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Introduction

The clinical success of a restorative procedure of

endodontically treated teeth depends on the cemen-

tation used to create a link between the restoration

and the tooth. The retention of a post is a major fac-

tor influencing the survival of the restoration. Most

clinical failures involving endodontically treated teeth

reconstructed with posts are due to cementation fail-

ure of posts, whereas root fractures are the most

serious type of failure.1-3 To achieve adequate reten-

tion, posts are bonded to root canal with cement.
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Therefore the cement with the greatest retention

should give the best performance.

Nowadays, the restoration of endodontically treated

teeth is based on the use of materials with a modulus

of elasticity similar to that of dentine (18.6 GPa).

Fiber posts, resin cements and some composite resins

all have this characteristic.4 With these materials, a

mechanically homogeneous unit can be created. And

also these materials are easy to use and have the

advantage of reducing fracture risk. 

Although several kinds of dental cements have

been used for post-cementation, the self-adhesive

resin cements are widely promoted to simplify the

dentin bonding procedure and to reduce the time

taken to bond resins to dentin. Especially, for the

bonding a glass fiber-reinforced post, a simplified

dual-cure self-adhesive resin luting cement usually

does not require pre-treatment of the root canals.

Retention of fiber posts within root canals is affect-

ed by several factors: type of post, its adaptation into

the post space, type of adhesive and operative proce-

dures. Furthermore, in case of using the resin

cement, the curing methods, viscosity, and flow-abil-

ity of the cement may have an effect on the post

retention.5,6 The distribution of resin cement into the

post space during the luting procedure and the

anatomical and histological characteristics of the root

dentine seemed to influence bond strength between

resin luting agent and root canal regions.7

Classically, when zinc phosphate cement was used

to cement post, it was easily accomplished with a

lentulo-spiral, or loading the cement into the canal

with a small-tipped syringe, or coating the post

itself. With resin cements, however, the use of a

lentulo-spiral is typically contraindicated because of

the potential risk to accelerate the set of the cement

and thus inadequate seating of the post. Coating the

post and hoping it carries the cement into the canal

may be unpredictable as it depends on the viscosity

of the cement. 

Thus, the viscosity of resin cement and the applica-

tion method used to place it into the post space

seemed to be important factors that may affect the

complete setting of fiber posts and, consequently,

influence bond strength values of the post-adhesive

cement complex. Nevertheless, a lot of controversial

results have been reported about the role of the

application methods of dual-cure resin cements to

the root canal and their effect on retentive strength

of fiber post.8

Therefore, the aim of this study was to evaluate

the bond strengths of resin cement/fiber post systems

to post space dentin by using different application

methods of resin cement.

Materials and Methods

Tooth preparation

Thirty extracted human mandibular premolars

were selected. External debris was removed by ultra-

sonic scaler (Piezon instrument, EMS, Switzerland).

The inclusion criteria were as follows: straight roots;

absence of root decay, defects, cracks, and/or previ-

ous endodontic treatment; and root length of at least

14 mm. Selected specimens were stored in saline.

Crown surfaces of each tooth were sectioned above

the cementoenamel junction perpendicular to their

long axis to obtain 14 mm long roots.

The working length was established 1 mm short of

the apex. Instrumentation of the root canals was per-

formed with a crown-down technique, using

ProTaper (S1 and S2) and ProFile nickel-titanium

rotary instruments (Dentsply Maillefer, Ballaigues,

Switzerland). All canals were prepared to ISO size

30, 0.06 taper. Each canal was irrigated with 5%

sodium hypochlorite and 17% EDTA, dried with

paper points (Meta biomed Inc., Cheongju, Korea)

and obturated with gutta-percha (Meta biomed Inc.)

and AD Seal (Meta biomed Inc.). Down-packing was

performed using the continuous wave warm vertical

compaction technique (Duo alpha; B&L Co., Seoul,

Korea), and backfilling was performed with Duo beta

(B&L Co.).

Post Cementation

After 24 hours, the gutta-percha was removed from

the coronal and middle thirds of each root by #2

Gates-glidden drill (MANI, Tochigi, Japan). Post

spaces were prepared to a depth of 10 mm measured

from the sectioned surfaces. Apical gutta-percha of 4
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mm was left to preserve the apical seal. A post space

was then prepared with size #2 Rely-X post drill (3M

ESPE, St. Paul, MN, USA), and the same size of a

tapered Rely-X glass fiber post (3M ESPE) were cho-

sen (Figure 1). Prepared post-space was rinsed with

5% NaOCl. A final irrigation was accomplished with

distilled water, and post spaces were dried with

paper points. Each group was randomly divided into

3 subgroups (n = 10) according to the technique

used to place the cement into root canal: using a #30

lentulo-spiral instrument (Dentsply Maillefer,

Ballaigues, Switzerland) for 3 seconds before the post

seating (group Lentulo), applying the cement onto

the post surface (group Direct), and injecting the

material using a specific elongation tip (3M ESPE)

(group Elongation tip) (Figure 1). Resin cement was

applied to the whole surface of post for the group

direct, while for the group elongation, cement was

injected to the depth of post hole using the elongation

tip. All the posts were then seated to full depth in

the prepared spaces using finger pressure. Excess of

the cement was immediately removed with a small

brush. Then the resin cements were light polymer-

ized for 40 seconds. Thirty minutes after the cemen-

tation procedures, all root specimens were stored at

100% humid condition at room temperature for 1

week. 

Push-out bond strength Test

The root specimens were embedded in an auto-

polymerizing acrylic resin (Tokuso curefast;

Tokuyama, Tokyo, Japan). After setting the acrylic

resin mold, the specimens were sectioned perpendic-

ularly to the long axis using a low-speed saw

(Accutom-50; Struers, R∅dovre, Denmark) under

water coolant. Three slices per each root (Figure 2),

containing cross-sections of coronal, middle and api-

cal part of the bonded fiber posts, were obtained by

sectioning. The thickness of sectioned slice specimens

were 2.0 ± 0.1 mm.8 Each slice was marked on its

apical side with an indelible marker and individually

stored at 100% humid condition. The push-out test

was performed by applying a compressive load to the

apical aspect of each slice via a 0.7 mm diameter

cylindrical punch mounted on a Universal Testing

Machine (R and B, Daejeon, Korea). A punch pin

was positioned to contact only the post, without

pressing the surrounding cement and/or root canal

walls. The load was applied apico-coronally on the

apical surface of the slices with a crosshead speed of

1.0 mm/min. Maximum failure load values were

recorded (N) and converted into MPa, considering

the bonding area (mm2) of the post segments. Post

diameters were measured using a digital micro-

Figure 1. Rely-X post drill and

Rely-X fiber post (left), Rely-X

Unicem with an elongation tip is

ready to inject into the canal

(right).

Figure 2. Experimental design and

preparation of specimens low-speed

saw was used to prepare 3 sections

through luted post specimen, each

2 mm thick (left). Push-out bond

strength testing was performed

using universal testing machine

(right).

Post

Resin cement

Acrylic resin

1

2

3

steel rod
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caliper (MITUTOYO, Kawasaki, Japan), and the

total bonding area for each post segment was calculat-

ed by using the formula: π(R + r)[(h2 + (R - r)2]0.5,

where π= 3.14, R represents the coronal post radius

(mm), r the apical post radius (mm), and h is the

thickness of the slice (mm) (Figure 3).

Failure mode investigation

Fractured test specimens were examined using

operating microscope (OPMI pico; Carl zeiss,

Obercohen, Germany) under 25 times magnification

and the failure mode was classified into four types7:

(1) adhesive between post and resin cement (no

cement visible around the post); (2) mixed, with

resin cement covering of the post surface; (3) adhe-

sive between resin cement and root canal (post

enveloped by resin cement); (4) cohesive in dentine.

Statistical analysis

For the comparison of push-out bond strength

among the application techniques and root level,

two-way ANOVA was performed and Tukey’s test

was used for post-hoc multiple comparison using

SPSS 12.0 software (SPSS Inc., Chicago, IL, USA).

One-way ANOVA was also performed using the aver-

age data to compare the technique. The level of sig-

nificance was set at p < 0.05.

Results

Two-way analysis of variance displayed that bond

strengths were statistically influenced by root level (p

< 0.05). Apical bond strength was significantly higher

than cervical dentin, but not than middle dentin.

Luting application technique significantly affected

bond strength values (p < 0.05). ‘Elongation tip’

group showed significantly higher push-out bond

strength compared with the other techniques (Table 1).

The failure modes for different resin cement appli-

cation methods are presented in Table 2. Microscopic

evaluation for the failure modes demonstrated that

most failures occurred in an adhesive mode at the

cement/dentin interface or in a mixed mode.

Figure. 3. Bonding area of post/cement interface was

measured using formula of conical frustum: top (R) and

bottom radius (r) of post along with height of specimen

(h): total bonding area = π(R + r)[(h2 + (R - r)2]0.5

h

R

r

post

Table 1. Mean push-out bond strength (MPa) and

standard deviation (S.D.) for experimental groups

Technique

Direct Lentulo Elongation tip

Coronal 4.96Aa (1.83) 5.47Aa (1.48) 8.27Ba (2.13)

Middle 5.08Aab (1.96) 6.34ABab (2.30) 8.47Bab (2.22)

Apical 6.35Ab (2.91) 7.56ABb (2.92) 9.82Bb (2.46)

Total 5.47 (1.80) 6.45 (1.78) 8.85* (1.99)

Different superscript capital letters (A, B, C) indicate

significant differences between techniques and different

superscript lower case letters (a, b, c) indicate signifi-

cant differences between root level (p < 0.05). 

*means significant difference (p < 0.05) between tech-

niques by one-way ANOVA for the total specimens in a

tooth regardless of specimen level.

Table 2. Failure modes of experimental groups

Adhesive: Post-cement Mixed Adhesive: Cement-dentin Cohesive

Direct 7 12 11 0

Lentulo 3 8 19 0

Elongation tip 3 11 16 0
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Discussion

In present study, the push-out bond strength was

compared according to the cement application meth-

ods and post space level. Post retention has been

measured with microtensile and push-out tests.9-11 It

has been suggested that, because of the small size of

specimens, a microtensile test permits a uniform

stress distribution along the bonded interface.12

However, Goracci et al. revealed that a push-out test is

a more reliable method for determining bond strengths

between fiber posts and post-space dentin because of

the high number of premature failures occurring during

specimen preparation and large data distribution

spread associated with microtensile testing.13

In addition, this study used three sequential series

of samples for one post to reduce the sample error

which may have a big deviation for one sample at a

certain level of root. Thus the sequential three sam-

ples were tested for the push-out tests.14 This

method also provided the information for the bonding

strength differences according to the root dentin

level. 

In this study, the push-out bond strengths were

statistically influenced by the root levels (p < 0.05).

Present result confirmed previous studies13,15 that

observed influence of root canal region on fiber post

retention. Gaston et al. reported higher bond

strengths in the apical third than in the parts of the

root canal.9 On the other hands, several studies have

shown that the bond strength of resin cements to

root canals is affective in the cervical third but weak

in the apical third.16 Regardless of the bond strength

in apical regions, the frictional retention in these

areas may contribute to the dislocation resistance of

the fiber post.17,18

On the other hand, post retention to root canal

dentine seemed to vary with luting cement applica-

tion technique. Various in vitro researches revealed

controversial results concerning bond strength values

of different luting technique to fiber posts and root

canal dentin.19 Thus, in present study, the push-out

bond strength were compared according to the

cement delivery ways of direct application with post,

lentulo-spiral application, and a special elongation

tip for the cement delivery. 

It was previously reported that the application of

the resin luting agent with a lentulo-spiral instru-

ment permits a favorable distribution of luting

cement throughout the post space and a formation of

uniform, continuous cement layer.20 However, if a

dual-cure resin was selected, the major recommenda-

tion is to avoid early set of the cement before com-

plete post seating.21 For dual-curing composite resin

luting systems, the use of a lentulo-spiral drill is not

recommended by the manufacturers, since the

increased input energy may cause premature set of

luting composite. Therefore, some manufacturers

have been suggested, dual-cure resin cement should

be taken into the root canal by applying a thin layer

of cement over the post before setting it in position.

However, clinicians would have a difficulty to get a

uniform cement application within the post space

with only the direct application on the post surface.

Furthermore the round cross section of a post also

may have a difficulty to match the irregular canal

area efficiently with the direct cement applying

method. Actually, some sectioned specimens in the

direct applying group showed a vacant space within

the cement area and/or adhesion layer. These voids

could impede an appropriate cementation of the post,

and may cause its debonding.22,23 Thus, the injection

technique with specific syringes was introduced most

recently and used for application of the resin cements

seems to be preferred as an effective method for

reducing voids and bubbles within the luting cement4

and increasing homogeneous dispersion of the luting

cement. The result of present study that the elonga-

tion tip showed significantly higher push-out bond

strength than other ways was consistent with these

points. 

These findings are in accordance to those reported

by Ronny et al.14 The authors showed that the use of

a flexible root-canal-shaped application aid as the

elongation tip is superior compared to the conven-

tional application technique in terms of root canal-

post-cement interface homogeneity. By use of this

application aid only �4% of inhomogeneities for the

complete post length within the cement interface of

the adhesively luted fiber post were recorded, com-

pared to 19% for the conventional application proce-

dure. 
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Analyses of failure mode showed that most of fail-

ures occurred at the cement/dentin interface (adhe-

sive failure) or in a mixed mode. It might be caused

from the lower bond strength between cement and

dentin than that between post and cement. It

seemed that fact that the Rely-X Unicem as a kind

of self adhesive system did not make a hybrid layer24

for better bonding would make the lower bond

strength than the strength between cement and post

which has better condition for bonding with the

silanization claimed by the manufacturer. 

In addition to the self adhesive cement, as a future

research, it is also needed to compare the bonding

strengths of many other resin cements with varying

pre-treatment methods according to various cement

application method.

The use of an elongation tip reduces the number of

imperfections within the self-adhesive cement inter-

face compared to the conventional application tech-

niques such as direct applying with the post and

lentulo-spiral technique. Thus it is recommended to

use an elongation tip which may bring favorable bond

strength for the post cementation using resin cement.
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국문초록

시멘트 도포 방법에 따른 포스트의 push-out 접착 강도 비교

김서령∙염지완∙박정길∙허 복∙김현철*

부산대학교 치의학전문대학원 치과보존학교실

연구목적: 이 연구의 목적은 레진 시멘트의 포스트 공간 내 적용 방법에 따른 포스트의 push-out접착 강도를 비교하는 것이

었다. 

연구 재료 및 방법: 30개의 발거된 하악소구치를 사용하여 시멘트의 적용 방법에 따라 세 그룹으로 나누었는데 lentulo-spi-

ral을 이용하여 포스트 공간 내에 레진 시멘트를 적용하는 그룹 (group Lentulo), 직접 포스트 표면에 레진 시멘트를 도포하

는 그룹 (group Direct), elongation tip을 이용하여 포스트 공간 내에 레진 시멘트를 적용하는 그룹 (group Elongation

tip) 으로 나누었다. 근관을 성형, 충전한 뒤 Rely-X post drill을 사용하여 포스트 공간을 형성하였고, Rely-X fiber post

를 Rely-X Unicem 적용하여 광중합 하였다. 시편을 아크릴릭 레진에 포매 하고 저속 절단기로 치아 장축에 수직으로 절단

하여, 하나의 치아에서 치관부, 중앙, 근단부의 세 개의 시편을 얻었다. 절단한 시편을 Universal Testing Machine으로

push-out 접착 강도를 측정하였다. 접착 실패가 일어난 시편을 수술용 현미경 하에서 관찰하여 그 실패 양상을 결정하였다.

결과: 치근의 위치에 따른 push-out 접착 강도는 유의한 차이를 보였으며, 전용의 elongation tip을 사용한 그룹이 가장 높

은 push-out 접착 강도를 나타냈다. 

결론: 레진 시멘트를 포스트에 직접 적용하거나 lentulo-spiral을 사용하는 기존의 방법에 비해 elongation tip을 사용하는

것이 self-adhesive 계면의 결함을 줄이고 근관치료한 치아의 수복 성공율을 높일 수 있을 것으로 생각된다.

주요단어: 레진 시멘트; 포스트; Elongation tip; push-out 접착강도
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