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 الخالصة
َقارَنَة  ت َ  األهددفا  

ُ
ملعجةةصن  يبّيضةةا ( املتقطةةر  بكتريكةا اياايكليةة )ضةةّف   امليكرتبيةة املضةةا  ( ت تقةةا ايتبةل ت  , pHذتبان, ايةةقابليةة   ,تةفق اي) اخلةةصاا ايزيوكصمياياةيةة قيةةي  مل

رتمسةةيف ايكايسةةيص    خلطةةه معجةةصن هيف  العمدد  قائددالمددداو ر    .%(2%,1.5%,1) يلكلصرهكسةةفك  املختلزةة ِ  مةةا ايكاميةةو  هَخلطةةايةةذمت   هيفرتمسةةيِف ايكايسةةيصِ  
  , ايطيبقةةنقةةّيَ  بطركقةةِ   يال تكة  . ايتةةفق ايعةةامل  ISOينظةةا   قُةّياةةْا قيبقةا   اخلةةصاا ايزيوكصميااةيةة  %(.2%,1.5%,1)  راميةةو لتلزةة  ملعجةةصن ايكلصرهكسةفك  3مةا 

ِِ تين ايعّينةِ  )%( بعةف  باسةتعاا قةّررْ   نقابلية  ايةذتبا  .Gillmore needleصاسةط  قةّيَ  بتقةا ايتبةل  ت  ,meter  pH قةي  بصاسةط  pHسةاةِ  ,  24ختزية
املةةةاّ   املنّخنةةةِ . تقةةةف   اليةةةح اييبيانةةةا  م بةةةاةيا باسةةةتخفا  قركقةةة   انتشةةةار اختيبةةةار باسةةةتعاا قُةّياةةةا  تاييبكتريكةةةا اياايكليةةة ضةةةّف قطةةةِر امليبّيضةةةا   يلايكرتبةةةا  اخلةةةصاا املضةةةا  
 .تقةا ايتبةل  يةفتاي هيفرتمسةيف ايكايسةيص ت  , pH,  نذتباايةقابلية    ,تةفق َ اي ةلة  يةه  ةري ري معنةصمت  يكلصرهكسةفك    ككة ا الَنتدئئج: تاختيبةار صم .  ايتيبةاك  اح ةا مت

 مةةةة  %1.5% ت1 اجملةةةةاميا ايةةةةا   ةةةةا مةةةةا ةةةةة  معنةةةةصمتلتلةةةةِ بشةةةةكح  مضةةةةا  يلايكرتبةةةةا  ةةةةري رُي  هاَمةةةةاَن ِةْنةةةةفَ   ملصرهكسةةةةفك  % 2 اجملاصةةةةة  ايةةةةا   خلط ةةةةا مةةةةا
 اإلسددتنتئتئ   هيفرتمسةةيف ايكايسةةيص .َمةةا   ةة َخلطَ    ايكلصرهكسةةفك  ايةةا% ِمةةْ   اصةةةاِ  1.5% ت1بةةن  اخةةتال مةةا مةةان هنةةا   معنصكةةايكةة  ت  ايكلصرهكسةةفك 
 املاكةةة حبيةةةن مةةة   ا كرتبةةةيامضةةةا   يل خةةةصاات   مقنعةةة خةةةصاا قيوكصمياياةيةةة %( تبايتاةةةايع مةةةا هيفرتمسةةةيِف ايكايسةةةيصِ  ِةْنةةةَفُ  2%, 1.5%, 1يف ) ايكلصرهكسةةةفك 

 احخرى.اجملاصةا  بن  امليكرتبي  يلاضا  احقضِح  ةنه ايتري ري % نتجِ 2يف  ايكلصرهكسفك   اخح ايقنا .مفتاي   استعااهل 

ABSTRACT 
Aims: To compare and evaluate physicochemical (flow, solubility, pH, and setting time) and antimi-

crobial properties (against Enterococcus faecalis and Candida albicans) of calcium hydroxide 

(Ca(OH)2) paste mixed with different concentrations (1%, 1.5%, 2%) of chlorhexidine gel (CHX).  

Materials and Methods: Ca(OH)2 paste was mixed with 3 different concentrations of CHX gel (1%, 

1.5%, and 2%).  physicochemical properties were evaluated according to ISO internationally. The flow 

of medicaments were evaluated by two plate method, solubility determined by using sample weight 

loss (%) after 24 hours, pH determine by pH meter, and setting time was measured with Gillmore nee-

dle. Antimicrobial properties against Candida albicans and Enterococcus faecalis were evaluated using 

agar diffusion test. The data were analyzed statistically using one way ANOVA and Tukey test. 

Results: CHX significantly had no effect on flow, solubility, pH, and setting time of Ca(OH)2. 2% 

CHX mixed group had antimicrobial effect significantly different from that of 1% and 1.5% of CHX 

combined groups, but significantly there was no difference between 1% and 1.5% of CHX groups 

mixed with Ca(OH)2. Conclusions: CHX at (1%, 1.5%, 2%) and in combination with calcium hydrox-

ide had satisfactory physicochemical and antimicrobial properties to be used as intracanal medicament. 

CHX at 2% produce better antimicrobial effect among other concentrations.  

Key words: calcium hydroxide, chlorhexidine, flow, solubility, pH, setting time, Candida albicans, 

and Enterococcus faecalis. 
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INTRODUCTION 
     Medicaments are used as an aid to im-

prove predictability and prognosis of en-

dodontic treatment. The need for intraca-

nal medicament is greater in those cases 

where bacteria are resistant to routine 

treatment, and where the therapy cannot be 

completed successfully due to the presence 

of pain or continuing exudates.
(1,2)

 

     Calcium hydroxide (Ca(OH)2) has been 

used extensively in dentistry. Today, it is 

still the most commonly used endodontic 

medicament throughout the world. The 

reason for its application is based on its 

antimicrobial and mineralizing proper-

ties.
(3)

 

     Enterococcus faecalis and Candida 

albicans are the most common isolates 

from root treated teeth with persistent per-
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iapical disease. These microorganisms 

appear to be highly resistant to Ca(OH)2. 

So, there is a need for supplementary 

agents to effectively treat persistent peri-

apical lesion.
(1,2,4)

 

     Different vehicles have been added to 

Ca(OH)2 in an attempt to enhance its an-

timicrobial activity. These vehicles may be 

water soluble, aqueous, viscous, inert or 

with an antiseptic action. Ca(OH)2 has low 

water solubility, good  flow, and inherent-

ly high pH.  Therefore, the vehicles for 

calcium hydroxide must not affect its 

physicochemical properties and should 

enhance its antimicrobial activity.
(3)

  

     Chlorhexidine (CHX) has been sug-

gested to be useful endodontic irrigant and 

intracanal antiseptic due to its low toxicity 

and excellent antibacterial and antifungal 

activities.
(5,6)

 

     The purposes of current study were to 

investigate physicochemical properties 

(flow, solubility, pH, and setting time) and 

antimicrobial properties against Entero-

coccus faecalis and Candida albicans  for 

combination of  CHX gel at different con-

centration (1%, 1.5%, and 2%) with 

Ca(OH)2 paste.  
 

MATERIALS AND METHODS 
Preparation of Chlorhexidine Gel: 

     CHX (15% chlorhexidine gluconate, 

Croatch company) at 1%, 1.5%, and 2% 

were used in this study, 2 gm of orabase  

 

 
 

 

 

Solubility: 

     Ring mould with an internal diameter of 

20 mm and a height of 1.5 mm was placed 

on the glass slide with larger dimensions 

than the mould; the mould was then filled 

with one of the tested medicament.  Anoth-

er glass slide lined with plastic sheets (pol-  

was add to 10 ml of one of the concentra-

tion of  CHX to obtain a gel (pH 7.0).
(7)

  

Orabase checked in previous study that it 

had no antimicrobial effect.
(8)

 

Tested Medicaments: 

     The medicaments tested in this study 

were divided into four groups as follow: 

Group I: Ca(OH)2) paste (Metapex, Ger-

many). 

GroupII: Ca(OH)2 paste mixed with 1% 

CHX gel (2:1). 

GroupIII: Ca(OH)2 paste mixed with 1.5% 

CHX gel (2:1). 

GroupIV: Ca(OH)2 paste mixed with 2% 

CHX gel (2:1). 

     Ca(OH)2 paste mixed with CHX gel in 

a ratio of (2:1) for about 10±1 sec at 37
o
C 

until complete homogenization of mixture 

was obtained. 

Physicochemical Properties: 

     The following tests were performed ac-

cording to international standard ISO 6876 

/2001 for dental root canal materials.
(9)

 

Flow: 

     A volume of 0.05 ml of the mixture of 

each tested medicament dispensed on the 

center of glass slab )using a syringe), 

which covered by another glass slab (70 g) 

with an additional weight to achieve a total  

of 120±2 g on application. After 10 

minutes, the diameter (mm) of resulting 

nearly circular disc was measured twice 

(along perpendicular lines) using digital 

vernia.
(10-12)

  This was shown in Figure (1). 

  

 

 

 

 

yethylene) was then placed over prepared 

sample with 100g weight on it. The filled 

mould was placed in an incubator with 

37±1
o
C temperature and 95%  humidity 

for 24 hours. Sample was removed from 

the mould and the weight of sample was 

measured to the nearest 0.001 g (Figure 2).  

a
 

b
 

a
 

d
 

c
 

Figure (1):  Flow rate among tested medicaments.  
     a= Ca(OH)2 . b= Ca(OH)2& 1%CHX. c= Ca(OH)2 & 1.5%CHX. d= Ca(OH)2 & 2%CHX 
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Figure (2): Prepared sample and mould for 

solubility test. 

 

     After that, the mass of petri dish (diam-

eter of 90 mm and minimum volume of 70 

ml) was weighted three times in an analyt-

ical scale.  Two samples were placed in-

side the dish and approximately 50±1 mL 

of distilled water  (pH 7.0) was then added 

and covered the dish. The dish was kept in 

an incubator for 24 hrs; the samples were 

then removed and washed with 2 to 3 mL 

of distilled water. Petri dish was placed 

inside a lyophilizer (EDWARDs, Moduly, 

England) for water evaporation and drying 

at high vacuum. Subsequently, new meas-

urement of the petri dish was performed, 

and difference between the two measure-

ments was used to determine the amount 

of lost mass which express as a percent-

age.
(10,11,13)

  

pH: 

 Tested materials was placed in 

rubber mould (3 mm height X 10 mm di-

ameter), and the pH was determined using 

a digital  pH meter (J, Morita corporation, 

Japan).
(10,14)

 

Setting Time: 

 Stainless steel ring shape moulds 

with an internal diameter of 10 mm and 2 

mm height were prepared.  Stainless steel 

moulds were placed on the glass plate; 

subsequently moulds were filled with one 

of the tested materials. Another glass plate 

lined with plastic sheets (polyethylene) 

wasplaced on the filled material with100g 

weight on it, and carefully removed in or-

der to remain a flat uniform surface. The 

filled mould was placed in an incubator 

with 37±1
o
C temperature and 95% hu-

midity. The setting of each sample was 

tested using Gillmore needle (MARUTO, 

Japan) (rod of 100±0.5 g having a flat end 

2.0±0.1 mm in diameter, with the needle 

cylindrical for a distance of 5 mm from its 

end) that was carefully lowered vertically 

onto flat surface of the tested material 

(Figure 3), the tip is cleaned and the opera-

tion is repeated until no indentation can be 

seen. Test was performed 40 minute after 

filling the mould and was repeated every 

10 minutes.  The time of “no indent” is 

recorded from the end of mixing. The av-

erage value is known as the setting 

time.
(12,15)

  

 

Figure (3): Measuring  “set” with Gillmore 

needle. 

 

Antimicrobial Properties: 

     The microorganisms tested in this study 

were Candida albican (C. albicans) and 

Enterococcus faecalis (E. faecalis) which 

were isolated from clinical acute periapical 

lesion.  The antimicrobial activity was per-

formed using agar diffusion test. An over 

night mixed broth culture of  each micro-

organisms (10
8 

cfu/ml) on brain heart infu-

sion broth (Oxiod LTD, Basingstoke, 

Hants/ England) were prepared. 1µl of one 

inoculums were inoculated into Sabouraud 

agar plate (Oxiod LTD, Basingstoke, 

Hants/ England) for C. albican, and into E. 

faecalis plate (Difco Laboratories Detroit 

Michigan, USA) for E. faecalis. For each 

agar plate 5 sterile filter paper discs were 

placed on it, in which four of discs were 

impregnated in one of the tested medica-

ment and one remain without coating (neg-

ative control). All plates incubated into 

incubator (37±1ºC) for 24h, and the diame-

ter (mm) of the growth inhibition zone 

were then measured.
(1-3,13)

  

     Every physicochemical and antimicro-

bial test was repeated ten times. 
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RESULTS 
     One way analysis of variance and Tuk-

ey post Hoc multiple range tests (P<0.05) 

were conducted on all physicochemical and 

antimicrobial properties. This was shown 

in Tables (1) and (2). 

     Results revealed that flow, solubility, 

pH, and setting time of Ca(OH)2 mixed 

with CHX gel at different concentrations 

were significantly not different from those 

of Ca(OH)2 paste.          

     Results also found that Ca(OH)2 paste 

and control negative groups shown no in-

hibition zones against any tested microor-

ganisms. While Ca(OH)2 mixed with 2% 

CHX had antimicrobial effect against two 

tested microorganisms significantly differ-

ent from that of 1% and 1.5% of CHX 

combined with Ca(OH)2, but significantly 

there was no difference between 1% and 

1.5% of CHX groups mixed with Ca(OH)2. 

As shown in Tables (1) and (3) and Figure 

(4). 

 

 

Table (1): One way analysis of variance for the differences on the  physiochemical and anti-

microbial properties of the tested medicaments. 

 
Sum of 

Squares 
df* 

Mean 

Squares 
F-value P-value

** 

F low        Between Groups 

Within Groups 

Total 

19.767 

80.371 

100.138 

3 

36 

39 

6.589 

2.233 

2.951 0.063 

Solubility Between Groups 

                   Within Groups 

                           Total 

0.074 

0.427 

0.501 

3 

36 

39 

0.025 

0.012 

2.073 0.121 

pH            Between Groups 

                    Within Groups 

                            Total 

0.417 

1.602 

2.,019 

3 

36 

39 

0.139 

0.044 

3.124 0.055 

Setting time Between Groups 

                     Within Groups 

                           Total 

1.149 

7.227 

8.376 

3 

36 

39 

0.383 

0.201 

1.908 0.146 

Antimicrobial Between Groups 

E.faecalis          Within Groups 

                           Total 

110.586 

23.445 

134.031 

2 

27 

29 

55.293 

0.868 

63.677 0.000 

Antimicrobial   Between Groups 

C.albicans          Within Groups 

                            Total 

185.158 

64.051 

249.209 

2 

27 

29 

92.579 

2.372 

39.025 0.000 

 

 

 

 

 

a
 

*df=degree of freedom. **P≤0.05 mean significant different exist.   **P>0.05 mean no significant 

different exist. 
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Table (2): Tukey test for the differences on the physicochemical  properties of the tested 

medicaments. 

Tested 

Medicaments 

 Mean±SD  

Flow 

(mm) 

Solubility 

(%) 
pH 

Setting time 

(hrs:min) 

Ca(OH)2 
28.35±1.97 

A* 

1.65±0.10 

A 

11.85±0.18 

A 

4:54±0.44 

A 

Ca(OH)2 

& 1%CHX 

26.66±1.06 

A 

1.61±0.10 

A 

 

10.87±0.82 

A 

 

5:00±0.45 

A 

Ca(OH)2 

& 1.5%CHX 

26.65±1.10 

A 

1.58±0.12 

A 

10.89±0.22 

A 

5:03±0.46 

A 

Ca(OH)2 

& 2%CHX 

26.62±1.63 

A 

1.54±0.10 

A 

10.9±0.23 

A 

5:05±0.42 

A 

*The similar letters vertically mean no significant difference exist.                                                                

 

Table (3): Tukey test for the differences on the antimicrobial effect of the tested medicaments. 

Tested 

Medicaments 

 Inhibition Zone Mean(mm)±SD  

E. faecalis 
 

C. albicans
 

Control -ve 
0.0±0.0 

A* 

0.0±0.0 

A 

Ca(OH)2 

0.0±0.0 

A 

0.0±0.0 

A 

Ca(OH)2 

&1%CHX 

23.66±0.78 

B 

18.79±1.26 

B 

Ca(OH)2 

& 1.5%CHX 

24.01±0.71 

B 

19.78±1.12 

B 

Ca(OH)2 

&2%CHX 

27.9±1.21 

C 

24.49±2.06 

C 

 * The different letters vertically mean significant difference exist. 
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Figure (4): Inhibition zones of the tested medicaments against tested microorganisms.  

a= E. Faecalis. 1= Ca(OH)2 . 2= Ca(OH)2& 2%CHX. 3= Ca(OH)2 & 1.5%CHX.  4= Ca(OH)2 & 1%CHX. 5= -ve control. 

b= C. albicans. 1= Ca(OH)2 . 2= Ca(OH)2& 2%CHX. 3= Ca(OH)2 & 1.5%CHX.  4= Ca(OH)2 & 1%CHX. 5= -ve control 

 

 

DISCUSSION 
      Intracanal medicament has been une-

quivocally shown to contribute to favora-

ble outcome when treating endodontic in-

fections. 
(1)

 

     Ca(OH)2 containing materials have 

widely used in endodontic therapy to 

stimulate apexification, to repair perfora-

tion, to promote healing by hard tissue 

formation in root fracture, to control ex-

ternal and internal inflammatory root re-

sorption, and had antibacterial action. 

Ca(OH)2 was also the main component in 

root canal sealer and in several pastes that 

are used as intracanal dressings in case of 

periapical lesions.
(3)

 

     Many reports showed that E. faecalis 

and C. albicans are the common isolates 

from infected root canals and in cases of 

therapy resistant periapical lesions. They 

had been also used in several studies of 

antibacterial properties of materials be-

cause of there relative resistance.
(2,4)

  

     Ca(OH)2, although suitable as an intra-

canal medication, cannot be considered a 

universal intracanal medication, because it 

is not equally effective against all micro-

organisms found in the root canal especial-

ly E. faecalis and C. albicans. However, 

the association of antimicrobial agents 

with calcium hydroxide should be avoid-

ed, especially those that have been shown 

to be irritating to periapical tissues. An-

other medication, such as CHX gel which 

has a wide spectrum of antimicrobial ac-

tivity with prolonged action, is biocompat-

ible with periapical tissues, stays longer in 

contact with the microorganisms, and dif-

fuses through the dentin tubules, should be 

considered to be used in combination with 

Ca(OH)2 to enhance its antimicrobial effi-

cacy.
(2,5)

 

      CHX in gel form was used in this 

study because many authors believed that 

CHX gel was able to clean the root canal 

walls and their anatomic complexities ef-

fectively due to the viscosity of the gel.
(5,9)

  

Also in this study a paste containing calci-

um hydroxide was used so its more pre-

dictable to combine it with gel rather than 

solution in order to maintain as possible as 

the physiochemical properties  of this 

paste. 

     A number of tests have been developed 

to assess the physical and technological 

properties of root canal medicament. Such 

tests serve a number of purposes: They 

ensure that the materials are presented in a 

consistency so that they are practical to 

use in a clinical situation; they provide a 

physical characterization of the materials 

when mixed and set; and they may in 

some instances be helpful in anticipating 

how the material will perform clinical-

ly.
(10)

 Therefore, assessment of the physi-

cochemical properties of Ca(OH)2  mixed 

with CHX were very necessary before it is 

used. 

     In this experimental study, it was found 

that CHX at different concentration when 

combined with Ca(OH)2 did not signifi-

3
 

3
 

a
 

5
 

1
 

2
2

2 

4
 

b
 

3
 

2
 

5
 

4
 

1
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cantly effect it is flow, solubility, pH, and 

setting time.  

     The flow behaviour of a Ca(OH)2 was 

one of the most important handling prop-

erties. Firstly, favourable flow behaviour 

results in easy mixing. Secondly, the fill-

ing material must be able to be introduced 

easily into the root canal and exhibit a cer-

tain stability.
(11,12)

  According to this study, 

mixing Ca(OH)2 with CHX at different 

concentrations were decrease  its flow, but 

significantly not different, this might result 

from the fact as CHX gel was viscous ma-

terial 
(6)

, therefore it will increase the vis-

cosity of Ca(OH)2
(14)

, so that, as the vis-

cosity of Ca(OH)2 increase its flow de-

crease because the viscosity is defined as 

the resistance of material to flow  or its a 

measurement of the inner friction of a flu-

id. Thus, if a solution flows easily it has a 

low viscosity and the interactions between 

the particles are very small and the reverse 

is true.
(16)

  

     Ca(OH)2 had a low water solubility and 

an inherently high pH. Its low water solu-

bility was a useful characteristic because a 

long period was necessary before it be-

comes soluble in tissue fluids when direct 

contact with vital tissues. Also, low solu-

bility was important to provide the hermet-

ic seal of root canal system to avoid the 

bacterial proliferation and increase the 

success of the endodontic treatment 
(10,13)

. 

As well as, maintained the pH of Ca(OH)2 

was important because its kill most of bac-

teria by high pH.
(4)

  In this study, it was 

found that solubility and pH  of Ca(OH)2 

were maintained when mixed with CHX. 

This might related to that CHX had pH 

(7.0) and it had low water solubility when 

it use in gel form.
(6)

 Therefore the mixture 

of Ca(OH)2 and CHX was effective to oc-

cupy the apical regions in a sufficient 

quantity to permit its biological effect to 

be exerted in close proximity to the appro-

priate tissues.  

     Materials needed to be introduced into 

the root canal must have sufficient work-

ing time for appropriate clinical applica-

tion in root canals. Also, unset material 

may cause harmful tissue reactions.
(12)

 In 

this study, the addition of CHX to 

Ca(OH)2 slightly increase its setting time  

which significantly result in no differ-

ences.                

     It was revealed by this study, Ca(OH)2  

paste alone was not effective against C. 

albicans and E. faecalis. This result from 

the fact that antimicrobial effect of 

Ca(OH)2 attributed to its high pH, several 

studies 
(1,2,14)

 demonstrated that E. faecalis 

and C. albicans had inherent ability to re-

sist its high pH, therefore Ca(OH)2  alone 

unable to kill this two microorganisms. 

While mixing Ca(OH)2 with 2% CHX had 

antimicrobial effect against two tested mi-

croorganisms significantly different from 

1% and 1.5% CHX groups mixed. This 

may related to that CHX is bactericidal at 

higher concentrations (1.8%-2% and 

above) which causing precipitation of bac-

terial cytoplasm and cell death, while its 

bacteriostatic at lower concentrations 

causing increased cell permeability with 

leakage of important intercellular compo-

nents.
(1,5,6)

 

     On the basis of the results obtained and 

of the experimental conditions used in this 

study, this study was concluded an addi-

tive benefits achieved by combining 

Ca(OH)2 with CHX. Therefore, this com-

binations can be consider as an effective 

intracanal medicament  in the treatment of  

root canal infection. Further researches 

made both in vitro  and in vivo are neces-

sary for better understanding the antibacte-

rial efficiency of this combinations as in-

tracanal medicaments.    

 

CONCLUSIONS 
     CHX at different concentrations and in 

combination with Ca(OH)2 paste maintain 

its physicochemical properties to be used 

as an intracanal medicaments. Ca(OH)2 was 

ineffective against C. albicans and E. fae-

calis especially when it used alone without 

combination with CHX. 
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