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to the gingival sulcus may lead to endo-
dontic-periodontal problems through 
contamination of the perforation with 
bacteria from the oral cavity through the 
sulcus.3 It is important that the level of 
crestal bone and epithelial attachment is 
taken into consideration.1 If the perforation 
lies coronal of the crestal bone it will be 
easy to treat and have a good prognosis. 
Perforations near the crestal bone are sus-
ceptible to epithelial migration and rapid 
pocket formation and treatment of these 
has a low success rate.4,5

Different materials have been used to 
seal perforations: amalgam, zinc oxide 
eugenol-based materials, calcium hydrox-
ide, resin monomer, glass-ionomer, MTA, 
super-EBA etc.2,6,7

Important properties of an ideal furca-
tion repair material have been cited as the 
following: good sealability,8–10 biocompat-
ibility,11 sufficient antibacterial effect10,12 
and good handling properties.

Mineral trioxide aggregate (MTA) has 
received particular attention as a perfo-
ration repair material. Several forms of 
MTA are available on the market, of which 
ProRoot® MTA Original and ProRoot® MTA 
tooth-coloured are widely used (Table 1). 

INTRODUCTION

Perforations from the pulp to the surround-
ing periodontium may occur from resorp-
tive defects, caries or iatrogenic events 
during endodontic treatment. Perforations 
create an artificial communication between 
the root canal system and the supporting 
tissues of the teeth.1

Factors that affect treatment progno-
sis of perforation repair include the level, 
location and size of the perforation, the 
time delay before perforation repair and 
the material used to seal the perforation.2 
Biocompatible materials with a short set-
ting time and good sealability should be 
selected.1 The location of the perforation 
is of crucial importance. Close proximity 

Objective  To evaluate the sealing ability of different repair materials and the pathway of bacterial penetration after 
closure of large pulp chamber floor perforations. Materials and methods  Perforations were made in the furcation area of 
extracted human molars and sealed with either mineral trioxide aggregate (MTA), glass ionomer cement or resin composite. 
The bacterial leakage method was used with Enterococcus faecalis as microbial tracer. The time of leakage (in days) was 
recorded for each specimen. Statistical analysis of bacterial leakage was performed using the survival analysis and pairwise 
comparison of groups. A p-value less than 0.05 was considered statistically significant. Leaking specimens were prepared 
and inspected for the presence of bacteria by a scanning electron microscope (SEM). Results  The percentage of leaking 
samples was significantly higher in resin composite than in the other groups and the negative control group (p <0.05). 
SEM inspection revealed the presence of bacteria in all leaking specimens. Bacteria were observed along the filling-dentine 
interface as well as in dentinal tubules at some distance from the filling. Conclusions  The resin composite material leaked 
significantly more than the MTA and glass ionomer cements when used to repair large furcation perforations. Bacteria 
could penetrate into dentine even at a distance from the perforation filling.

These materials differ in their concentra-
tions of aluminium, magnesium and iron 
compounds.13 The tooth-coloured mineral 
trioxide aggregate lacks the aluminofer-
rite phase that imparts the grey colour of 
MTA Original.14 Using the bacterial leak-
age model, no significant difference was 
observed between the two types of mineral 
trioxide aggregate in preventing leakage of 
Fusobacterium nucleatum.15 Main et al.16 
concluded that MTA provided an effec-
tive seal for root perforations and showed 
promise in improving the prognosis of 
perforated teeth that would otherwise  
be compromised.

Glass ionomer cements are used in sur-
gical endodontics10,17 and they have been 
advocated for use as a perforation repair 
material as well. One advantage is its adhe-
siveness to dentine, and several studies 
demonstrate its good sealing ability both 
in vitro2,6,8,18–20 and in vivo.21,22 However, 
other studies have shown that resin modi-
fied glass ionomer cement showed more 
microleakage and less sealing ability  
compared to MTA cement.9,23

Rud et  al.7investigated retrograde 
sealing of accidental root perforations 
with dentine-bonded resin composite 
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• Comparison of the sealing properties of 
three commonly used materials for repair 
of large perforations.

•  Bacteria could penetrate into dentine 
even distant from the perforation filling.

•  Teeth repaired with mineral trioxide 
aggregate were more resistant to 
bacterial leakage.
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and found significantly different heal-
ing results depending on the perforation 
localisation.

According to Tsesis and Fuss24 the prog-
nosis of old and large crestal perforations 
is questionable. The prognosis is also 
dependent on the prevention or treatment 
of bacterial infection of the perforation 
site. In addition, the use of a non-irritating 
material which seals the perforation will 
limit periodontal inflammation.1

The purpose of this study was 1) to com-
pare the sealing ability of mineral trioxide 
aggregate (tooth-coloured and grey), resin 
modified glass ionomer cement and resin 
composite as large pulp chamber floor per-
forations repair materials using a bacterial 
leakage method and 2) to investigate the 
bacterial leakage pathway with the aid of a 
scanning electron microscope (SEM).

MATERIALS AND METHODS

Preparation of the teeth  
and filling of the perforations

The study was carried out using 82 
extracted human maxillary and mandibu-
lar molars. The molars had minimal res-
torations or caries lesions and non-fused, 
well-developed roots. The teeth had been 
stored in saline. Before the initiation of 
the procedures the teeth were immersed 
in 5% sodium hypochlorite for approxi-
mately 15 min to remove organic mate-
rial from the root surfaces. Any remaining 
surrounding tissue and debris were 
mechanically removed using a curette. 
The sodium hypochlorite solution was 

replaced with saline and changed daily 
for ten days to wash out residual sodium  
hypochlorite solution.

Standard access cavities were prepared 
and the canal orifices were located. The 
pulp tissue was removed from the chamber 
by using a spoon excavator. The canals 
were instrumented using ProTaper® rotary 
files (Dentsply Maillefer, Ballaigues, 
Switzerland). Each canal was rinsed with 
a minimum of 10 mL saline during and 
after instrumentation. The teeth were dec-
oronated approximately 3 mm above the 
cemento-enamel junction and the roots 
were horizontally sectioned in the middle 
third perpendicular to the long axis of the 
tooth with a high-speed handpiece and a 
diamond bur using air and water spray.

Furcation perforations of 1 mm in diam-
eter were created perpendicular to the 
centre of the pulp chambers floor using 
ISO 010 round diamond high-speed bur 
with water coolant. Perforation depth was 
measured with a micrometer from the pulp 
chamber floor to the furcation. Data of the 
measured dentine thickness in the furca-
tion area of the teeth are shown in Table 2. 
The chamber and perforations were flushed 
with water from an air/water syringe and 
dried with oil-free air. Following extensive 
washing the teeth were stored in distilled 
water until the filling procedures. The root 
canals’ orifices were obturated with Cavit 
G (3M ESPE, Dental Products, St. Paul, 
MN, USA) and stored for 24 h at 37°C and 
100% humidity to allow complete setting. A 
cotton pellet lightly moistened with saline 
was placed in the furcation underneath the 

perforation to simulate clinical conditions, 
and absorbent points were used to remove 
excess moisture from the perforation site 
before filling procedures.

Experimental groups
The materials for furcation repair (Table 1) 
were obtained from manufacturers or local 
dealers. The teeth were randomly divided 
into four experimental groups of 15 teeth 
each. Ten teeth were used as negative 
controls and 12 teeth as positive controls. 
The groups and material procedures were  
as follows:

Group 1
Mineral trioxide aggregate, tooth-coloured 
(ProRoot® MTA, tooth-coloured). 1 g of 
powder was mixed with 0.35 mL of liquid 
according to the manufacturer’s instruc-
tions. The material was shaped and formed 
with MTA Pellet block, placed in the per-
foration with a carver for MTA block and 
condensed with an endodontic plugger. 
A cotton pellet moistened with sterile 
water was placed in the pulp chamber  
against MTA.

Group 2
Mineral trioxide aggregate, grey (ProRoot® 
MTA, Original). The mixing and filling 
procedures were as for Group 1.

Group 3
Resin-modified glass-ionomer cement 
(Vitremer). Before application of the 
glass ionomer cement, the dentine was 
treated with Vitremer primer for 30 sec 

Table 1  Materials tested

Name Material
group

Setting or  
polymerization time

Lot number Manufacturer Composition according to manufacturer

ProRoot® MTA 
tooth-coloured

Mineral
trioxide aggregate
(tooth-coloured)

4 h 05004914 DENTSPLY, Tulsa Dental, 
Tulsa, OK, USA

Tricalcium silicate, bismuth oxide, dicalcium silicate, 
tricalcium aluminate, tetracalcium aluminoferrite, 
calcium sulphate dehydrate (gypsum)

ProRoot® MTA 
Original

Mineral
trioxide aggregate
(grey)

4 h 05003087 DENTSPLY, Tulsa Dental, 
Tulsa, OK, USA

Tricalcium silicate, bismuth oxide, dicalcium silicate, 
tricalcium aluminate, calcium sulphate dehydrate 
(gypsum)

Vitremer Resin - based 
glass-ionomer 
cement

Light polymerization: 
40 sec, setting: 4 min

20070227 3M ESPE, Dental Products, 
St. Paul, MN, USA

Powder: treated filler: fluoroaluminosilicate glass, 
potassium persulphate, ascorbic acid, pigment
Liquid: copolymer of itaconic and acrylic acids, water, 
2- hydroxyethyl methacrylate, photoinitiators
Primer: 2- hydroxyethyl methacrylate, ethyl alcohol, 
copolymer of itaconic and acrylic acids, photoinitiators

Retroplast™ Chemically cured 
two-component 
resin composite

3 min 0015 Retroplast Trading,
Rørvig, Denmark 

BisGMA, TEGDMA, ytterbiumtrifluoride, colloidal 
silicon dioxide, ferric oxide and a catalyst system
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Then the teeth were inserted individually 
in 15 mL polycarbonate centrifuge tube 
with a hole prepared at the bottom, and 
with the region containing the perforation 
protruding through the end. The tube was 
used to create the bacterial reservoir (upper 
chamber). The interface between the tooth 
and tube was sealed with heat-moistened 
sticky wax. The mounts were placed in a 
sterile glass flask (lower chamber) con-
taining 10 mL sterile tryptone soya broth 
(TSB; Oxoid Ltd., Basingstoke, UK) with 
2  mg/mL streptomycin (Sigma-Aldrich 
Chemie GMBH, Steinheim, Germany) and 
tightly sealed with wax. The furcation 
areas extruding from the polycarbonate 
centrifuge tube were kept vertically into 
the broth. The upper chamber was filled 
with medium without bacteria on day -1, 
and checked for leakage until day 0. If 
the amount of liquid in the lower cham-
ber visually increased, the wax seal was 
considered inadequate, and the waxing 
procedure was repeated.

A strain (A197A) of Enteroccocus fae-
calis (Enter. faecalis) was grown in TSB 
with 2 mg/mL streptomycin and added 
to each upper chamber. The TSB in the 
upper chamber was changed twice a week 
to maintain viability and numbers of bac-
teria. The mounts were incubated at 37°C 
throughout the experiment (50 days). The 
bottom chambers were checked daily for 
turbidity in the broth as evidence for pen-
etration of bacteria. Once turbidity was 
detected in the lower chamber, samples of 
the broth were seeded on TSB-agar plates 
subcultured with streptomycin. The nature 
and purity of the organisms growing there 
were confirmed by cultural morphology 
and streptomycin resistance. The day of 
leakage was recorded for each leaking 
sample and the number of leaking samples 
was recorded for each group.

Statistical analysis of bacterial leak-
age experiment was performed using the 
Kaplan-Meier test for survival analy-
sis and pairwise comparison of groups 
with the Log Rank (Mantel-Cox) and 
Breslow (generalized Wilcoxon) tests. A 
p–value less than 0.05 was considered  
statistically significant.

Observation in the scanning  
electron microscope (SEM)
After leakage was determined, randomly 
chosen specimens from each experimen-
tal group were further observed in SEM. 
These specimens were immediately fixed in 
buffered formalin solution. Longitudinally 
grooves were cut in the roots on both 
sides using a carborundum disc, and a 
chisel was used to split the tooth in two 
halves so that the dentine-filling interface  
was exposed.

The specimens were dehydrated with 
ethanol in ascending concentrations up 
to absolute alcohol, after which they 
were critical-point-dried with liquid CO2.
The specimens were then coated with a 
30 nm thick palladium film with a Bio-Rad 
Sc5000 sputter coater (Fisons Instruments, 
Uckfield, UK) and mounted onto an SEM 
specimen stub.

The specimens were viewed with a 
Philips XL30 ESEM scanning electron 
microscope (Eindhoven, The Netherlands) 
at 9 kV accelerating voltage. Two or three 
specimens from each group were inspected 
for the presence of bacteria. To look for 
passages the bacteria could penetrate, 
the interface between the filling material 
and dentine was followed from the pulp 
chamber to the furcation area. Photos were 
taken of the interface or in the close vicin-
ity of the interface at 3000x magnification. 
Six photos (1-6) were taken showing the 
material/dentine interface and three photos 

followed by light-induced polymerisa-
tion for 20  sec. Vitremer powder and 
liquid were mixed following the manu-
facturer’s instructions. The mixed cement 
was placed in the perforation and com-
pacted with endodontic plugger. The sur-
face was polymerised for 40 sec using a 
dental polymerization lamp “Curing light 
XL 3,000” (3M ESPE, Dental Products, St. 
Paul, MN, USA).

Group 4
Resin composite (Retroplast™). The per-
forations were treated with EDTA gel for 
20 sec. An Adper Scotchbond multi-pur-
pose adhesive system (3M ESPE, Dental 
Products, St. Paul, MN, USA) was then 
applied with paper point for another 
20  sec. Equal portions of Retroplast-A 
and Retroplast-B pastes were mixed 
according to the manufacturer’s instruc-
tions and the perforations were filled with  
the material. 

After chemical curing, the unpoly-
merised surface layer of the sealing was 
removed with a miniature brush soaked in 
96% ethanol. The pulp chamber was rinsed 
twice with saline.

Group 5
Dentine control. These teeth had no per-
forations created and filled, and the roots, 
except the furcation area, were com-
pletely covered with wax (see Bacterial 
test procedure).

Group 6
Negative control. The roots and furcation 
area were completely covered with wax 
(see Bacterial test procedure).

Bacterial test procedure
After preparation and filling procedures, 
the teeth of all groups were stored in 
gauze dampened with sterile water over-
night at 37°C and 100% humidity. A coat 
of transparent nail varnish was applied to 
the external surface of all teeth, except 
the furcation area around perforations, in 
order to standardise the area of leakage. 
The bacterial leakage model consisted of 
an upper chamber and a lower chamber as 
described by Barthel et al.25

The roots of the teeth were sealed with 
heat-moistened sticky wax so that the fur-
cation area around the repaired perfora-
tion was left uncovered (except Group 6). 

Table 2  Dentine thickness (mm) at the furcation area for the investigated material groups

Experimental groups, group number Dentine thickness (mm)

1: Mineral trioxide aggregate, tooth-coloured 2.5 ± 0.6

2: Mineral trioxide aggregate, grey 2.4 ± 0.5

3: Resin-modified glass-ionomer cement 2.2 ± 0.6

4: Composite 2.4 ± 0.4

5: Dentine control 2.5 ± 0.4

6: Negative control 2.4 ± 0.7
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(7-9) were taken showing the material or 
the surface dentine opposing the material. 
The SEM images were divided into areas 1 
and 2, where area 1 images were close-
ups of the dentine/material interface (six 
images). Area 2 images were made either 
on the material or on the tooth where the 
material had been situated (three images).

RESULTS

Bacterial leakage test

The results of the bacterial penetration test 
are summarised in Figure 1. The experimen-
tal groups demonstrated bacterial leakage 
to varying degrees within the first 32 days. 
After this period, no additional samples 
leaked during the final 18 days of the study. 
The percentages of leaking samples were 
29, 20, 60, and 86, for Group 1, Group 2, 
Group 3, and Group 4, respectively. The 
onset of leaking started on day 2, 3, 2, and 
1, for Groups 1-4, respectively. No statisti-
cally significant difference was detected 
between Groups 1-3 (p >0.05). The bacte-
rial leakage percentage of Group 4 was 
significantly higher than those of the other 
material groups and the negative control 
group (Group 6) (p <0.05). Seven (54%) 
of the 12 samples of the dentine group 
(Group 5) became contaminated, while no 
evidence of leakage occurred in Group 6 
during the experimental period. No statis-
tically significant relation between den-
tine thickness and bacterial leakage was 
observed. Subculturing bacteria confirmed 
the presence of Enter. faecalis.

Scanning electron  
microscopy investigation
Bacteria were observed in all leaking speci-
mens: in the interface between filling and 
dentine, on the material and on the pre-
pared areas where the material had been 
situated. The growth of bacteria seemed 
to be more sparse on the material and the 
site where the material had been situated. 
Bacteria were also observed by spot tests 
on the dentine surface some distance away 
from the prepared areas. SEM images of 
the longitudinal section of samples filled 
with resin composite showed bacteria on 
the dentine and material surfaces (Fig. 2).

DISCUSSION
The bacterial leakage model was chosen 
due to its suggested relevance for clinical 

situations,26 although this relevance has 
been questioned. Wu & Wesselink27 
assessed the methodology of leakage stud-
ies and questioned their application and 
relevance. They concluded that the vari-
ations between the leakage experiments 
made it difficult to compare the results. 
They also suggested that great variation 
of the specimen within each study made it 
difficult to standardise the results. In spite 

of this view we found the method feasi-
ble for comparing various materials and  
tracking bacteria.

The test tracers in leakage tests should 
be representative of bacteria and their by-
products since they are the main cause 
of endodontic failure. Most dyes are of 
smaller molecular size and will therefore 
more easily penetrate the material/dentine 
interfaces, cracks and crevices. Kersten and 
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Fig. 1  Number of specimens in each material group showing resistance to leakage over a 
period of 50 days. MTA W: mineral trioxide aggregate, tooth-coloured (n = 14); MTA G: 
mineral trioxide aggregate, grey (n = 15); GIC: resin-modified glass ionomer cement (n = 15); 
COMPOSITE: resin composite (n = 15); NC: negative control group (n = 10); PC: positive 
control/dentine group (n = 12); * denotes significant difference in bacterial leakage percentage 
compared to the other material groups and NC (p <0.05)

Fig. 2  Scanning electron microscopy images of longitudinal sections of samples filled with resin 
composite. Bacteria (black arrows) were observed on the dentine (sites 2 and 5) and material 
surface (site 8)
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leakage was due to the “Adper” Scotchbond 
multi-purpose adhesive system that was 
used as dentine bonding agent instead 
of GLUMA® Desensitizer (Heraeus Kulzer 
G.m.b.H., Wertheim, Germany), which was 
recommended by the manufacturer.

The good sealing ability of MTA in 
repairing furcation perforations is well 
documented.33,34 In the present study, 
there was no difference in percentage 
leakage between tooth-coloured and grey 
MTA-groups. This finding is consistent 
with previous studies where dye extrac-
tion or the bacterial leakage model was 
used to evaluate leakage.15,35 According 
to Torabinejad et al.,12 the relatively low 
bacterial leakage observed when MTA was 
used as repair material was a result of its 
sealing ability rather than any antimicro-
bial properties of the material. Several 
studies have shown that MTA does not 
have any significant growth inhibiting 
effect on a number of oral bacteria.36,37 In 
contrast to these findings, Eldeniz et al.,38 
evaluating the antibacterial activity of 
leachable components from selected root-
end filling materials, found that set sam-
ples of ProRoot MTA cement completely 
inhibited Pseudomonas aeruginosa and 
delayed or limited growth of Enter. faeca-
lis. Similar results were obtained in other 
studies where the antimicrobial properties 
of MTA were evaluated.39,40

Glass-ionomer cement was found to be 
superior compared with composite resin, 
amalgam, temporary dental restorative 
material (Cavit W) and tricalcium phosphate 
when used in furcation perforation repair 
in previous studies.2,6,8,19,41 However, when 
the MTA cement was introduced, it showed 
increased resistance to leakage in furcal 
perforations compared with glass-ionomer 
cement.9,23 A similar trend was seen in the 
present study, but the difference between 
the MTAs and the glass ionomer cements 
was not statistically significant. Spot tests 
with SEM revealed bacteria in dentine a 
distance away from the prepared areas in 
all specimens. In the dentine controls, the 
dentinal tubules were the most likely path-
ways for bacteria since these specimens 
were not perforated in the furcation area 
and wax was sealed around the entire root, 
except in the furcation area. This observa-
tion indicates that bacteria not only fol-
low the passages between the material and 
dentine interfaces, but may also move via 

the dentine tubules independently of the 
material/dentine passageway. Hence, it is 
possible that leakage due to dentine pene-
tration contributed to the overall observed 
leakage. Another possible contribution to 
the observed leakage is through furcation 
canals.29,42 Thus, the antibacterial effect 
may be important as addressed in several 
studies.12,38 The specimens showed leak-
age by turbidity in the TSB-broth in the 
lower chamber, which means that bac-
teria had moved from the pulp chamber. 
However, the potential antibacterial effect 
of the material may have killed bacteria 
that were penetrating close to the mate-
rial surface. Hence, we speculate that the 
turbidity observed may also be a result of 
bacterial movement through the dentinal 
tubules rather than alongside the material. 
Evidence of antibacterial effects could not 
be ascertained as the SEM images cannot 
be used to discriminate between vital and 
dead bacteria.

Bacterial penetration through intact 
dentine was an interesting observation, 
which underscores the complexities of 
leakage experiments in endodontics. The 
pilot nature of this part of the study pre-
cludes statistical analysis and firm con-
clusions, but the findings warrant further 
investigations.

CONCLUSION
There was significantly greater leakage of 
resin composite perforation repair fillings 
compared to mineral trioxide aggregate 
and glass ionomer cement. Bacterial con-
tamination may occur through furcation 
canals or dentinal tubules as well as along 
the material-dentine interface.
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