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Objectives: This in vitro study aimed to investigate the ability of Candida albicans
(C. albicans) and Enterococcus faecalis (E. faecalis) to penetrate dentinal tubules of
instrumented and retreated root canal surface of split human teeth. Materials and
Methods: Sixty intact extracted human single-rooted teeth were divided into 4 groups,
negative control, positive control without canal instrumentation, instrumented, and
retreated. Root canals in the instrumented group were enlarged with endodontic
instruments, while root canals in the retreated group were enlarged, filled, and then
removed the canal filling materials. The teeth were split longitudinally after canal
preparation in 3 groups except the negative control group. The teeth were inoculated
with both microorganisms separately and in combination. Teeth specimens were
examined by scanning electron microscopy (SEM), and the depth of penetration into
the dentinal tubules was assessed using the SMILE view software (JEOL Ltd). Results:
Penetration of C. albicans and E. faecalis into the dentinal tubules was observed in all
3 groups, although penetration was partially restricted by dentin debris of tubules in
the instrumented group and remnants of canal filling materials in the retreated group.
In all 3 groups, E. faecalis penetrated deeper into the dentinal tubules by way of cell
division than C. albicans which built colonies and penetrated by means of hyphae.
Conclusions: Microorganisms can easily penetrate dentinal tubules of root canals with
different appearance based on the microorganism size and status of dentinal tubules.
(Restor Dent Endod 2014;39(4):258-264)
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Introduction

Bacteria have been shown to be the main causative factor of pulpal and periapical
disease."” When complex microflora invade the root canal space, there is usually
colonization inside the dentinal tubules, isthmus, accessory canals and apical
ramification that cannot then be easily reached by endodontic instruments or
intracanal medicaments. Additionally, persistence inside the root canal space may
play a significant role in the failure of the endodontic treatment.”® The ability of
microorganisms to penetrate the dentinal tubules has been reported to range from
10 to 150 um for yeasts, and up to the cementodentinal junction in the case of
heavily infected root canals of extracted teeth.”® Orstavik and Haapasalo found
that Enterococcus faecalis penetrated deeply in dentinal tubules, up to 400 uym in

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

258

©Copyrights 2014. The Korean Academy of Conservative Dentistry.


http://crossmark.crossref.org/dialog/?doi=10.5395/rde.2014.39.4.258&domain=pdf&date_stamp=2014-11-05

RD E Restorative Dentistry & Endodontics

vitro.” This invasion can occur within 2 - 3 weeks. The
penetration of microorganisms into the dentinal tubules
of intact dentin has been observed by light and scanning
electron microscopy (SEM).’ In addition, an in vitro
observation of infected dentin after instrumentation has
been reported.w'12 However, dentin of re-treated canals
have not been evaluated previously. Thus, the aim of
the present study was to evaluate the ability of selected
microorganisms to penetrate into the dentinal tubules of
instrumented and re-treated split root canal walls using
SEM.

Materials and Methods
Preparation of microorganisms

Two microorganisms were selected for this study, Candida
albicans (C. albicans) and Enterococcus faecalis (E. faecalis).
Stock cultures of clinically isolated C. albicans (ATCC 66027,
ATCC, Manassas, VA, USA) were maintained on Sabouraud
agar plates (NIS-SUI Co., Tokyo, Japan). A suspension was
prepared by transferring three colonies from the Sabouraud
agar plate using a sterile 4 mm diameter platinum loop to
10 mm Sabouraud dextrose broth (SDB, Merck, Darmstadt,
Germany) in a sterile 10 mL screw-cap tube, followed
by incubation for 2 days at 37C. Six test tubes were
prepared. E. faecalis (ATCC 29212, ATCC) was maintained
by subculturing on tryptic soy agar (Difco Laboratories,
Detroit, MI, USA). The organism was scraped from the
agar plate and resuspended in tryptic soy broth (TSB,
Merck). Cultures were grown overnight in 10 mL brain heart
infusion broth (BHI, Oxoid Ltd., Basingstoke, UK) at 37C,
in aerobic chamber.

Preparation of teeth

Sixty intact extracted human single-rooted teeth were
used. All teeth were radiographed mesiodistally and
buccolingually to ensure that they were free of root
resorption or calcification. A magnifying dental loupe
(Orascoptic, Middleton, WI, USA) of x2.5 magnification was
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used to inspect the roots for cracks, external resorption, or
caries. The selected teeth were stored for 2 days at room
temperature in 5.25% NaOCl to remove organic debris,
washed with distilled water, and immersed in 0.9% saline
solution until use. The teeth were divided randomly into
2 experimental groups, and negative and positive control
groups (Table 1).

Experimental procedures

The teeth from each group were cut at the cemento-
enamel junction and 3 mm from the root apex using
a carborundum disk under a water spray to give
approximately 10 mm of root length. A longitudinal groove
was cut along the entire length of the root in the control
group, and then they were split into two halves with a tool
specifically designed and manufactured for this purpose
by an engineer. This tool was constructed of steel with
hardened tool steel blade (Figure 1). Pressure was applied
manually on the grooved tooth until the sample split. The
blades were designed to leave a gap to ensure the root
canal was not contaminated. This procedure was better
than using a disc where debris accumulates in the cut
dentin surface that plugs the opening of dentinal tubules,
preventing penetration by the microorganisms.” The split
root canals of the negative control group received no
treatment. They were immediately fixed in 2.5% phosphate-
buffered glutaraldehyde solution for 9 days according to
Sen et al.” Split root canals of the positive control group
were placed in a Petri dish and infected with 0.5 mL of the
microorganisms (E. faecalis, C. albicans, and a mixture of
both bacteria) using a micropipette followed by placement
in an incubator at 37TC. The infected canals were refreshed
with 0.5 mL culture media every day for 4 weeks.

The instrumented group. Root canal patency was verified
by placing a #15 K-file (Kerr, Romulus, MI, USA) through
the apical foramen. The working length was established
by subtracting 1 mm from this measurement. Each canal
was instrumented using a high-torque motor at 350 rpm
with a 0.04 K3 nickel-titanium (NiTi) rotary instrument
(SybronEndo, Orange, CA, USA) to ISO size 40, using the

Table 1. The four groups according to the status of the root canal (n = number of teeth)

Group / number of teeth

Infected with

Status of the root canal

Infected with Infected with

i e Enterococcus Faecalis Candida albicans mixed flora
Group 1, control (negative) (n = 5) 5 X X X
Group 2, control (positive) (n = 15) X 5 5 5
Group 3, instrumented only (n = 20) 5 5 5 5
Group 4, filled and retreated (n = 20) 5 5 5 5
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Figure 1. The tool used to split the root into two halves.

crown-down technique. RC-Prep gel (Dentsply Maillefer,
Ballaigues, Switzerland) was used as a lubricant. In
total, 20 mL 1.0% NaOCl was used as an irrigant for each
canal. The root canals were flushed with 3 mL normal
physiological saline and dried with sterile paper points.

The root canal filled and retreated group. The root canal
of the teeth in this group were prepared similar to the
instrumented group. They were filled with gutta-percha
and AH26 cement (De Tray Dentsply, Milford, DE, USA)
using the lateral cold condensation technique. All teeth
were placed in an incubator for 2 weeks to allow complete
setting of AH26 root canal cement. The gutta-percha filling
was removed with Gates Glidden bur, and the canal walls
were cleaned with NiTi files. The canals were flushed with
10 mL 1.0% NaOCl followed by 3 mL normal physiological
saline, and dried with sterile paper points.

At the end of the experiment, the root surfaces of the
instrumented and root canal-filled groups were washed
with 5.25% NaOCl followed by sterile saline. The roots
were split into two halves, similar to the control groups.
The infection procedure in the positive group was followed
for the instrumented and retreated root canal groups.
On the last day of the fourth week, half of the teeth in
the positive control, the instrumented, and root canal-
filled and retreated groups were fixed in 2.5% phosphate-
buffered glutaraldehyde solution for 9 days.

SEM preparation

After dehydration through an ascending alcohol series,
the specimens were sputter-coated with gold to a
thickness of 200 nm. The presence of microorganisms in
the root canal walls and the adjacent dentinal tubules were
examined using an SEM (JSM-6360LV, JEOL Ltd, Tokyo,
Japan) at an accelerating voltage of 10 kV. The maximum
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depth of microorganism penetration into dentinal tubules
of all samples was measured using the Smile view software
version 2.03 (JEOL Ltd). The evaluation is based on the
nature of dentin surface and the status of dentinal tubules.
This research is approved by the College of Dentistry
Research Center (FR-0006).

Results

Presence of E. faecalis and C. albicans through the tubules
was observed in all the samples except the negative
control. The penetration of the dentinal tubules was
by way of cell division for E. faecalis. C. albicans builds
colonies along the dentin surface of the root canal and
the penetration was by hyphae. Infection was extensive in
most of the tubules.

Negative control

The negative control specimens showed the normal
appearance of open dentinal tubules, dentin structure, pulp
tissue and collagen fibers (Figure 2). No microorganisms
were seen in the canal walls.

Positive control

Aggregation of bacteria were observed in all areas
of the canal walls. Most of the dentinal tubules were
occluded by microorganisms. The size of E. faecalis is very
small compared to the diameter of the dentinal tubules,
allowing them to penetrate deeply (Figure 3a). The size
of C. albicans is larger than E. faecalis and roughly similar
to the opening of the dentinal tubules (Figure 3b). Both
microorganisms were seen on the dentin surface together.

http://dx.doi.org/10.5395/rde.2014.39.4.258
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Figure 2. Scanning electron microscope images of the negative control. (a) The dentin
surface and the dentinal tubules were covered by pulp tissue; (b) Collagen fibers were

seen inside the dentinal tubules.

Figure 3. Scanning electron microscope images of the positive control. (a) Deep

penetration of E. faecalis into dentinal tubules. Note the size of the E. faecalis and the C.
albicans; (b) The C. albicans blocked the opening of the dentinal tubules (arrow) mixed
microorganisms.

Instrumented root canals

The dentin surface and dentinal tubules of the
instrumented non-infected samples were clearly seen in
the coronal third. Remnants of pulp tissue and dentin
debris were seen at the middle and apical third of the
dentin surface, covering some of the openings of the
dentinal tubules. Both microorganisms were seen on
the instrumented dentin surface and inside the dentinal
tubules. E. faecalis penetrated deeper (up to 244 pm) into
the dentinal tubules (Figures 4a and 4b), while C. albicans
penetrated up to 184 pm (Figures 4c and 4d).

http://dx.doi.org/10.5395/rde.2014.39.4.258

Re-treated root canals

Remnants of root canal-filling materials were seen
blocking the openings of a few dentinal tubules. Both
microorganisms in aggregation were seen on the re-treated
(re-instrumented) dentin surface. C. albicans penetrated
the dentinal tubules up to 74 um (Figures 5a and 5b) and E.
faecalis up to 123 um (Figures 5c and 5d).

www.rde.ac 261
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Figure 4. (a) Scanning electron microscope images of the instrumented group showing
E. faecalis inside the dentinal tubules; (b) It can be traced up to 244 pm - low
magnification; (c) C. albicans inside the dentinal tubules; (d) Penetrated up to 184 pm.

Figure 5. Scanning electron microscope images of the re-treated group. (a) Note the
depth of penetration of the dentinal tubules by C. albicans; (b) It can be traced up to
74 pm; (c) E. faecalis in dentinal tubules; (d) Penetrated up to 123 pum.
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Discussion

Endodontic infections have been found to be
polymicrobial.""® Their presence in the root canal system
contributes to persistent clinical signs and symptoms.
C. albicans and E. faecalis are common resistant species
isolated from failed root canal treated teeth with persistent
periapical lesions.”™" Kim et al. suggested the ability
of the E. faecalis to suppress IL-2 and IL-4 production
by lymphocytes to be one of the factors.”® C. albicans is
usually associated with bacteria, especially E. faecalis.”
The selection of these pathogens as test organisms was
because of their clinical importance and extensive use
in previous studies.”*® Additionally, E. faecalis is usually
viable at high pH levels, and is capable of invading
dentinal tubules and surviving as a single species, where
it adheres to collagen in the presence of human serum.”*
Penetration of E. faecalis into dentinal tubules was seen in
all infected samples, as far as 244 pm. These observations
were similar to previous studies.""" This bacterial invasion
of dentinal tubules by E. faecalis is an active process
mediated by cell division.”

C. albicans adheres to various surfaces and has a
particular affinity for dentin and the smear layer.”* It
uses dentin as a nutrient source, due to its collagenolytic
activity.” The SEM analysis showed that C. albicans builds
colonies along the dentin surface of the root canal walls
and penetrates the dentinal tubules with its hyphae only.
It was noticed that the hyphae of C. albicans in the present
study could spread inside the dentinal tubule as far as 183
pum. This observation contrasts with other reports of poor
penetration of dentinal tubules by C. albicans, even though
there was heavy colonization on the dentin surfaces in
those studies.”****® These differences could be attributable
to the different experimental designs. Bacterial penetration
into dentinal tubules was confirmed after 4 weeks
incubation period in the present study. The incubation
period was similar to that used by Haapasalo and Orstavik,
and shorter than 60 days used by Gurgel-Filho et al.**
Growth of the 2 microorganisms was seldom seen in one
tubule. This could be due to their size differences.

Remnants of dentin debris and root canal filling
materials, and uninstrumented surfaces were noted in the
instrumented and root canal-filled groups. NiTi rotary files
were used to prepare and re-treat the root canal filling.
According to Jeon et al. and Hiilsmann et al., complete
cleaning of all root canal walls and removing root canal
filling materials cannot be achieved by most rotary and
hand instrumentation techniques.”*° This usually leaves
areas of the canal wall uninstrumented, which will alter the
penetration of the dentinal tubules by the microorganisms.
Inevitably, because the canal is not instrumented in these
regions, infected inner layer of dentin will remain. The use
of RC-Prep and NaOCl irrigation in the instrumented group

http://dx.doi.org/10.5395/rde.2014.39.4.258
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removed pulp tissue from the dentin surface, the dentinal
tubules contents, and the smear layer, allowing them to be
more readily penetrated by the microorganisms versus the
uncleaned dentin surface (positive group) or the surface
with remnants of filling materials (root canal-filled group).
These observations are similar to those of Sen et al. * This
contradict with Biesterfeld & Taintor who reported that the
wax in the RC-Prep material that was left on the root canal
walls was hard to remove despite further instrumentation
and irrigation.” The smear layer of the teeth that were
root-filled and then had the root fillings removed was not
removed. This did not alter the penetration of the tested
microorganisms into the dentinal tubules. This observation
is similar to the observation by Meryon and Brook.*

The ability of E. faecalis and C. albicans to migrate deeply
inside the dentinal tubules was clearly demonstrated in
the current SEM study. The extent of the microorganism
migration was similar to that of previous studies.”* It
was noticed that the depth of migration is dependent on
incubation time, the nature of the dentin surface, and the
status of the dentinal tubules. This was observed in the
current study, where the presence of remnant root canal-
filling materials in some areas affected the ability of C.
albicans and E. faecalis cells to penetrate the dentinal
tubules. In addition, variation on penetration depth could
be attributed to the orientation of the dentinal tubules.*

Conclusions

Microorganisms can easily penetrate dentinal tubules
of root canals with different appearance based on the
microorganism size and dentinal tubules status.

Conflict of Interest: No potential conflict of interest
relevant to this article was reported.
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