Chlorhexidine substantivity in root canal dentin
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Objective. The purpose of this investigation was to evaluate the substantivity of chlorhexidine (CHX) within a root
canal system and to assess how long the CHX remains antimicrobially effective.

Study design. Bovine roots were sectioned and standardized to 8 mm. Sections, which served as controls, were treated
with 1% sodium hypochlorite and 1 mol/L EDTA, then obturated with gutta percha and AH26 sealer. Experimental
sections were treated similarly except they were placed in 2% CHX for 10 minutes prior to obturation. Control specimens
were divided into 4 control groups and stored in saline for 1 day, 3 weeks, 6 weeks, and 12 weeks. Experimental
specimens were divided into 4 groups and stored in saline for 1 day, 3 weeks, 6 weeks, and 12 weeks. After their
respective storage periods, all specimens were halved and canal wall dentin was ground out with Peeso reamers. Dentin
specimens were agitated in 700 wl of saline for 5 hours to release CHX. After centrifugation the supernatants were
analyzed with UV spectrophotometry at 253 nm. To determine whether the CHX from dentin samples remained
antimicrobial, the extracts from experimental and control groups were mixed with cultures of Enterococcus faecalis.
Results. After 1 day of storage, the dentin extract contained approximately 0.0048% CHX. After 3, 6 and 12 weeks, dentin
extracts contained approximately 0.0023%, 0.0016%, and 0.0010% CHX respectively. Extracts from the storage groups
were found to be highly antimicrobial corresponding to the CHX concentration.

Conclusion. The results of this study indicate that CHX is retained in root canal dentin in antimicrobially effective amounts

for up to 12 weeks.

(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2004;98:488-92)

Viable microorganisms remaining after root canal
preparation and disinfection contribute significantly to
failure in endodontic therapy.' Methods to reduce root
canal microorganisms have been described in numerous
studies and include thorough instrumentation, the use
of an effective irrigating solution, and intracanal
medicaments. Coronal microleakage through temporary
and permanent restorations may also contribute to
treatment failures.” After root canal filling and during
final coronal restoration, there are circumstances in
which the root canal space may become reinfected. Of
significance is the period of time when the pulp space
is only temporarily restored. Zinc oxide and eugenol
products are popular temporary restorations for end-
odontically treated teeth. However, there are many
studies using dye, bacteria, and radioisotopes, which
have shown these restorations to provide relatively poor
seals.” Cavit, another popular endodontic temporary
restorative material, provides a relatively acceptable seal
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but it is still prone to leakage and it is mechanically
weak.®'” In general, coronal leakage has received a great
deal of attention in the endodontic literature. It has been
stated that the coronal seal of endodontically treated teeth
may be as important as the apical seal in the ultimate
success or failure of root canal therapy.” The current
standard irrigant, sodium hypochlorite (NaOCl), pos-
sesses many desirable properties including the ability to
dissolve necrotic debris as well as a potent antimicrobial
action.!'"'* However, it is not known to exhibit any
degree of substantive activity. Intracanal medicaments
such as the phenolic compounds are highly toxic. While
somewhat effective as antiseptics, they are known to
dissipate rapidly from the canal space.'” Calcium hy-
droxide has become a standard intracanal medicament
owing to its ability to predictably disinfect the root canal
space.'®!” After mechanically removing the calcium
hydroxide there is no residual antimicrobial effect,
however. Other studies have suggested that calcium
hydroxide is ineffective against Enterococcus faecalis as
well as Candida albicans."®'® This is important because
endodontically treated teeth with persistent apical
periodontitis are frequently found to be infected with
E faecalis®®** and C albicans.>> Chlorhexidine diglu-
conate (CHX) is a broad-spectrum antibacterial agent
that has been shown to be effective against many strains
of bacteria found in infected root canals.** Studies in
vitro have shown CHX to exhibit sustained antimicrobial
activity in the root canal for some time after being used as
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an endodontic irrigant.*> Therefore, CHX has been sug-
gested as a root canal irrigant owing to its unique ability
to bind to dentin, its effectiveness as an antimicrobial
agent, and its substantivity in the root canal system.>>>°

The purpose of this investigation was to evaluate the
substantivity of CHX within a root canal system and to
assess how long after the root filling the CHX remains
antimicrobially effective.

MATERIAL AND METHODS

Preparation of root segments

Sixty bovine incisor roots were extracted from
sectioned mandibles procured from a slaughterhouse.
Crowns and apices were sectioned off and the root
sections were standardized to 8 mm length. The root
sections were instrumented using Peeso reamers sizes 4
through 6 depending on size of the root canal space.
Instrumentation was occasionally supplemented by a size
120 K-file (Dentsply Maillefer, Ballaigues, Switzerland)
to remove any remaining pulp tissue. The root canals
were irrigated copiously with a fresh solution of 1%
NaOCl buffered with sodium bicarbonate. Instrumenta-
tion was considered complete when the canal wall was
visually confirmed as smooth and free of debris. All
specimens were then treated with a 1 mol/L solution of
EDTA for 10 minutes, rinsed well with sterile saline, and
then steam autoclaved.

Following sterilization, the root sections were ran-
domly assigned to two treatment groups: experimental
(n = 40) and control (n = 20). Experimental sections
were treated by immersion in a 2% solution of CHX for
10 minutes. This solution was prepared by dilution of
a20% stock CHX (Sigma Scientific, St. Louis, Mo) with
sterile deionized water. All solutions of CHX were
prepared fresh, stored in dark bottles, and used within
approximately two weeks. Control sections were treated
by immersion in sterile saline for 10 minutes. Both
control and experimental sections were then blotted
dry with sterile gauze and canals were dried with extra-
large paper points. AH26® (DeTrey, Dentsply, Konstanz,
Germany) root canal sealer was mixed according to the
manufacturer’s instructions. In addition, an Obtura®
(Spartan USA, Fenton, Mo) warm gutta percha device
was loaded with pellets of gutta percha and temperature
set to 200°C. The canal walls of each root section were
evenly coated with a layer of sealer using a size 120
K-file. While holding the open apical end of the root
segment against a sterile glass slab, the root canals were
obturated with 2 separate aliquots of warm gutta percha
and condensed with a #12 Schilder plugger (Dentsply
Maillefer). Aseptic technique was used in all work.

After experimental and control group root sections
were obturated, each group was further randomly
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divided into four separate “storage” groups to be placed
in sterile saline for various time periods. These groups
were identified as follows.

Experimental: E1 (n = 10), storage for 1 day; E2
(n = 10), storage for 3 weeks; E3 (n = 10), storage for 6
weeks; E4 (n = 10), storage for 12 weeks.

Control: C1 (n =5), storage for 1 day; C2 (n = 9),
storage for 3 weeks; C3 (n = 5), storage for 6 weeks; C4
(n = 5), storage for 12 weeks.

Eight 400 ml dark glass storage jars were sterilized by
ethylene oxide gas sterilization. Each jar was then filled
with 150 ml of sterile saline. Experimental and control
group samples were placed in their respective storage
jars.

Processing of specimens: Quantification of CHX

After their respective storage periods root segments
were removed from the saline, blotted dry with sterile
gauze, and prepared for quantification analysis of CHX.
The sides of each root section were scored with a #2
round bur and split in half with a pair of orthodontic wire
cutters. Gutta percha remaining in one half of the
specimen was removed by teasing it out with a dental
explorer. Using a #6 Peeso reamer, the canal walls of
each specimen were ground so that the dentin shavings
would fill a 1 ml Eppendorf tube approximately halfway.
Eppendorf tubes were weighed separately and then
together with specimens to determine the exact weight of
the dentin shavings. Seven hundred microliters of sterile
saline was added to each tube and specimens were
agitated for five hours on a rotary agitator (Roto-torque,
Cole Parmer, Vernon Hills, Ill). Immediately after
agitation, specimens were centrifuged for 20 minutes
at 5000 rpm in an Eppendorf centrifuge (Brinkman
Instruments, Hamburg, Germany). Supernatants were
aspirated and these dentin extracts were submitted for
spectrophotometric analysis to determine the quantity of
retained CHX.

The quantification of CHX was done using a spec-
trophotometer (Ultraspec 4050, LKB Biochem,
Cambridge, England) to read absorbency at 253 nm.
Absorbency was referenced to zero using the same sterile
saline used to extract CHX from dentin shavings by
placing 500 .l of saline into a 500 w1 quartz cuvette. Five
hundred microliters of dentin extract was placed into
a 500 pl quartz cuvette and ultraviolet absorbence was
recorded as optical density at 253 nm (OD,s3). Cuvettes
were washed thoroughly with sterile saline between
samples. The samples were recovered and stored in
a freezer at —10°C.

Processing of specimens: Qualification of CHX
To determine whether the residual CHX detected from
dentin samples remained antimicrobial, the extracts were
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mixed with cultures of E faecalis (now reclassified
as E hirae ATCC 9790) that were kept in log growth
phase. The culture was diluted with sterile saline to have
the same absorbence as the #1 MacFarland standard,
resulting in a final concentration of approximately
3%x10° colony-forming units (CFU) per ml. The
standardized culture was diluted with sterile saline to
3%10* CFU/ml. An additional control dilution of 300
CFU/ml was made to analyze and ensure precision of
procedures. One milliliter of this dilution was plated on
blood agar.

Six samples each of the following CHX dilutions were
made from a 20% stock solution of CHX (Sigma
Scientific) and used as controls: SD1 at 2% concentra-
tion, SD2 hat 0.002%, SD3 at 0.0002%, SD4 at
0.00002%, and SD5 at 0.000002%. One hundred
microliters of the 3X10* CFU/ml culture was added to
900 p.1 of each concentration of CHX.

In order to determine the antimicrobial effectiveness
of CHX remaining in the dentin extracts, the dentin
extracts were mixed with 3X10* CFU/ml culture. One
hundred microliters of culture was added to 900 wl of
three random samples each of experimental (E1-E4) and
control dentin extracts (C1-C4). In addition, serial
dilutions of CHX and saline controls were also mixed
with culture. After 30 minutes of interactions, 400 wl of
this mixture was added to 400 .1 of an aqueous solution
of 3% Tween 80® (Sigma Scientific), 0.3% lecithin, and
0.5% sodium thiosulfate for 10 minutes in order to
neutralize any remaining CHX.>'?? Six hundred
microliters of this mixture was plated on blood agar
(Sigma Scientific) and incubated at 37°C for 24 hours.
After incubation the number of colonies was counted on
all plates and recorded.

RESULTS

Quantification of CHX

CHX was recovered from root canal dentin in all
specimens at all storage periods. Based on a “standard
curve” developed from pilot experiments, the approx-
imate concentration of CHX was calculated. After 1 day
of storage, the dentin extract contained approximately
0.0048% CHX. After 3, 6, and 12 weeks, dentin extracts
contained approximately 0.0023%, 0.0016%, and
0.0010% CHX respectively.

Qualification of CHX

Extracts from the one-day storage group (El) were
found to be highly antimicrobial with only 1 CFU being
found among the three samples. After 3 weeks, group
E2 remained antimicrobial with a mean CFU of
41.33 = 18.23. Groups E3 and E4 displayed progres-
sively less antimicrobial activity with mean CFU’s of
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169 £79.64 and 577.33 = 177.78 respectively. Control
groups Cl1, C2, C3, and C4 displayed no antimicrobial
activity; theirmean CFU’s were, respectively, 1026.33 =
73.58,925.67 = 26.95, 1026 * 54.37, 955.33 = 73.87.

Serial dilutions of CHX were highly antimicrobial
until groups SD4 (0.00002% CHX) and SDS5
(0.000002% CHX). These lowest concentrations had
mean CFU’s of 992.83 = 104.6 and 1040.33 * 136.4.
The saline control group, SAL, displayed a mean CFU
count of 1000.83 = 87.58.

The “300 CFU control plate,” described in Materials
and Methods, had a mean CFU count of 300.33 =
89.13, which assured reasonably accurate laboratory
methods.

DISCUSSION

The results of this study indicate that CHX is retained
in root canal dentin in antimicrobially effective amounts
for at least 12 weeks. Previous studies that have
investigated the substantive properties of CHX in the
root canal have only tested for its presence for up to 3
weeks.?>**% In addition, these previous studies only
analyzed the antimicrobial activity of CHX.**** In the
current study, UV spectrophotometry was successfully
used to estimate the amount of CHX that is retained in the
dentin of the root canal wall.

AH26 sealer used in obturating root segments released
a soluble constituent that weakly absorbed UV light.
Therefore, OD,55 readings from controls were subtracted
from OD,s3 readings from experimental groups to give
a true resultant concentration of CHX.

The effective concentrations in the antimicrobial
experiments were E1 0.0043% CHX, E2 0.0021%
CHX, E3 0.0014% CHX, and E4 0.0009% CHX.

Although the approximate concentration of CHX
from the 12-week dentin sample was 0.001%, the
antimicrobial activity was clearly less than expected
based on serial dilution samples. This may be due to the
presence of small amounts of dentin powder, which have
been shown to affect the antimicrobial activity of
disinfectants.*

In some studies investigating the effects of CHX in the
root canal, results may have been affected by the lack of
antimicrobial inactivation before culturing,?’-*?-3%-36-3%
Owing to its affinity to many substrates, CHX may easily
be transferred from antimicrobial test assays and result in
false negative test results. This would tend to over-
estimate any effect CHX may have. Therefore, it is
essential to neutralize remaining amounts of CHX in the
sample before culturing.

The obturated bovine root specimens in the current
study were lacking apical constriction and coronal
restoration. This allowed for a potentially faster and
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more complex washout of CHX during the storage
period than allowed for in a clinical case. The fact that
antimicrobial amounts of CHX remained bound to canal
dentin after these long time periods is testament to the
substantivity of CHX.

The dentin from which CHX was extracted pre-
sumably still contained high concentrations of CHX after
the extraction process. However, assuming that equilib-
rium was reached between the dentin and the saline after
being agitated for five hours, CHX in the dentin was
estimated based on the weight of the dentin samples.
These estimated dentin concentrations were for the E1
group 0.057% CHX, for the E2 group 0.025%, for the E3
group 0.018%, and for the E4 group 0.011%. It is likely,
however, that owing to the substantivity of CHX the true
dentin concentration of CHX may be substantially
greater.

CHX has been suggested as an endodontic intracanal
irrigant by a number of authors.?**3273%3738 CHX is
known to be particularly effective against many strains
of bacteria found in infected root canals, including
E faecalis.** In a study comparing common endodontic
disinfectants, 0.5% CHX was also significantly more
effective at killing C albicans than Ca(OH),, 5% and
0.5% NaOCl, and 2% IKL'® While these substantive
and antimicrobial properties of CHX found here are
promising, it does not have the tissue-dissolving
properties of NaOCL* Although NaOCI is still
considered the irrigant of choice, the use of CHX may
be considered advantageous as a treatment prior to
obturation, an alternate irrigant during retreatments, or
even incorporated into antimicrobial dressings.
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