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Effect of Combination of Calcium Hydroxide and 2%
Chlorhexidine Gel as Intracanal Medications in
Comparison to Calcium Hydroxide Paste on Postoperative
Pain and Bacterial Endotoxins in Necrotic Teeth:
Randomized Clinical Trial
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Aim: Assessment of post-operative pain and quantification of bacterial endotoxins in adult patients suffering from necrotic
pulp condition with chronic periapical periodontitis by using calcium hydroxide paste intracanal medication with 2%
chlorhexidine gel, Calcium hydroxide paste intracanal medication only and with mechanical preparation without intracanal
medications.

Materials and methods: Forty five patients with single rooted teeth suffering from necrotic pulp status were divided into 3
groups (n=15), the first group received mechanical preparation only , the second group received calcium hydroxide intracanal
medication only, while the third group received mixture of calcium hydroxide and 2 % chlorhexidene gel intracanal
medication. Numerical rating scale was used to assess the pain experience post operatively while chromogenic end point
Limulus Amebocyte Lysate assay (LONZA) was used to quantify the amount of endotoxins.

Results: Calcium hydroxide was superior in decreasing the postoperative pain at time interval 4 hours and 24 hours in
comparison to the mixture of calcium hydroxide paste and 2 % chlorhexidene gel significantly, while the mixture was better
to reduce the endotoxins with statistically insignificant value.

Conclusion: Using one of the intracanal medications for 2-week time interval in necrotic teeth can help to allivate
postoperative pain and reduce endotoxins.

Key words: Intracanal medications, calcium hydroxide, 2% chlorhexidene gel, bacterial endotoxins.

1. PhD candidate, Armed forces.

2. Assistant professor of Endodontics, Faculty of Dentistry, Cairo University.

3. Lecturer of microbiology and immunology, Faculty of Pharmacy, Cairo university.
Corresponding author: Yasser Mohamed Hendy, email: yasserhendy55@gmail.com




ASDJ March 2024 Vol 33 Fixed Prosthodontic, Endodontics and Conservative section

Introduction

Bacteria play an essential role in the
development and necrosis of pulp and
periapical  diseases.  Elimination  of
microorganisms from infected root canal
systems 1s a complicated task. Numerous
measures have been described to reduce the
number of micro-organisms from the root
canal system, including the use of various
mechanical  instrumentation  techniques,
irrigation regimes and intra-canal
medicaments. There is no definitive evidence
in literature to show that mechanical
instrumentation alone will predictably result
in bacteria-free root canal system.!

Bacteria and their byproducts play a
primary etiologic role in the development of
apical periodontitis; the bacteria involved in
the primary endodontic infections = are
predominantly = gram-negative  anaerobic
species that present lipopolysaccharide (LPS)
in the outer layers of their cell walls, which
functions as endotoxin in the host organism.
LPS (virulence factor), generally refered to as
endotoxin released during disintegration of
bacteria after multiplication and death, has
been detected in pulp necrosis. Strong
evidence correlates its presence in the root
canals with inflammatory reactions and bone
resorption of the periradicular tissues. A high
content of endotoxins in the root canals has
been associated with endodontic signs and
symptoms such as spontaneous-pain, pain on
palpation, and tenderness to - percussion.
Furthermore, its egression through the apical
foramen into periapex can even perpetuate an
apical periodontitis.?

Medicaments are antimicrobial agents
that are placed inside the root canals between
treatment appointments in an attempt to
destroy remaining microorganisms and
prevent reinfection.’

The antimicrobial activity of calcium
hydroxide Ca(OH): is related to the release of
hydroxyl ions in an aqueous environment?
leading to damage in the bacterial cytoplasmic

membrane, protein denaturation and DNA
damage.’

Chlorhexidene is widely used as both
intracanal medicament and irrigating solution,
this is attributed to its penetration to cell wall
or outer membrane of Gram negative cells and
attacks the cytoplasmic membrane leading to
coagulation of the intracellular components.®

Materials and methods

The interventions was done in the 1%
appointment where all the procedure was
explained to the patient then signing the
informed concent. Forty five patients were
divided randomly into 3 groups each of 15
patients. At first pulp vitality test was done by
thermal pulp testing at the facial aspect of the
tooth structure when it is dry then
preoperative periapical x- ray film was done

to detect any periapical  changes.
Administration of  local anesthesia
(Mepivacain HCI12%- Levonordefrien

1:20000 Alexandria, Egypt) to the tooth
required to be treated then isolation with
rubber dam.

-Disinfecting the tooth surface by 30% H202
(Perfect Medical, Egypt) followed by 2.5%
NaOCl (CLOROX) inactivated with sodium
thiosulfate (El Nasr CO. for pharmaceuticals
and chemicals).

- Sterile burs sterilized by the plasma sterilizer
(HMTS-142) for caries removal and another
one for pulp chamber penetration.

- Working length “determination was done
using MORITA Root ZX Mini apex locator
(Japan) for accuracy.

- The first sample of endotoxins (S1) was
taken by a sterile paper points size 20 or 25
sterilized in the plasma sterilizer (HMTS-142)
and introduced in the root canal for the
working length for a period of 60 seconds.

- The sample is then placed in a pyrogen free
glass tube and frozen to negative 200°C for
endotoxin  determination by  Limulus
Amebocyte Lysate (LAL) test.
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- Cleaning and shaping procedure was
established by Revo-S rotary system (Micro
Mega, France) and gates glidden sizes 3 and
4(Mani, Japan) to ensure adequate space for
placement of the intracanal medicaments and
proper removal of bacteria and debris, till size
SU file then the canal will be enlarged
manually till size 35 k-file to ensure adequate
space for placement of the intracanal
medicaments and proper removal of bacteria
and debris.

- Another paper point sample (S2) was taken
after the cleaning and shaping and before
placing the intracanal medications for
endotoxin determination.

- The irrigant solution was NaOCI with
concentration 2.5% for its tissue dissolving
properties.

- Placement of the intracanal medications by
lentuolo spiral by low speed hand piece and
condensed with paper points, the first
group(n=15) was the control without
receiving any intracanal medicaments, while
the second group(n=15) received calcium
hydroxide ready —made paste only
(Promedica, Germany), then the third
group(n=15) received combination of calcium
hydroxide paste (Promedica, Germany)
mixed with chlorhexidene gel 2% (Gluco-
Chex 2%,Cerkamed,Poland) by equal ratios
mixed on a glass slab.

- Temporary filling was done by resin
modified glass ionomer to ensure adequate
sealing and preventing micro leakage.

- Pain experience assessed by numerical pain
rating scale the after the treatment by 4 hours,
24 hours, and 48 hours and after 14 days in a
follow up card introduced to the patient.

- After 2 weeks (second appointment) rubber
dam was applied, local anesthesia was
received then removal of the temporary
dressing by following the previous infection
control protocol, then a sterile paper point
introduced into the canals after irrigation and
removal of the reminants of the intracanal

medicament with the saline solution for 60
seconds.

- After saline irrigation, neutralizing agents
must be used to deactivate the effect of the
intracanal medication to avoid false negative
results in what is called carry over effect due
to the bacteriostatic effect of the medication
leading to misleading results.’

- Neutralization of the chlorhexidine was done
by 5% tween 80.%°

- Then saline irrigation to remove the effect of
the deactivating agents.

- Insertion of the third sample paper point (S3)
to determine the endotoxin concentration after
14 days of intracanal medication.

- Preservation of the paper point samples in
the sterile test tubes and stored at -20°C.

- Obturation accomplished by lateral
condensation technique with gutta percha size
and with resin sealer and auxiliary cones size
25 or 30 according to the space beside the
master cone then final restoration.

LAL QCL 1000 endotoxin Kkit(LONZA,
Belgium) preparation and setting:

1- Remove the kit from the refrigerator to take
the room temperature.

2- Preparation of the reagents.

LAL reagent :( vial with silver cover)

The vial is dissolved in 6.5 ml LAL reagent
water, then vortex for 1 min.

Chromogenic substrate (vial with golden
cover)

The vial 1s-dissolved in 6.5 LAL reagent
water, then vortex for 1 min.

46

The stop reagent (25% acetic acid solution)
In a graduated cylinder of a capacity 100cc
put 25ml glacial acetic acid and fill the
cylinder with 75ml distilled water.

1.e 25 ml acetic acid + 75 ml distilled water =
(25%acetic acid).

The endotoxin standard (vial with red cover)
Dissolve the endotoxin standard with 1 ml
LAL reagent water (blank) then vortex 15
mins (the concentration is 27EU/ml)

Effect of Combination of Calcium Hydroxide and 2% Chlorhexidine Gel as Intracanal Medications in Comparison to Calcium Hydroxide Paste on
Postoperative Pain and Bacterial Endotoxins in Necrotic Teeth: Randomized Clinical Trial| Yasser Mohamed Hendy et al. MARCH2024.



ASDJ March 2024 Vol 33 Fixed Prosthodontic, Endodontics and Conservative section

Preparation of 4 concentrations
(1,0.5,0.25&0.1EU/ml) of  endotoxin
standard (red cover):

1- Prepare solution of 1 EU/ml by diluting
0.1ml (100ul) of endotoxin standard (red
cover) with 2.6 ml LAL reagent water (blank)
in a test tube, then vortex for 1 min.

2- Prepare a solution containing 0.5 EU/ml by
transferring 0.5 ml of the first dilution 1
EU/ml (first tube) into 0.5 ml LAL reagent
water (blank) in another test tube, then vortex
for Imin.

3- Prepare solution containing 0.25 EU/ml by
transferring 0.5 ml of the 1EU/ml (first tube)
into 1.5 ml of LAL reagent water in a test
tube, then vortex in 1 min.

4- Preparation of 0.1 EU/ml by transferring
0.1 ml (100ul) of 1EU/ml tube into 0.9 ml of
LAL reagent water (blank) in a test tube, then
vortex in 1 min.

The above 4 concentrations are very critical
for calculation of the standard curve as in the
figure.

To prepare the unknown sample of the patient,
remove the test tube containing the paper
point taken from the root canal then leave it to
gain the room temperature then add Iml LAL
reagent water to the paper point then shake
well.

The micro plate procedure:

1- Add 50 ul of LAL reagent water (Blank) in
the first well. (A)

2- Then add 50 ul of the each of the 4
standards ~ concentrations into  their
appropriate micro plate well (Corning
Coaster, USA). (B,C,D,E)

3- Then add 50ul of patients’ unknown
samples to fill the hole wells.

4- Adding the 50ul of LAL reagent (silver
cover) to all 96 wells.

5- Mix gently and incubate at 37°C for 10
mins.

6- Add 100ul the chromogenic substrate
solution (golden cover) to all the 96 wells.

7- Mix gently and incubate at 37°C for 6 mins.

8- Add 50 ul of the stop reagent and mix
immediately then read the absorbance at 405
nm in the special micro plate reader Synergy
2, USA.

9- Calculation of the endotoxin concentration
by the graphic method.

- Until filling all the 96 wells completely then
record their absorbances as in the upper figure
showing the exact places of the samples in the
96 well plate.

- Adding the reagents to the samples in the 96
well plate must be done at the same time
without delay.

statistical Analysis:

Statistical analysis were done by SSPS
program version 15 software, Kruskal-Wallis
test and Wilcoxon tests were used as a non-
parametric method for testing quantitative
values. It is used for comparing two or more
independent samples of equal or different
sample sizes, while Chi square test was done
in comparison between qualitative variables.
Qualitative data was presented as frequency
and percentages while quantitative data was
expressed by means and standard deviation.
The following items will be mentioned in the
statistics: Mean, standard deviation, f- ration
and p- variance.

Results

In this study 45 patients were divided
into 3 groups (n=15) while a patient from the
control group was exempted (n=14), giving 2
homogenous group with heterogenicity if
compared with the control group which is 14
patients.

There was no significance between
Ca(OH)2 and Ca(OH)2 & CHX groups (table
1). In (S3) there was a reduction in the mean
of' endotoxins at Ca(OH)2 & CHX group than
in Ca(OH)2 group but that was statistically
non-significant.

1.e Ca(OH)2 paste mixed with 2%
chlorhexidene gel was favorable than
calcium hydroxide paste alone for endotoxins
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reduction. Results bar chart 1,2,3,4 reveals
the percent distribution of degree of pain
among three groups in the different time
intervals supported with bar charts.

Table 1: Comparison between Ca(OH)2 group and Ca(OH)2 &

100%
CHX group concerning endotoxin quantification: oo s -
80%
Sample | Type of p- t- Stat.
Group mean | Std.dev. | F.ration 70%
number | sample variance | value | significance 60%
Ca(OH)2 15 0.478 0.361 Statistically 50%
Ca(OH) s1 139 054 | 121 |non 0%
15 0.628 | 0306 o 20
2& CHX significant
20%
10%
Ca(oH)2 15 0.310 [ 0.300 statistically 0%
T 19 074 081 | non Control Calcium hydroxide Ca\clcl:‘r;xt;\/hder;?:‘d"eeand
15 S2 | 0404 | 0327 o
& CHX significant mNopain mMild mModerate m Severe
Bar chart 3: Percent distribution of degree of pain among three groups in 48 hour time interval.
Ca(OH), | 15 04371 0358 Statistically
Ca(OM), L1 0841 | 016 [ pon 100%
O S3 | o416 | 0339 oo 21
& CHX significant
80%
70%
60%
50%
100% o
67 30%
90%
S0 357 20
10%
70%
0%
60% _ Control Calcium hydroxide Calcium hydroxide and
s0% chlorohexidine
40% ENopain ®Mild ®Moderate Severe
30%

Bar chart 4: Percent distribution of degree of pain among three groups at time interval 2 weeks.

cono Clcumyraite cotum hyiride nd Discussion
o e e e The basic principle of root canal
treatment is to eliminate root canal irritants
which are gram negative bacteria and their

o byproducts as endotoxins. Endotoxins are

Bar chart 1: percent distribution of degree of pain among three groups in 4 hour time interval.

- = N released during bacterial multiplication and
0% /" at cell death in necrotic cases. Endotoxins are
o responsible for election of pain in endodontic
- ns DY [infg:cﬁiqn"sbupc?nj its ‘egression through the
jx ~ apical foramen into the periapex can even
- T — T perpetuate an apical periodontitis.'?!0

e e In case of asymptomatic apical
A periodontitis there is a balance between

infectious micro flora and defensive
mechanisms of human immune system in
periodontal tissues this is what is called "local
adaptation syndrome. After mechanical
preparation, extrusion of the debris from the
apical foramen to periapical tissues leads to
increase the inflammation due to imbalance
between microorganisms and human immune
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system leading to vasodilatation and release
of inflammatory mediators.'!

In this study a comparison between
ready-made calcium hydroxide paste alone
against combination of 2% chlorhexidine gel
mixed with calcium hydroxide paste to assess
their efficacy on reducing postoperative pain.
After the first visit as the patient can be
worried about pain severity and its duration,
then to quantify endotoxin concentration
after a period of 2 weeks of using intracanal
medications. Calcium hydroxide paste is
considered one of the most wildly used
intracanal medications due to its alkaline pH
10-12 which considered unsuitable condition
for  bacterial  growth'?, it affects
microorganisms by 3 different mechanisms:
the hygroscopic action due to absorption of
the inflammatory exudates, formation of
calcium proteinate  bridges due to
combination of Ca?* ions with the proteins in
the intercellular substances of endothelial
cells thus prevents inflammatory exudates
from spreading towards the blood vessels,
finally phospholipase inhibition by calcium
hydroxide decreases cellular lysis and
consequently the liberation of PG which is
one of  inflammatory  mediators.'?
Chlorhexidene gel is used in combination to
calcium hydroxide to get synergistic effect.'*
The alkalinity of the calcium hydroxide
remained unchanged when mixed with the
chlorhexidene. = Concerning - endotoxins
quantifications, the current study showed that
calcium hydroxide mixed with
2%chlorhexidene gel was better than calcium
hydroxide paste alone in reducing endotoxins
in the root canal after 2 weeks of intracanal
medication, that was in agreement with
StleieS.]S’ 16,17, 18, 14,19

Saatchi et al. 2014*° showed that
calcium hydroxide mixed with chlorhexidene
did not significantly increases the
antimicrobial activity of calcium hydroxide,
also Schafer and Bosmann 2005%! showed
that 2 % chlorhexidene was significantly

more effective than calcium hydroxide alone
or mixture of calcium hydroxide and
chlorhexidene, while, Sousa et al. 2014??
showed that calcium hydroxide with
chlorhexidine was very potent against
endotoxins only after 30 days of application.
There was no antagonistic effect between
calcium hydroxide and chlorhexidine when
they were mixed together according to the
study of Signoretti et al. 20112 as the pH
media inside the root canal is still alkaline,
and ion release is not affected concerning
calcium hydroxide. While in a study by
Lindskog et al. 1998** positive ions of
chlorhexidine attach to the negatively
charged phosphate groups in the bacterial cell
wall thus allows penetration of chlorhexidine
to bacteria exerting its bactericidal effect.

The stomatognathic system is a very
complex media showing fluctuation in
temperature, masticatory forces, bacteria and
saliva. The results from this study were
limited to the patient's stomatognathic system
and the oral hygiene motivation on contrast
to the in vitro studies where the specimens are
stored in a safe media (incubators) not
subjected to the previous detrimental factors
which can affect the results at the end. The
difference between the working lengths of
the root canals and the width of root canals
vary from patient to another and this is an
important factor determining the amount
(volume) of the intracanal medication applied
also the ‘amounts of endotoxins at sample 1,
thus leading to differences between in vivo
results and in vitro results where a lot of
factors are constant and no variables for
example same working length, same tooth
type , no masticatory forces were applied, and
sterile safe media with fixed temperature as
in case of in vitro studies which can affect the
final obtained results.
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Conclusions

I- Cleaning and shaping step in necrotic
pulp cases is mandatory but that was not
enough.

2- For better results the use of any of
intracanal  medications  like  calcium
hydroxide or mixture of chlorhexidene and
calcium hydroxide paste is a must to reduce
both bacterial endotoxins and post-operative
pain and getting better results otherwise the
time of the treatment and number of visits
will increase with sever drawbacks.

3- There is synergistic effect between
chlorhexidene gel and calcium hydroxide and
no interaction between them.

4- Calcium hydroxide was efficient in
reducing  postoperative ~ pain  while
combination of both calcium hydroxide and
2% chlorhexidene gel was better in reducing
endotoxin  levels without statistically
significant differences between the groups.
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