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ABSTRACT 
 

Intracanal medication reduces micro-organisms after cleaning & shaping a root canal. Long-term exposure to some intra-

canal medicament decreases fracture resistance of radicular dentin due to its strong alkalinity in long-term exposure. We 

studied the resistance of human root dentin to fracture following the application of intracanal medicament on the 7th and 

10th days. Thirty-six human permanent extracted teeth with singleroot  were collected. They were cleaned and shaped till 

Hand ProTaper F2. After de-coronation, roots were divided randomly as Group A - Calcium Hydroxide, Group B - 

Propolis, and Group C - Chitosan Mixed with Calcium Hydroxide, having 12 teeth respectively. The respective 

intracanal medicament paste was introduced in root canals. We divided samples into two subgroups. There were 6 teeth 

in each group. We checked the fracture resistance on the 7th and 10th days by using the universal testing machine. The 

fracture resistance was recorded in MPa automatically in the universal testing machine. We used one-way ANOVA 

followed by unpaired and paired for individual group comparisons. A p-value of  Results- Mean values of fracture load 

(N) for 7days between groups Ca(OH)2, Propolis, and Chitosan + Ca(OH)2 was not significant Also, mean values of 

fracture load (N) at 10days when compared individually in group Ca(OH)2, Propolis and Chitosan + Ca(OH)2 there was 

no significant difference. Intracanal medicaments used decreased the resistance of radicular dentin to fracture. Propolis 

showed the least fracture resistance followed by Chitosan mixed with calcium hydroxide and Calcium Hydroxide alone. 
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Introduction 

Bacteria causes inflammation of the pulp and periapical 

region [1, 2]. Endodontic treatment aims to get rid of 

microorganisms from the canals [3, 4]. Prolonged 

endodontic success relies on debridement and disinfection 

of the canal. Persistent endodontic infection is due to the 

bacteria in the dentinal tubules, isthmi, ramifications, and 

the fin. 

Biofilm formation ability of organisms hampers the 

complete disinfection of the canal [5]. Some microbes in 

these areas are not affected by chemo-mechanical 

preparation [6]. Use of intracanal medicament between the 

appointments helps in the complete elimination of these 

bacteria [7]. 

Calcium Hydroxide [Ca(OH)2] has extensive use in 

dentistry owing to its broad antibacterial activity [8], as 

itliberates hydroxyl ions with a pH of 12.4 [9]. Ca(OH)2  is 

most commonly used for short & long-duration medication 

(ICM). Researchers found that Ca(OH)2 as an ICM can 

weaken the dentin compared to non-treated teeth [9]. 

However,  activity is limited to a few days. This might be 

because the root canal milieu has organic and inorganic 

compounds [10]. In some studies Ca(OH)2  when used as 

ICM for the long term reduces the organic component of 

dentin, influences the mechanical properties of dentin in 

the long-term ICM.  It is stated that the strong alkaline pH 

of Ca(OH)2 affects the dentin structure thereby causing 

poor fracture resistance. 

Contemporary endodontics addresses the use of biological 

extract from plants and animals to reduce cytotoxic 

reactions. Propolis is a natural by-product of honeybee 

having flavonoids that have actions against bacteria, 

viruses, fungi, protozoa, against inflammation, and has 

antioxidant effects [11, 12]. Propolis contains flavonoids, 

esters, and aromatic acids which imparts antibacterial 

activity. Propolis is used in surgical wound healing in deep 

caries management, as root canal irrigant, in short term 

application is proven to be more efficient. 

Chitosan an extract from alkaline deacetylation of chitin 

present in the shells of crustaceans is a (poly(1,4),-b-D-

glucopyranosamine). It has antibacterial property 

biodegradable, biocompatible and non-toxic in nature [13]. 

Some studies have proven that chitosan when mixed with 

endodontic sealer and Ca(OH) 2 showed antibacterial 

activity against E. faecalis while chitosan-acetate solution 

removed smear layer [13]. There are studies on Propolis 

and Chitosan showing antibacterial properties when used 

as an ICM. But there are very few studies in the literature 

that evaluated the resistance of human root dentin on 

fracture after application of ICM. Chitosan when mixed 
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with Ca(OH)2 and sealer has proven antibacterial action 

against E. faecalis, used to remove smear layer [13]. 

So in this study, we have evaluated and compared the 

resistance of root dentin to fracture after using Ca(OH)2, 

Propolis, Chitosan, and Calcium Hydroxide mix as ICM. 

Materials and Methods 

We collected 36 freshly extracted permanent human 

single-rooted, non-carious, indicated for extraction. The 

crown portion was sectioned using a diamond disk, below 

the cementoenamel junction to obtain standard root length. 

The cleaning and shaping were done with Hand ProTaper 

till size F2, with in-between usage of 3% Sodium 

Hypochlorite, 17% EDTA, and normal saline as an 

irrigant. All the samples were finally irrigated with normal 

saline and dried using paper points. The roots were 

grouped into 3 having 12 teeth in each group to evaluate 

fracture resistance on the 7th& 10th days. They were further 

divided into two subgroups with  6 teeth. 

Absorbent points were used to dry the canals. 12 root 

canals from each Group was received ICM, temporary 

cement was used to seal the access cavity and stored at 

37oC and in 100% humidity. 

Group A: Calcium Hydroxide paste as an ICM (n=12). 

Ca(OH)2 powder and saline drops were mixed. 

Group B: Propolis paste as an ICM. (n=12). Propolis 

powder and saline drops were mixed. 

Group C: Chitosan + Ca(OH)2 as an ICM. (n=12). 

Chitosan solution was prepared by mixing 10% citric acid 

which was used as a vehicle for chitosan. This solution was 

mixed with Ca(OH)2 powder. 

All the ICM were mixed using a glass slab and spatula, as 

a creamy paste and introduced in the root canal with help 

of a sterile plastic syringe and needle having 20 gauge. 

Bonded composite resin (3M ESPE) was used to seal root 

canals apically while cotton pellet and Cavit™ were used 

coronally (3M ESPE) to imitate the in vivo condition. All 

teeth were kept at 37oC and 100% relative humidity. On 

the 7th day, 6 teeth from each group were removed. All 

Roots were embedded in self-curing acrylic resin up to 5 

mm of 2 cm diameter and 3 cm height of the block. 

Temporary Endo Restorative Material and cotton pellet 

were removed from the coronal part. The sample was 

mounted in a universal testing machine (Star Testing 

System) The punch with a tapered plunger of 1mm 

diameter and speed of 3 mm/min was applied at the center 

of the root until the specimen fractured. The load at which 

the specimen fractured was recorded automatically. On the 

10th day, the remaining 6 teeth from each group were 

removed and tested in the same manner as were checked 

for fracture resistance, on the 7th day.  

On the 7th and 10th days (n=6), roots were embedded in 

self-cure resin and mounted on the universal testing 

machine until the sample got fractured. The fracture 

resistance was recorded in MPa. 

In the present study,  descriptive statistics such as mean, 

SD, median, etc was done. Student’s Unpaired t-test was 

used to compare the groups. The difference between 7 days 

and 10 days (Table 1) was done by Student’s paired t-test. 

One way ANOVA test (Tukey-Kramer multiple 

comparison tests) was applied for all the groups compared 

together.  

Results and Discussion 

The mean of fracture load (± standard deviations) for the 

study groups (Table 1) on the 7th day were - Group-A 

Ca(OH)2 it was 170.12 ± 109.15 MPa, Group-B Propolis 

was 135.93 ± 40.10 MPa and Group-C Chitosan + 

Ca(OH)2 was 184.40 ± 99.30MPa, respectively, without 

statistically significant differences in fracture load values 

between the groups (p>0.05). The student’s unpaired “t” 

test showed no significant difference between mean values 

of fracture load (N) for 7days in groups Ca(OH)2, Propolis, 

and Chitosan + Ca(OH)2. 

The result of the study revealed that the mean of fracture 

load (± standard deviations) for the study groups on the 

10th day - Group-A Ca(OH)2 was 200.88 ± 43.02 MPa, 

Group-B Propolis it was 181.27 ± 50.43 MPa and Group-C 

Chitosan + Ca(OH)2 was 221.10 ± 55.57 MPa, 

respectively, with no significant differences in fracture 

load values between the groups (p>0.05). After applying 

the Student’s paired “t” test there was no significant 

difference between mean values of fracture load (N) for 

10days in group Ca(OH)2, Propolis and Chitosan + 

Ca(OH)2.

 

Table 1. Fracture resistance (MPa) is measured as fracture load (N) 

 

Group A 

Ca(OH)2 

(n=6) 

Group B 

Propolis 

(n=6) 

Group C 

Chitosan + Ca(OH)2 

(n=6) 

Mean ± SD Mean ± SD Mean ± SD 

On 7 days 170.12±109.15 135.93±40.10 184.40±99.30 
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On 10 days 200.88±43.02 181.27±50.43 221.10±55.57 

Student’s paired t-test value 2.1 1.8 2.0 

‘p’ value and significance 
P=0.093, 

not significant 

p=0.106 

not significant 

p=0.097 

not significant 

 

After applying Student’s paired t-test, there was no 

significant difference between mean values of fracture load 

(N) on 7 days and 10 days (Graph 1) in Group A: Ca(OH)2, 

Group B: Propolis, and Group C: Chitosan + Ca(OH)2. 

Apical periodontitis is caused by bacteria, its elimination 

from the root canal is the basis for the healing of apical 

pathosis [14]. Disinfection and irrigation are essential to 

kill and remove microorganisms and smear layers from the 

canals and prevent reinfection [15, 16]. Some recently 

developed materials like Propolis and Chitosan are used as 

ICMs due to their antibacterial properties 

Ca(OH)2 remains antibacterial till the high pH is 

maintained [17]. Sjogren et al. (1991) demonstrated that to 

get a negative culture Ca(OH)2 medicament should be 

applied for a period of 7 days [18]. Shuping et al. (2000) 

showed that almost 92.5% canal disinfection can be 

achieved by Ca(OH)2 when kept at least for 1 week. 

Ca(OH)2 powder alone is difficult to deliver, a liquid 

vehicle is required which helps to release hydroxyl ions. 

Aqueous solutions commonly used like sterile water or 

saline promote rapid ion liberation. The local   anaesthetic 

solution being acidic can be used as a vehicle as Ca(OH)2 

is a strong base,  minimally by acid [19].  

The current endodontics shift is towards biological 

medication from plants and animals to reduce cytotoxic 

reactions. Folk medicine contains natural products -bee 

products like honey, pollen, propolis, fortified honey has 

been revitalized recently. 

Propolis is composed of flavonoids, aromatic acids, and 

esters present in the resin.4% alcohol solution of propolis, 

when used as root canal filling, has shown a high success 

rate in acute and chronic eriodontitits [20]. Ethanolic 

extract of propolis acts against  E. faecalis. and shown 

ICM as effective due to wide antibacterial action and low 

toxicity [21]. 

Chitosan is a compound of animal origin found widely in 

nature and has a fibrous structure. It is the basis of the 

outer skeleton of crustaceans like crabs, lobsters, and 

insects [22]. Chitosan has been used as an antimicrobial 

material against organisms -bacteria, algae, fungi, yeasts 

and in experiments involving in vivo and in vitro studies. 

Further investigation showed that chitosan is bacteriostatic 

rather than bactericidal [23]. Intracanal medicaments may 

hamper the physical characteristics and reduce their 

resistance to fracture. This study evaluated and compared 

the resistance of human root dentin to fracture using 

Ca(OH)2, as well as Propolis and Chitosan, mixed with 

Calcium Hydroxide as ICMs [24, 25]. 

Root canal anatomy varies widely throughout the length of 

the canal with maximum variation. Thirty-six single-rooted 

and autoclaved extracted human teeth indicated for 

extraction were collected. Root length was standardized 

and canals were prepared till F2 with 3% NaOCl as irrigant 

and final irrigation with 17% EDTA to remove smear layer 

followed by saline.  

The result of the study revealed that the mean of fracture 

load (± standard deviations) for the Group-A Ca(OH)2 

(control group) at 7th day, was 170.12 ± 109.15 MPa and at 

10th days it was 200.88 ± 43.02 MPa. This was chosen as 

the control group because Ca(OH)2 is known to have a 

weakening effect on dentin, confirmed by the studies done 

by Rosenberg B and White JD. Sahebi S et al. and 

Andreasen JO. The strength of the dentine depends on the 

hydroxyapatite and collagenous fibrils link which can be 

disrupted by the strong alkaline PH of Ca(OH)2 It collapses 

dentine structure as carboxylate and phosphate groups get 

denatured. The etiology of disruption could be because of 

neutralization, dissolution of proteoglycans and acid 

proteins which binds the collagen network and the 

hydroxyapatite crystals in dentin [26]. Andreasen 

evaluated the dentinal strength with a timeframe. It reached 

50% within a year. The study result showed a reduction in 

the root strength after application of Ca(OH) 2 for 10 days  

(15% reduction in dentin strength) [27]. 

In this study, the mean fracture load (± standard 

deviations) for Group-B Propolis on the 7th day was 135.93 

± 40.10 MPa and on the 10th day, it was 181.27 ± 50.43 

MPa. Though the lowest fracture resistance results were 

obtained with Group B, however statistically not 

significant on comparing to the control group (p>0.05). 

Propolis is rich in flavonoids and phenolic acid, Phenolic 

acids being weak acids get adsorbed on hydroxyapatite 

molecules, resulting in surface complexation with 

hydroxyapatite [28]. in this s chemical reactions 

(equilibrium reactions) between a mineral surface and the 

solution, according to a study done by Jonsson C [29] 

which could be the cause for the significant reduction in 

fracture resistance for propolis. 

In a study done by A.A. Elgendy and M.M. Nagy, the 

fracture resistance of root dentin was investigated and 

compared by using the following ICMs, propolis, Triple 

antibiotic paste, and Chlorhexidine. They concluded that 

when Propolis is used as ICMs adversely affects fracture 

resistance of root canal dentin [29]. 

In this study, the mean of fracture load (± standard 

deviations) for Chitosan group-C at 7th day was 184.40 ± 
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99.30 MPa and at 10th day was 221.10 ± 55.57 MPa 

without significant differences in fracture load values as 

compared to control groups (p>0.05), which means 

fracture resistance of Group C is similar to control group.  

Pimenta JA et al. [23] evaluated the microhardness of root 

dentin followed by 0.2% chitosan solution, 15% EDTA, 

and 10% citric acid. The experimental groups showed 

similarly reduced dentin microhardness (p>0.05) with a 

statistically significant difference on comparison with 

control (distilled water) (p<0.01). In the present study, all 

experimental groups showed reduced dentin 

microhardness. here 1% acetic acid was used for the 

preparation of the chitosan solution. However, in the 

current study, 10% citric acid was used. Citric acid is a 

known chelator that is used as a root canal irrigant for 

smear layer removal. However, it is known to reduce 

dentin microhardness.So, the decrease in microhardness of 

group C can be attributed to the vehicle used to dissolve 

chitosan, i.e 10% citric acid. 

Conclusion 

All the intracanal medicaments, that is, Ca(OH)2, Propolis 

and Chitosan mixed with calcium hydroxide, decreased the 

fracture resistance of radicular dentin. Amongst the three 

groups used, propolis showed the least fracture resistance 

followed by Chitosan mixed with calcium hydroxide and 

Calcium Hydroxide. However, the difference was 

statistically insignificant. Further long-term studies are 

required to check for their efficacy, and effect on radicular 

dentin.  
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