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Abstract
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repair of furcation perforations on the seal produced by a resin-

based material. International Endodontic Journal, 40, 100–105,

2007.

Aim To evaluate the sealing ability of calcium sul-

phate when used under composite resin for the repair of

furcation perforations having different diameters.

Methodology Perforations of different diameter

were created in the floors of pulp chambers in 60

extracted human molar teeth with either a number 3

(1 mm diameter) or 5 (1.5 mm diameter) round bur.

The specimens of each group were divided into four

sub-groups which were repaired with composite resin

either alone or in combination with calcium sulphate

that created an artificial floor (15 teeth group-1). Eight

teeth without furcation perforations served as negative

controls. In the leakage detection device, 1 mol L)1

glucose solution was forced under a pressure of 1.5 KPa

from the crown towards the pulp chamber floor. The

concentration of leaked glucose was measured at 1, 2,

4, 7, 10, 15 and 20 days using a glucose oxidase

method and the data evaluated using the rank sum test.

Results The specimens with larger perforations

repaired with composite resin alone had significantly

more leakage (P < 0.05). Using calcium sulphate as an

artificial floor significantly decreased leakage of smaller

perforations (P < 0.05). In groups repaired with

calcium sulphate under composite resin, leakage in

smaller perforations was markedly lower than that in

larger ones (P < 0.05). No significant difference was

found between the specimens with 1 or 1.5 mm

perforations repaired with resin alone (P > 0.05).

Conclusions Calcium sulphate significantly impro-

ved the sealing ability of 1 mm perforations repaired

with composite resin but not for 1.5 mm perforations.

Keywords: furcation perforation repair, matrix, seal-

ing ability.

Received 30 March 2006; accepted 14 July 2006

Introduction

Pulp chamber floor perforations are caused iatrogeni-

cally, by pathological resorption or by caries. Such

perforations result in periodontal involvement which

may induce destruction of tissue, proliferation of

epithelium and bone resorption. Obviously, active

treatment is required to prevent tooth loss.

Many methods have been described to repair such

perforations. Nonsurgical methods are generally pre-

ferred because a surgical approach can lead to chronic

pocket formation (ElDeeb et al. 1982). However, even

with nonsurgical repair, the prognosis may be unfa-

vourable as the result of the inadequate sealing ability

or extrusion of materials through the repaired defect

(Benenati et al. 1986, Balla et al. 1991). The concept of

an internal matrix was then proposed to overcome

these potential problems (Lemon 1992).

Several materials have been used as an internal

matrix, including hydroxyapatite, collagen, calcium

phosphate cement, mineral trioxide aggregate and
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calcium sulphate (plaster of Paris) (Lemon 1992,

Alhadainy & Himel 1994, Arens & Torabinejad 1996,

Chau et al. 1997, Pecora et al. 1997, Hatem & Ali

1998, Jantarat et al. 1999). However, although an

internal matrix has been reported to be a successful

barrier against over-extension of materials (Lemon

1992, Chau et al. 1997), periodontal pocket formation

and epithelial migration remain as possibilities (Himel

& Alhadainy 1995).

Calcium sulphate is recommended as a space filler in

bone because it assists the regeneration of periodontal

tissue and excludes epithelial tissue from the site of

bone formation (Sottosanti 1992). Furthermore, it has

been widely used as an internal matrix in contact with

the periodontal tissue because of its biocompatibility,

stable character, rapid set and low cost. Most

importantly, the natural rate of resorption of the

plaster coincides with that of new bone growing into

a defect (Bahn 1966).

Many ex vivo studies have evaluated the effects of an

internal matrix on the sealing ability of repair materials

(Aguirre et al. 1986, Chau et al. 1997, Jantarat et al.

1999, Mittal et al. 1999). However, it is still not clear

whether the size of furcation perforations influences the

effectiveness of a furcation perforation repair when a

matrix is used to provide a barrier. To date, those

studies that have examined the influence of the size of

perforation drew contradictory conclusions. Some

authors stated that the size of teeth in relation to the

size of the perforation was directly proportional to the

prognosis (Himel et al. 1985, Alhadainy et al. 1998),

whilst others considered that there was no relationship

between them (Salman et al. 1999).

In the present study, the sealing effect of calcium

sulphate used under composite resin to repair furcation

perforations of different diameters was examined ex vivo

with a new quantitative method for microleakage

detection using glucose solution.

Materials and methods

Sixty-eight freshly extracted human maxillary and

mandibular permanent molars with separate and

well-developed roots, intact furcation and no root

caries were selected. The teeth were sterilized in 10%

formalin for 2 weeks (Tate & White 1991, Goodis et al.

1993). After removal of calculus and soft tissue by

ultrasonic scaling, the teeth were stored at 4 �C in

normal saline solution before use. Root surfaces were

covered with three layers of nail polish, especially in the

furcation location. The teeth were randomly divided

into four experimental groups containing 15 teeth and

eight controls.

Preparation of specimens

Access cavities were prepared and the pulp chambers

opened in the 60 experimental teeth using a number 4

round bur (carbide burs FG-4, SS White Burs, Lake-

wood, NJ, USA) in a high-speed handpiece with water

spray. Perforations were then made in the centre of the

pulp floor using a number 3 round bur (1 mm

diameter) or a number 5 round bur (1.5 mm diameter)

(carbide burs FG-3 and FG-5, SS White Burs) in high-

speed handpieces respectively (Fig. 1). The width of

each perforation was standardized by the different

diameter of the burs and its depth depended on the

dentine–cementum thickness from the pulp floor to the

furcation area. Teeth were then rinsed with water and

dried with oil-free air. A moistened cotton pellet was

placed in the furcation area to coat the perforation

area. All teeth were stored in the incubator at 37 �C for

Figure 1 Distribution of experimental groups and experimental flow diagram.
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24 h. The roots of teeth were then inserted into a moist

sponge and the perforations repaired.

Furcation repair

Group 1

Perforations created with the number 3 round bur were

repaired with composite resin (Clearfil AP-X, Kuraray,

Japan) alone. Primer was applied on the perforation of

the pulp chamber floor from pulpal side with a sable

hair brush for 20 s, and dried with air. The bonding

agent was smeared on the surfaces and light cured for

10 s. A small amount of material was carried into the

perforations with a plastic spatula, condensed slightly

and light cured for 40 s. Then incremental layers were

applied in the same way until the perforations were

filled completely.

Group 2

Perforations created with the number 3 round bur were

repaired using a matrix of plaster of Paris (Dental Plaster,

Boral Australia Gypsum Limited, Melbourne, Australia)

as a barrier and composite resin. The technique of

placement of the matrix was similar to that described by

Lemon (1992). Plaster of Paris was mixed with sterile

water. The mixed slurry was placed into the perforation

site and condensed with endodontic pluggers until a solid

base was created under the perforation. Excess plaster of

Paris was removed to the level of the external surface of

the perforation using an endodontic spoon excavator.

Perforations were then repaired with composite resin.

Resin was placed into the perforations as in group 1.

Group 3

Perforations created with number 5 round burs were

repaired as in group 2 with calcium sulphate and

composite resin.

Group 4

Perforations created with number 5 round burs were

repaired with resin alone as in group 1.

Negative control group

Eight teeth served as controls. Standard access cavities

were prepared in each tooth with a number 4 round

bur in the high-speed handpiece and the furcations

remained intact.

The root canal orifice and apical part of each root

were filled with sticky wax. After repairing the perfo-

rations, the plaster matrix was removed from the root

side using an endodontic spoon excavator.

Measurement of microleakage

The leakage detection device proposed by Xu et al.

(2005) was used. The coronal section of each tooth was

fixed to the end of a 5 mL Eppendorf vial with sticky

wax. The furcations and roots of teeth protruding from

the vial were immersed into 2 mL distilled water in a

sterile 5 mL centrifuge tube that could be sealed

completely. A suitable hole was made in the middle of

the Eppendorf vial cap through which a 15-cm-long

glass tube was placed into the pulp chamber of tooth.

Sealing between the glass tube and the Eppendorf vial

cap was obtained with sticky wax. A glucose solution

(1 mol L)1, containing 0.2% NaN3) was injected into

the pulp chambers through the glass tube until the top

of the solution was 15 cm higher than the pulp floor.

The models were then transferred to an incubator that

provided 100% humidity at 37 �C.

A 10 lL sample solution was drawn from the

centrifuge tube at 1, 2, 4, 7, 10, 15 and 20 days,

respectively. Because water in the centrifuge tube could

evaporate at 37 �C, a corresponding amount of distilled

water was added to maintain a constant volume of

2 mL either before or after drawing the sample. After

enzymatic glucose oxidase was added into the sample

separately, it was analysed with a SmartSpec 3000

spectrophotometer (Bio-Rad; Hercules, CA, USA) at

500 nm wavelength.

Statistical analysis

Raw data were recorded as mmol L)1 and analysed for

statistical significance. As the data of leakage in terms

of glucose concentration was not normally distributed,

values were analysed using rank sum test with a

significance level of P < 0.05.

Results

All experimental groups demonstrated glucose leakage

to varying degrees whilst the negative control group

had none. Figure 2 illustrates the median leakage of

the experimental groups; all had the tendency for

increased leakage throughout the experimental period.

The specimens in group 4 (larger perforations

repaired with composite resin alone) had significantly

more leakage (P < 0.05). Four samples in group 4 and

one sample in group 3 (larger perforations repaired

with calcium sulphate and composite resin) had low

degrees of leakage on the first day. Leakage was

observed in all experimental teeth after 10 days.

Matrix affects furcal repair Zou et al.
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The concentration of leaked glucose in group 2

(smaller perforations repaired with calcium sulphate

and composite resin) was significantly lower than that

in group 1 (smaller perforation repaired with resin

alone) from the seventh day on (P < 0.05). Using

calcium sulphate as an artificial floor did not signifi-

cantly decrease leakage of the larger perforations

(groups 3 and 4) (P > 0.05).

Leakage in group 2 (smaller perforations) was

markedly lower than that in group 3 (larger perfora-

tions) (P < 0.05). No significant difference was found

between the specimens in groups 1 and 4 (both

repaired with resin alone) (P > 0.05).

Discussion

The prognosis of a root-filled tooth with a perforation

depends on (Sinai 1977, Aguirre et al. 1986): (i) the

size and location of the perforations; (ii) the duration

that the perforation was open to contamination; (iii)

the feasibility of sealing the perforation; (iv) the

accessibility of the main canal system; and (v) the

repair materials.

Clinical investigations have demonstrated that the

prognosis of furcation perforations caused by resorption

or caries was poor (Sinai 1977). It might be that such

defects are too large to achieve adequate, high-quality

and complete filling (Himel et al. 1985, Alhadainy &

Abdalla 1998). Those authors observed that the size of

teeth in relation to the size of the perforation was

directly proportional to the prognosis, and larger teeth

had better results. However, Salman et al. (1999)

reported that there was no relationship between tooth

type and either perforation size or linear relationship of

bone to furcation perforation defect. This contradiction

was perhaps due to the different experimental designs,

such as the number of samples, the diameter of

perforations and the different observation periods.

In the present study, the group of larger perforations

had significantly more leakage than the smaller ones

when calcium sulphate was used as a matrix

(P < 0.05). On the other hand, although the concen-

tration of leaked glucose in the group of smaller

perforations was lower than that in the larger ones,

no significant difference was found between groups

repaired with resin alone (P > 0.05). The results

showed that using calcium sulphate as a matrix

improved the sealing ability of the composite resin.

For groups without a matrix, there was no significant

relationship between the size of perforation and leak-

age. One of the causes might be related to the diameters

of the defects; the diameter of a number 3 round bur is

1 mm and that of a number 5 round bur is 1.5 mm.

This difference may not have been sufficient to affect

the results.

Microleakage existed in every experimental group

and the concentrations of leaked glucose increased

with observation time. Glucose could be detected in

some samples in groups 3 and 4 (larger perforations)

within 24 h. Even in group 2 (smaller perforation

repaired with resin plus calcium sulphate as matrix)

with the least leakage, glucose could be observed in all

teeth after 10 days.

Various methods have been developed to investigate

the influence of a matrix on sealing of perforation

repairs. Dye leakage and bacterial penetration tech-

niques are popular (Alhadainy & Abdalla 1998,

Jantarat et al. 1999). However, the dye penetration

method has large variations and is often not reprodu-

cible or comparable (Wu & Wesselink 1993). Bacterial

penetration is more clinically relevant but the metabo-

lites of the bacteria, such as endotoxin and enzyme,

might penetrate through the space between the dentine

and the materials without being detected even if the

bacteria themselves could not pass through. In this

study, a novel method for detection of microleakage

(Xu et al. 2005) was applied. The method is simple and

is able to quantify microleakage with high sensitivity.

In this study, glucose was selected as the tracer because

of its small molecular size. The enzymatic glucose

oxidase was used to test the concentration of glucose

(Freeman 2004).

Efforts should be made to simulate bone or granulo-

matous tissue in the periradicular region when perfo-

rations are repaired. Some authors used a moist cotton

pellet (Chau et al. 1997, Mittal et al. 1999) in the

Figure 2 Leakage of glucose in the experimental groups.

Zou et al. Matrix affects furcal repair

ª 2006 International Endodontic Journal International Endodontic Journal, 40, 100–105, 2007 103



furcation area and others used nothing (Jantarat et al.

1999). In the present study, a moist florist’s sponge was

used (Lee et al. 1993). Perforations were repaired using

an operating microscope, which provided better visibil-

ity and allowed more precise procedures.

Light-cured composite resin was selected as a repair

material because it was the most popular materials in

clinical practice (Sweeney et al. 2002). In addition, it

was reported that the light-cured materials were better

than chemically cured materials in sealing the perfo-

rations of pulp chamber floors (Alhadainy & Himel

1993).

The purpose of the internal matrix was to provide a

better operating platform for the repair materials. In

some studies, the calcium sulphate was not removed

fully from the perforations (Himel & Alhadainy 1995,

Alhadainy & Abdalla 1998, Mittal et al. 1999). Thus,

the thickness of the calcium sulphate was variable and

the matrix occupied some of the teeth defect to decrease

the thickness of the repair material and its contact area

with dentine. Thus, calcium sulphate should be

removed completely from the perforations during repair

(Lemon 1992).

Calcium sulphate could not be expected to seal the

perforation because of its high permeability (Alhadainy

& Abdalla 1998). Additionally, Bahn (1966) found that

calcium sulphate was absorbed within the lesion at

6 months in vivo.

Conclusion

Calcium sulphate barrier significantly improved the

sealing ability of 1 mm furcal perforations repaired with

composite resin but it had no effect in 1.5 mm defects.
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