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ABSTRACT

Although some authors have questioned the benefit of placing inter-appointment intracanal medicaments, calcium hydroxide is still
widely and routinely used due to its perceived benefits in disinfecting the root canals, and in rendering the soft tissue debris more
susceptible to dissolution by subsequent use of sodium hypochlorite irrigant in the next appointment. After fulfilling its purpose, and
prior to root canal obturation, removal of the medicament dressing is mandatory, as its remnants may mechanically block the apical
area of the root canal system and also affect the viscosity, working time, integrity, dentin tubule penetration, and adhesion of root
canal sealers. The removal of medicaments from the root canal space is challenging, because it should ideally be placed deep and
densely, so that its biological effects can be exerted in close proximity to the appropriate tissues.
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INRODUCTION

Most root canals contain viable microorganisms after

completion of chemo-mechanical preparation at the end of the

first appointment'. Inter-appointment antimicrobial medication

acts to inhibit proliferation and eliminate surviving bacteria, as

well as minimize ingress through leaking restorations”. Role of

intracanal medicaments becomes more relevant in the

treatment of pulpal necrosis and apical periodontitis'.

The most widely and routinely used intracanal medicament is

calcium hydroxide [Ca(OH),] because it controls bacteria in

the canal environment, renders the necrotic tissue susceptible

to solubilizing action of sodium hypochlorite (NaOCl) at the

next appointment, achieves a more thorough instrumentation

due to longer overall time used for treatment, promotes drying

of weeping periapical lesions, enables apexification, treats root

resorption, and has good biocompatibility'?.

Types

The various intracanal medicaments used in endodontics are'”

1. Calcium hydroxide;

2. Chlorhexidine digluconate;

3. Triple-antibiotic paste
(Metronidazole+Ciprofloxacin+Minocycline);

4. Corticosteroid-antibiotic paste: Ledermix;

5. Phenolic compounds: phenol, para-monochlorophenol,

thymol, cresol;

6. Formocresol (Formaldehyde);

7. Halogens: chloramine-T, IKI (Iodine-Potassium-Iodide);

8. Bioactive glass;
Newer irrigants like Propolis has also been used as intracanal
medicament’.

NEED FOR
MEDICAMENTS

REMOVAL OF INTRACANAL

Before root canal obturation, the medicament that has been
applied to the root canal should be removed. Medicament
residue on canal walls hinders sealer penetration into dentinal
tubules®, and leads to unfavourable interaction between sealer
and medicament”.

Ca(OH), reduces canal permeability by interacting with
dentin, thus promoting formation of calcium-carbonate
particles and interfering with sealing ability of endodontic
cement’. Ca(OH), has been proven to interact with the
commonly used zinc oxide eugenol (ZnOE) containing sealer.
The sealer layer in contact with Ca(OH), exhibits gradual
reduction in viscosity, with resultant resistance to placement
of gutta-percha cone and inability of placement upto working
length within root canals. Clinically, this effect is manifested
as rapid setting reaction and reduced flow. Additionally, the
set sealer will be poorly cohesive and granular. The reason for
this is the preferential interaction of Ca(OH), with eugenol
leading to formation of calcium-eugenolate, with unreacted
residual eugenol. Spectroscopy has shown this to be a
disorganized layer. Presence of such remnants in critical
(apical) areas affects clinical performance of the sealer™®.
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Porkaew et al. has reported that teeth dressed with Ca(OH),
paste and then obturated, have significantly less leakage than
unmedicated controls. This finding was explained on the
possibility of residual Ca(OH), being incorporated into the
sealer during obturation, which may lead to decreased sealer
permeability. Additionally, Ca(OH), is transported or
mechanically forced into the dentinal tubules, thus blocking
them and reducing dentinal permeability’.

Kim et al. has contradicted this theory reasoning that reduced
dentin permeability is unrelated to improved apical seal
because leakage occurs at three interfaces, namely, between
the sealer and dentin, within the sealer itself, and between the
sealer and gutta-percha cone. Additionally, calcium-
eugenolate is more soluble, less sealing, and leads to greater
film thickness®.

Although an apical plug with Ca(OH), has been advocated for
its prolonged antimicrobial activity after filling of the canal
space’, it is preferable to remove it as it might enhance apical
leakage, because Ca(OH), is believed to be diluted in contact
with tissue fluids'’.

Barbizam et al. reported lower bond strength values between
Epiphany™ sealer (a resin-based sealer) and dentin after use
of Ca(OH), medicament, suggesting that Ca(OH), residues left
in the canal space could have interfered with sealer adhesion
to root dentin''. Renovato ef al. has suggested that Ca(OH),,
being of basic character, promotes neutralization of acid
monomers within the sealer, reducing its ability to hybridize
dentine. These changes led to a decrease in the area of contact
between sealer and dentine during obturation, thus affecting
bond strength'?.

FACTORS AFFECTING REMOVAL EFFICIENCY OF
MEDICAMENTS

1. Variations in root canal morphology: Various anatomical
complexities of the root canal system pose challenges to
cleaning and shaping. Removal of Ca(OH), residues from
irregular canal walls is difficult”. In straight root canals, it
was shown that recapitulation with master apical file (MAF) in
combination with irrigation resulted in improved removal of
Ca(OH), when compared to irrigant flush alone'. Rotary
NiTi-instruments facilitated removal of Ca(OH), from curved
root canals without affecting root canal anatomy"’.

2. Irrigating solution used: NaOCl is ineffective in removing
Ca(OH), as it lacks chelating ability; it merely removes
superficial debris"'®. Chelators like EDTA neutralizes
Ca(OH), residues, but these residues must then be flushed out
with NaOCI, or a neutral agent likes saline'”'®.

3. Medicament formulation (physical state, concentration,
excipients used): Physical state of the medicament may affect
its removal. Calt et al. found the removal of Temp Canal to be
very difficult due to its hardness"”.

According to Lambrianidis et al, Ca(OH), content or
concentration has no influence on its removal efficiency from
root canal walls. But the vehicle used to mix Ca(OH), paste is
important for complete retrieval: Methyl cellulose vehicle
resists removal from root canals when retrieved with 17%
EDTA. This was probably due to interactions between
methylcellulose and EDTA’.

Nandini et al. found that particulate form of Ca(OH), in
distilled water was easily removed, but Metapex (oily vehicle:

silicone oil) resists dissolution in water and hence was retained
in the canal. Both EDTA and citric acid chelators efficiently
removed Ca(OH), powder in distilled water. Also, citric acid
performed better compared to EDTA in removal of Metapex
because EDTA chelates calcium ions in water, but citric acid
can penetrate silicone oil better than EDTA'". Ca(OH),
combined with an oily vehicle is difficult to remove and
leaves residues on canal walls®

4. Factors pertaining to chelating agents:

a) Application time: There is no clear-cut recommendation as
to duration of application of chelating agents. Generally, each
canal is rinsed for atleast 1 min. Prolonged exposure to strong
chelators like EDTA may weaken root dentin’', as dentin
hardness and elastic modulus are functions of dentin mineral
content™,

Chelating activity of EDTA is observed at 1-4 min, reducing
beyond 5 min®. But Teixeira et al. reported that EDTA has
similar chelation efficiency at 1, 3 and 5 min'®.

For citric acid, there is a trend of saturation of demineralizing
ability after 60s.2* da Silva et al. reported good results in terms
of smear layer removal when applied to root canals for 30s'°.
Citric acid has a time-dependent action because, as the
decalcification increases with time (3-10 min.), the physico-
chemical properties of the original acid is not preserved in the
salt (substrate/dentin + acid = salt). Beyond 15 min, chelation
is not observed™.

Etidronic  acid  (1-hydroxyethylidene-1,1-biphosphonate/
HEBP) is a relatively slow chelator”. De-deus e al. found that
complete smear layer removal was achieved only after 300s of
etching®.

b) pH and concentration of solution: EDTA is more effective
at neutral pH than alkaline pH*"**. EDTA has a self-limiting
action; this is explained on its ability for complex formation
and protonation: EDTA has special affinity for chelation in the
ratio 1:1, and its action ceases once EDTA molecules are used
up”’. Protonation, manifested as decreased pH, leads to a fall
in demineralizing power of EDTA over time*’.

According to Sousa et al., pH of citric acid is more important
than concentration for chelating ability. It is not an effective
chelator at neutral pH®’. Sterrett es al. reported that this
phenomenon may be due to balance between decrease in pH
and increase in viscosity of the solution caused by increase in
constituent concentration. At high concentrations, citrate
monopolizes such a large portion of the solvent that the
amount of solvent available for Ca** diffusion is dramatically
reduced”.

¢) Volume of solution: 1t has been recommended that 5-10 mL
of the chelator irrigant be used for each canal®'.

d) Reaction by-products: Citric acid decalcifies the dentin,
leading to precipitation of calcium-citrate crystals, which
appear as debris under scanning electron microscope
(S.E.M.)*%. NaOCl oxidizes EDTA leading to formation of
intermediate by-products (glioxilic acid,
ethylenediaminetriacetic acid®). The significance of these
reaction products remains unknown, but could potentially
interfere with S.E.M. analysis in determining the extent of
medicament removal.

e)Apical-third of root canal: Chelator efficiency decreases
significantly from coronal part towards apical. This is because,
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towards the apex, tubule density and hence the dentin
permeability decreases. Also, apical dentin is often sclerosed,
more and non-uniformly mineralized'’.

MEDICAMENT REMOVAL TECHNIQUES

Manual (Figure 1a).

Before obturation, Ca(OH), removal is routinely accomplished
by either sodium hypochlorite or saline and/or instrumentation
in a reaming motion with a small endodontic instrument, or
with the master apical file.’ Irrigants are delivered by the
conventional method of syringe irrigation.

The most commonly described method is instrumentation
along with irrigation by sodium hypochlorite and EDTA,
combined with the use of ‘master apical file’ at working
length.>'***  Instrument motion performed to disrupt and
loosen the medication are up-and-down filing/oscillation with
#15 K-file'* and #40 H-file™.

Instrumentation with a file, one size larger than the one used
to the working length has also been performed.’
Machine-assisted (Figure 1b).

Different devices have been used for activation of the
intracanal solution, so as to improve the mechanical flushing
action of the irrigant.

The various devices/techniques that have been used for

medicament removal are: pressure alternation devices’™*,

rotary brush agitation®®”, NiTi rotary instrument'>*,
ultrasonic®***7*° and sonic irrigation devices *"*, and
Er:YAG laser*.

Chemical [Endodontic irrigants] (Figure 1c).

The most frequently used irrigant is  sodium
hypochlorite.'*'*® Neutral agents like saline has also been
used 33847

Chelating agents which have been assessed for their
medicament removal efficiency are EDTA'®*' citric
acid19’34’48, maleic acid48’49, and peracetic acid®. Other
chelators that have the potential for use in Ca(OH), removal
are Etidronic acid (1-hydroxyethylidene-1,1-biphosphonate/
HEBP)>*, Tetracycline-hydrochloride, MTAD & Tetraclean.
Combinations — Advantages & Drawbacks.

Importance of final irrigant after the use of working solution:
EDTA emulsifies, neutralizes and holds Ca(OH), debris in
suspension’’, but if these residues are not removed, they may
interfere with sealing efficiency.'”'® Hence the need arises for
the mechanical flushing action afforded by NaOCl or saline.
EDTA alone or prior to NaOCI irrigation has caused reduction
in dentin microhardness. Combination of tetracycline-
hydrochloride and NaOCI exhibited less dentin softening in
comparison.”>>?

Use of irrigation in combination with filing has proven to be
more efficient in cleaning the root canals than manual filing
unassisted by irrigants.'*

Association with wetting agent: Salgado et al. has shown
superior results of Ca(OH), removal by EDTA-T (EDTA +
0.2% sodium lauryl sulphate biological detergent), than by
NaOCl, EDTA-C and citric acid irrigants."* On the contrary,
Zehnder et al. showed that the association of wetting agents
with EDTA may be detrimental to its calcium-chelating
ability.>* This finding was supported by De-Deus et al. who
reported that EDTA-C (EDTA + Cetavlon) had a weaker
effect than EDTA.>°

Previous studies done to assess efficiency of various methods
of intracanal medicament removal are shown in Table 1.

A great majority of these studies have assessed the removal of
Ca(OH), and its various formulations. Limited studies have
been performed on other intracanal medicaments.

CONCLUSION

No technique has completely removed medicaments from the
root canal walls. It is the appropriate use of mechanical
instrumentation combined with the use of chelating agents,
followed by final flushing with sodium hypochlorite that
enables adequate cleanliness of root canal walls. Agitation of
the irrigant solution with mechanical devices seems to
improve the removal efficiency of intracanal medicaments.

REFERENCES

1. Ingle JI, Bakland LK, Baumgartner JC. Ingle’s
Endodontics 6" ed. BC Decker Inc;Hamilton;
2008.p.999,1009-11.

2. Hargreaves KM, Cohen P. Cohen’s pathway of pulp
10" ed. Missouri: Mosby Elsevier; 2011.p.253-5.

3. Victorino FR, Bramante CM, Zapata RO, Casaroto
AR, Garcia RB, de Moraes IG et al. Removal
efficiency of propolis paste dressing from the root
canal. J Appl Oral Sci. 2010;18:621-4.

4. Calt S, Serper A. Dentinal tubule penetration of root
canal sealers after root canal dressing with calcium
hydroxide. J Endod. 1999;25:431-3.

5. Lambrianidis T, Margelos J, Beltes P. Removal
efficiency of calcium hydroxide dressing from the
root canal. J Endod. 1999; 25: 85-8.

6. MargelosJ, Eliades G, Verdelis C, Palaghias G.
Interaction of calcium hydroxide with zinc oxide-
eugenol type sealers: a potential clinical problem. J
Endod. 1997; 23: 43-8.

7. Porkaew P, Retief DH, Barfield RD, Lacefield WR,
Soong SJ. Effects of calcium hydroxide paste as an
intracanal medicament on apical seal. J Endod.
1990;16:369-74.

8. Kim SK, Kim YO. Influence of calcium hydroxide
intracanal medicament on apical seal. Int Endod J.
2002; 35: 623-8.

9. Holland GR. Periapical response to
apical plugs of dentin and calcium hydroxide in ferret
canines. J Endod. 1984 Feb; 10: 71-4.

10. Lambrianidis T, Kosti E, Boutsioukis C, Mazinis M.
Removal efficacy of various calcium
hydroxide/chlorhexidine medicaments from the root
canal. Int Endod J. 2006 Jan;39:55-61.

11. Barbizam JV, Trope M, Teixeira EC, Tanomaru-
Filho M, Teixeira FB. Effect of calcium hydroxide
intracanal dressing on the bond strength of a resin-
based endodontic sealer. Braz Dent J. 2008;19:224-7.

12. Renovato SR, Santana FR, Ferreira JM, Souza
JB, Soares CJ, Estrela C. Effect ofcalcium
hydroxide and endodontic irrigants on fibre post bond
strength to root canal dentine. Int Endod J. 2013; 46:
738-46.

Unique Journal of Medical and Dental Sciences 03 (03), July-September 2015 16



Deepak et al. UJIMDS 2015, 03 (03): Page 14-22

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ricucci D, Langeland K. Incomplete calcium
hydroxide removal from the root canal: a case report.
Int Endod J. 1997;30;418-21.

Salgado RJ, Moura-Netto C, Yamazaki AK, Cardoso
LN, de Moura AA, Prokopowitsch I. Comparison of
different irrigants on calcium hydroxide medication
removal: microscopic cleanliness evaluation. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod.
2009;107:580-4.

Kenee DM, Allemang JD, Johnson JD, Hellstein J,
Nichol BK. A quantitative assessment of efficacy of
various calcium hydroxide removal techniques. J
Endod. 2006;32:563-5.

da Silva JM, Silveira A, Santos E, Prado L, Pessoa
OF. Efficacy of sodium hypochlorite, ethylene
diaminetetraacetic acid, citric acid and phosphoric
acid in calcium hydroxide removal from the root
canal: a microscopic cleanliness evaluation. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2011;
112: 820-4.

Hiilsmann M, Heckendorff M, Lennon A. Chelating
agents in root canal treatment: mode of action and
indications for their use. Int Endod J. 2003;36:810-
30.

Teixeira CS, Felippe MC, Felippe WT. The effect of
application time of EDTA and NaOCI on intracanal
smear layer removal: an SEM analysis. Int Endod
J.2005; 38: 285-90.

Nandini S, Velmurugan N, Kandaswamy D. Removal
efficiency of calcium hydroxide intracanal
medicament with two calcium chelators: volumetric
analysis using spiral CT, an in vitro study. J
Endod. 2006; 32: 1097-101.

Mohammadi Z, Dummer PM. Properties and
applications of calcium hydroxide in endodontics and
dental traumatology. Int Endod J. 2011; 44: 697-730.
Calt S, Serper A. Time-dependent effects of EDTA
on dentin structures. J Endod. 2002;28:17-9.

Angker L, Swain MV, Kilpatrick N. Characterising
the micro-mechanical behaviour of the carious
dentine of primary teeth using nano-indentation. J
Biomech. 2002; 38: 1535-42.

Machado-Silveiro LF, Gonzalez-Lépez S, Gonzalez-
Rodriguez MP. Decalcification of root canal dentine
by citric acid, EDTA and sodium citrate. Int Endod
J.2004;37:365-9.

De-Deus G, Reis C, Fidel S, Fidel RA, Paciornik S.
Longitudinal and quantitative evaluation of dentin
demineralization when subjected to EDTA, EDTAC,
and citric acid: a co-site digital optical microscopy
study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2008; 105: 391-7.

Dakshita J, Ashish A. Recent concepts on root canal
chelation. ENDO (Lond Engl) 2011; 5: 175-94.
De-Deus G, Zehnder M, Reis C, Fidel S, Fidel
RA, Galan J Jr et al. Longitudinal co-site optical
microscopy study on the chelating ability of
etidronate and EDTA using a comparative single-
tooth model. J Endod. 2008; 34(1):71-5.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

O’Connel MS, Morgan LA, Beeler WJ, Baumgartner
JC. A comparative study of smear layer removal
using different salts of EDTA. J Endod 2000;
26(12):739-43.

Serper A, Calt S. The demineralizing effect of EDTA
at different concentration and pH. J Endod. 2002;
28:501-2.

Sousa SM, Silva TL. Demineralization effect of
EDTA, EGTA, CDTA and citric acid on root dentin:
a comparative study. Braz Oral Res. 2005;19:188-92.
Sterrett  JD, Bankey T, Murphy HJ. Dentin
demineralization. The effects of citric acid
concentration and application time. J Clin
Periodontol. 1993;20:366-70.

Zehnder M. Root canal irrigants. J Endod. 2006; 32:
389-98.

Yamada RS, Armas A, Goldman M, Lin PS. A
scanning electron microscopic comparison of a high
volume final flush with several irrigating solutions:
part 3. J Endod. 1983;9:137-42.

Grande NM, Plotino G, Falanga A, Pomponi M,
Somma F. Interaction between EDTA and sodium
hypochlorite: a nuclear magnetic resonance analysis.
J Endod. 2006;32:460-4.

Rodig T, Vogel S, Zapf A, Hiilsmann M. Efficacy of
different irrigants in the removal of calcium

hydroxide from root canals. Int Endod .
2010;43:519-27.
Yiicel AC, Girel M, Giiler E, Karabucak B.

Comparison of  final irrigation
in removal of calcium  hydroxide. = Aust
J.2013;39:116-21.

Tirker SA, Kogak MM, Kogak S, Saglam BC.
Comparison of calcium hydroxide removal by self-
adjusting file, EndoVac, and CanalBrush agitation
techniques: An in vitro study. J Conserv Dent. 2013;
16: 439-43.

Rodig T, Hirschleb M, Zapf A, Hiilsmann M.
Comparison of ultrasonic irrigation and RinsEndo for
the removal of calcium hydroxide and ledermix paste
from root canals. Int Endod J. 2011;44:1155-61.
Maalouf L, Zogheib C, Naaman A.
Removal efficiency of calcium hydroxide dressing
from the root canal without chemically active
adjuvant. ] Contemp Dent Pract. 2013;14:188-92.
Tagsdemir T, Celik D, Er K, Yildirim T, Ceyhanli KT,
Yesilyurt C. Efficacy of several techniques for the
removal of calcium hydroxide medicament from root
canals. Int Endod J. 2011; 44: 505-9.

Kuga MC, Tanomaru-Filho M, Faria G, S6 MV,
Galletti T, Bavello JRS. Calcium hydroxide
intracanal dressing removal with different rotary
instruments and irrigating solution: a scanning
electron microscopy study. Braz Dent .
2010;21;310-4.

Ahmetoglu F, Simsek N, Keles A, Ocak MS, Er K.
Efficacy of self-adjusting file and passive ultrasonic
irrigation on removing calcium hydroxide from root
canals. Dent Mater J. 2013; 32: 1005-10.

techniques
Endod

Unique Journal of Medical and Dental Sciences 03 (03), July-September 2015 17



Deepak et al. UJIMDS 2015, 03 (03): Page 14-22

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Faria G,Kuga MC,Ruy AC, Aranda-Garcia
Al, Bonetti-Filho I, Guerreiro-Tanomaru JM, et al.
The efficacy of the self-adjusting file and ProTaper
for removal of calcium hydroxide from root canals. J
Appl Oral Sci. 2013 Jul-Aug; 21: 346-50.

Khaleel HY, Al-Ashaw AlJ, Yang Y, Pang AH, Ma
JZ. Quantitative comparison of calcium
hydroxide removal by EndoActivator, ultrasonic and
ProTaper file agitation techniques: an in vitro study. J
Huazhong Univ Sci Technolog Med Sci. 2013; 33:
142-5.

Kaptan F, Karapinar-Kazandag M, Kayahan
MB, Bora T, Bayirli G. Potential of an Er:YAG laser
in the removal of calcium  hydroxide from root
canals. Photomed Laser Surg. 2012;30:250-4.
Gorduysus M, Yilmaz Z, Gorduysus O, Atila B,
Karapinar SO. Effectiveness of a new canal brushing
technique in removing calcium hydroxide from the
root canal system: a scanning electron microscope
study. J Conserv Dent. 2010;15:367-71.

De Faria-Janior NB, Keine KC, S6 MV, Weckwerth
PH, Guerreiro-Tanomaru JM, Kuga MC. Residues
of calcium hydroxide-based intracanal medication
associated with different vehicles: a scanning
electron microscopy evaluation. Microsc Res
Tech. 2012;75:898-902.

Balvedi RP, Versiani MA, Manna FF, Biffi JC. A
comparison of two techniques for the removal of
calcium hydroxide from root canals. Int Endod J.
2010; 43: 763-8.

Ballal NV, Kumar SR, Laxmikanth HK, Saraswathi
MYV. Comparative evaluation of different chelators in
removal of calcium hydroxide preparations from root
canals. Aust Dent J. 2012; 57: 344-8.

Nainan MT, Nirupama D, Benjamin S. Comparison
of the efficacy of ethylenediaminetetraacetic acid and
maleic acid in the removal of three calcium
hydroxide intra-canal dressings: a spiral
computerized tomography volumetric analysis. J
Conserv Dent. 2013; 16: 56-60.

Sagsen B, Ustiin Y, Aslan T, Canak¢i BC. The effect
of  peracetic acid on  removing calcium
hydroxide from the root canals. J Endod. 2012; 38:
1197-201.

Meena kumari C, Punia SK, Punia V. Root canal
irrigants and irrigation techniques — a review part 1.
Indian Journal of Dental Sciences. 2012; 4 :91-4.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Sayin TC, Serper A, Cehreli ZC, Otlu HG. The effect
of EDTA, EGTA, EDTAC, and tetracycline-HCI
with and without subsequent NaOCI treatment on the
microhardness of root canal dentin. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2007; 104: 418-
24.

Niu W, Yoshioka T, Kobayashi C, Suda H. A
scanning electron microscopic study of dentinal
erosion by final irrigation with EDTA and NaOCl
solutions. Int Endod J. 2002; 35: 934-9.

Zehnder M, Schicht O, Sener B, Schmidlin P.
Reducing surface tension in endodontic chelator
solutions has no effect on their ability to remove
calcium from instrumented root canals. J Endod.
2005; 31: 590-2.

De-Deus G, Paciornik S, Mauricio MH. Evaluation
of the effect of EDTA, EDTAC and citric acid on the
microhardness of root dentine. Int Endod J. 2006; 39:
401-7.

De-Deus G, Paciornik S, Mauricio MH, Prioli R.
Real-time atomic force microscopy of root dentine
during demineralization when subjected to chelating
agents. Int Endod J. 2006; 39: 683-92.

Guignes P, Brunel F, Maurette A. [Removal of
two calcium hydroxide preparations: S.E.M. study].
[Article in French] Rev Fr Endod. 1991; 10: 29-35.
van der Sluis LW, Wu MK, Wesselink PR. The
evaluation of removal of calcium hydroxide paste
from an artificial standardized groove in the apical
root canal using different irrigation methodologies.
Int Endod J. 2007; 40: 52-7.

Wiseman A, Cox TC, Paranjpe A, Flake NM,
Cohenca N, Johnson JD. Efficacy of sonic and
ultrasonic activation for removal of calcium
hydroxide from mesial canals of mandibular molars:
a microtomographic study. J Endod. 2011; 37: 235-8.
Da Silva JM, Andrade Junior CV, Zaia AA, Pessoa
OF. Microscopic cleanliness evaluation of the apical
root canal after using calcium hydroxide mixed with
chlorhexidine, propylene glycol, or antibiotic paste.
Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2011; 111: 260-4.

Rao SA, Manasa N. Effect of irrigants using
ultrasonics on intracanal calcium hydroxide removal:
an in vitro comparative evaluation. Braz J Oral Sci.
2012; 11: 52-5.

Unique Journal of Medical and Dental Sciences 03 (03), July-September 2015 18



Deepak et al. UJIMDS 2015, 03 (03): Page 14-22

_| Instrumentation with a small endodontic
instrument, or with master apical file.

Use of file, one size larger than the one
used to the working length.

Manual

Irrigant delivery:

Conventional syringe irrigation.

Figure 1a: Manual techniques of medicament removal.

__| ROTARY BRUSH AGITATION:
CanalBrush

ROTARY:
NiTi (ProTaper, ProFile) rotary instrument

PRESSURE ALTERNATION DEVICES:
EndoVac system ;
RinsEndo

ULTRASONIC IRRIGATION:
— ProUltra® PiezoFlow™,;
Passive ultrasonic irrigation (PUI)

Machine-assisted

SONIC IRRIGATION:
=1 Self-Adjusting File (SAF);
EndoActivator

LASER:
Er:YAG

Figure 1b: Machine-assisted techniques of medicament removal.

_| MOST FREQUENTLY USED:
= @ Sodium hypochlorite
Q
£ §0 NEUTRAL AGENT:
O -~ Saline
= K
O = CHELATORS:
— EDTA,; Citric acid;
Maleic acid; Peracetic acid.

Figure 1¢: Chemically-aided techniques of medicament removal.
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TABLE 1: VARIOUS STUDIES DONE TO ASSESS EFFICIENCY OF INTRACANAL MEDICAMENT REMOVAL.

S1

Medicament

Medicament removal

Assessment  of

No Authors(s) Year Parameter tested (Formulation) technique removal Results/Conclusions
1 Porkacw 1990 Removal efficienc CH (CH USP, | Canal enlargement to next ii.flevrls’ive e;(iiy Incomplete removal
’ etal’ y Calasept, Vitapex) file size &NaOCl irrigation anzﬁysis y P ’
. Removal efficiency CH . CH r;mgval is djfﬁcult b}lt
5 Guignes 1991 £ pharmaceutical & (pharmaceutical ) S.EM.; X-ray | no significant difference in
’ etal’ or p iaceu &commercial microanalysis. elimination between the 2
commercial forms.
forms) forms.
Incomplete removal - all
. CH (Calxyl, | Saline + #25 file + saline; methods (25-45% CH
3 Lambrianidis 1999 Erfieztr;f:iferent COHn Pulpdent paste, | NaOCl + #25 file + NaOCI; Eszzﬁtages can(;{ residues); CH content - little
’ etal’ prep 1 offici chemically pure CH | NaOCI + #25 file + P effect on removal; Excipients
removat ethierency in distilled water) tetrasodium EDTA surlace area. (methyl cellulose in
Pulpdent) resists removal.
Incomplete removal - all
methods; Addition of
5.25% NaOCl with 27 gauge rotary/US to hand filing &
Removal  efficiency slot-tipped needle; MAF + irrigation results in cleaner
of combinations of 17% EDTA + 5.25% NaOCl; | Percentages of | canals; Irrigant only methods
4, Keneeet al."® 2006 CH (Calasept) MAF + Profile.04file + | overall canal | - not different from each
NaOCl, EDTA, hand 525% NaOCL; MAF + | surf ther; Rotary instrument
filing, rotary, or US. 25% NaOCl, i surface area. other; Rotary instruments
EIE(US) with #15 Zipperer facilitated removal of
file + 5.25% NaOCl CH from curved canals
without affecting root canal
anatomy.
Incomplete removal - all
Removal efficiency | CH &  CHX | MAF + 1% NaOCl + 17% | Specimens methods. CdH/CHXCH%élHX
5 Lambrianidis 2006 of instrumentation + | (CH/CHX gel; | EDTA + 1% NaOCI | scanned, 6x Isl(l)(l)lrlfion res_l ui;ss residuc:
' etal'’ irrigation with NaOCl | CH/CHX solution; | (with/without patency with | magnification; o :
& EDTA CH/saline pastes) #10 H-file) scoring system. Patency file  facilitated
’ ’ removal in apical-third of the
straight canals.
Removal efficiency PUI with 2% NaOCl
with ~PUL o+ PUI with 2% NaOCL; PUI | LM (40x); 4 egectvivvlé than PUI  with
6. va?g der Sluiser 2006 NaQ C_l/water f.rom CH (Ultracal XS with water; CI with 2% | grade scoring | water or CI with 2%
al. artificial standardized | paste)
. ) NaOCL system. NaOCl/water.
groove in apical root
canal.
Vehicle used to prepare CH
paste is important in its
T
Nandini of CH in 2 different | CH (pure‘ .CH 17% EDTA/10% CA Volumetrlc . remove than CHpowder in
7. 19 2006 vehicles by 2 | powder in distilled . . o analysis  using - .
et al. . ) combined with US agitation . distilled water; 17% EDTA
chelators  combined | water; Metapex) spiral CT. & 10% CA 4 CH i
with US agitation. C removed LH 1
distilled water efficiently,
10% CA better than EDTA
in removing Metapex.
Best cleanliness - EDTA-T
& MAF + NaOCl + EDTA-
0.5% NaOCI; EDTA-C; CA; T; In straight root canals,
Salgado CH (CH + 1% | EDTA-T; MAF + NaOCl & SEM.; S-grade recapitulation with master
8. al 2009 Removal efficiency lidocaine anesthetic | lubricant (RC-Prep, Glyde o " apical file (MAF) +
eta solution) File Prep or Endo-PTC) + scoring system. irrigation resulted in
EDTA-T improved CH  removal
compared to irrigant flush
alone.
Incomplete removal - all
. 2.5% NaOCL; 17% EDTA + Percentages  of methogs. CanalBrush& US
Tasdemir . . NaOCl; 2.5% NaOCI + US .
9. etal® 2010 Removal efficiency CH (Calcicur) agitation; 2.5% overall canal a.gltz.mon of NaOCl-
’ surface area. significantly more effective
NaOCl + CanalBrush .
than irrigant only methods.
CI by 30 gauge needle EDTA & CA - cleanest
(irrigants- 20% EDTA; 10% | LM (30x); canals; NaOCl & water -
10. | Rodiger al™ 2010 Removal efficiency CH (Calxyl paste) CA; 1% NaOCl, 10% CA + | 4-grade scoring | least effect; Irrigant
1% NaOCl, 20% EDTA + | system. combination - no
1% NaOCl; water) improvement.
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CH (CH +

NiTirotary #25, 0.06 taper
(K3 Endo) + 17% EDTA;

Removal efficiency ropvlene alvcol in NiTi rotary F1 (ProTaper) + ProTaper F1 better than K3
11. | Kugaetal® 2010 | by 2 types of rotary lla.lpy raﬁo%% y e | 17% EDTA; NiTi rotary #25, | S.EM. Endo # 25, 0.06 taper,
with NaOC1 /EDTA. C(.)nsistenc ’) p 0.06 taper + 2.5% NaOClI; regardless of irrigant used.
Y NiTi rotary FI + 2.5%
NaOCl
. Removal efficiency CH (CH. powder; MAF + saline; MAF + #25 K LM (5); | Incomplete .removal - all
12 Balvedi 2010 by manual/PUIT of CEH CH + saline; CH + (US) file + saline Percentage of | methods; Neither CI nor PUI
“ | oetal? ir?l different vehicles PEG; CH + PEG + overall canal | methods were efficient.
) CPMC) surface area.
Removal of experimental
Victorino Removal efficiency | CH & Kfile + 1% NaOCl + propolis pastes from root
13. otal’ 2010 of experimental | Propolis paste 17%EDTA S.EM. canals was difficult, similar
’ propolis & CH. (A70D,D70D). 0 to that observed for CH
paste.
Micro-CT
scanning to .
Wiseman Removal efficiency Rotary + PUL rotary + sonic | determine Rotary + PUI results in lejss
14. 39 2011 . CH L CH remnants compared with
et al. of sonic & PUL irrigation volume & rotary + sonic irrieation
percentage of CH Yy & ’
removal.
Removal efficiency
of US &RinsEndo® M (30%):; 4 Incomplete removal — all
15 Rédiger aly’ 2011 in removing CH | CH (Calxyl) | PU/RinsEndo®  + 1% rade S(;Ol’il’l methods; significantly less
’ geta &Ledermix from | &Ledermix paste. NaOCl f stem €| Ledermix paste was detected
simulated root canal Y compared with CH.
irregularities.
S.EM.; 3-grade | Apical dentin wall remained
0, £
ggx((s:(l){lut;:)n'o.(zjl/; scoring system; 3 | equally covered by CH
da Silva Removal efficiency | + PG; CH + | 1% NaOCl + MAF; 1% a(;llrllzs Cﬁ:miccaarll? : i:i?;gietzs igf \;zlzlwle(;)f Léi;
16. | etal® 2011 of different CH | antibiotic paste + | NaOCI + patency with K-file lvzed Y ith ibi _group
pastes. distilled water; CH | #10; US; 17% EDTA-T analyzed (EDX) | with antibiotic paste & PG
+ antibiotic a’ste + U to investigate | (maybe because less quantity
PG) P calcium ion | of CH was used due to its
remnants. association with antibiotics).
da Silva CH (CH in salin 2.5% NaOCl/ 17% EDTA-T/ 17% EDTA-T & 37% PA —
17. | etal' 2011 Removal efficiency 115 wiv) SAME | 10% CA/ 37% PA + MAF + | S.EM. more effective than NaOCl
o saline & CA in apical-third.
#25 H file to loosen the
medication; #25K (US) file S;;:}crivgle?;af CEADl_“ Amoz
61 Removal efficiency | CH (Apex-cal; | passively activated with 10 . .
18. | Raoet al. 2012 . o LM (12.5x) NaOClL. No difference in
of irrigant + US. Recal) mL of irrigant (SmearClear; .
10% CA: 5% EDTA: 3% removal efficiency of Apex
NaOCl) ? ? Cal & RC Cal.
CanalBrush led to packing
Gorduysus Removal efficiency | CH (chemically | MAF + 2.5% NaOCl + 17% SEM.: 4-crade effect through apex;
19. etal b 2012 with CanalBrush | pure CH in distilled | EDTA; MAF + 2.5% NaOCl : r‘in" tgm importance of re-
’ technique. water 1:1) +17% EDTA + CanalBrush scoring system. instrumentation +
NaOCI/EDTA combination.
Kaptan Eﬁ?i}él poltil;al ?rf 17% EDTA + 5% NaOCl; | Percentage of | Laser did not improve CH
20. e t;l“ 2012 coinbination with CH 17% EDTA + 5% NaOCl + | overall canal | removal by CI with NaOCl
’ EDTA & NaOCI Er:YAG laser surface area. & EDTA.
. A Association of CH with
De Faria- Removal. efﬁcwncy CH (CH in S ilicone Saline + MAF + 2.5% different vehicles did not
21. = 26 2012 of CH in different | oi, CH in 2% S.EM. . .
Junior et al. vehicl CHX; CH in PG) NaOCL influence the persistence of
chicies. ’ residues on root canal walls.
Removal  efficienc 7% MA & 10% CA superior
f 2°CH re arafi ny CH (CH + | 10% CA, 17% EDTA or 7% | Volumetric to 17% EDTA inCH +
22. | Ballal et al.*® 2012 ](; chelatgr:%\/i th ({JSS iodoform + silicone | MA in combination with US | analysis  using | iodoform + silicone oil
ayitation oil; CH + PG) agitation spiral CT. removal; CH + PG fully
S ) removed by all irrigants.
) 17% EDTA; 2.5% NaOCI + In ~apical-thirds, 1% PAA
23 | Sagsen 2012 | Removal efficiency | CH 17% EDTA; 1% PAA; 0.5% | S.E.M. was  superior o other
etal. PAA irrigants; no  difference
among the other irrigants.
CI, rotary CanalBrush, Endo SiArlfiﬁ ar(lgtLl Ebn?tor t\h/::;
24. | Tiirker et al.> 2013 Removal efficiency CH (Calcicur) Vac SAF (irrigant; 2.5% | S.E.M. sighiticantly N ? .
NaOCl). Canal Brush & CI in apical-

third.
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Ahmetoglu ) Incomplete remqval - all
25. ot al ! 2013 Removal efficiency CH (MM-paste) SAF, PUL CI S.EM. methods; PUI significantly
) better than SAF & CIL
SEM. 5-erad Incomplete removal - all
26. | Fariaet al.* 2013 Removal efficiency CH (Calen) SAF, ProTaper rotary eV, O-grade methods; No  difference
scoring system. between SAF & ProTaper.
Incomplete removal - all
. Percentage of | methods; In apical-third,
27. Maal?guf 2013 Removal efﬁm.ency CH (,CH powder -+ CI/ US/ RinsEndo® + saline | overall canal | RinsEndo® & US most
etal. of 2 CH preparations. | water; Pulpdent) . .
surface area. effective when mixed
powder was used.
EndoVac, EndoVac&PiezoFlow -
.. 35 . CH (Cals-In  + | ProUltra®PiezoFlow™, CI | S.EM., S-grade | cleanest canals with no
28. | Yiceler al 2013 Removal efficiency saline) by 30-gauge slot-tipped | scoring system. statistical difference; CI -
needle insufficient.
CH in distilled water
CH (CH in distilled &Apexcal (in  PEG) were
. Removal efficiency | water + barium o . Volumetric efficiently removed by 17%
29. I:ta;?%l 2013 of 3 CH preparations | sulfate for radio- 17% EDTA; 7% MA analysis  using | EDTA & 7% MA. 7% MA
: using chelators. opacity;  Apexcal; spiral CT. removed Metapex (in
Metapex) silicone oil) better than 17%
EDTA.
Irrigation (2.5% NaOCl +
17% EDTA + 2.5% NaOCl)
Khaleel with no agitation; irrigant | Percentage of | Sonic & US agitation more
30. ) 2013 Removal efficiency CH agitation by  ProTaper; | overall canal | effective than ProTaper
etal agitation by EndoActivator | surface area. rotary & CL

tip size 25/.04; agitation by
US file 25/.02

Ultrasonic Irrigation

US = Ultrasonic
SAF = Self-Adjusting File
S.E.M. = Scanning Electron Microscopy
LM = Light microscopy
EDX= Energy Dispersive X-ray microanalyzer.
CH = Calcium hydroxide
EDTA = Ethylenediaminetetraacetic acid
CA = Citric acid

MA = Maleic acid

PAA = Peracetic acid

NaOCl = Sodium hypochlorite
CHX = Chlorhexidine

PEG= Polyethylene glycol

PG = Propylene glycol
PA = Phosphoric acid

CPMC = Camphorated paramonochlorophenol
Antibiotic paste: contains ciprofloxacin & metronidazole.
CI = Conventional Irrigation (syringe)
PUI = Passive Ultrasonic Irrigation

US = Ultrasonic
SAF = Self-Adjusting File
S.E.M. = Scanning Electron Microscopy
LM = Light microscopy
EDX= Energy Dispersive X-ray microanalyzer.
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