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ABSTRACT:  

 

BACKGROUND:  

Effective removal of intracanal medicaments is essential before obturation to ensure optimal sealer 

adhesion and treatment success. 

AIM:  

Comparatively evaluate the effectiveness of 17% EDTA and 0.2% chitosan in removing Metapex 

intracanal medicament with and without ultrasonic activation. 

MATERIAL & METHODS: 

Forty single-rooted extracted human teeth were decoronated and instrumented using standard rotary 

techniques. In this in vitro study, root canals were filled with Metapex intracanal medicament, sealed with 

Cavit, and stored at 37 °C with 100% humidity for 7 days. CBCT imaging was performed after embedding 

samples in wax rims to simulate soft tissue, and volumetric analysis of medicament was carried out using 

software. Samples were then allocated into four subgroups for medicament removal: (A1) 0.2% chitosan 

with ultrasonic activation, (A2) 17% EDTA with ultrasonic activation, (A3) 0.2% chitosan without 

activation, and (A4) 17% EDTA without activation. A second CBCT will be done and the volume of 

remaining material in each tooth was estimated as before. 

RESULTS 

Post-hoc analysis showed that both 0.2% Chitosan and 17% EDTA demonstrated significantly greater 

Metapex removal when used with ultrasonic activation compared to when used alone (p < 0.001). No 

significant difference was observed between the two irrigants when ultrasonically activated (p = 1.000), 

indicating that ultrasonic activation, rather than the type of chelating agent, was the key factor in 

enhancing medicament removal. 

CONCLUSION 
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Ultrasonic activation significantly enhances the removal of Metapex compared to conventional irrigation 

alone. The choice of chelating agent becomes less critical when activation is used, highlighting ultrasonic 

activation as the key determinant in effective intracanal medicament removal. 

 

Introduction  

Microorganisms are the main causative agents,in pulp 

and periradicular diseases.[1] Chemomechanical 

preparation can greatly clean the root canal system, but it 

cannot totally rid it of microorganisms.[2]Intracanal 

medications are mainly recommended to remove any 

remaining bacteria in between treatments and to serve as 

a physiochemical barrier.[3]  

Complete removal of the medication from the root canals 

is required prior to obturation because any remaining 

medication may impair the root canals' ability to seal. [4] 

For the best root canal obturation, intracanal medications 

must be totally removed prior to the last filling because 

any remaining medication can stick to the dentinal wall 

and prevent root canal sealers from penetrating and 

adhering, which could compromise the effectiveness of 

treatment.[5,6]Copious irrigation with sodium 

hypochlorite and EDTA is commonly used for 

medicament removal; however, it is often inadequate for 

complete elimination. Therefore, additional chelating 

agents like EDTA, chitosan, and citric acid are 

incorporated into standard irrigation protocols to 

enhance effectiveness.[7] 

The use of chelating agents and other irrigation 

techniques have been investigated to improve the 

clearance of intracanal medications. While chitosan, a 

naturally occurring biopolymer, has drawn interest 

because of its chelating and antibacterial qualities, 

ethylenediaminetetraacetic acid (EDTA) is extensively 

utilized because it can demineralize dentin and make 

debris removal easier.[8,9] Additionally, ultrasonic 

activation (UA) has been shown to improve the 

effectiveness of irrigants by increasing their penetration 

and agitation within the root canal system.[10] 

The effectiveness of medicament removal can be 

assessed using cone-beam computed tomography 

(CBCT), which provides high-resolution three-

dimensional imaging for volumetric analysis of residual 

materials. This in vitro study aims to evaluate and 

compare the removal efficiency of metapex intracanal 

medicaments using two calcium chelators (chitosan and 

EDTA), with and without ultrasonic activation, through 

CBCT volumetric analysis. 

MATERIALS AND METHODS: 

Sample Preparation: 

For this study, forty freshly extracted single-rooted 

permanent teeth were chosen.[Fig 1] Teeth that exhibited 

additional canals, fractures, significant canal curvature, 

or signs of internal and external resorption, as identified 

through radiographic evaluation, were excluded. The 

selected teeth were carefully cleaned to remove any 

tissue remnants and debris using a scaler, disinfected in 

5.25% sodium hypochlorite for one hour, and then stored 

in saline for later use. The teeth were then decoronated 

using a diamond disk, and the length of each tooth was 

standardized to 14 mm. 

 

Fig 1: Single rooted sample teeth 

METHODOLOGY 

• Root canals were negotiated with a #10 K-file (Mani, 

Japan) until the tip was visualized at the apical foramen. 

The working length was determined radiographically at 

1 mm short of the apical foramen using a K-file. The root 

canals were then instrumented up to size #30 with a taper 

of 0.06 using Hero Gold rotary files.[Fig 2] After each 

change of file, the canals were lubricated with 17% 

ethylenediaminetetraacetic acid (EDTA) gel (PRIME 

RC Help), and irrigation was performed with 10 mL of 

3% sodium hypochlorite solution using a 27-gauge 

needle (DISPO VAN). 
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Fig 2 : Root canal Preparation 

• The irrigation needle was inserted as deep as possible 

into the canal without binding. A final irrigation with 10 

mL of 17% EDTA solution was performed in all canals 

to remove the smear layer. The canals were then rinsed 

with distilled water to eliminate any residual chemicals. 

Finally, the canals were dried using paper points 

(Dentsply-Maillefer, Ballaigues, Switzerland). 

The samples were then filled with Metapex intracanal 

medicament.[Fig 3,4]Excess material was removed 

using wet cotton.A cotton pellet was placed in the access 

cavity, and the cavity was sealed with a temporary 

restorative material Cavit (3M). 

 

Fig 3: Metapex Intracanal Medicament 

 

Fig 4: Placement of Metapex in root canal 

The samples were subsequently stored in an incubator at 

37°C and 100% relative humidity for 7 days.For CBCT 

imaging, the teeth were randomly embedded in U-shaped 

wax rims, with 2 mm of modeling wax placed around 

each tooth to simulate soft tissue and improve image 

contrast.[Fig 5] 

 

Fig 5: Samples arranged on wax rim 

Following CBCT acquisition, the volume of the material 

within the root canal of each tooth was calculated using 

dedicated imaging software (Planmeca Romexis).[Fig 6] 

 

Fig 6: CBCT imaging 

The samples were subsequently divided into four 

experimental groups based on the irrigant used for 

Metapex removal and the application of ultrasonic 

activation:[Fig 7,8] 
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Fig 7 : Removal of Metapex intracanal medicament using 

ultrasonic agitation with an irrigating solution. 

 

Fig 8 : Removal of Metapex intracanal medicament using 

conventional syringe irrigation without ultrasonic 

activation. 

Group A1: Metapex was removed using 20 mL of 0.2% 

chitosan solution with ultrasonic agitation for 4 minutes. 

• Group A2: Metapex was removed using 20 mL of 17% 

EDTA solution with ultrasonic agitation for 4 minutes. 

• Group A3: Metapex was removed using 20 mL of 0.2% 

chitosan solution for 4 minutes without ultrasonic 

activation. 

• Group A4: Metapex was removed using 20 mL of 17% 

EDTA solution for 4 minutes without ultrasonic 

activation. 

Subsequently, a final rinse was performed with 1 mL of 

distilled water. 

A second CBCT scan was then acquired, and the volume 

of the remaining intracanal material in each tooth was 

calculated using the same imaging software and 

methodology as described previously.[Fig 9 ] 

A]                               

 

B] 

 

Fig 9 : [A,B,] Volume calculation of intracanal 

medicament using CBCT software analysis. 

Results Table 1- Normality assessment 

Group Statistic df p-value 

Chitosan + Ultrasonic 0.921 10 0.364 

EDTA + Ultrasonic 0.956 10 0.740 

Chitosan 0.677 10 <0.001 

EDTA 0.93 10 0.452 

 

The Shapiro–Wilk normality test revealed that three 

groups—Chitosan + Ultrasonic, EDTA + Ultrasonic, and 

EDTA—showed normally distributed data with p-values 

greater than 0.05, while the Chitosan group alone 

demonstrated a significant deviation from normality (p < 

0.001). Due to this lack of uniform normality across 

groups, non-parametric statistical methods were selected 

for further group comparison. 
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Table 2 - Comparison of % of material removed between 

four groups 

Group 
Mean ± 

SD 

Median 

(IQR) 

χ2 

valu

e 

p-

value 

Chitosan + 

Ultrasonic 

96.90 ± 

0.96 

97.09 

(1.12) 

32.4

82 

<0.0

01* 

EDTA + 

Ultrasonic 

95.31 ± 

1.61 

95.14 

(3.12) 

Chitosan 
90.21 ± 

2.86 

90.92 

(1.65) 

EDTA 
84.92 ± 

5.24 

86.15 

(9.55) 

Kruskal Wallis test; * indicates a significant difference at 

p≤0.05 

The Kruskal–Wallis test demonstrated a statistically 

significant difference in the percentage of residual 

metapex removed among the four groups (χ² = 32.482, p 

< 0.001). The Chitosan + Ultrasonic group showed the 

highest removal efficiency (96.90 ± 0.96%), followed by 

EDTA + Ultrasonic (95.31 ± 1.61%), whereas the lowest 

removal was seen in the EDTA group (84.92 ± 5.24%). 

These findings suggest that ultrasonic activation greatly 

enhances the ability of irrigants to eliminate metapex 

medicament from the root canal system. 

 

Table 3 - Pairwise comparison of % of material removed 

between four groups 

Group 
Mean 

difference 

p-

value 

Chitosan + Ultrasonic vs 

EDTA + Ultrasonic 1.60 

1.000 

Chitosan + Ultrasonic vs 

Chitosan 6.69 

0.001

* 

Chitosan + Ultrasonic vs 

EDTA 11.98 

<0.0

01* 

EDTA + Ultrasonic vs 

Chitosan 5.10 

0.062 

EDTA + Ultrasonic vs EDTA 
10.38 

<0.0

01* 

Chitosan vs EDTA 5.29 1.000 

Post hoc Bonferroni test; * indicates a significant 

difference at p≤0.05 

Post hoc Bonferroni comparisons revealed significant 

differences between Chitosan + Ultrasonic and both 

Chitosan alone (p = 0.001) and EDTA alone (p < 0.001), 

as well as between EDTA + Ultrasonic and EDTA alone 

(p < 0.001). However, differences between Chitosan + 

Ultrasonic and EDTA + Ultrasonic (p = 1.000), and 

between Chitosan and EDTA alone (p = 1.000), were not 

statistically significant. Overall, the results indicate that 

the key factor contributing to improved metapex removal 

is ultrasonic activation, irrespective of the irrigant used 

independently. 

 

Discussion  

Effective removal of intracanal medicaments before 

obturation is a critical step in endodontic treatment, as 

residual medicaments may interfere with sealer adhesion, 

compromise the penetration of sealers into dentinal 

tubules, and ultimately affect the quality of the apical 

seal[¹˒²]. Calcium hydroxide–based medicaments such as 

Metapex are widely used because of their antimicrobial 

properties and ability to promote periapical healing[⁵˒⁶]. 

However, complete removal of these medicaments from 

the root canal system remains challenging due to the 

complex anatomy of root canals and the tendency of 

medicaments to adhere to canal walls and penetrate 

dentinal tubules[³˒¹¹]. 

In the present study, cone beam computed tomography 

(CBCT) was used to evaluate the volumetric removal of 

Metapex from root canals. CBCT provides three-

dimensional imaging that enables accurate volumetric 

assessment of intracanal materials and allows reliable 

comparison of medicament volumes before and after 

0

50
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150

Mean % of material removed 
between four groups
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irrigation protocols[⁴˒¹²]. This method overcomes the 

limitations of conventional two-dimensional 

radiographs, which may produce distortion, 

superimposition of anatomical structures, and inaccurate 

estimation of residual materials[¹³]. Therefore, CBCT-

based volumetric analysis has become an effective and 

reliable tool for evaluating intracanal medicament 

removal in in vitro studies[⁴˒¹³]. 

The present study also investigated the role of ultrasonic 

activation in enhancing the effectiveness of irrigating 

solutions. Ultrasonic activation has been widely reported 

to improve irrigant performance by generating acoustic 

streaming and cavitation, which increase irrigant 

penetration into canal irregularities, lateral canals, and 

dentinal tubules[¹⁰˒¹⁴]. This hydrodynamic agitation 

enhances the mechanical disruption and displacement of 

medicament remnants that may otherwise remain 

attached to canal walls when conventional syringe 

irrigation is used [¹⁵]. 

Among the groups evaluated in this study, 0.2% chitosan 

with ultrasonic activation demonstrated the highest 

efficiency in removing Metapex, showing the least 

residual medicament volume. The superior performance 

of chitosan may be attributed to its chelating properties, 

which facilitate the removal of inorganic components 

and smear layer from dentinal surfaces[⁷˒¹⁶]. Chitosan has 

also been reported to possess favorable biocompatibility 

and effective chelating ability, making it a promising 

alternative to conventional chelating agents in 

endodontics[¹⁶˒¹⁸]. When combined with ultrasonic 

activation, the enhanced irrigant penetration and acoustic 

streaming further improve its cleaning efficacy within 

complex root canal anatomy[¹⁴]. 

The group treated with 17% EDTA with ultrasonic 

activation also demonstrated significant removal of 

Metapex, although its effectiveness was slightly lower 

compared with activated chitosan. EDTA is a well-

established chelating agent widely used in endodontics 

for smear layer removal and for facilitating cleaning of 

the root canal system[³˒¹⁷]. However, differences in the 

chelating mechanism and interaction with dentin may 

explain the comparatively lower removal efficiency 

observed when compared with chitosan in the present 

study[¹⁶]. 

The 0.2% chitosan without ultrasonic activation group 

exhibited moderate removal efficiency, suggesting that 

the chemical action of chitosan alone may not be 

sufficient to completely eliminate intracanal 

medicaments from the canal system. These findings 

highlight the importance of mechanical agitation in 

enhancing irrigant effectiveness, as agitation promotes 

deeper penetration and improved contact between the 

irrigant and canal walls[¹⁴˒¹⁸]. 

In contrast, the 17% EDTA without ultrasonic activation 

group demonstrated the highest residual medicament 

volume, indicating the least effective removal protocol. 

Conventional syringe irrigation is often insufficient to 

deliver irrigants effectively into complex canal 

irregularities such as fins, isthmuses, and apical 

ramifications, leading to incomplete removal of 

intracanal medicaments[¹⁵˒¹⁹]. 

The findings of the present study therefore emphasize 

that both the choice of irrigating solution and the use of 

activation techniques play a crucial role in improving 

intracanal medicament removal. Ultrasonic activation 

significantly enhances cleaning efficiency by increasing 

irrigant penetration, improving mechanical disruption of 

medicament remnants, and facilitating their removal 

from complex canal anatomy[¹⁰˒¹⁴˒²⁰]. 

From a clinical perspective, the results suggest that the 

combination of 0.2% chitosan with ultrasonic activation 

may provide superior removal of calcium hydroxide-

based intracanal medicaments, thereby improving canal 

cleanliness before obturation and potentially enhancing 

the long-term success of endodontic treatment. 

Conclusion 

Within the limitations of this in-vitro CBCT volumetric 

analysis, Chitosan with ultrasonic activation was found 

to be the most effective in removing Metapex intracanal 

medicament, followed by EDTA with ultrasonic 

activation and Chitosan without activation. EDTA 

without ultrasonic activation showed the least removal 

efficiency.  

Thus, the use of chelation combined with ultrasonic 

activation can be recommended for improved intracanal 

medicament removal prior to obturation. 

References 

1. Himadri P, Arpita S, Lopamoodra D, Subrahata 

H, Subir S. Application of intracanal 

medicaments: A review. J Dent Med Sci. 

http://www.jchr.org/


 
 

 

2521 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 2515-2522 | ISSN:2251-6727 

2019;18(1):14-21. 

https://www.iosrjournals.org/iosr-

jdms/papers/Vol18-issue1/Version-

6/D1801061421.pdf 

2. Almyroudi A, Mackenzie D, McHugh S, 

Saunders WP. The effectiveness of various 

disinfectants used as endodontic intracanal 

medications: An in vitro study. J Endod. 

2002;28(3):163-167. 

https://doi.org/10.1097/00004770-200203000-

00002 

3. Chawla A, Kumar V. Evaluating the efficacy of 

different techniques and irrigation solutions for 

removal of calcium hydroxide from the root 

canal system: A scanning electron microscope 

study. J Conserv Dent. 2018;21(4):394-398. 

https://doi.org/10.4103/JCD.JCD_55_18 

4. Vineeta N, Gupta S, Chandra A. Retrievability 

of calcium hydroxide intracanal medicament 

with chitosan from root canals: An in vitro 

CBCT volumetric analysis. J Conserv Dent. 

2014;17(5):454-457. 

https://doi.org/10.4103/0972-0707.139838 

5. Siqueira JF Jr, Lopes HP. Mechanisms of 

antimicrobial activity of calcium hydroxide: A 

critical review. Int Endod J. 1999;32(5):361-

369. 

https://doi.org/10.1046/j.1365-

2591.1999.00275.x 

6. Gomes BPFA, Souza SF, Ferraz CCR, Teixeira 

FB, Zaia AA, Valdrighi L, et al. Effectiveness 

of 2% chlorhexidine gel and calcium hydroxide 

against Enterococcus faecalis in bovine root 

dentine in vitro. Int Endod J. 2003;36(4):267-

275. 

https://doi.org/10.1046/j.1365-

2591.2003.00634.x 

7. Raghu R, Pradeep G, Shetty A, Gautham PM, 

Puneetha PG, Reddy TV. Retrievability of 

calcium hydroxide intracanal medicament with 

three calcium chelators—EDTA, citric acid, 

and chitosan—from root canals: An in vitro 

CBCT volumetric analysis. J Conserv Dent. 

2017;20(1):25-29. 

https://doi.org/10.4103/0972-0707.209076 

8. Arslan H, Capar ID, Saygili G, Gok T, Akcay 

M. Efficacy of various irrigation protocols on 

the removal of triple antibiotic paste. Int Endod 

J. 2014;47(6):594-599. 

https://doi.org/10.1111/iej.12194 

9. Wang N, Ji Y, Zhu Y, Xue Y, Feng X, Li C. 

Antibacterial effect of chitosan and its 

derivative on Enterococcus faecalis associated 

with endodontic infection. Exp Ther Med. 

2020;19(6):3805-3813. 

https://doi.org/10.3892/etm.2020.8656 

10. Plotino G, Pameijer CH, Grande NM, Somma 

F. Ultrasonics in endodontics: A review of the 

literature. J Endod. 2007;33(2):81-95. 

https://doi.org/10.1016/j.joen.2006.10.008 

11. Kim SK, Kim YO. Influence of calcium 

hydroxide intracanal medication on apical seal. 

Int Endod J. 2002;35(7):623-628. 

https://doi.org/10.1046/j.1365-

2591.2002.00538.x 

12. Patel S, Durack C, Abella F, Shemesh H, Roig 

M, Lemberg K. Cone beam computed 

tomography in endodontics – a review. Int 

Endod J. 2015;48(1):3-15. 

https://doi.org/10.1111/iej.12270 

13. Matherne RP, Angelopoulos C, Kulild JC, Tira 

D. Use of cone-beam computed tomography to 

identify root canal systems in vitro. J Endod. 

2008;34(1):87-89. 

https://doi.org/10.1016/j.joen.2007.10.016 

14. van der Sluis LWM, Versluis M, Wu MK, 

Wesselink PR. Passive ultrasonic irrigation of 

the root canal: A review of the literature. Int 

Endod J. 2007;40(6):415-426. 

 https://doi.org/10.1111/j.1365-

2591.2007.01243.x 

15. Rödig T, Bozkurt M, Konietschke F, Hülsmann 

M. Comparison of different techniques for 

removal of calcium hydroxide from root canals. 

Int Endod J.2010;43(6):519-527. 

 https://doi.org/10.1111/j.1365-

2591.2010.01717.x 

16. Silva PV, Guedes DF, Pécora JD, Cruz-Filho 

AM. Chitosan: A new solution for removal of 

http://www.jchr.org/
https://doi.org/10.1111/iej.12270


 
 

 

2522 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 2515-2522 | ISSN:2251-6727 

smear layer after root canal instrumentation. J 

Endod. 2013;39(3):332-335. 

https://doi.org/10.1016/j.joen.2012.11.030 

17. Hülsmann M, Heckendorff M, Lennon A. 

Chelating agents in root canal treatment: Mode 

of action and indications for their use. Endod 

Topics. 2003;4(1):53-73. 

 https://doi.org/10.1111/j.1601-

1546.2003.tb00060.x 

18. Del Carpio-Perochena A, Bramante CM, Duarte 

MAH, de Moura MR, Aouada FA, Kishen A. 

Chelating and antibacterial properties of 

chitosan nanoparticles on dentin. J 

Endod.2015;41(10):164-168. 

https://doi.org/10.1016/j.joen.2014.09.018 

19. De-Deus G, Luna AS, Fidel SR, Fidel RA, 

Paciornik S. Micro-CT evaluation of calcium 

hydroxide removal from root canals. Int Endod 

J. 2011;44(12):113-118. 

 https://doi.org/10.1111/j.1365-

2591.2010.01770.x 

20. Ahmad M, Pitt Ford TR, Crum LA. Ultrasonic 

debridement of root canals: An insight into the 

mechanisms involved. J Endod. 1987;13(3):93-

101. 

 https://doi.org/10.1016/S0099-

2399(87)80174-4 

 

 

http://www.jchr.org/

