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INTRODUCTION                                                                              

Residual infected pulpal tissue, infected dentin and 
bacterial remnants in the root canal can result in the root 

canal treatment failure.1 Microorganisms present in the  

root canals can lead to the development of periapical 

inflammatory lesions.2 The goal of root canal therapy is 
to remove the inflamed and necrotic pulp tissue from the 

root canal system using both the chemical and  

 

mechanical debridement.
3
  

Root canal disinfection during chemomechanical 
preparation relies heavily on the use of root canal 

irrigants. Although mechanical instrumentation can 

reduce the microbial load, but it alone cannot 
completely eliminate microbes from the root canal 

system due to complex internal anatomy of the root 
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                                                                                  ABSTRACT 

Aim: In-vitro comparative evaluation of Six Intermediate root canal irrigants to prevent Orange-Brown colour 

precipitate formation due to Interaction of Sodium hypochlorite and Chlorhexidine gluconate solutions during 
endodontic treatment using Stereomicroscope analysis.  

Materials & Method: Seventy human extracted permanent mandibular single rooted premolar teeth were collected. 

Access cavity preparation done, working length was determined and biomechanical preparation was done using 
ProTaper Next rotary files upto size X3 file. All specimens were irrigated with 2ml of 3% NaOCl solution and equally 

divided into Seven groups with 10 specimens each, based on type of Intermediate canal irrigants used. Group 1: 0.9% 

Normal Saline, Group 2: Distilled water at room temperature, Group 3: Distilled water at 65C, Group 4: 20% Citric 

acid, Group 5: 70% Isopropyl alcohol, Group 6: 0.2% Chitosan solution, Group 7: Control group (No intermediate 

canal irrigants used). All specimens were then finally irrigated with 2ml of 2% Chlorhexine gluconate solution. All 
specimens were then longitudinally sectioned into two equal halves and each halve was examined at 9mm (coronal), 

6mm (middle) & 3mm (apical) third’s of root canals with Stereomicroscope for presence or absence of Orange-Brown 

colour Precipitate formation.  
Statistical plan: OneWay ANOVA and Tukey Post-hoc tests were used for statistical analysis. P ≤0.05 was 

considered statistically significant.  

Results: Statistically highly significant difference (P<0.05) was seen in inter-group comparison among the groups. 

Group 5 (70% Isopropyl alcohol) showed maximum efficiency in the prevention of orange-brown precipitate 
formation followed by Group 6 (0.2% Chitosan solution) both at coronal, middle and apical-third’s of root canals. 

Conclusion: 70% Isopropyl alcohol used as Intermediate canal irrigant between the use of sodium hypochlorite and 

Chlorhexidine solutions showed maximum efficiency in preventing the formation of orange-brown precipitate 
compared to other Intermediate canal irrigants used at all 3-levels of root canals. 

 

. 
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canals. Root canal irrigants are recommended along 

with instrumentation to completely disinfect the root 

canal system because of the anatomic complexities of 

the root canal system. 4,5 

The purpose of using root canal irrigating solutions 
during root canal treatment is to enhance the 

debridement, cleaning and disinfection of the root 

canal system.6 These irrigants should ideally have both 
antimicrobial and tissue-dissolution actions as well as 

they should provide lubrication, demineralization and 

the ability to remove both organic and inorganic 
debris and smear layer, thus preventing failure of root 

canal therapy.4 Since no single root canal irrigant 

possesses all ideal characteristics, the combination of 

various root canal irrigants in irrigation protocol 
during root canal therapy is recommended to reduce 

root canal necrotic tissue and microorganisms.6 

Sodium hypochlorite (NaOCl) is the most commonly 

used root canal irrigant during endodontic therapy, 
due to its potent tissue-dissolving and antimicrobial 

properties.7 Its germicidal action is linked to the 

formation of hypochlorous acid when it comes into 

contact with organic debris in the root canal. While 
NaOCl  at high concentrations (5.25% and 3%) is 

bactericidal, However it was found to be ineffective at 

low concentrations (0.5% to 1%). However, the effect 
of NaOCl is short-lived and it does not provide 

sustained antimicrobial activity.8,9 

Chlorhexidine Gluconate (CHX) solution was 

proposed as an alternative to Sodium hypochlorite as 

root canal irrigant or to use in combination with it due 
to its lower toxicity.10,11 Its broad-spectrum 

antimicrobial agent effective against various strains of 

microorganisms and provides potent antimicrobial 
substantivity in root canal. However, it should be 

noted that chlorhexidine does not possess tissue-

dissolving properties.12A combination of sodium 
hypochlorite and chlorhexidine gluconate solutions 

was advocated to enhance both their anti-microbial 

properties during root canal treatment. However, 

when more than one root canal irrigant is used in 
sequence, the 1st irrigant used can still remain in root 

canal and come into contact with next irrigant used 

within the root canal system.13 When sodium 
hypochlorite remains within the root canal, the use of 

chlorhexidine gluconate as the next irrigant can lead 

to the formation of an orange-brown colour precipitate 
called Parachloroaniline. This precipitate occludes the 

dentinal tubules, potentially compromising complete 

root canal disinfection and 3-dimensional seal of root 

canal obturation. Additionally, the precipitate formed, 
Parachloroaniline is cytotoxic, raising concerns about 

it leaching out of the root canal into periapical tissues. 

Therefore, it is essential to prevent the formation of 

this precipitate effectively.14,15 

Various root canal irrigating solutions such as normal 

saline, distilled water, chitosan solution, citric acid, 

isopropyl alcohol can be used as Intermediate root canal 
irrigating solutions to prevent the interaction between 

NaOCl and CHX root canal irrigants; thus preventing 

formation of Parachloroaniline (orange-brown 
precipitate). So, the aim of our in-vitro study was 

comparative evaluation of Six Intermediate root canal 

irrigants in the prevention of orange-brown precipitate 
formation by inhibiting any interaction of sodium 

hypochlorite with chlorhexidine gluconate solution during 

endodontic treatment. 

MATERIALS AND METHOD 

Seventy freshly extracted human permanent mandibular 

single-rooted premolar teeth were collected. Teeth 
extracted either for orthodontic reasons or periodontally 

compromised within the age group of 18-30 years were 

only included in the study following strict inclusion 
criteria. All teeth were examined under Stereomicroscope 

(Olympus SZ61, Olympus Optical Co., Tokyo, Japan) at 

10X magnification to ensure that they were intact and 

without any caries or non-caries lesions, devoid of 
restorations, clinically detectable fractures or cracks on 

root, open root apices, root caries, resorptive 

defects, calcifications. Previously endodontically 

treated teeth were excluded from the study.  

The collected teeth were cleaned of superficial debris, 

calculus, and residual tissue tags using ultrasonic 
instruments. Occupational Safety and Health 

Administration (OSHA), Center for Disease Control 

(CDC), and Prevention recommendations and guidelines 
were strictly followed during the collection, sterilization, 

and handling of extracted teeth to prevent any biohazard 

transmission. All teeth were then stored in 0.5% thymol 

at room temperature until used. 

All specimens were then decoronated using a  diamond 
disc (Novo Dental products, Mumbai) attached to a 

straight micromotor handpiece (NSK, Japan) at low-

speed under water coolant at the level of cement-enamel 
junction perpendicular to the long axis of teeth to 

standardize root length of all specimens to 14mm 

measured using Digital Vernier calliper (Hetvi Trend, 

Surat, India). A no.4 Round bur (Mani, Japan) was 
attached to a contra-angle high-speed airotor handpiece 

(NSK, Japan) to gain access into root canal orifices of all 

specimens. A no.10K(Kerr)-file (Dentsply, Maillefer, 
Switzerland) was placed into the root canals to establish 

the canal patency, with the tip of the trial file visible at t 
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he apical foramen, the working length was determined 

by subtracting 0.5mm from the length in all 

specimens. The apical foramen in all specimens was 

sealed using Sticky wax (Pyrax polymers. Pvt Ltd. 
India) and teeth were mounted in Vinyl Polysiloxane 

Putty impression material blocks (Addition silicone 

elastomer, Affinis, Coltene Whaledent AG 
Altstatten/Switzerland) for ease of handling of 

specimens during canal instrumentation. In all 

specimens, root canal instrumentation was done in 
crown-down technique using ProTaper Next rotary 

file system (Dentsply, Maillefer, Switzerland) in file 

sequence of X1, X2 and X3, with X3 as Master Apical 

File (MAF) (Size 0.30, Taper 0.07) at 300 rpm, 2.8 
Ncm of torque attached to torque-controlled 

Endomotor handpiece (Eighteenth E-xtreme Cordless 

Endomotor, Orikam Healthcare India Pvt Ltd, Delhi, 
India) following manufacturer’s instructions. Each 

rotary file was used for instrumentation in five root 

canals and were later discarded, followed by the use 
of new files. In each root canal, 15% 

EthyleneDiamineTetraacetic Acid (EDTA), (Glyde 

prep canal, Dentsply, Maillefer, Switzerland) was 

used during root canal during instrumentation. Upon 
each file change, the canals were irrigated with 0.9% 

normal saline solution (NIVY Remedies Pvt Ltd, 

Hatharia, West Bengal, India) using 30 Gauge side-
vented needle (RC Twents Irrigation Needle, Prime 

Dental Products Pvt. Ltd, Bhiwandi, India) placed 

2mm short of the root apex. After the completion of 

biomechanical preparation, each specimen was 
flushed thoroughly with 2ml of 3% NaOCl solution 

(Neelkaanth Health Care Pvt Ltd, Ahmedabad, India ) 

for 60 seconds using 30 Gauge side-vented needle. All 
specimens (n=70) were then randomly allocated into 

six experimental groups (n=60), based on the type of 

Intermediate root canal irrigant solution used; 2ml of 
intermediate root canal irrigant was used for 60 

seconds as per the Group assigned; Group 1 (n=10): 

0.9% Normal saline solution (Nivy Remedies Pvt Ltd, 

Hatharia, India) at room temperature. Group 2 (n=10): 
Distilled water (Agrawal Pharmaceuticals, New 

Delhi, India) at room temperature. Group 3 (n=10): 

Distilled water (Agrawal Pharmaceuticals, New 

Delhi, India) Pre-heated upto 65C. Group 4 (n=10): 

20% Citric acid (Citra Wash, Prime Dental Products 
Pvt Ltd, Mumbai, India) at  room temperature. Group 

5 (n=10): 70 % Isopropyl Alcohol (Medwin 

Pharmatech, Indore, India) at room temperature. 
Group 6 (n=10): 0.2% Chitosan Solution (Vedayukt 

India Pvt Ltd, Ghatsila, India) at room temperature 

(Figure no.1). Group 7 (n=10): Control Group (No 

intermediate root canal irrigant solution used). 

 

 

 

 

 
 

 

Figure 1. Intermediate root canal irrigants used in the study: 

0.9% Normal saline, Distilled water, Citric acid, 70% 

Isopropyl alcohol, 0.2% Chitosan solution.   

All specimens were then irrigated with 2% Chlorhexidine 
gluconate (Neelkaanth Health Care Pvt Ltd, Ahmedabad, 

India ) solution for 60 seconds using 30Gauge side-vented 

needle (Neoendo Endo irrigation needles, Orikam 
Healthcare Pvt Ltd, Gurugram, India). Sterile Paper points 

(Dia Dent, Korea) were used to dry the root canals. All 

specimens were then removed from the Putty impression 

material blocks.  Two vertical grooves were then made 
along the buccal and lingual surfaces of all specimens 

using a diamond disc (DZ, Munchen, Germany) attached 

to micromotor straight handpiece (NSK, Japan) at low-
speed 20,000 RPM (Revolutions Per Minute) without 

invading into the root canal space and were then 

longitudinally sectioned into two equal halves using a hand 
chisel and mallet. Each root halve was marked at 3mm 

(apical-third), 6mm (middle-third), 9mm (coronal-third) 

from the predetermined working length of specimens and 

were then evaluated under Stereomicroscope (Olympus 
SZ61, Olympus Optical Co., Tokyo, Japan) at ×10 

magnification, based on quantum of Orange-Brown colour 

precipitate formation on the dentinal walls of root canal 
space and scored as per criteria suggested by Arslan H et 

al.16  Score 0: The root canal surface was completely free 

of orange‐brown precipitate. Score 1: Orange‐brown 
precipitate seen in less than half of the root canal surface. 

Score 2: Orange‐brown precipitate seen in more than half 

of the root canal surface. Score 3: Root canal surface 

completely covered with orange‐brown precipitate. 

RESULTS                                                                                          

  The Tabulated data in Microsoft excel was statistically 
analyzed with SPSS (Statistical Package for the Social 

Sciences) V.24 software. OneWay ANOVA and Tukey 

Post-hoc tests were used for the statistical analysis. P value 
≤ 0.05 was considered as statistically significant. One-way 

ANOVA test showed statistically significant difference 

among all the groups, P≤0.05 considered as statistically 

significant. Table no.1 showed the comparison of presence 
of orange-brown precipitate at coronal-thirds of root 

canals among all groups, Group 7 exhibited the highest 

mean of 3.00 and Groups 5 & 6 showed the lowest mean 

of 0.00
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Table 1. Comparison in prevention of orange-brown Precipitate formation among the 7 groups at Coronal-thirds 

of root canals using OneWay ANOVA. 

 

 

 

 

 

                         

                                     P: Probability          SD: Standard Deviation        HS: Highly Significant                                      

Table no.2 showed the comparison of presence of orange-brown precipitate at middle-thirds of root 

canals among all groups, Group 7 showed the highest mean at 2.50 and Group 5 the lowest at 0.20.  

Table 2. Comparison in prevention of orange-brown Precipitate formation among the 7 groups at Middle-thirds of 

root canals using OneWay ANOVA. 

 

Groups (n=70) Mean  SD P value 

Group 1:0.9% Normal Saline solution (n=10) 2.40 0.50 

<0.001(HS) 

Group 2: Distilled water at room temperature (n=10) 1.70 0.47 

Group 3: Distilled water Pre-heated upto 65C (n=10) 1.20 0.62 

Group 4:20% Citric acid (n=10) 1.20  0.41 

Group 5:70 % Isopropyl alcohol (n=10) 0.20 0.41 

Group 6:0.2 % Chitosan solution (n=10) 0.30 0.47 

Group 7: Control group (n=10) 2.50 0.51 

   

Table no.3 showed the comparison of presence of orange-brown precipitate at apical-thirds of root canals among all.             

groups, Group 7 showed the highest mean at 2.60 and Group 5 the lowest at 0.10   

Table.3 Comparison in prevention of orange-brown Precipitate formation among the 7 groups at Apical-

thirds of root canals using  One way ANOVA. 

 

 

 

 

 

 

OneWay ANOVA test showed; Group 5 (70% Isopropyl alcohol) and Group 6 (0.2% Chitosan solution) as 

Intermediate canal irrigants exhibited No orange-brown precipitate formation in the coronal-third’s and minimal (or) 
least precipitate formation at middle and apical-third’s of root canals. Group 1 (0.9% Saline solution)  & Group 7 

(Control group) showed maximum orange-brown precipitate formation both at coronal, middle and apical-third’s of 

root canals among the tested specimens.  

Groups (n=70) Mean  SD P value 

Group 1:0.9% Normal Saline solution (n=10) 2.700.47 

<0.001(HS)  

Group 2: Distilled water at room temperature (n=10) 2.100.55 

Group 3: Distilled water Pre-heated upto 65C (n=10) 1.700.47 

Group 4:20% Citric acid (n=10) 1.700.47 

Group 5:70 % Isopropyl alcohol (n=10) 0.000.00 

Group 6:0.2 % Chitosan solution (n=10) 0.000.00 

Group 7: Control group (n=10) 3.000.00 

   

Groups (n=70) Mean SD P value 

Group 1:0.9% Normal Saline solution (n=10) 2.50 0.51 

<0.001(HS) 

Group 2: Distilled water at room temperature 

(n=10) 
1.300.47 

Group 3: Distilled water Pre-heated upto 65C 

(n=10) 
1.100.31 

Group 4:20% Citric acid (n=10) 1.000.00 

Group 5:70 % Isopropyl alcohol (n=10) 0.100.31 

Group 6:0.2 % Chitosan solution (n=10) 0.200.41 

Group 7: Control group (n=10) 2.600.50 

Bulletin of Stomatology and Maxillofacial Surgery.2025;21(10)162-172 doi:10.58240/1829006X-2025.21.10-162

165



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 21 № 10  

 Srikumar G.P.V., Aarushi Gajpal
  
Ruby Thomas et al. Comparative evaluation of Six Intermediate Root canal 

irrigants to prevent Orange-Brown Precipitate formation due to Interaction of Sodium hypochlorite and 

Chlorhexidine gluconate solutions during endodontic treatment. An In-vitro Stereomicroscope analysis.                                  

 

 

Tukey Post-hoc test was used for inter-group pair-wise comparison of the orange-brown precipitate formation at 

coronal, middle and apical-third’s of root canals among all the tested specimens. The test showed; At coronal-thirds 

of root canals (Table no.4 and Graph no.1), significant difference was seen between Group 2 Vs Group 3 & Group 2 

Vs Group 4 in the amount of precipitate formation. At middle-thirds of root canals (Table no.5 and Graph no.2), 
statistically significant difference was seen between Group 2 Vs Group 3 & Group 2 Vs Group 4 and at apical-thirds 

of root canals (Table no.6 and Graph no.3), no statistically significant difference was seen among tested specimens in 

all groups.                                                                                                                                                                                                                                    

Table.4. Pairwise Inter-group comparison between the 7 groups at coronal-thirds of root canals using Tukey 

post-hoc test. 

 

 

 

 

 

                   

 

 

 

 

 

 

 

 

 

  

S: Significant                                  NS: Non-Significant                      HS: Highly Significant 

Table 5. Pairwise Inter-group comparison between the 7 groups at middle-thirds of root canals using 

Tukey post-hoc test. 

Inter-group Pairwise 

Comparison 
P value 

Group1 Vs Group2 <0.001 (HS) 

Group1 Vs Group3 <0.001 (HS) 

Group1 Vs Group4 <0.001 (HS) 

Group1 Vs Group5 <0.001 (HS) 

Group1 Vs Group6 <0.001 (HS) 

Group1 Vs Group7 0.150 (NS) 

Group2 Vs Group3 0.015 (S) 

Group2 Vs Group4 0.015 (S) 

Group2 Vs Group5 <0.001 (HS) 

Group2 Vs Group6 <0.001 (HS) 

Group2 Vs Group7 <0.001 (HS) 

 Group3 Vs Group4    1.000 (NS) 

Group3 Vs Group5 <0.001 (HS) 

Group3 Vs Group6 <0.001 (HS) 

Group3 Vs Group7 <0.001 (HS) 

Group4 Vs Group 5 <0.001 (HS) 

Group4 Vs Group6 <0.001 (HS) 

Group4 Vs Group7 <0.001 (HS) 

Group5 Vs Group6 0.00 

Group5 Vs Group7 <0.001 (HS) 

Group6 Vs Group7 <0.001 (HS) 

Inter-group Pairwise 

Comparison 
P value 

Group1 Vs Group2 <0.001(HS)  

Group1Vs Group3 <0.001 (HS) 

Group1Vs Group4 <0.001 (HS) 

Group1Vs Group5 <0.001 (HS) 

Group1Vs Group6 <0.001 (HS) 

Group1Vs Group7 0.995 (NS) 
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Table 6. Pairwise Inter-group comparison between the 7 groups at apical-thirds of root canals using 

Tukey post-hoc test. 
Inter-group Pairwise 

Comparison 
P value 

Group1 Vs Group2 <0.001 (HS) 

Group1 Vs Group3 <0.001 (HS) 

Group1 Vs Group4 <0.001 (HS) 

Group1 Vs Group5 <0.001 (HS) 

Group1 Vs Group6 <0.001 (HS) 

Group1 Vs Group7 0.985 (NS) 

Group2 Vs Group3 0.683 (NS) 

Group2 Vs Group4 0.207 (NS) 

Group2 Vs Group5 <0.001 (HS) 

Group2 Vs Group6 <0.001 (HS) 

Group2 Vs Group7 <0.001 (HS) 

Group3 Vs Group4 0.985 (NS) 

Group3 Vs Group5 <0.001 (HS) 

Group3 Vs Group6 <0.001 (HS) 

Group3 Vs Group7 <0.001 (HS) 

Group4 Vs Group5 <0.001 (HS) 

Group4 Vs Group6 <0.001 (HS) 

Group4 Vs Group7 <0.001 (HS) 

Group5 Vs Group6 0.985 (NS) 

Group5 Vs Group7 <0.001 (HS) 

Group6 Vs Group7 <0.001 (HS) 

 

 

Group2 Vs Group3 0.025 (S) 

Group2 Vs Group4 0.025 (S) 

Group2 Vs Group5 <0.001 (HS) 

Group2 Vs Group6 <0.001 (HS) 

Group2 Vs Group7 <0.001 (HS) 

Group3 Vs Group4 1.000 (NS) 

Group3 Vs Group5 <0.001 (HS) 

Group3 Vs Group6 <0.001 (HS) 

Group3 Vs Group7 <0.001 (HS) 

Group4 VsGroup5 <0.001 (HS) 

Group4 Vs Group6 <0.001 (HS) 

Group4 Vs Group7 <0.001 (HS) 

Group5Vs Group6 0.995 (NS) 

Group5 Vs Group7 <0.001 (HS) 

Group6 VsGroup7 <0.001 (HS) 
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Graph 1. Vertical Bar graph; Extent of Orange-Brown precipitate at Coronal-thirds of root canals in 

all specimens 

 

 

 

 

 

 

 

     

     Graph 2. Vertical Bar graph; Extent of Orange-Brown precipitate at Middle-thirds of root canals in all spe  

 

 

 

 

 

 

 

 

 

Graph 3. Vertical Bar graph; Extent of Orange-Brown precipitate at Apical-thirds of root canals in all specimens 
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Group 5 (70% Isoprophyl alcohol) showed maximum efficiency in the prevention of orange-brown colour precipitate 

formation at all 3-levels (coronal, middle and apical-third’s) of root canals (Figure no.2), followed by Group 6 (0.2% 

Chitosan solution). Whereas, Group 1 (0.9% Normal saline), Group 2 and Group 3 (Distilled water at room temperature 
and preheated) exhibited least efficiency in preventing orange-brown precipitate formation. Group 7 (Control group) 

(Figure no.3) showed greater amount of orange-brown colour precipitate formation upon direct interaction between 

NaOCl and CHX solutions, as no intermediate canal irrigant was used. 

 

 

 

 

 

 

 

 
Figure 2. Group 5 (70% Isoprophyl alcohol as Intermediate canal irrigant) 

Figure  3. Group 7 (Control group):  No Intermediate root canal irrigant used. 

DISCUSSION 

Endodontic microflora is polymicrobial in nature. 
Although biomechanical preparation of the root canals 

is able to reduce the number of microorganisms, 

complete canal disinfection is difficult because of the 

complexity of the internal root canal anatomy.5 Root 
canal irrigants plays an 

important role in eliminating microorganisms from root 

canals which otherwise are difficult to remove only 
with root canal instrumentation alone.17,18 Hence, 

irrigants are either used alone or in combination with 

other irrigants along with canal instrumentation to 
achieve optimal antimicrobial effect. The need for root 

canal irrigation is of paramount importance during 

chemo-mechanical preparation of root canals due to its 

role in the eradication of microorganisms, tissue 
dissolution, removal of debris and smear layer, 

especially in areas untouched during mechanical 

instrumentation of root canals.  

Bue TB et al14 suggested a clinical protocol for root 
canal irrigation and it consists of irrigation with NaOCl 

to dissolve the organic components, EDTA to eliminate 

the smear layer and  CHX to impart substantive 

antimicrobial activity. Although such combination of 
root canal irrigants enhance their antimicrobial 

properties, but possible negative chemical interactions 

between them should also be considered.14The 
beneficial effects of using NaOCl and CHX 

alternatively is due to their exclusive  

 

 

properties of tissue dissolution and antimicrobial 
effectiveness known to be superior rather than the use 

of these root canal irrigants individually.12 However, 

Kuruvilla JR et al,10  Zehender M et al19 and Gupta H et 

al20 reported that the combination or alternate use of 
NaOCl and CHX as root canal irrigants resulted in 

negative effect on the success of root canal therapy due 

to the formation of by-products causing poor adaptation 
of endodontic sealers to dentinal walls of root canals.  

Direct interaction of CHX with NaOCl result in the 

formation of orange-brown colour precipitate called 
Para-ChloroAniline (PCA) due to acid-base reaction 

between them. Chlorhexidine gluconate as a dicationic 

acid (pH 5.5–6.0) has the ability to donate protons and 

the alkaline Sodium hypochlorite is able to accept 
protons from the dicationic CHX, this proton exchange 

results in the formation of a neutral and insoluble 

precipitate containing ParaChloroAniline (PCA) or 1-
Amino-4-chlorobenzene and is found to be cytotoxic. 

When 2% CHX solution directly comes in contact with 

any concentration of NaOCl, the precipitate colour 
changes depending upon the concentration of sodium 

hypochlorite (0.19% to 6%) used, ranging from peach 

to dark-brown.15,22 In the our study, emphasis is given to 

the interaction of 3% NaOCl with 2% CHX solutions.In 
our study, Biomechanical preparation was done in all 

specimens using Protaper Next files upto size X3 to 

enhance penetration of root canal irrigants till apical-
third of root canals. 70% Isopropyl alcohol as 

intermediate canal irrigant showed minimal or least  
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orange-brown precipitate formation, followed by 0.2% 

Chitosan solution. The findings of our study are in 

agreement with Krishnamurthy S et al5 reported 

Isopropyl alcohol as intermediate canal irrigant 
completely prevented precipitate formation. Isopropyl 

alcohol is a volatile, tensioactive, highly 

electronegative, penetrates deeper in root canal dentin 
to remove any residual NaOCl from the root canal 

dentin. whereas the use of saline or distilled water as 

intermediate canal irrigant showed remnants of orange-
brown precipitate mainly in the coronal and middle-

third’s of root canals. 

In our study, 20% Citric acid solution as intermediate 

irrigant showed moderate effect in prevention of 

precipitate formation. However, Matthias Zehnder et 
al19 and Maira Prado et al23 stated that an exothermic 

reaction (oxidising reaction) takes place when citric 

acid, an organic acid comes in contact with sodium 
hypochlorite solution leading to formation of bubbles 

releasing Chlorine gas (Cl2) rendering sodium 

hypochlorite solution ineffective.24 In our study, 0.2% 

Chitosan solution as intermediate irrigant also showed 
minimal orange-brown precipitate formation. It 

selectively gets oxidized (on its C-6 primary alcohol 

groups by 2,2,6,6-tetramethyl-1-piperidine 
oxoammonium ion) upon contact with sodium 

hypochlorite solution.25 It shows chelation reaction and 

is responsible for the elimination of dentin calcium ions 
from root canal dentin and showed optimal prevention 

of orange-brown precipitate formation.
26,27

Pre-heated 

(65C) distilled water showed to reduce its surface 

tension, viscosity, improves its reach, dispersion and 
flow especially in the apical-thirds anatomical 

complexities of the root canal system.28 The findings of 

our study showed, Preheating (65C) has increased the 

distilled water ability as intermediate irrigant to remove 
the residual NaOCl deposited on root canal walls 

compared to use of distilled water at room temperature. 

MC Dos Santos29,  D. Sonntag30, RG. Macedo 31, D. 

Sonntag et al30 observed that any preheated solutions 
used as canal irrigant returns to normal body 

temperature (37°C) within average time of 60 seconds, 

thus makes it safe to use in endodontic treatment.  
However, the findings of our study showed    either the 

use of distilled water at room temperature or preheated 

as intermediate canal irrigants were not highly effective 

in completely preventing the formation of orange-
brown precipitate and these findings are in accordance 

with studies of Maiola EC et al 32, M. Do Prado et al.33 

In our study, the deposition of orange-brown precipitate 

in the control group specimens was more concentrated 

in coronal and middle-third’s of root canals and it is due 

to larger diameter of dentinal tubules in these areas 

supposedly served as reservoir for NaOCl, thus resulted 

in a greater amount of precipitate formation upon its 
direct interaction with CHX, as no intermediate canal 

irrigant was used in the control group.  

Previous studies used Stereomicroscope to evaluate 

the presence (or) absence of orange–brown 
precipitate, because it allowed an accurate 

examination of colour changes on dentin walls of root 

canals without modifying or damaging the 
specimens.5,33 The limitation of our study was, we 

used only Stereomicroscope for evaluation of orange-

brown precipitate, however an SEM (Scanning 

Electron Microscope) examination along could have 
shown the extent in the depth of precipitate formation 

inside the radicular dentinal tubules.  

 

Clinicians need to have a thorough understanding of 

the potential antagonistic interactions of NaOCl and 

CHX solutions upon their direct contact as root canal 

irrigants during routine endodontic treatment, as it can 
adversely affect success of root canal treatment by 

negatively altering tissue dissolution, antimicrobial 

effectiveness, cleaning efficacy and sealing ability of 
obturation. Additionally, there is a risk of tooth 

discoloration and most importantly potential adverse 

effects on a patient's overall health due to the leaching 
of chemicals (PCA) into the periradicular tissues.34 

 

CONCLUSION 

Both Normal saline and Distilled water exhibited least 
efficiency in preventing orange-brown precipitate 

formation. 70% Isoprophyl alcohol as Intermediate 

root canal irrigant showed maximum efficiency in the 
prevention of orange-brown colour precipitate 

formation at all 3-levels (coronal, middle and apical-

third’s) of root canals followed by 0.2% Chitosan 
solution, as they completely neutralized the effect of 

NaOCl on the walls of root canals, thus preventing any 

interaction with CHX gluconate used as root canal 

irrigants.  
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