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Preface
Today’s world is full of modern research and rapid advances in dentistry which helps students with a
wealth of ever increasing literature. No attempt has been made yet to make a comprehensive text on the
subject of transferring the intracanal medicament to the site of infection during Root Canal Treatment.
The vehicles used in association with the drugs are important factors to be considered.
Readers will be benefitted while using intracanal medicaments with vehicles mentioned in this
monograph. We are thankful to those who have contributed to bring out this monograph with the hope
that this venture proves useful to those for whom it is meant.
Sincerely,
Dr. Pradnya Nikhade,
Dean’s academics and Professor,
Department of Conservative and Endodontics,
Sharad Pawar Dental College,
Sawangi, Wardha,
Maharashtra,
India.
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1 - INTRODUCTION
In simple words, Root canal treatment or endodontic therapy is the treatment in which the pulp inside the tooth is
removed, the root canals are cleaned, disinfected and shaped and then filled with an inert and biocompatible material
to seal the space. This treatment is carried out in cases with pulpal or periapical pathosis, Pulpal inflammation due to
traumatic injury or facilitation of restoration (Intentional Endodontic Treatment).
The success of endodontic therapy is dependent on instrumentation, thorough cleaning and shaping of the root
canal for elimination of microbial flora from the root canal.[1]iThe Micro-organisms predominantly seen in infected
root canals are Eubacterium, Peptococcus, Peptostreptococcus, Prevotella, Porphyromonas and Fusobacterium
etc.[2]ii Amongst these, Enterococcus faecalis, is mainly isolated from failed root canal cases .[3]

iii

This

microorganism is a gram-positive facultative anaerobe can deeply invade dentinal tubules , lateral and accessory
root canals, isthmi, and apical deltas. It is known to sustain in starvation and extreme pH. [4iv] Systemic antibiotics
fail to reach the site of infection and eliminate such micro-organisms. Hence, local drug delivery is more
advantageous in such cases. [5]v For the local drug delivery, intra-canal medicament is used which when added with
the property of sustained release can aid in better diffusion in the tubules. [6]vi
An intra-canal medicament is a drug, traditionally used in endodontics to disinfect root canals between
appointments. [7]vii These medicaments are nontoxic, non-irritant, stable for different period of time and bactericidal
in a limited area. For the Medicament to work, it must be placed deeply and densely into the canal spaces. Some
vehicles are used to dispense the intra-canal medicaments. These directly influence the release, action , dissociation
of drugs and penetration into dentinal tubules. Propagation of the intra-canal medicament into the canal and its
subsequent diffusion into the dentinal tubules and other inaccessible areas depends on the surface tension of the
paste applied.
Surface tension by definition is a force existing between the surface molecules, which cause a drop of liquid to
spread or to concentrate when placed on a surface. It has been shown that capillary penetration is increased with low
surface tension. [8] viiiHence, it is advisable to use low surface tension vehicles with the intra-canal medicament for
proper penetration into the canal.
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The history about medicaments for toothache date back to 1045 AD where. Scribonius wrote of using oils and wine.
References of use of clove oil, beech wood creosote as medicaments are noted in middle years. [9] ix
Calcium hydroxide introduced in 1920 by Hermann is the preferred material for an intracanal dressing because of
1) Antimicrobial activity, due the presence of hydroxyl ions which inactivate bacterial lipopolysaccharide (LSP), a
toxin produced by gram-negative bacteria
2) Capacity to limit root resorption, the high PH of 12.5 leads to the alkalinisation of resorption areas on the root
surface
3) Promotion of repair of periapical and surrounding tissues. [10,11,12]xxixii
But Calcium hydroxide is known to have poor handling properties which makes its uniform distribution throughout
the canal difficult. So, a viscous vehicle can be used and mixed with the powdered calcium hydroxide to form a
paste which may remain within the root canal for the interval of 2–4 months .[13]xiii
According to some authors these pastes should have the following characteristics:
1) Improve physicochemical properties such as radio-opacity, flow and consistency.
Iodoform or bismuth carbonate can be added to improve the radio-opacity of the paste [14]xiv
2) Slowly or rapidly Soluble or resorbed within vital tissues depending on the necessity.
3) Easy to prepare and use.
4) Should be used as a temporary dressing. [15]xv
In 1952, Yacometti et al stated that a paste of penicillin, calcium hydroxide and distilled water can be used as a pulp
capping material. [16]xvi
The Dissociation of calcium and hydroxyl ions and the availability of hydroxyl ions determines the effectiveness of
Calcium hydroxide. [17]xvii. Different vehicles will permit different degrees of hydroxyl ions to release from calcium
hydroxide paste. [18]xviii
According to Fava (1991), the ideal vehicle should:
1.

Allow a gradual and slow Ca2+ and OH- ionic release.

2.

Allow slow diffusion in the tissues with low solubility in tissue fluids.
www.ijsrp.org
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3.

Have no adverse effect on the induction of hard tissue deposition.[10]

Chemically, the available vehicles can be classified into 3 categories1. Hydrosoluble vehicles – Example- Saline solution, Ringer’s solution, Distilled water, Dental anaesthetics with or
without a vasoconstrictor, aqueous suspension of methylcellulose or carboxymethylcellulose and anionic detergent
solution
2. Viscous vehicles- Example- Polyethylene glycol, Glycerine, Propylene Glycol.
3. Oily vehicles- Camphorated parachlorophenol, Metacresylacetate, Olive oil, silicone oil, oleic acid, linoleic acid
and isostearic acid. [10]
The effectiveness of vehicles depends on chemical properties like dissociation and diffusion. [19] xixAn aqueous
vehicle induces ionic dissociation at a higher speed than viscous vehicles. These vehicles have higher solubility rate,
causing it to be rapidly resorbed by macrophages. Hence, in such cases the canal must be redressed several times
until the desired effect is achieved. [13] Whereas the high molecular weight of viscous vehicles reduces the rate of
dispersion and helps in maintaining the paste for longer intervals in the canal, thus reducing the number of
appointments. [20] xxIn clinical situations such as inhibiting inflammatory root resorption, healing of large periapical
lesions, this prolonged release of medication proves beneficial. [21]xxi
The lowest solubility and diffusion of the paste within the tissues is said to be via the Oily Vehicles (Lopes et al.
1996). [22]xxii
Leonardo et al. (1982) stated that a paste prepared with hydrosoluble non-viscous vehicle lack radio-opacity and has
high solubility in the tissues.
Hence, Leonardo et al. (1982) recommended the addition of other substances to the paste:
1) To improve flow and consistency of the material
2) To improve radio-opacity;
3) To make clinical use easier
4) Not to alter the excellent biological properties of the medicament.[15]
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The various low surface tension vehicles are1) Water
2)

Saline

3) Glycerine
4) Chlorhexidine
5) Propylene glycol
6) Camphorated paramonochlorophenol
7) Corticosteroid + Antibiotics
8)

Local Anaesthetic solution

9)

Detergent (Sodium Lauryl Sulfate)

10) Chitosan
11) Polyethylene glycol
12) Ringer Lactate
13) Others
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2-WATER
Sterile water, distilled water, sterile distilled water, bi-distilled water and sterile bi-distilled water are the different
types of water used to make intra-canal medicament pastes. [10]
a) Sterile waterThe paste made up of medicament and sterile water has been indicated fori.

Direct pulp capping (Sommer et al. 1975)[23]xxiii

ii.

Pulpotomy and apexogenesis (Sommer et al. 1975)[23]

iii.

Apexification procedures (Erdogan 1997)[24]xxiv

iv.

Apical plug before gutta-percha filling in non-vital teeth with an open apex (Michanowicz & Michanowicz
1967) [25]xxv

v.

Internal resorption with perforation of the dentinal wall (Barclay 1993).[26] xxvi
b) Distilled water-

Crabb et al. was the first to use the paste in treating periapical lesion in 1965, according to him, “the locally
destructive action of calcium hydroxide with its high pH, acting as a chemical cautery, might affect breakdown of
the epithelium.”[27]xxvii
Clinically, it has been used fori.

Induction of hard tissue deposition in apexification procedures (Saad 1981)[28] xxviii

ii.

Pulpotomy of permanent teeth (Acosta & Heredia 1986)[29]xxix

iii.

Temporary dressing after vital pulp extirpation (Leonardo 1973) [30] xxx

iv.

In non-vital teeth with associated chronic periapical disease (Crabb 1965)[27]

v.

In internal resorption (Souza Neto et al. 1991)[31]xxxi

vi.

In perforations (Bogaerts 1997)[32]xxxii

vii.

To arrest external cervical resorption after bleaching of pulpless teeth (Santos 1996).[33] xxxiii
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One of the commonest vehicles used in delivering intra-canal medications is distilled water. Distilled water as a
vehicle provides an alkaline pH but only for a short duration of time. [34] xxxiv.Distilled water alone had a surface
tension of 70.5 dynes/ cm, which decreased to 66.5 dynes/cm when used as a vehicle for calcium hydroxide powder.
The formation of carbonates possibly due to rapid carbonation of calcium hydroxide from the atmospheric carbon
dioxide or tissue decomposition may be said to delay resolution of infection. These carbonates do not possess any
therapeutic value.[35,36]xxxvxxxvi
Disadvantages of using distilled water as a vehicle1) High degree of solubility when the paste of medicament comes in direct contact with tissue and tissue fluid.
This leads to rapid solubilization and resorption by tissue macrophages. The high degree of solubility is due
to high viscosity and surface tension.[10]
2) Possesses no antimicrobial activity.[34]
c)

Sterile distilled water-

Paste of Sterile distilled water and intra-medicaments was evaluatedi.

Human direct pulp capping by Patterson & Van Huysen in 1954.

ii.

Apexification procedures by Wechsler et al. in 1978. [10]
d) Bidistilled waterBi-distilled water was first used a carrier by Albou. [37] xxxvii

It was recommended fori.

Apexogenesis procedures.

ii.

Apexification procedures. [38]xxxviii
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3- SALINE
Normal Saline is a sterile solution used for fluid and electrolyte replenishment.
Saline is prepared by dissolving 9 g of sodium chloride in water to make 1000 mL,
according to the United States Pharmacopeia (1989).
It contains no antimicrobial agents. The pH is 5.0 (4.5 to 7.0).
In hospitals, Saline can be used for treating dehydration, for wound cleaning and irrigation.

Fig-1 Saline

Clinically, it was evaluated ini.

Human non-vital immature teeth (Yates 1988),[39] xxxix

ii.

Perforations (Bogaerts 1997)[40]xl

iii.

Internal resorption at the site of an intra-alveolar root fracture (Cvek 1974)[41]xli

iv.

External inflammatory root resorption (Rabie et al. 1988)[42] xlii

v.

Antibacterial dressing in infected teeth (Barbosa et al. 1995)[43]xliii

vi.

Endodontic retreatment after endodontic and surgical failures (West & Lieb 1985) [44] xliv

Normal saline solution is usually used as a vehicle because of
1.

Constant pH of 7

2.

Easy availability.

It has composition similar to that of protein-free plasma found clinically in the periapical area. [45]xlv
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4- GLYCERINE
In 1811, the term Glycerine was introduced by French chemist, Michel-Eugene Chevreul
It is applied to commercial products containing more than 95% glycerol
Glycerol is clear, colourless, viscous sweet tasting liquid of alcohol family of organic
compounds.
Its molecular weight is 92.02
Advantages of using Glycerol1) Soluble in water-Facilitate easy removal

Fig-2 Glycerine

2) Non-toxic and non-irritant (Olson & Hoover 1975)[46] xlvi
3) Lubricant (Walton & Torabinejad 1989)[47]xlvii
4) Hygroscopic Nature
Steiner et al.in 1968 reported first the use of glycerine as a vehicle with calcium hydroxide along with CMCP and
Barium Sulphate for treating apexification.[48] xlviii
The use of such pastes has been advocated by C Ë aliskan et al over the years for

Acute abcesses or chronic periapical lesion



Chronic abcesses with extraoral fistulae



Internal resorption with or without root perforation



Repair a fractured root

According to Antony et al. in 1997, Glycerine is said to show anti-microbial activity only at 100%
concentration. Other studies demonstrated bactericidal activity at 30% and 25% concentration but at a longer
incubation time, i.e. after 48 h and 7 days, which is contrary to the findings of the present study. [49]xlix
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5 -CHLORHEXIDINE
Chlorhexidine is a cationic bisbiguanide. It contains two chlorophenyle rings and two
bigunide groups connected by a central hexamethylene chain. It is most stable in the form
of salts. It is basic in nature. [50]l
Advantages of using Chlorhexidine as a carrier are1) Biocompatibility
Fig3.Chlorhexidine
2) Substantivity, which is with prolonged gradual release at therapeutic levels the ability of chlorhexidine to
adsorb to dental tissues and mucous membranes. [51,52]lilii
3) According to Heling et al.16 (1992) chlorhexidine is effective against gram-positive and gram-negative,
aerobic and facultative anaerobic microorganisms, yeasts and viruses .Hence, it is chosen as a vehicle with
medicaments.[53]liii
4) Anti-candidal agent- As Ferguson et al, showed that chlorhexidine diffuses through the root canal, and
possibly into the dentinal tubules. [54]liv
The antimicrobial action of Chlorhexidine –


Chlorhexidine is a positively charged hydrophobic and lipophilic molecule.



The interaction of the positive charge of the molecule and the negatively charged phosphate groups of
phospholipids and lipopolysaccharides on the microbial cell walls.



This alters the cells' osmotic equilibrium.



This leads to increased permeability of the cell wall, which allows the CHX molecule to penetrate into the
bacterial cell.[55]lv

According to Jenkins, et al, This attributes to a bacteriostatic effect occurs at low concentrations. Furthur, the
precipitation or coagulation of cytoplasmic contents leads to the Bactericidal effect at high concentrations. [56]lvi
Chlorhexidine alone had a surface tension of 39.8 dynes/ cm. With the addition of calcium hydroxide the surface
tension was reduced to 36.4 dynes/cm. The decrease in surface tension was due to the fact that commercially
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available chlorhexidine formulations contain a surfactant. A surfactant has hydrophilic (polar or ionic) and
hydrophobic (hydrocarbon or urocarbon) parts in the same molecule. Because the hydrophilic parts of the molecule
do not bond to one another very well, it is easier to stretch the surface of the water. The reduction in surface tension
is due to ability to adsorb the liquid-gas interface. [57].lviiWhen associated with calcium hydroxide, 2%
chlorhexidine and calcium hydroxide paste showed
1.

High surface tension value (58.00 dynes/cm)

2.

pH values equal to 10.2.[58]lviii

3.

Generation of excessive reactive oxygen species, which may potentially kill various root canal pathogens
.[59]lix

The chlorhexidine formulations used in various studies include Chlorhexidine gel, combination of Chlorhexidine
along with calcium hydroxide and Chlorhexidine alone. According to Almyroudi et al (2005), 1% Chlorhexidine gel
working slightly better than the other preparations in eliminating E. faecalis from the dentinal tubules.[60] lx Studies
were conducted by Gomes et al. in 2003 on bovine dentine and Schafer and Bossmann in 2005 on human dentine.
They concluded that the order of efficiency of the intracanal medicament against E.Faecalis was 2% Chlorhexidine
gel followed by Chlorhexidine and then Calcium Hydroxide used alone. [61,lxi62lxii]
Similarly, the reduced antibacterial activity of Calcium Hydroxide and Chlorhexidine association was reported in a
study by Athanassiadis et al in 2007.
The optimal antimicrobial activity of chlorhexidine is achieved at a pH range of 5.5–7.0. Therefore, alkalinizing the
pH by adding Calcium Hydroxide to Chlorhexidine will lead to precipitation of the Chlorhexidine molecule. This
may be the probable reason for decreased effectiveness against bacteria.[55] According to a agar diffusion study by
Haenni et al in 2003, in a mixture of Calcium Hydroxide powder with Chlorhexidine (0.5 percent), Chlorhexidine
showed reduced antibacterial action. However, Calcium Hydroxide did not lose its antibacterial properties. The
reason is said to be the deprotonation of Chlorhexidine at a pH greater than 10. The altered charge of the molecule,
reduces its solubility and alters its interaction with bacterial surfaces. [63]lxiii

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

6 –PROPYLENE GYLCOL
Propylene glycol is a colourless liquid with a mildly acrid smell
and somewhat sweet taste. Propylene glycol (1,2- propanediol), a
dihydric alcohol. Its chemical formula is CH3CH(OH)CH2OH .It
has a molecular weight of 76.09 according to United States
Pharmacopeia 1989.
In a study by Seidenfeld & Hanzlik in 1932, they the used
propylene glycol as a vehicle and pharmaceutical solvent for

Figure 4- Propylene Glycol

Preparations in medicine
It has been reported to be less toxic than ethylene glycol. [64] lxiv
The first report using a Ca (OH) 2 paste containing propylene glycol as vehicle was by Saiijo in 1957.
He also added antibacterial agents and asbestos powder.[65] lxv
Later on, Laws 1962 employed Propylene Glycol as a vehicle .Paste is made up of of 10 g of calcium hydroxide
powder with 7.5 mL of propylene glycol [45]
Simon et al. in 1995 recommended PG as the best vehicle in Calcium Hydroxide preparations. As it is possible to
control the level of pH rise and Ca2+ release that can be sustained for a long period when PG is mixed with calcium
hydroxide. [36]
Advantages of using Propylene Glycol as a vehicle for intra canal medicament-

1) According to Fava and Saunders in 1999, Propylene glycol is hygroscopic in nature that means it allow
absorption of water, which results in a sustained release of intra-canal medicaments for prolonged
periods.[10]
2) Viscous consistency due to high molecular weight which improves the handling qualities of the paste.[36]
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3) Less cytotoxic than other commonly used vehicles for intra-canal medicaments
4) Antibacterial properties when used in concentrations up to 20%
These properties might be due to the slow diffusion of calcium and hydroxyl ions as compared to the paste prepared
with distilled water.[10,66,67,68,69]lxvilxviilxviiilxix
When Calcium Hydroxide is mixed with propylene glycol – It Exhibits dual effect


None tissue irritating effect



Being alcoholic in nature, it remains in paste form for a longer time.[7, 66,70,71,72]lxxlxxilxxii

The paste can be used for

Post vital pulpectomy dressing (Saiijo 1957) [73]lxxiii



Non-surgical treatment of large periapical lesions (Hussey & Kennedy 1990).[74] lxxiv

In a Study done by Paul in 1997, the paste of the Calcium Hydroxide and propylene glycol exerted significant
antibacterial action and was considered better than tissue irritating phenolic compound like camphorated pmonochlorophenol. [75] lxxv
Kollöffel et al. in 1996, stated acceptable daily intake as prescribed by the World Health Organization, is 25 mg kg–
1 body weight .[76] lxxvi Glover & Reed (1996) reported adverse effects associated with propylene glycol following
excessive ingestion of a propylene glycol-containing product. [77] lxxviiBut based on chronic toxicity data according
to Ruddick 1972, no deleterious effects are produced with use of propylene glycol in small amounts. [78]lxxviii
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7-CAMPHORATED PARAMONOCHLOROPHENOL
It was introduced by Walkhoff in 1891.
Composition- 33±37% parachlorophenol and 63±67% camphor (United
States Pharmacopeia 1989). Molecular Formula-C6H5OCl
Molecular weight 128.56
Camphor (C10H16O, molecular weight 152.54)
Fig.5- Camphorated p-monochlorophenol (CMCP)
Camphorated p-monochlorophenol (CMCP) is a phenolic compound used as a disinfectant due to the liberation of
the chlorine in the presence of phenol (Breillat & Laurichesse 1986) and vehicle in root canal treatment. [79]lxxix
Camphor is considered as an oily vehicle as it is an essential oil with low solubility in water.
It is used in

Apexification (Kleier & Barr 1991).[80]lxxx



Perforation defects after internal resorption (Frank & Weine 1973)[81] lxxxi



Treatment of external root resorption ( Montgomery 1984) [82]lxxxii



Intracanal dressing in cases of non-vital teeth with associated large periapical lesions (Souza et al.
1989).[83]lxxxiii

When mixed with calcium hydroxide dual effect was noticed

High Ph which is toxic for the bacteria



Activation of hydrolytic enzyme alkaline phosphatase leading to tissue mineralization.[7,70,71]

According to Frank et al in 1966, extended antibacterial spectrum of Calcium Hydroxide, mainly against some
facultative or anaerobic bacteria was proposed when mixed with camphorated p-monochlorophenol. [84] lxxxivIn
contradiction, in a Study by Georgopoulo et al in 1993, Calcium Hydroxide has a better antimicrobial effect than
Camphorated p-monochlorophenol on anaerobic bacteria.[85]lxxxv Calcium hydroxide and camphorated
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monochlorophenol paste has a tendency to become sticky and set fast. Surface tension of Camphorated
paramonochlorophenol plus calcium hydroxide is 37.50 dynes/cm.[86] lxxxvi Leonardo et al. (1993), Barbosa et al.
(1997) , Siqueira & Uzeda (1997) and Estrela (2001) have reported greater effectiveness when calcium hydroxide
is associated with Camphorated p-monochlorophenol.[87,88,89] lxxxviilxxxviiilxxxixAnthony, Gordon and del Rio (1982)
reported that when calcium hydroxide is mixed with camphorated parachlorophenol or metacresylacetate, the
products formed could cause a reduction in pH over an extended period of time.[90]xc
Major disadvantage of using camphorated p-monochlorophenol is its toxicity. In 1996, Saekont evaluated phenol,
camphorated phenol and camphorate monochlorophenol. They confirmed that these are irritant to the periapical
tissue. [91]xci Chang et al in 1999 found that camphorated p-monochlorophenol is cytotoxic to the periodontal
ligament cell. The toxic nature is due to inhibition of cell viability and proliferation. [92] xciiSimilar findings were
seen in a study by Claudia et al in 2011, which were that this association kills microorganisms in 15 seconds.[93]
xciii

Esberard et al, in 1996 indicated that calcium hydroxide in Camphorated p-monochlorophenol vehicle diffuses

more rapidly than calcium hydroxide in an aqueous vehicle in cervical and middle of teeth.[94]xciv
In studies dated from 1994 by Spangberg et al to 2014 by Ganesh et al, it is stated that amongst all the vehicles used
in Endodontics, camphorated monochlorophenol (CMCP) an effective antimicrobial agent but is irritant to the
tissue. Hence, the use of CMCP as vehicle should be avoided. [34,95]xcv
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8- CORTICOSTERIODS AND ANTIBIOTICS
Various combinations are available in market which can be used along with intracanal medicament. Otosporin is one
of the drug used in various studies. It is composed of
1.

Neomycin (5 mg) -

Neomycin is an aminoglycoside.The mechanism of action is inhibition of bacterial protein synthesis through
irreversible binding to the 30 S ribosomal subunit of susceptible bacteria. Neomycin is active against Gram-positive
and Gram-negative, as well as acid-fast bacilli. Neomycin is a strong bactericidal. It does not readily allow
resistance against micro-organisms.
2.

Polymixin B sulphate (10 000 IU) -

In 1947, Polymyxins, a group of cationic polypeptide antibiotics were discovered. They are available as
Polymyxins A-E but only polymyxin B and polymyxin E (colistin) are used in clinical practice. The cationic
polypeptides of polymyxin B interact with anionic lipopolysaccharide (LPS) molecules in the outer membrane
of gram-negative bacteria. This further leads to an increase in the permeability of the cell membrane, leakage of
cell contents, and ultimately cell death of the bacteria. I.V. administration of Polymyxin B may lead to
nephrotoxicity and neurotoxicity.
3.

Hydrocortisone (10 mg)

Adrenocorticoids are released by the adrenal glands and can be classified as glucocorticoids or
mineralocorticoids.Cortisone, hydrocortisone and corticosterone are examples of glucocorticoids. Cortisone was
isolated in the late 1930s but was synthesized in 1948.These are released in fright and flight situations and
affect the cell metabolism .Glucocorticoids are anti‐inflammatory. These are indicated in conditions such as
skin and mucosal inflammations, asthma and rheumatoid arthritis.
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According to Holland et al in 1971, Otosporin and calcium hydroxide mixture is said to maintain the integrity of the
pulp stump in vital pulpectomy in dog teeth.
According to Fava (1992), favourable results seen with regard to postoperative pain after pulpectomies in humans.
[10]
In a study by Estrella (2001), the Otosporin® paste consists of hydrocortisone, neomycin and polyxin B. It was
found to be effective against all microorganisms except Candida albicans up to 1 min but by 48 hr Candida albicans
was killed.[89]
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9- LOCAL ANAESTHETIC SOLUTION
Drugs that have little or no irritating effects when injected into tissues and that will
temporarily interrupt conduction when absorbed into the nerve are called as Local
Anaesthetics.
Local anesthetics produce a local reversible block of nerve conduction. These is no
permanent damage. They can block the nerve impulse at various sites along the neural
pathways.
Classification-

Fig-6 Lidocaine

I)Ester GroupA) Benzoic acid esters
1.Cocaine
2.Benzocaine
B) Para- aminobenzoic acid esters
1.Procaine
2.Tetracaine
3.Propoxycaine
4.2-Chloroprocaine
11)Non-ester Group1. Bupivacaine
2.Etidocaine
3.Lidocaine
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4.Mepivacaine
5.Prilocaine .[96]xcvi

Advantages of Anaesthetic solutions with or without a vasoconstrictor1) Availability
2) Sterility
3) Ease of handling. [10]
According to Özcelik, et al.17 (2000), anaesthetic solution was the most favourable vehicle with the lowest surface
tension values (44.00 to 51.00 dynes/ cm) amongst. glycerine, Ringer’s solution, anaesthetic solution and saline,
alone and the calcium hydroxide combinations.[97] xcviiThe chemical reaction may occur between the anaesthetic
and calcium hydroxide due to the acid pH of local anaesthetics and the alkaline pH of calcium hydroxide.
However, Anthony, Gordon and del Rio (1982) and Stamos, Haasch and Gerstein (1985) demonstrated high level
alkaline pH of calcium hydroxide–local anaesthetic (with lidocaine or mepivacaine) mixtures.[90,98]xcviii The
antimicrobial action of calcium hydroxide is determined by the liberation of hydroxyl ions in high pH for
appropriate amount of time.
Disadvantages1) Lack of radio-opacity
2) Lack of Antibacterial properties
Hence, For Radio-opacity addition of barium sulphate to calcium hydroxide powder in 1:4 Ratio by (Dumsha &
Gutmann 1985). Or 1:8 Ratio by Marais (1996) [10]
For the antibacterial property of the paste, addition of one drop of camphorated parachlorophenol in cases of –


Dressing in infected nonvital cases, Teplitsky (1986)[99]xcix



Human apexification by Webber et al. (1981) (1984) [100,101]cci



Pulp capping material by Armstrong & Hoffman (1962)[102] cii
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10 – DETERGENTS
The penetration of antimicrobial solutions into irregularities of the root canal system
(RCS) and into the depth of dentinal tubules depend on wettability. Wettability
depends on surface tension.
Surface tension is defined as defined as the force between molecules tending to
reduce the surface area of a liquid.
Detergents decrease the surface tension between two surfaces and facilitate substance
penetration.

Figure 7- Sodium Lauryl Sulfate

Sodium Lauryl Sulfate has the chemical formula C12H25NaO4S or CH3-(CH2)11-O-SO3-Na+. SLS is an anionic
surfactant. It has a negatively charged sulfonate group as its “hydrophilic” end and a saturated 12-40 carbon chain
for its “lipophilic” end. SLS has a faint odor of fatty substances at room temperature, it occurs as white or creamcolored crystals, flakes, or powder.[103]ciii
Calcium hydroxide in association with anionic detergent showed low surface tension (31.60 dynes/cm).[58]
According to C.Estrelal (2001),the paste with Ca(OH)2 + SLS did not show a stronger antimicrobial action in
comparison with the one containing saline solution, due to the low superﬁcial tension of the detergent. E. faecalis,
P. aeruginosa and B. subtilis showed sensitivity after long exposure periods. Which were resistant to the paste
containing 1% chlorhexidine after 1 min. [89]
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11- CHITOSAN
Chitosan is a natural and biodegradable polymer derived from the exoskeleton of
crustaceans (such as crabs). [104]civ.Chitin is a natural polysaccharide. It is
composed of β (1→4) linked N-acetyl glucosamine units. The partial deacetylation
of chitin forms Chitosan, which contains copolymers of glucosamine and N‐acetyl
glucosamine. [105]cv
Fig 8- Chitosan
Mechanism of Action-The cationically charged amino group of chitosan may combine with anionic components
such as N-acetyl muramic acid, sialic acid, and neuramic acid on the cell surface .This will impair the exchanges
with medium, chelate the transition metal ions, and inhibit enzymes. This suppresses the growth of bacteria .The
possibility of potential additive or synergistic effect when used with intracanal medications like TAP and CH on the
viability of C. albicans and E. faecalis. Makes chitosan a good carrier. [106]cvi
Advantages of using chitosan as a vehicle1.

Antimicrobial properties.

2.

Antifungal properties.[107]cvii

Senel et al. in 2000 used chitosan as an oral mucosal delivery agent.It was combined with chlorhexidine. The results
concluded that the highest antifungal activity against Candida Albicans was obtained with 2% chitosan gel
containing 0.1% Chlorhexidine. Also, prolonged release of Chlorhexidine was noted. [108]cviii
3.

Biodegradable and nontoxic properties.[106]

4.

The ability to retain high amounts of water and form gels in acidic aqueous environments -which could be
the reason for used in slow‐release formulations.[109]cix

This sustained release of medication minimizes side‐effects and prolongs the efficacy of the drug. In early stage, a
stagnant gel layer controls the diffusion. In due course of time, the network of the gel starts to disintegrate and thus
diffusion is facilitated. Drug release rate is regulated, which aids in reducing the frequency of administration, thus
assuring better patient compliance. It has been suggested persistence of formulations at sites of drug action or
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absorption could be prolonged through use of chitosan. It has also been suggested that chitosan increases drug
bioavailability and might be valuable for delivery of drugs to specific regions such as stomach, buccal
mucosa.[110]cx According to Kristl et al in 1993, the drug release when chitosan gel was used as a vehicle was slow
and sustained.[111]cxi
5. The property of insolubility of Chitosan is said to increase intracanal medicament stability. [106,112,113]cxiicxiii
6. Chitosan increases drug bioavailability which might be valuable for delivery of drugs to specific regions such as
stomach, buccal mucosa. [110]
In 2013, Silva et al., investigated the efficacy of smear layer removal using Chitosan. They concluded that 15%
EDTA and 0.2% chitosan were associated with the greatest effect on root dentine demineralization when compared
with 10% citric acid and 1% acetic acid.[114]cxiv
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12- POLYETHYLENE GLYCOL
It is a colourless water soluble and hygroscopic polymer. It is miscible with water in all
proportions.[115] cxv Polyethylene glycol is referred to as “Macrogol”. It is abbreviated
as PEG 400 , PEG 1000 etc. This number denotes its molecular weight. Higher the
number, higher is its viscosity. [116] cxviIn Mid 1970’s ,the components such as
polyethylene glycol (PEG) 400 and colophony resin (a thickening agent) were added to
alter the viscosity to improve the clinical handling of the calcium hydroxide
paste(calen). [10]
Fig.9- Polyethylene glycol
Takushige et al., (2004) was first to use the combination of propylene glycol with Macrogol dentistry in
vivo.[117]cxvii PEG 400 can be used as a vehicle with calcium hydroxide, antibiotics and corticosteroids or calcium
hydroxide and ibuprofen.[115]
Advantages of using Polyethylene Glycol1) Synergism in bactericidal activityThis phenomenon was seen in a study by Carreira et al. (2007)
It was observed in Ciprofloxacin–PEG 1000 association, Metronidazole–PEG 1000 association, and
Ciprofloxacin–Metronidazole–PEG 1000 combination.
The bactericidal activity might possibly be due to hydrophilic property of PEG. It reduces the bacterial
count.[118]cxviii
Another cause of the bactericidal activity as stated by Bozzini et al (1986) might be due to severe plasmolysis,
cell wall collapse, and finger‐like extrusions as seen in Klebsiella pneumonia.[119]cxix
2) Inert in nature-It does not interact with other components of the paste.[120]cxx
3) Biocompatibility[115]
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Different Pastes Formulations have been statedSr.NO

Year

Reported by

1

1960

Maeda et al

1961

Components


Calcium hydroxide



Polyethyleneglycol 1500 Sulphisomidine



Eugenol



Same composition paste

Kurimoto et al

Used in cases of

Infected pulpless teeth with
periapical lesions

2

1976

Leonardo et al.



Calcium hydroxide (2 g),
Polyethyleneglycol 400 (1.75 mL), Barium
sulphate (1 g)

3

4

1988

1991



Hydrogenized colophony (0.05 g)

Lessi & Alvares et



Calcium hydroxide

al



Iodoform (30%)



Polyethyleneglycol 1500 (70%).



Replaced the barium sulphate by zinc

Leonardo & Leal

oxide in the same proportion.
4

1992

Ulyssea et al.



Calcium hydroxide and Barium Sulpahte
in ratio 4:1

Zelante et al.



Calcium hydroxide (3 g)



Zinc oxide (3 g) /Iodoform (1.5 g)
Polyethyleneglycol 400 (3.5 mL)

5

1993

Bellacosa et al



Calcium hydroxide (70%)

External/internal
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6

1996

Santos et al



Iodoform (30%)



Polyethyleneglycol 1500



Calcium Hydroxide

External cervical



Polyethyleneglycol 400

resorption after

resorption,

bleaching of pulpless
teeth

PEG‐coated nanoparticles were found to be most effective in killing E. coli, Staph. aureus, and multi‐drug resistant
clinical isolates of Shigella spp. and Vibrio cholera According, Bhattacharya in 2012.[121] cxxi
When mixed with calcium hydroxide, it is said to enhance dissolution of calcium hydroxide and release of hydroxyl
ions.
According to Chen J et al. 2005, PEG 400 is a suitable solvent for calcium hydroxide.
This is due to the complex formation as metal cations like calcium ions reacts with ethylene oxide.
The results of the first part of the study showed that compared to water, polyethylene glycol 400, when used as a
solvent allows high pH values to be achieved, which are above P H 12.4, which is the nominal limit for aqueous
pastes [115]
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13- RINGER LACTATE
Composition

Sodium chloride (8.6 g)



Potassium chloride (0.3 g)



Calcium chloride (0.33 g)



Water (1L).- the United States Pharmacopeia (1989), )

Fig 10. Ringer lactate

In hospitals, it is used in regulation or maintenance of metabolic acidosis (except lactic acidosis)
Use of such a paste was first described by Granath in 1959 for Treatment of traumatic injuries, [122]cxxii clinically, it
has been evaluated in


Indirect pulp capping (Nyborg 1955)[123]cxxiii



Apexification procedures



Temporary dressing both after vital pulpectomy (Stromberg 1969)[124] cxxiv



Non-vital teeth
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14– OTHER VEHICLESA) Iodoform and Methyl celluloseMethylcellulose was the vehicle of a paste widely used mainly in Argentina.
A paste composed of equal volumes of calcium hydroxide powder and iodoform mixed with a 5% aqueous solution
of methylcellulose was introduced in 1964 by Maisto & Capurro. [125]cxxv
it was recommended for

Apexification- Maisto & Capurro (1964),



Indirect pulp capping - Krakow et al. (1974).[126]cxxvi

A paste with the composition of by calcium hydroxide and iodoform in a ratio 2/3:1/3, two drops of
camphorated parachlorophenol and a 3% aqueous solution of methylcellulose was introduced by Laurichesse in
1980.
Giro et al. (1993) proposed the use of carboxymethylcellulose [127] cxxvii

B) Olive OilOlive oil is a slight greenish water insoluble liquid with a characteristic
odour.
Chemically, made up of esters of fatty acids such as oleic, linoleic,
palmitoleic, estearic and linolenic acids.
Fig 11.Olive oil
It was advocated to be used as a vehicle due to low solubility, which permits low diffusion within the tissues.
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C) Metacresylacetate.
Metacresylacetate is the acetic ester of metacresol with benzene.
Metacresylacetate was first introduced to dentistry by Coolidge in 1912 for the
treatment of necrotic pulps.
Properties1) Sedative
2) Antibacterial,
3) Analgesic (Lecazedieu 1986)[128]cxxviii.

Fig 12- Metacresylacetate

The paste is used for

Pulp capping (Weiss 1966)[129]cxxix



Pulpotomy (Tenca & Tsamtsouris 1978)[130] cxxx



Apexification ( Levy 1980)[131] cxxxi



Retreatment after endodontic and surgical failures (Stewart 1975) [132]cxxxii



Root resorption (Stewart 1975).

4) Some Other studies
Yoshiba et al. (1994) proposed for Pulp Capping- a paste of tricalciumphosphate, calcium hydroxide powder and
saline. [133]cxxxiii
Sazak et al. in 1996 suggested, the addition of Ledermix (Lederle Lab., MuÈnchen, Germany) to a calcium
hydroxide-saline paste for reducing postoperative pain and inflammation in cases of pulp capping. [134]cxxxiv
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15- CONCLUSION
Use of these specific vehicles for dispensing intracanal medicament is vital. Studies have shown that, vehicles
increase the half-life of intrcanal medicament and will help in better penetration of it inside the dentinal tubules.
Hence to conclude, use of different vehicles should be in accordance with the rate of ionic dissociation. For
example, aqueous vehicles should be used when rapid ionic liberation is necessary. Viscous vehicles in cases of
gradual and uniform ionic liberation. Oily Vehicles are restricted to very slow ionic dissociation rate.

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

Bibliography

1)

i

2)

ii

3)

iii

4)

iv

5)

v

6)

vi

7)

vii

8)

viii

Pecora JD, Guimarªes LF, Savioli R. Surface tension of several drugs used in endodontics. Braz Dent J 1991;2:123-7. 7.

9)

ix

Foreman P, Barnes I. A review of calcium hydroxide. Int Endodon J. 1990;23:28397.

10)

x

11)

xi

12)

xii

Kawashima N, Wadachi R, Suda H, Yeng T, Parashos P. Root canal medicaments. Int Dent J 2009;59:5-11

13)

xiii

Fava LR. Calcium hydroxide pastes-considerations for use in clinical endodontics. Rev Paul Odontol 1991;13:36-43.

Siqueira JF Jr, Rôças IN, Favieri A, Lima KC. Chemomechanical reduction of the bacterial population in the root canal after
instrumentation and irrigation with 1%, 2.5%, and 5.25% sodium hypochlorite. J Endod 2000;26:331‐4.
Sundqvist G (1994) Taxonomy, ecology and pathogenicity of the root canal ﬂora. Oral Surgery, Oral Medicine and Oral Pathology
78, 522–30.
Williams JM, Trope M, Caplan DJ, Shugars DC. Detection and Quantitation of E. faecalis by Real-time PCR (qPCR), Reverse
Transcription-PCR (RT-PCR), and Cultivation During Endodontic Treatm`
bgvf NBNNent. J Endod. 2006;32(8):715-21.
Donlan RM, Costerton JW. Biofilms: survival mechanisms of clinically relevant microorganisms. Clin Microbiol Rev.
2002;15(2):167-93.

Peedikayil FC. Antibiotics: Use and misuse in pediatric dentistry. J Indian Soc Pedod Prev Dent 2011;29:282‐7.

Kalsi R, Vandana KL, Prakash S. Effect of local drug delivery in chronic periodontitis patients: A meta‐analysis. J Indian Soc
Periodontol 2011;15:304‐9.
Bystrom A, Claesson R, Sundqvist G. The antibacterial effect of camphorated paramonochlorophenol, camphorated phenol and
calcium hydroxide in the treatment of infected root canals. Endod Dent Traumatol 1985;1:170-5..

Fava LR, Saunders WP. Calcium hydroxide pastes: classification and clinical indications. Int Endod J. 1999 Aug;32(4):25782.

Duarte MA, Demarchi AC, Giaxa MH, Kuga MC, Fraga SC, de Souza LC. Evaluation of pH and calcium ion release of three root
canal sealers. J Endod. 2000 Jul;26(7):389-90

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

14)

xiv

Rezende JA (1982) Tratamento dos dentes permanentes com rizogeÃneseincompletaepolpanecrosada.Oitoanosde observacË

aÄoclÂõnico-radiograÂfica. Revista da AssociacËaÄo Paulista de CirurgioÄes Dentistas 36, 436±41.
15)

xv

Leonardo MR, Leal JM, SimoÄes Filho AP (1982) Endodontia Tratamento dos Canais Radiculares. SaÄoPaulo: Panamericana.

16)

xvi

Yacometti P (1952) ExperieÃncia de capeamento da polpa. Rio Grande OdontoloÂgico 11,5 ±7

17)

xvii

Safavi K, Nakayama TA.Influence of mixing vehicle on dissociation of calcium hydroxide in solution. J Endod 2000;26:649-51.

18)

xviii

19)

xix

.Maria Gabriela Pacios, Maria Luisa de la Casa, Maria de los Angeles Bulacio, Maria Elena Lopez. Influence of Different vehicles
on the pH of Calcium hydroxide paste. J Oral Sci 2004;46:107-11.

Estrela C, Pesce HF (1996) Chemical analysis of the liberation of calcium and hydroxyl ions from calcium hydroxide pastes in

connective tissue in dog. Part I. Brazilian Dental Journal 7,41–6
20)

xx

Silva LA. Incomplete rhizogenesis.effects of different pastes of calcium hydroxide on radicular and periapical repair of teeth.a

histological study(thesis); 1988.

21)

xxi

22)

xxii

.Lopes HP, Estrela C, Siqueira JF Jr. Treatment of teeth with incomplete rhizogenesis. In: Berger CA, editor. Endodontia. SaÄo
Paulo: Pancast; 1998.
Lopes HP, Estrela C, Siqueira JF Jr, Fava LRG (1996) ConsideracË oÄesquÂõmicas,microbio1oÂgicas e bio1oÂgicas do

hidroÂxidodecalcio. Odontomaster 1,1 ±17.
23)

xxiii

Sommer RF, Ostrander FD, Crowley MC (1975) Endodoncia ClÂõnica. Barcelona: Labor.

24)

xxiv

Erdogan G (1997) The treatment of non-vital immature teeth with calcium hydroxide-sterile water paste. Two case reports.

Quintessence International 28, 681±6
25)

xxv

Michanowicz J, Michanowcz A (1967) A conservative approach and procedure to fill incompletely formed root using calcium

hydroxide as an adjunct. Journal of Dentistry for Children 32, 42 ±7.
26)

xxvi

Barclay C (1993) Root resorption. 2 ± internal root resorption. Dental Update 20, 292±4.

27)

xxvii

Crabb HSM (1965) The basis of root canal therapy. Dental Practitioner and Dental Record 15, 397±401.

28)

xxviii

29)

xxix

Saad AY (1988) Calcium hydroxide and apexogenesis. Oral Surgery, Oral Medicine and Oral Pathology 66, 499±501.

Acosta EMC, Heredia AC (1986) Biopulpectomia cameral al hidroxido de calcio. Estudio preliminar. Revista de Actualidad

EstomatoloÂgicaEspanÄola 46, 33 ±40
30)

xxx

Leonardo MR (1973) ContribuicË aÄoparaoestudodareparacË aÄo apical e periapical poÂstratamento de canais radiculares

(Thesis). Araraquara.
31)

xxxi

Souza Neto MD, Vansan LP, Silva RG, PeÂcora JD (1991) ReabsorcË aÄointerna:relatodedoiscasosclinicossubmetidos a

diferentes teÂcnicas de obturacË aÄodoscanaisradiculares Revista Paulista de Odontologia 13, 10 ±4
32)

xxxii

Bogaerts P (1997) Treatment of root perforations with calcium hydroxide and Super EBA cement: a clinical report. International

Endodontic Journal 30, 210±9.

33)

xxxiii

Santos KS (1996) HidroÂxido de calcio no tratamento das reabsorcË oÄescervicaisextemaspoÂsclareamentoemdente despolpado.

Revista do Conselho Regional de Odontologia de Minas Gerais 2, 41 ±7.
34)

xxxiv

Ganesh MR, Chaurasia VR, Masamatti VK, Mujeeb A, Jhamb A, Agarwal JH. In vitro evaluation of antibacterial efficacy of

calcium hydroxide in different vehicles. J Int Soc Prev Community Dent 2014;4:56‐60

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

35)

xxxv

Esberard RM (1992) Reparação apical e periapical pós tratamento endodôntico nos dentes de cães portadores de lesões periapicais

induzidas. Influência da ténica. Estudo radiográfico e microscópico. Thesis. Araraquara, Sao Paulo, Brazil.

36)

xxxvi

Simon ST, Bhat KS, Francis R (1995) Effect of four vehicles on the pH of calcium hydroxide and the release of calcium ion.Oral

Surgery, Oral Medicine and Oral Pathology 80, 459–64.
37)

xxxvii

Laurichesse J-M (1980) Le traitement endodontique des dents immatures par eÂdification apicale (apexification). ActualiteÂs

Odontostomatologiques 131, 459±76.
38)

xxxviii

Breillat J, Brocheriou C, Machtou P (1983a) Le traitement endodontique des dents permanentes immatures. 1 ± ApexogeneÁse.

Revue FrancËaise d'Endodontie 2, 11 ±28. Breillat J, Brocheriou C, Machtou P (1983b) Le traitement endodontique des dents
permanentes immatures. 2 ± Apexification. Revue FrancËaise d'Endodontie 2, 11 ±29.
39)

xxxix

40)

xl

Yates JA (1988) Barrier formation time in non-vital teeth with open apices. International Endodontic Journal 21, 313 ±9.

Bogaerts P (1997) Treatment of root perforations with calcium hydroxide and Super EBA cement: a clinical report. International

Endodontic Journal 30, 210±9.
41)

xli

Cvek M (1974) Treatment of non-vital permanent incisors with calcium hydroxide. IV ± Periodontal healing and closure of the root

canal in the coronal fragment of teeth with intra-alveolar fracture and vital apical fragment. Odontologisk Revy 25, 239±46
42)

xlii

Rabie G, Trope M, Trostad L (1988) Treatment of a maxillary canine with external inflammatory root resorption. Journal of

Endodontics 14, 101±5.
43)

xliii

Barbosa CAM, GoncË alves RB, Siqueira JF Jr, Uzeda M (1995) Evaluation of the antibacterial activities of calcium hydroxide,

chlorhexidine and camphorated paramonochlorophenol as intracanal medicaments. A clinical and laboratory study. Journal of
Endodontics 23, 297±300.
44)

xliv

West NM, Lieb RJ (1985) Biologic root-end closure on a traumatized and surgically resected maxillary central incisor: an

alternative method of treatment. Endodontics and Dental Trauniatology 1, 146±9
45)

xlv

Sahani D.R. and Rupali.An evaluation of the pH changes of Calcium Hydroxide using three vehicles in Endodontic therapy-An in

vitro study.

46)

xlvi

Olson A, Hoover JE (1975) Remington's Pharmaceutical Sciences, 15th edn. Easton: Mack Publishing Co.

47)

xlvii

Walton RE, Torabinejad M (1989) Cleaning and shaping. In: Pedersen P, ed. Principles and Practice of Endodontics. Philadelphia:

Saunders.
48)

xlviii

49)

xlix

Steiner JC, Dow PR, Cathey GM (1968) Inducing root end closure of non-vital teeth. Journal of Dentistry for Children 55, 47 ±54.

Triveni Mohan Nalawade, Kishore Bhat1, Suma H. P. Sogi2. Bactericidal activity of propylene glycol, glycerine, polyethylene

glycol 400, and polyethylene glycol 1000 against selected microorganisms. Journal of International Society of Preventive and
Community Dentistry. March-April 2015, Vol. 5, No. 2

50)

l

51)

li

52)

lii

53)

liii

Parappa Sajjan1, Nagesh Laxminarayan2, Prem Prakash Kar3, Mangala sajjanar4..Chlorhexidine as an Antimicrobial Agent in
Dentistry – A Review . OHDM- Vol. 15- No.2 - April, 2016
Leonardo MR, Tanomaru Filho M, Silva LAB, Nelson Filho P, Bonifacio KC, Ito IY. In vivo antimicrobial activity of 2%
chlorhexidine used as a root canal irrigating solution. J Endod 1999; 25: 167–71.
Ferraz CCR, Gomez BPFA, Zaia AA, Texeira FB, de Souza Filho FJ. In vitro assessment of the antimicrobial action and the
mechanical ability of chlorexidine gel as an endodontic irrigant. J Endod 2001; 27: 452–5.
Heling I, Sommer M, Steinberg D, Friedman M, Sela MN. Microbiological evaluation of the efficacy of chlorhexidine in a
sustained-release device for dentine sterilization. Int Endod J. 1992 Jan;25(1):15-9.

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

54)

liv

55)

lv

56)

lvi

57)

lvii

58)

lviii

59)

lix

60)

lxlx

61)

lxi

Ferguson JW, Hatton JF, Gillespie MJ. Effectiveness of intracanal irrigants and medications against the yeast Candida albicans. J
Endod 2002;28:68-71.
Athanassiadis B, Abbott P, Walsh LJ. The use of calcium hydroxide, antibiotics and biocides as antimicrobial medicaments in
endodontics. Aust Endod J. 2007;52:S64-S82.
Jenkins S, Addy M, Wade W. The mechanism of action of chlorhexidine: A study of plaque growth on enamel inserts in vivo. J Clin
Periodontol 1988;15:415-24.
S Poorni, Revathi Miglani, MR Srinivasan1, R Indira.Comparative evaluation of the surface tension and the pH of calcium
hydroxide mixed with five different vehicles: An in vitro study. Indian J Dent Res, 20(1), 2009
Carlos ESTRELA1, Cyntia Rodrigues de Araújo ESTRELA2, Luiz Fernando GUIMARÃES3, Reginaldo Santana SILVA4, Jesus
Djalma PÉCORA5.Surface tension of calcium hydroxide associated with different substances. J Appl Oral Sci 2005; 13(2): 152-6
Yeung SY, Huang CS, Chan CP, Lin CP, Lin HN, Lee PH, et al. Antioxidant and pro-oxidant properties of chlorhexidine and its
interaction with calcium hydroxide solutions. Int Endod J. 2007;40(11):837-44.
Almyroudi A, Mackenzie D, McHugh S, Saunders W. The effectiveness of various disinfectants used as endodontic intracanal
medications: an in vitro study. J Endod. 2002;28(3):163-7.

Gomes B, Souza S, Ferraz C, Teixeira F, Zaia A, Valdrighi L. Effectiveness of 2% chlorhexidine gel and calcium hydroxide against

Enterococcus faecalis in bovine root dentine in vitro. Int Endod J. 2003;36(4):267-75.
62)

lxii

Schafer E, Bossmann K. Antimicrobial efficacy of chlorhexidine and two calcium hydroxide formulations against Enterococcus

faecalis. J Endod. 2005;31(1):53-6.

63)

lxiii

64)

lxiv

65)

lxv

Haenni S, Schmidlin PR, Mueller B, Sener B, Zehnder M. Chemical and antimicrobial properties of calcium hydroxide mixed with
irrigating solutions. Int Endod J 2003;36:100105
Seidenfeld MA, Hanzlik PJ (1932) The general properties, actions and toxicity of propylene glycol. Journal of Pharmacology and
Experimental Therapeutics 44, 109–21.
Saiijo Y. Clinico-pathological study on vital amputation with calcium hydroxide added to various kinds of antibacterial substances.

J Tokyo Dent Coll Soc 1957;57:357-63
66)

lxvi

Bhat KS, Walkevar S (1975) Evaluation of bactericidal property of propylene glycol for its possible use in endodontics. Arogya

Journal of Health Science 1, 54–9.

67)

lxvii

68)

lxviii

69)

lxix

70)

lxx

71)

lxxi

Thomas PA, Bhat KS, Kotian KM (1980) Antibacterial properties of dilute formocresol and eugenol and propylene glycol. Oral
Surgery 49 , 166–70.
Syliva S. KS Bhat. Effect of four vehicles on the pH of Ca(OH)2 and release of calcium ions. Oral Surg Oral Med Oral Path.
1995;80:459-64.
Olitzky I (1965) Antimicrobial properties of a propylene glycol based topical therapeutic agent. Journal of Pharmaceutical
Sciences 54, 787–8.

45.. Gomes BP, Ferraz CC, Vianna ME, Berber VB, Teixeira FB, Souza‐Filho FJ. In vitro antimicrobial activity of several
concentrations of sodium hypochlorite and chlorhexidine gluconate in the elimination of Enterococcus faecalis. Int Endod J
2001;34:424‐8.
46.Antony B. Comparitive evaluation of antibacterial efficacy of calcium hydroxide with four different vehicles. Indian J Endod
1997;9:50‐5

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

72)

lxxii

73)

lxxiii

47. Behnen MJ, West LA, Liewehr FR, Buxton TB, McPherson JC 3rd. Antimicrobial activity of several calcium hydroxide
preparations in root canal dentin. J Endod 2001;27:765‐7.
Saiijo Y (1957) Clinico-pathological study on vital amputation with calcium hydroxide added to various kinds of antibacterial

substances. Journal of the Tokyo Dental College Society 57, 357±63.
74)

lxxiv

Hussey DL, Kennedy JG (1990) Conservative treatment of a large radiolucent cyst-like apical lesion ± a case report. Restorative

Dentistry 6, 12 ±3.
75)

lxxv

.Paul K. Antibacterial property of calcium hydroxide using different vehicles. Ind E J 1997;9:43‐9.

76)

lxxvi

Kollöffel WJ, Weekers LEA, Goldhoorn PB (1996) Pharmacokinetics of propylene glycol after rectal administration.

77)

lxxvii

Glover ML, Reed MD (1996) Propylene glycol: the safe diluent that continues to cause harm. Pharmacotherapy 16, 690–3.

78)

lxxviii

79)

lxxix

Ruddick JA (1972) Toxicology, metabolism, and biochemistry of 1,2-propanediol. Toxicology and Applied Pharmacology 21,
102–11.
Breillat J, Laurichesse J-M (1986) Traitements endodontiques des dents permanentes immatures. In: Laurichesse J-M, Maestroni

F, Breillat J. Endodontie Clinique. Paris: E Âditions CDP
80)

lxxx

Kleier W, Barr ES (1991) A study of endodontically apexified teeth. Endodontics and Dental Traumatology 7, 112±7.

81)

lxxxi

Frank AL, Weine FS (1973) Nonsurgical therapy for the perforative defect of internal resorption. Journal of the American Dental

Association 87, 863±8.
82)

lxxxii

Montgomery S (1984) External cervical resorption after bleaching a pulpless tooth. Oral Surgery, Oral Medicine and Oral

Pathology 57, 203±6.
83)

lxxxiii

Souza, V, BernabeÂ PFE, Holland R, Nery MJ, Mello W, Otoboni Filho FA (1989) Tratamento nao cirurgico de dentes com

lesoes periapicalis. Revista Brasileira de Odontologia 46, 39 ±46.
84)

lxxxiv

Frank AL. Therapy for the divergent pulpless tooth by continued apical formation. J Am Dent Assoc 1966;72:87-93. 15. Chang

YC, Tai KW, Chou LS, Chou MY
85)

lxxxv

Georgopoulo M, Kontakiotis E, Nakou M. In vitro evaluation of the effectiveness of calcium hydroxide and

paramonochlorophenol on anaerobic bacteria from the root canal. Endod Dent Traumatol 1993; 9: 249–53

86)

lxxxvi

87)

lxxxvii

88)

lxxxviii

89)

lxxxix

.Leonardo MR, Silva LAB, Utrilla LS, Leonardo RT, Consolaro A (1993) Effect of intracanal dressings on repair and apical
bridging of teeth with incomplete root formation. Endodontics and Dental Traumatology 9, 25–30.

.Barbosa C, Gonçalves RB, Siqueira JF (1997) Evaluation of the antibacterial activities of calcium hydroxide, chlorhexidine, and
camphorated paramonochlorophenol as intracanal medicament. A clinical and laboratory study. Journal of Endodontics 23, 297–300.

Siqueira JF, Uzeda M (1997) Intracanal medicaments evaluation of the antibacterial effects of chlorhexidine, metronidazole and
calcium hydroxide associated with three vehicles. Journal of Endodontics 23, 167–9.

..Estrela C, Estrela CR, Bammann LL, Pe ´cora JD. Two methods to evaluate the antimicrobial action of calcium hydroxide paste.
J Endod 2001; 27: 720–3.

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

90)

xc

91)

xci

92)

xcii

93)

xciii

ANTHONY, D.R., GORDON, T.M. & DEL RIO, C.E. (1982) The effect of three vehicles on the pH of calcium hydroxide. Oral
Surgery, Oral Medicine, Oral Pathology, 54, 560.

Soekanto A, Kasugai S, Mataki S, Ohya K, Ogura H. Toxicity of camphorated phenol and camphorated parachlorophenol in dental
pulp cell culture. J Endod 1996;22:284‐9..

Chang YC, Tai KW, Chou LS, Chou MY. Effects of camphorated parachlorophenol on human periodontal ligament cells in vitro. J
Endod 1999;25:779-781.

Cláudia Fernandes de Magalhães Silveiraa Rodrigo Sanches Cunhab Carlos Eduardo Fontanaa Alexandre Sigrist de Martina

Brenda Paula Figueiredo de Almeida Gomesc Rogério Heládio Lopes Mottad Carlos Eduardo da Silveira Buenoa.Assessment of the
Antibacterial Activity of Calcium Hydroxide Combined with Chlorhexidine Paste and Other Intracanal Medications against Bacterial
Pathogens. January 2011 - Vol.5.European Journal of Dentistry

94)

xciv

95)

xcv

96)

xcvi

97)

xcvii

98)

xcviii

99)

xcix

Esberard RM, Carnes DL Jr,del Rio CE (1996) Changes in Ph at dentin surface in roots obturated with calcium Hydroxide pastes. J
Endod 22,402-405

Spangberg LSW. Intracanal medication. In: Endodontics. Ingle JI, Bakland L. eds. 4th ed. Baltimore: Williams & Wilkins, 1994. p
627-640.
Monheim’s Local Anesthesia and pain control in dental practice

Özcelik B, Tasman F, Ogan C. A comparison of the surface tension of calcium hydroxide mixed with different vehicles. J Endod.
2000;26:500-2.
STAMOS, D.G., HAASCH, G.C. & GERSTEIN, H. (1985) The pH of local anesthetic ⁄calcium hydroxide solutions. Journal of
Endodontics, 11, 264

Teplitsky P (1986) McSpadden compactor. Vertical condensation technique to deliver calcium hydroxide. Journal of the Canadian

Dental Association 52, 779±81.
100) c. Webber RT, Schwiebert KA, Cathey GM (1981) A technique for placement of calcium hydroxide in the root canal system. Journal
of the American Dental Association 103, 417
101)

ci

Webber RT (1984) Apexogenesis versus apexification. Dental Clinics of North America 28, 669±97

102)

cii

Armstrong WP, Hoffman S (1962) Pulp-cap study. Oral Surgery, Oral Medicine and Oral Pathology 15, 1505±9.

103)

ciii

February 10, 2006 Technical Evaluation Report Page 1 of 10 Compiled by ICF Consulting for the USDA National Organic

Program

104)

civ

105)

cv

Gagné N, Simpson BK. Use of proteolytic enzymes to facilitate the recovery of chitin from shrimp wastes. Food Biotechnol
1993;7:253-63.
Dutta PK, Dutta J, Tripathi VS. Chitin and chitosan: Chemistry, properties and applications. J Sci Ind Res 2004;63:20-31

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

106)

cvi

107)

cvii

108)

cviii

109)

cix

110)

cx

111)

cxi

112)

cxii

113)

cxiii

114)

cxiv

115)

cxv

116)

cxvi

117)

cxvii

Raafat D, Sahl HG. Chitosan and its antimicrobial potential—a critical literature survey. Microb Biotechnol 2009;2:186-201.

Muzzarelli R, Baldassarre V, Conti F, Ferrara P, Biagini G, Gazzanelli G, et al. Biological activity of chitosan: Ultrastructural
study. Biomaterials 1988;9:247-52.
Senel S1, Ikinci G, Kaş S, Yousefi-Rad A, Sargon MF, Hincal AA.Chitosan films and hydrogels of chlorhexidine gluconate for
oral mucosal delivery. Int J Pharm. 2000 Jan 5;193(2):197-203.
Knapczyk J. Chitosan hydrogel as a base for semisolid drug forms. Int J Pharm 1993;93:233-7

.Miyazaki S, Nakayama A, Oda M, Takada M, Attwood D. Drug release from oral mucosal adhesive tablets of chitosan and sodium
alginate. Int J Pharm 1995;118:257-63.
Kristl J, Smid-Korbar J, Struc E, Schara M, Rupprecht H. Hydrocolloids and gels of chitosan as drug carriers. Int J Pharm
1993;99:13-9.
Ballal N, Kundabala M, Bhat KS, Acharya S, Ballal M, Kumar R, et al. Susceptibility of Candida albicans and Enterococcus
faecalis to Chitosan, Chlorhexidine gluconate and their combination in vitro. Aust Endod J 2009;35:29-33.
Wang JJ, Zeng ZW, Xiao RZ, Xie T, Zhou GL, Zhan XR, et al. Recent advances of chitosan nanoparticles as drug carriers. Int J
Nanomedicine 2011;6:765-74.
Silva PV, Guedes DF, Nakadi FV, Pécora JD, Cruz-Filho AM. Chitosan: A new solution for removal of smear layer after root
canal instrumentation. Int Endod J 2013;46:332-8.
Chen J, Spear SK, Huddleston JG, Rogers RD. Polyethylene glycol and solutions of polyethylene glycol as green reaction media.
Green Chem 2005;&:64-82.
Rowe RC, Sheskey PJ, Quinn ME. Handbook of Pharmaceutical Excipients. 6th ed. Italy: Pharmaceutical Press and American
Pharmacists Association and RPS Publishing; 2009. p. 519‐22.
Takushige T, Cruz EV, Asgor Moral A, Hoshino E. Endodontic treatment of primary teeth using a combination of antibacterial

drugs. Int Endod J 2004;37:132‐8
118)

cxviii

Carreira Cde M, dos Santos SS, Jorge AO, Lage‐Marques JL. Antimicrobial effect of intracanal substances. J Appl Oral Sci

2007;15:453‐8.

119)

cxix

120)

cxx

Bozzini JP, Kohn ES, Joseph A, Herszage L, Chirife J. Submicroscopical changes in Klebsiella pneumoniae cells treated with
concentrated sucrose and polyethylene glycol 400 solutions. J Appl Bacteriol 1986;60:375‐9.
Ambrose U, Middleton K, Seal D. In vitro studies of water activity and bacterial growth inhibition of sucrose‐polyethylene glycol

400‐hydrogen peroxide and xylose‐polyethylene glycol 400‐hydrogen peroxide pastes used to treat infected wounds. Antimicrob
Agents Chemother 1991;35:1799‐803

121)

cxxi

Bhattacharya D, Samanta S, Mukherjee A, Santra CR, Ghosh AN, Niyogi SK, et al. Antibacterial activities of polyethylene glycol,

tween 80 and sodium dodecyl sulphate coated silver nanoparticles in normal and multi‐drug resistant bacteria. J Nanosci Nanotechnol
2012;12:2513‐21.

122)

cxxii

Granath L-E (1959) Nagra synpukter pa behandlingen av traumatiserale incisiver pabarn. Odontologisk Revy 10, 272± 86

www.ijsrp.org

Publication Partner:
International Journal of Scientific and Research Publications (ISSN: 2250-3153)

123)

cxxiii

Nyborg H (1955) Healing process in the pulp on capping. A morphologic study. Acta Odontologica Scandinavica 13 (Suppl. 16),

1±129.
124)

cxxiv

Stromberg T (1969) Wound healing after total pulpectomy in dogs. A comparative study between root fillings with calcium

hydroxide, dibasic calcium phosphate and guttapercha. Odontologisk Revy 20, 147±63.
125)

cxxv

Maisto OA, Capurro MA (1964) ObtureacioÂn de conductos radiculares con hidroxido, de calcio-iodoformo. Revista de la

AsociacioÂnOdontologicaArgentina 52, 167±73.
126)

cxxvi

Krakow AA, Berck H, Gion P (1974) Tratamiento de la pulpa vital en la denticioÂn permanente. In: Actas del Segundo Seminario

de la Sociedad Argentina de Endodoncia. Buenos Aires: Argentina. Krakow AA, Berck H,
127)

cxxvii

Giro EMA, Iost HI, Lia RCC (1993) AnaÂlise histopato1oÂgica comparativa em polpa de dentes de caÄes apoÂs pulpotomia e

utilizacË aÄodepastasaÁbasedehidroÂxidodecalcioem diferentes veÂõculos. Anais da Sociedade Brasileira de Pesquisas
Odonto1oÂgicas 9, 66 (Abstract).
128)

cxxviii

Lecazadieu M (1986) Pharmacologic endodontique. In: Laurichesse J-M, Maestroni F, Breillat J, eds. Endodontie Clinique. Paris:

Editions CDP
129)

cxxix

Weiss M (1966) Pulp capping in older patients. New York State Dental Journal 32, 451±7.

130)

cxxx

Tenca JI, Tsamtsouris A (1978) Continued root end development apexogenesis and apexification. Journal of Pedodontics 2,

144±57.
131)

cxxxi

Levy S (1980) L'apexification traitement endodontique des dents immatures. Revue d'Odontostomatologie du Midi de la France

38, 93 ±112.
132)

cxxxii

Stewart GG (1975) Calcium hydroxide-induced root healing. Journal of the American Dental Association 90, 793±800.

133)

cxxxiii

Yoshiba K, Yoshiba N, Iwaku M (1994) Histological observations of hard tissue barrier formation in amputed dental pulp capped

with a-tricalciumphosphate containing calcium hydroxide. Endodontics and Dental Traumatology 10, 113±20.
134)

cxxxiv

Sazak H, Gunday M, Alatti C (1996) Effect of calcium hydroxide and combinations of Ledermix and calcium hydroxide on

inflamed pulps in dog teeth. Journal of Endodontics 22, 447±9.

www.ijsrp.org

