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Effect of moisture on sealing ability of root canal filling with
different types of sealer through the glucose penetration model

Jin-Ah Jang, Hee-Lyang Kim, Mi-Ja Her, Kwang-Won Lee, Mi-Kyung Yu*

Department of Conservative Dentistry, Chonbuk National University School of Dentistry, Jeonju, Korea

Objectives: To compared the effect of different levels of moisture of root canal on the sealing ability after

filling with four different types of sealer. 

Materials and Methods: Single-rooted teeth (n = 90) instrumented to and apical size of 0.06 / 45 were ran-

domly assigned to 12 experimental groups (n = 7 per group), positive/negative control groups (n = 3 per

group). The teeth of the experimental groups (a. DRY; b. PAPER POINT DRY; c. WET) were obturated

with sealer (Group 1-3: Sealapex; Group 4-6: AH plus; Group 7-9: Tubuli-seal; Group 10-12: EndoRez)

and warm vertical compaction method. After 7 days in 37℃, 100% humidity, the coronal-to-apical

microleakage was evaluated quantitatively using a glucose leakage model. The leaked glucose concentra-

tion was measured with spectrophotometer at 1, 3, 7, 14, 21, and 30 days. Data were recorded ad mmol/L

and statistically analysed with the two-way ANOVA and Duncan test (p = 0.05). 

Results: Throughout the experimental period Tubuli-seal/WET (Group 9) showed the highest mean cumu-

lative glucose penetration (178.75 mmol/L), whereas AH plus/DRY (Group 4) had the least (20.78

mmol/L). 

Conclusions: The results of this study demonstrated that the moisture condition of root canals at the time

of obturation and the type of sealer that was used had a significant effect on leakage and sealing ability.

Thus drying procedure according to sealer types is a critical step and should not be missed in endodontic

treatment. [J Kor Acad Cons Dent 2010;35(5):335-343.]
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Introduction

One of the objectives of successful endodontic treat-

ment is to prevent infection or reinfection by com-

plete obturation of root canal system.1 However, no

available material and/or technique produce a com-

plete seal of the entire root canal system.2

Ingle et al.3 suggested up to 59% of endodontic fail-

ures are attributable to apical leakage. Failure of the

apical seal allows undebrided irritants to escape from

the canal into the periapcial tissue to initiate an

inflammatory response.4

The most commonly used core filling material is

gutta percha but these materials inherently leave

discrepancies between the obturator and the canal

wall and possess no natural adhesion to tooth struc-
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ture.5 Therefore, root canal sealers are used with

these materials to provide the required adhesion to

dentin and to fill the irregularities and minor dis-

crepancies between the core filling material and the

canal walls. The sealer also acts as a lubricant dur-

ing the obturation procedure. Hence, the sealing

quality of a root canal filling depends on the sealing

ability of the sealer.6

In some cases, the practitioner has difficulty to dry

the root canal space completely before obturation

which is potentially caused by poor isolation, ingress

of periapical exudate or incomplete apical extension,

extremely small or tortuous for using paper point.

Thus, clinically these various environmental condi-

tions of the root canal system may be related to some

physical properties of sealer include setting time, sol-

ubility or water absorption, adhesion, penetration

and sealing ability of a sealer.7,8

Previous endodontic textbooks recommend that the

root canal space should be completely dry prior to

obturation in order to increase the adhesion of sealers

to the dentinal wall and the filling material.9,10 But,

with recent advances in bonding system, hydrophilic

methacrylate resin based sealers were introduced in

dental material. The manufacturers recommended

that dentinal walls are kept moist, not dehydrated to

take maximum advantage of the hydrophilic proper-

ties of the sealers. Therefore, the effect of residual

moisture on the apical seal should be determined.

This study compared the sealing abilities of four

different types of sealer which were used in the dif-

ferent moisture conditions of root canal.

Materials and methods

Ninety recently extracted single rooted human teeth

were selected which have single straight root canal

with fully developed apices and they are free of cracks,

caries or fractures. The root was rid of attached tissues

and calculus and the tooth then immersed in 0.02%

sodium azide, NaN3 (DUKSAN PURE CHEMICAL

CO., LTD., Ansan city, Korea) at 37℃ until use. 

Instrumentation and obturation of root canals

The coronal portion of all teeth was removed with

high speed handpiece and diamond bur. (Shofu INC.,

Kyoto, Japan) so that each specimen was 13 mm

long Straight-line entries were made and the apical

patency was determined by passing a size 15 K-file.

Canal working lengths were established 1.0 mm

short of the apical foramina. The root canals were

prepared using K3 NiTi rotary instruments

(SybronEndo, Glendora, Ca, USA) at 300 rpm. All

canals were enlarged with a 0.06 taper, size 45

instrument. Irrigation between each filing with 0.5

mL of 2.5% NaOCl and final flush with 3 mL of 17%

EDTA (2 minute) were applied to remove smear

layer.11 To remove all of the residual chemicals, final

rinse with 3 mL of sterile water were applied. 

All teeth were stored in distilled water of 37℃ until

used. The prepared roots were randomly divided into

12 experimental groups of 7 roots, and 2 control

groups of 2 roots each. Specimens were then subject-

ed to 3 different moisture conditions.

Moisture condition I (DRY)

Excess water was removed with paper points fol-

lowed by dehydration with 90% ethanol and 200℃

probe of System B (Analytic Technology, Orange,

CA, USA) was inserted into the root canals, twice for

5 seconds dwell time.

Moisture condition II (PAPER POINT DRY)

Blot-dried with paper point until the last one

appearing dry.

Moisture condition III (WET)

Remained totally flooded with 0.05 mL distilled

water.

Group 1-12

Applying the 3 moisture conditions above, the teeth

were filled with the warm vertical compaction tech-

nique by using one of the 4 types of sealer. Group 1-

3 were filled with a calcium hydroxide based sealer,

Sealapex (Kerr, SybronEndo, Orange, CA, USA).

Group 4-6 were filled with a epoxy resin based sealer,
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AH plus (Dentsply-Maillefer, Tulsa, OK, German).

Group 7-9 were filled with a zinc oxide-eugenol-

based sealer, Tubuli-seal (Kerr, SybronEndo,

Orange, CA, USA). Group 7-9 were filled with a

methacrylate resin-based sealer, EndoRez (Ultradent

Products Inc, South Joran, UT, USA)(Table 1).

The sealers were used according to the manufacturer’s

recommendations. 

The 3 positive control teeth were filled in a same

manner but without sealer and 3 negative control

teeth were filled with GP and AH Plus. The filled

roots were stored in a moist gauze at 37℃ for 7 days

to allow for complete setting.

Glucose leakage model

The specimens of the negative control group were

completely coated with nail varnish. The specimens

of the positive control and experimental groups were

coated except for the area 3 mm of the apical end.

The teeth were placed in a device designed to mea-

sure glucose leakage (Figure 1).12

The resin block around the coronal 4 mm of each

root was inserted to a rubber tube which was itself

connected to a 15 cm long plastic tube. This assem-

bly was then placed in a 20 mL sterile glass bottle

with a screw cap and sealed with Zapit cyanoacrylate

(Dental Bentures of America, Inc., Corona, CA,

USA). 7 mL of 0.2% NaN3 solution was inserted into

the glass bottle so that the 3 mm of root apical end

was immersed in the solution. NaN3 was used to

inhibit the growth of microorganisms that might

influence the glucose readings.12 1mol/L of glucose
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Table 1. Experimental groups

Group Sealer Number of teeth Condition

1 Sealapex n = 7 Dry

2 Sealapex n = 7 Paper point dry

3 Sealapex n = 7 Wet

4 AH plus n = 7 Dry

5 AH plus n = 7 Paper point dry

6 AH plus n = 7 Wet

7 Tubuli-seal n = 7 Dry

8 Tubuli-seal n = 7 Paper point dry

9 Tubuli-seal n = 7 Wet

10 EndoRez n = 7 Dry

11 EndoRez n = 7 Paper point dry

12 EndoRez n = 7 Wet

Negative control AH plus n = 3 Dry, Paper point, Wet

Positive control — n = 3 Dry, Paper point, Wet

Figure 1. Glucose leakage model.

Plastic tube

Glucose solution

Rubber tube
Acrylic cylinder
Root specimen

7 ml 0.2% NaN3

13 mm

14 Cm

3 mm
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solution (pH 7.0) containing 0.2% NaN3 was injected

into the plastic tube until the top of the solution was

14 cm higher than the top of gutta-percha in the

canal which created a hydrostatic pressure of 1.5 kPa

(15 cm H2O).13 This apparatus was then transferred

into an incubator providing 100% humidity at 37℃.

To examine the evaporation of the solution in the

glass bottle, another glass bottle containing 7 ml of

0.2% NaN3, was also placed in the incubator and

used to keep the volume of NaN3 solution same in

the apparatus from evaporation. The weight of the

supplemental solution was measured every day to fig-

ure out the amount of evaporation during test time. 

Measurement of microleakage

A 10 μL aliquot of solution was drawn by using a

micro-pipette from the glass bottle at 1, 3, 7, 14, 21,

and 30 days. After drawing the sample, 10 μL of

fresh 0.2 % NaN3 was added to the glass bottle

reservoir to maintain a constant volume. To deter-

mine the concentration of glucose, the phenol-sulfuric

acid method was used. Each 100 μL of resulted prod-

uct was quantified with spectrophotometer

(PowerWave; D. I. Biotech Ltd, Korea) at 490 nm

wavelength. The lowest glucose level for which the

current procedure is believed to be accurate is 0.75

mmol/L. The values below this were considered

unreliable and recorded as o (no leakage).14

Statistical analysis

The differences between the groups were statisti-

cally analysed with the two-way ANOVA and

Duncan test (version 12.0.1, SPSS, Chicago, IL,

USA). The level of significance was set at α=0.05.

Results

The negative control group showed no leakage of

glucose. The positive control group had substantial

leakage of glucose from the first day which increased

rapidly over time until 30 days (Figure 2) and it

showed highly significant amount of penetration com-

pared to the experimental groups (p < 0.05). 

The mean glucose leakage values for each moisture

condition and for each material are shown in Table 2

and Figures 3a-d.

There was a tendency of increase in leakage in all

experimental groups during experimental period.

There was no significant differences were found

among the  dry and paper point dry groups (Group 1

and Group 2 or Group 4 and Group 5), within dry

and paper point dry groups (Group 1 and Group 2 or
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Table 2. Microleakage of glucose in experimental groups (mM/L)

Group Glucose concentrations in mmol/L (meanSD)

(No.) 1 day 3 day 7 day 14 day 21 day 30 day

1 0 0.30 ± 0.67 1.06 ± 0.63 1.38 ± 0.38 2.93 ± 1.90a 3.55 ± 0.90a

2 0 0 0.91 ± 0.51 1.52 ± 0.48 3.81 ± 1.82a 4.51 ± 1.09a

3 0 0.16 ± 0.40 0.94 ± 0.21 1.69 ± 0.77 4.85 ± 0.81b 7.07 ± 2.63b

4 0 0.48 ± 1.14 0.56 ± 0.04 1.28 ± 0.35 1.74 ± 0.85a 2.00 ± 0.78a

5 0 0 0.54 ± 0.51 0.98 ± 0.45 2.46 ± 1.39a 3.85 ± 2.38a

6 0 0.32 ± 0.78 0.84 ± 0.44 1.36 ± 0.47 5.08 ± 1.96b 7.81 ± 3.84b

7 0 0.36 ± 0.45 2.35 ± 2.85 4.55 ± 5.19a 9.55 ± 6.91a 14.10 ± 9.05a

8 0 0.13 ± 0.31 0.14 ± 0.35 1.61 ± 1.38b 3.46 ± 1.58b 4.81 ± 2.04b

9 0.47 ± 1.04 0.72 ± 1.18 4.42 ± 6.45 6.90 ± 5.00a 10.30 ± 6.26a 17.30 ± 8.75a

10 0 0 0.29 ± 0.52 2.09 ± 1.96 6.66 ± 6.86a 7.84 ± 8.14a

11 0 0 0.11 ± 0.29 1.19 ± 0.56 1.49 ± 1.71b 2.03 ± 1.13b

12 0 0.22 ± 0.59 0.43 ± 0.73 1.55 ± 1.14 3.51 ± 1.46ab 5.31 ± 1.47ab

a, b: different letter indicates significant differences between groups in horizontal row (p < 0.05).
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Group 4 and Group 5), within the Sealapex and AH

plus groups (p > 0.05). but significantly more leakage

was observed on the wet group (Group 3 and Group

6)(p < 0.05). Within the Tubli-seal groups, signifi-

cantly less leakage was observed on the paper point

dry group (Group 8) (p < 0.05) when compared with

dry and wet groups. (Group 7, 9) Within the

EndoRez groups, only significant differences were

found between the dry (Group 10) and paper point

dry groups (Group 11) (p < 0.05)).

Throughout the experimental period Tubuli-seal/

wet (Group 9) showed the highest mean cumulative

glucose penetration (17.38.75 mmol/L), whereas AH

plus/dry (Group 4) had the least (2.000.78 mmol/L).
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Figure 2. Leakage of positive and negative control groups.

Figure 3. Glucose microleakage of experimental groups.

a, Sealapex groups; b, AH plus groups; c, Tubuliseal groups; d, EndoRez groups. 
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Discussion

To evaluate the sealing ability of root canal filling

materials, various test methods have been applied;

dye penetration, radioactive isotopes test, bacterial or

bacterial metabolites leakage test, and fluid filtra-

tion. But these linear tracer penetration could not

provide information that is penetrated volume of

tracer and often yielded a large variation of the

result. 

In present study, new glucose penetration model

was used. This model technique indeed, seems to

have many advantages over the previous technique

because of possibility of quantitative measurements,

reproducibility, and sensitivity.15 Glucose is

hydrophilic, has a low molecular weight (180 Da),

and is an effective tracer to detect endodontic

microleakage.16 Moreover, the glucose test might be

more sensitive because the detected threshold mea-

surement by eye is higher than that of the spec-

trophotometer.15

In this study, phenol and sulfuric acid method, that

was the easiest and most well known colorimetric

assay, has been used for measurement of glucose

concentration.

The fundamental principles of this assay, neutral

sugars adding phenol is sulfuric acid catalyzed dehy-

dration and condensation of the products with differ-

ent developers to form characteristic chromogen.17

The results of this study demonstrated that the

moisture condition of root canals at the time of obtu-

ration and the type of sealer that was used had a

significant effect on microleakage.

The manufacturer of the calcium hydroxide sealer,

Sealapex, states in the product insertion instructions

that the canal walls must be dry before obturation.

The results of this study demonstrated that

Sealapex has shown a significant more leakages

when the moisture content in the canals is high. A

possible reason for the results could be related to the

decrease in setting time. Horning and Kessler,18

demonstrated that the setting reaction of calcium

hydroxide sealers is effectively accelerated by the

presence of moisture and it prevents complete wet-

ting of the gutta-percha and the dentin of the canal

walls by the sealer. This would result in poor adapta-

tion to both surfaces as well as the formation of voids

that would permit glucose penetration and leakage.

Leakage of sealer is mainly related to their solubili-

ty. Tagger et al.19 reported that Ca(OH)2 dissociated

into Ca++ and OH-. The solid consequently loses con-

tent and calcium hydroxide content may dissolve

leaving obturation voids. Hence this could be the

cause of the poor ability of sealing.

AH plus is a epoxy resin based sealer. Some stud-

ies report the apical sealing ability of resin based

sealers to be superior to that of other sealers.5,20

Under the conditions of the present study, AH plus

used in dry canals showed the significantly better

apical sealing ability and these data are in accor-

dance with the results of previous reports. In the

study about solubility of root-canal sealer in water

and artificial saliva, AH plus presented the least

leakage when compared with other sealers. This is

because of its low solubility that might be related to

the characteristics of its resinous matrix, which is

more resistant to the solubility.21

Also AH plus showed some expansion during set-

ting procedure, so this property compensates for the

polymerization stress that are created during shrinkage.

But, in present study, significantly more leakages

occur when AH plus group were used in moist and/or

wet canal. Roggendorf et al.22 has described similar

result. It is believed that the AH plus sealer did not

adapt well to dentin walls because of the hydrophobic

properties of epoxy resins.23

And a study reported that all the specimens filled

with AH plus sealer leaked within 13 days. This

could be because of shrinkage of this epoxy type seal-

er during setting.24 Thus moisture may be the rele-

vant factor for these adverse effects.

Tubuli-seal is a ZnO-eugenol based sealer. In pre-

sent study, Tubuli-seal showed the higher mean

cumulative glucose penetration compared to the

other groups in all moisture condition. Especially

Tubuli-seal/wet (Group 9) group presented the high-

est leakage values and these results are in accor-

dance with ZnO-eugenol based sealers that showed

poor sealing and adhesive properties to dentin in

some other investigations.25,26

In an aqueous environment, ZOE based sealers

exhibited continuous solubility. This response was
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interpreted as water hydrolyzed the zinc-eugenolate

into ZnO or Zn(OH)2 and eugenol that were detected

as a slow, continuous loss of mass.27 Therefore,

Tubuli-seal have shown a significant decrease in

their physical properties when contaminated with

moisture because of their high solubility,28 especially

in the early stage of the setting reaction.29 Also as

the manufacturer’s instructions, the conditions of

canal should be thoroughly dried prior to application

because humidity will shorten the setting time of the

mixed components. 

But, Kuhre and Kessler,29 determined that no sig-

nificant difference in the quality of the apical seal

produced by zinc oxide eugenol sealer and lateral

condensation of gutta percha when moisture was pre-

sent in root during obturation. It is thought that this

difference is due to the sealing and leakage test

method.

But, for the Tubli-seal significantly less leakage

was observed on the paper point dry group (Group

8). The controlled amount of moisture may work as a

lubricant for these sealers that allows a better

attachment to the root canal wall.22

EndoRez has been recently introduced in the mar-

ket that the main component of this methacrylate

based sealer is a urethane dimethacrylate (UDMA),

which is an inherently hydrophobic monomer. For

the purpose of making this sealer easier to insert and

adapt, phosphate esters were added which render

the material hydrophilic. It has been reported by the

manufacturer that EndoREZ may be used on slightly

moist canal because of the hydrophilicity of this sealer.

In present study, within the EndoRez groups, only

the paper point dry group (Group 10) presented sig-

nificantly lower leakage. So, this paper point dry

condition maybe was more desirable than a totally

dry or wet canal. The hydrophilicity allows penetra-

tion of resin tags and the formation of hybrid layer,

resulting in micromechanical interlocking and

increasing quality of sealing ability.30,31 As it is not

possible to obtain completely dry surface throughout

canal surface, this characteristic may be advanta-

geous for the sealer. 

But, in spite of hydrophilicity of this sealer, water

can apparently not completely be displaced. Zmener

et al.32 demonstrated that water permeation during

the polymerization process might result in the

entrapment of water droplets within the sealer

dentin interface and this might result in bond dis-

ruption and further increased leakage. Wong and

Spencer,33 also reported that excess water can inhibit

polymerization of methacrylate based resin.

But, further long-term studies are warranted before

these data can be recommended for clinical application.

Conclusions

The results of this study demonstrated that the

moisture condition of root canals at the time of obtu-

ration and the type of sealer that was used had a

significant effect on leakage and sealing ability. Thus

drying procedure according to sealer types is a criti-

cal step and should not be missed in endodontic

treatment. 

The glucose model represents a useful method for

performing quantitative leakage assessments. 
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국문초록

수종의 실러를 이용한 근관 충전 시 근관 내 수분이 치근단 폐쇄효과에 미치는 영향

장진아∙김희량∙허미자∙이광원∙유미경*

전북대학교 치과대학 치과보존학교실

연구목적: 본 연구의 목적은 수종의 sealer를 이용하여 각기 다른 양의 잔여수분이 존재하는 근관을 충전 시, 근관충전의

sealing ability를 glucose leakage model로 평가하는 것이다.

연구 재료 및 방법: 발치된 90개의 단근치를 치관부를 잘라내고 #45 / 0.06 taper까지 확대한 후, 12개의 실험군 (n = 7)

과 2개의 대조군 (n = 3)으로 나누었다. 실험군을 3가지 습윤 상태에서 (a, DRY; b, PAPER POINT DRY; c, WET) 4

종류의 sealer로 (Group 1-3: Sealapex; Group 4-6: AH plus; Group 7-9: Tubuli-seal; Group 10-12: EndoRez),

warm vertical compaction method를 이용해 충전하였다. 37℃, 습도 100%에서 7일 동안 보관하고 glucose leakage

model을 이용하여 치관부로부터 치근부 방향의 미세누출을 정량화하였다. 1, 3, 7, 14, 21, 30일 째 누출된 glucose의 농도

를 spectrophotometer로 측정하였다. 

결과: 관찰기간 동안 AH plus/DRY군 (Group 4)이 12개 그룹 중 가장 적은 양의 leakage를 보였다 (20.78 mmol/L). 반

면에 Tubuli-seal/WET군 (Group 9)이 12개 그룹 중 가장 높은 양의 leakage를 보였다 (178.75 mmol/L). 

결론: 본 연구의 결과는 충전 시 근관 내의 습윤 상태와 sealer 종류가 microleakage에 유의한 영향을 미친다는 것을 입증하

였다. 그러므로 sealer 종류에 따라 각기 다른 근관 건조 방법을 사용하는 것이 근관치료에서 더 좋은 결과를 얻을 수 있는

방법일 것이다.

주요단어: 습윤 상태; 폐쇄효과; AH plus; EndoRez; Sealapex; Tubuli-seal
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