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INTRODUCTION

The most common cause of pulpal disease are
bacteria or their toxins. When the pulp is invaded,
damage is often irreversible.1 The main objectives of
using an irrigating solution during root canal treat-
ment are removal of pulpal and dentinal debris from
the root canal system, disinfecting the root canal from
invading microorgamisms2 and smear layer removal.3

Ideally they should clean and flush out debris from the
root canal. Lubricate files, and offer antimicrobial and
tissue dissolution effects.4

However, apart from the beneficial effects, irrigants
may exhibit detrimental effects on dentine or on root
canal filling materials. Irrigants affect apical seal or
root filled teeth5 and resin dentine bond stability.6

Some irrigants could affect flexural strenght7 ultimate
tensile strength8 punch shear strength9, microhardness
of root dentine10 or tooth surface strain.11,12

Evaluating the effect of irrigants on mechanical
properties of dentine is of utmost importance as the
understanding of the mechanical properties of dentine
is the first step towards predicting the behavior of the
dentine/restoration interface13 and for evaluation of
dental materials when considering the design or life-
time duration14.

Hardness expresses the resistance a material of-
fers to scratching, indentation, elastic impact, cutting
and permanent deformation.15 It is measured by apply-
ing a predetermined load onto a surface using an
indenter and measuring the dimensions of the residual
impression left on the material after withdrawal of the
indenter.16 Hardness can be related to other dentine
mechanical properties such as Young’s modulus and
yield stress.10,17,18,19 If dentine hardness is reduced to a
critical limit, this may result in permanent deforma-
tion that could affect the final restored tooth.

Chlorhexidine was introduced to dentistry in the
1950’s and has been used in a range of forms (gluconate,
acetate, hydrochlorate).20 It is a wide spectrum antimi-
crobial agent that has medical and dental uses.21 It is
miscible in water22 and because of its high solubility in
water; the digluconate salt is the most common form of
Chlorhexidine.23 It acts by disruption of bacterial mem-
brane.24

Chlorhexidine has efficient antimicrobial that en-
couraged its use in endodontics alone or as an adjunct
to sodium hypochlorite.28 Its antimicrobial effective-
ness has been confirmed by different studies in vivo.26,27,28

and in vitro4,10,29,30,31 In addition, it has been used as an
intracanal medicament.28 Chlorhexidine has the ad-
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vantage of adsorbing to dentinal wall and this provides
an important residual antimicrobial activity in the root
canal20 but without significant effect on the shear bond
strength of composite to dentine.32

The effect of irrigants on microhardness has been
investigated17 however, these studies did not produce
clear conclusions related to the time over which den-
tine specimens were exposed to the irrigating solution.
The aim of this study was to investigate the effect of
2.0% Chlorhexidine digluconate on the microhardness
of apical root dentine in a clinically relevant time.

METHODOLOGY

Twenty anterior and posterior teeth, which were
previously extracted were randomly selected for this
experiment. In the posterior teeth the palatal root of
upper molars and the distal root of lower molars were
selected. The roots of the selected teeth were examined
by magnifying loupes (Keeler Ltd., Berks, UK) for the
presence of cracks or carious defects. Teeth with root
caries, fillings, cracks, roots with more than one canal
or roots of less than 10 mm in length were exclueded.

External surfaces of the selected teeth were cleaned
using a sharp scalpel, disinfected by rinsing with ap-
proximately 0.5% sodium hypochlorite (Milton,
Proctor and Gamble Professional, Surrey, UK) follow-
ing which the teeth were kept in sterile water at room
temperature.

Crowns were removed at the cementoenamel junc-
tion using a water cooled low speed diamond wheel saw
(Model 650, South Bay technology Inc., CA, USA). The
pulpal tissues were removed using size 210 k files
(Sterifile, K type file, Quality Endodontic Distributors
Ltd., UK) accompanied by copious irrigation with ster-
ile water. Using a size 10 k file, the length between
canal orifice and apical foramen was measured. The
working length was considered to be 1 mm shorter than
the measured length. To facilitate root canal prepara-
tion after measuring the working length, roots were
mounted in a silicon lab operating putty (SHERA SIL
GmbH and Co. KG., Lemforde, Germany) and canals
were prepared using k type (Sterifile) and hedstroem
type files (Hedstroem type file, Quality Endodontic
Distributors Ltd., UK) size Apical preparation was
enlarged to size 45 and the canal was shaped by
stepping back at a 1 mm increment to size 70. The canal
was irrigated with at least one ml of sterile water after
each file used.

Each root was fixed into the sectioning machine
clamps and the cervical, middle and the apical

third were sectioned horizontally using diamond sheel
saw. The three sections from each root were positioned
in a disc shaped hollow acrylic mould of 6 mm thick-
ness. The apical surface of each section was covered by
a small disc of adhesive paper to prevent entry of arcyl
during the pouring procedure. The sections were in-
verted in the mould, so that the coronal surface of each
section faced the smooth surface of the working table.
The Acrylic resin (De Trey RR, Dentsply, Weybridge,
UK) was mixed according to manufacturer’s
instrucations and poured into the moulds with
the apical part of each section (covered with ad-
hesive paper) facing upward. The acryl was poured
to cover each section and to the same level of the
upper surface of the mould. Following setting, the
acrylic disc was released from the mould, inverted, and
checked that it was parallel to upper and lower sur-
faces.

Each section was examined with a sharp probe to
inspect the presence of any arcyl either on the coronal
surfaces or in the root canal. The coronal surface of
each embedded section was ground to a smooth finish-
ing using a series of increasingly fine wet Sillicon
Carbide papers (Bukfast Tools Ltd. Manchester, UK).
The root canal of each section was dried using paper
points (Dentsply Ltd, Weybridge, UK) The
microhardness was measured using a Wallace hard-
ness instrument (H.W. Wallace Co.Ltd., Croydon, UK)
under good illumination and magnification at five
locations 1 mm from the lumn. (Fig 1)

Fig 1: Marks on the acryl that were taken as guides
for the indentations made into dentine 1 mm
from root canal lumen before and after the
irrigation phase.

● Marks on acryl taken as a guide before the irrigation phase

■ Marks on acryl taken as a guide after the irrigation phase



175Pakistan Oral & Dental Journal Vol 31, No. 1 (June 2011)

The In Vitro effect of 2% Chlorhexidine on dentine hardness

A small piece of non-porous electric tape was cut to
size that cover dentine surface around the root canal of
each section using a rubber dam punch (Claudius Ash,
Hertfordshire, UK). A fresh solution prepared at room
temperature was used (SIGMA AlDRICH, Inc.,
Steindeim, Germany). The canal portion of the root
segments was irrigated with 2.0% Chlorhexidine
digluconate using an irrigating syring with a 27 gauge
needle. The lumen was completely filled with the
irrigant, which was kept for lh. Although the coronal
surface of the root sections was masked with the non-
porous adhesive tape, caution was exerecised to avoid
over flooding the canal. If the level of irrigant de-
creased more was added to keep the lumen filled. After
lh, the irrigant was washed away with sterile  samples
dried. Hardness was measured again in the same
manner as discussed above at five different sites than
those measured before irrigation (Fig.1). Throughout
the experiment and to avoid excessive drying of the
dentine, care was taken to keep the specimens hy-
drated; they were placed into a plastic container in
plastic bags containing sterile water.

RESULTS

The Hardness data obtained were analyzed using
SPSS software (11.5). For each root section five hard-
ness measurements were taken before the introduc-
tion of the irrigant, and five hardness measurements
after the introduction of the irrigant, leading to 600
hardness readings overall from the dial gauge. The
mean value of the five readings was calculated. The
microhardness value before irrigation was considered
as the control measurement for the microhardness
after the irrigation. Analysis of the microhardness data
using this test indicated that there was no statistically
significant difference. The median and range values
and the p-values for the Wilcoxon Signed Ranks Test
are shown in Table1.

DISCUSSION

Evaluating the effect of irrigation dentine proper-
ties is essential as detrimental effect may jeopardize

overall treatment success. Three section of each root
were examined to assure that Chlorhexidine could
affect certain level than other levels.

In this study, the specimens were prepared in a
similar manner to the root canal preparation used in
clinical situation and the experimental approach was
sequential. That is, each specimen was examined
before and after irrigation. In this way, each specimen
was used as its own reference. This had the advantage
of minimizing the structural variation of different
teeth and established a reasonable base line for later
evaluation.17

Because microhardness calculations are based on
the induced permanent surface deformation, which
remains after removal of the load10, extra care was
taken that the indentations after the irrigation phase,
to extra care was taken that the indentations after the
irrigation phase were made in different sites from the
sites indented before irrigation phase, to exclude the
possibility of re-indentation (F1).

Before the irrigation phase, the coronal surface of
each specimen was covered with a non-porous adhesive
tape. The tape was perforated with an endodntic punch
to allow for irrigation of the root canal. The punch was
made to a diameter equal to or smaller if possible, than
the diameter of each specimen’s root canal. The tape
was uswful in preventing direct contact of the irrigant
to the coronal surface of the specimen and prevented
scratching by the irrigating needle on the occlusal
surface that might have occured during root canal
irrigation. Saleh and Ettman(17) found that the adhesive
discs proved satisfactory sealing and leakage control
when using Indian ink dye tracer applied into canal
spaces and incubated at 37 C for 5h.

In this study, microhardness was measured only at
1000 um (1mm) from the root canal lumen because it
was thought that a statistically significant difference in
root dentine microhardness at this distance might be of
clinical significance especially after the reduction in
root dentine thickness associated with root canal prepa-

TABLE 1: MEDIAN VALUES FOR THE CERVICAL, THE MIDDLE, AND THE APICAL SECTION OF
DENTINE BEFORE AND  AFTER  IRRIGATION WITH CHLORHEXIDINE (n=20)

Root Section Cervical Middle Apical

Before 53.95 (19.9) 56.05 (16.3) 54.15 (21.1)

After 53.20 (22.6) 57.25 (14.0) 55.60 (19.8)

P-values* 0.131 0.126 0.350

*Comparing hardness medians before and after values Wilcoxon Signed Ranks Test
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ration. The Wallace tester indentations were created
at a distance of 1 mm from the root canal lumen by
using good illumination (spot light) and magnifying
loups. Because of the likely difference in dentine
microhardness at different locations around the root
canal lumen, five indentations at five different loca-
tions were taken before and after the irrigation phase
at a distance of 1 mm from the lumen of the root canal
and the mean of the five readings was calculated.

The concetrations of Chlorhexidine that have been
investigated either in vivo26,28 or in vitro4,10,29,30 were
between 0.12% and 2%. The concentration of
Chlorhexidine used in this study was the highest
concentraction of Chlorhexidine used clinically in or-
der to establish the maximum possible effect of
Chlorhexidine on root dentine microhardness.

The antimicrobial activity of the irrigant was de-
pendent on the microorganism in the biofilm and on
exposure time.33 In this study, the irrigating solution
was left for one hour in the root canal to compensate for
the factors usually associated with endodontic prepara-
tion, such as instrumentation, using a heated solution
or exchange of the irrigating solutions.34 Considering
all the previous factors and in addition to the fact that
retreatment or complicated cases might consume more
time than straightforward cases, it was decided to
expose root canal sections to the irrigating solution for
1 hour.

The values of root dentine microhardness found in
this study before irrigating were similar to previous
studies using Vickers indenter instrument. The me-
dian microhardness value for control specimens de-
scribed in previous studies. Chng et al. (2002)35 found
VHN of the dentine at the CEJ to be approximately 58,
Cruz-Filho et al. (2000)36 found the VHN to vary be-
tween 37.72 and 51.64 and Slutzky-Goldberg et al.
(2000)37 found the VHN value for root dentine to be 50
at 500um and 55 at 1 mm distance from the root canal
lumen.

Although Chlorhexidine was shown to cause a
statistically significant increase in the bond strength of
adhesive materials to root dentine38, the mild increase
or decrease of VHN in this study found to be significant
and could be attributed to the localized in dentine
microhardness13.

Chlorhexidine was found to be similar to sodium
hypochlorite in its ability to penetrate the whole length
of dentinal tubules37 but was unable to dissolve tis-
sues40,41,42 or to remove smear layer43 and this is one of

the disadvantages of Chlorhexidine44 which was found
to be similar to normal saline.45

The result of this study was in contrary to the
result from the work by Oliveira et al. 200746 who found
a statistically significant decrease in the microhardness
of root dentine when 2.0% Chlorhexidine gluconate
was used on 10 apical specimens only for 15 minutes
which could not be explained by the authors and could
not be confirmed by any other study. This might be due
to difference methods used in the study such as differ-
ence in exposure time.

Depending on these facts, the inability of
Chlorhexidine to effect root dentine microhardness
found in this study might be explained by its inability
to dissolve the organic tissue of root dentine.

CONCLUSION

It was found that Chlorhexidine digluconate did not
affect the root dentine microhardness.
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