is interesting to note that the overall retention of a

post seemed to be correlated to the amount of surface

texture on the post. The smooth ICEPost was the least

retentive brand, the textured FibreKor and ParaPost

Fibre White posts were moderately retained, and the

threaded Flexi-Post Fibre and Flexi-Flange Fibre posts

were the most retentive brands tested. The correlation

between surface texture and in-tooth retention might

indicate that a major component of the retention of

fibre post is frictional forces between the post and the

canal wall. Such an effect has been previously sug-

gested by numerous other studies (Goracci et al. 2005a,

Pirani et al. 2005, Cury et al. 2006, Sadek et al. 2006)

which used a thin-slice push-out methodology.

Although the post itself does not contact the observed

point of failure, the luting cement/dentine interface, a

textured post surface is speculated to help transfer

evenly the tensile force to the luting cement. This will

prevent excessive stress from accumulating in a single

area of the luting cement/dentine interface.

The pull-out methodology used in this study is

considerably different from the more commonly used

push-out method. In the push-out method, the tooth is

sectioned into thin slices and the post is pushed out of

the slice. The push-out force is compressive in nature

and unlike the pull-out force, which is tensile. These

two forces would be largely equivalent if the post were

infinitely rigid; however, fibre posts can and do flex in

response to forces. The amount of flexture can be

estimated using a material’s Poisson’s ratio and

Young’s modulus. To illustrate the type of flexture,

imagine what happens to a cylinder of rubber under

axial compression versus axial tension. Under com-

pression, the cylinder will become short and fat whilst

under tension the material will become tall and skinny.

The deformation will affect the magnitude of the

frictional forces between the post and root. As a result,

push-out testing tends to exaggerate the effects of

frictional retention whilst pull-out testing tends to

minimize them (Kerans & Parthasarathy 1991, Goracci

et al. 2005a, 2007). It is interesting to note that in the

current study frictional forces appeared to be more

influential than adhesive forces, despite the use of a

pull-out methodology.

The clinical significance of this study should be

tempered by its limitations. First and foremost, the

current study ignores the role of the core material and

crown upon the retention of a fibre post. Furthermore,

the retention strength was evaluated using a single-

tensile load rather than a cyclical compressive-tensile

load. In the clinical case, it seems likely that a post

restoration, which fails as a result of the rare tensile

oral forces, was probably first damaged by a large

compressive load. Finally, a short-term study may not

be a good predictor of the retentive strength of the post

systems after months or years of function in the mouth.

The preparation of the samples for this experiment

involved several deviations from clinical methodology

done out of necessity or in order to improve the

reproducibility of the results. First, a reliable source of

freshly extracted teeth could not be obtained and

therefore the teeth used in this study had to be stored

for less than 1 year in 0.07% thymol. Thymol is an

antiseptic commonly used in mouthwashes. Studies

have shown that teeth aged in similar conditions

produce shear bond strengths of approximately 20%

less than those obtained with freshly extracted teeth

EDTA and fibre post retention Rasimick et al.
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(Retief et al. 1989, Goodis et al. 1993, Titley et al.

1998, Zheng et al. 2005). Therefore, the current study

may underestimate the true retentive strength of these

post systems. Another significant deviation from clin-

ical methodology is that the root canals were neither

instrumented nor filled prior to the preparation of the

post space. Most studies (Burns et al. 2000, Hagge et al.

2002, Muniz & Mathias 2005) other than Mayhew

et al. (2000) agree that this has little effect on the

retention of posts luted with non-eugenol endodontic

cements. For example, during instrumentation the

canal space may be soaked in various irrigants.

However, this soaking is believed to predominantly

affect the superficial dentine which is removed from the

tooth during preparation of the post space. Therefore,

the irrigation sequence used during canal instrumen-

tation should not affect the retention of the post. The

choice of irrigation for the completed post space was

originally hypothesized to have a significant effect. The

goal of this study was to determine if the modification of

the post space dentine by the irrigant had a significant

effect. To eliminate potential chemical interactions of

the irrigation solution with the bonding agent or luting

cement, such as EDTA’s moderately alkaline pH or

NaOCl’s oxidizing power, the post space was irrigated

with water after the treatment solution. Although

irrigation with water is seldom done clinically, it was

incorporated into this experiment to allow us to

eliminate undesired chemical interactions for the pur-

poses of this study.

Conclusions

Despite limitations, several conclusions can be drawn

from this study. Rinsing the post space preparation

with EDTA after the initial NaOCl rinse does not

improve the short-term retention strength of most fibre

post systems. The only system that was affected,

ParaPost Fibre White used with a self-etch bonding

agent, showed a modest 20% improvement in post-

tooth retentive strength after the EDTA rinse. For all

post systems, larger diameter posts were found to be

significantly more retentive. The active fibre post

systems were found to be more retentive than their

passive counterparts.
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