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DISCUSSION

Recently published studies (7,8) have been performed in order to find a solvent for

resorcinol-formalin paste. Although one study (7) showed that ’sodium chloride and

sodium hypochlorite exhibit a significant softening effect on this root canal paste within 2

min,’ this was not confirmed in subsequent study (8). It might be due to absence of

sodium hydroxide, the hardening agent (2), in the first study. The combined results of

both studies are thus inconclusive, which may also be attributed to very short application

times of solvents on the resorcinol-formalin paste. I n both studies, solutions were applied

up to 20 minutes. Septodont, manufacturer of Endosolv R (R), recommends a two-visit

approach in addition to a single-visit one (9). VladMiVa, manufacturer of Solvadent (R),

also recommends multi-visit approach (75).

In this study, the time periods were chosen based on the following:

20 minutes because it was final testing time in studies of Vranas et al. (7) and

Gambrel et al. (8);

3 hours, 6 hours, and 12 hours because in the pilot studies, these time periods

were found to show significant changes;

24 hours and 7 days because in the pilot studies, these time periods were found to

show significant changes, ’next day or some day later’ is recommended by

solvents’ manufactures (9,25), and they are clinically relevant.
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In many studies, samples were tested against solutions while inside of the molds (7,22-

24). In this study, it was decided to remove samples out of Teflon covering in order to

increase contact surface area to facilitate dissolving action.

The solutions for the study on resorcinol-formalin paste were selected for the following

reasons"

’No solution’ to be a negative control

5.25% sodium hypochlorite was used in studies of Vranas et al. (7) and Gambrel

et al. (8), where it shows some effect. Sodium hypochlorite showed to be effective

in the pilot studies as well;

2.625% sodium hypochlorite and Dakin Solution (R) (with 0.5% NaOC1) were

chosen to compare effect of lower concentrations of sodium hypochlorite on the

paste. These concentrations of sodium hypochlorite showed to be effective in the

pilot study 2;

Solvadent (R) and Endosolv R (R) are commercially available solvents for

resorcinol-formalin paste; Endosolv R (R) was also used in studies of Vranas et al.

(7) and Gambrel et al. (8);

0.9% sodium chloride and chloroform were used in studies of Vranas et al. (7)

and Gambrel et al. (8) as well;

3% hydrogen peroxide and Superoxol (R) (with 35% H202) were chosen to

compare effect of different concentration of hydrogen peroxide on the paste; 3%

hydrogen peroxide was also used in studies of Vranas et al. (7) and Gambrel et al.

(8);
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Ethanol 200-proof is a common solvem;

Cellosolve (R) is a solvent for oils, resins, waxes, and other compounds;

37% phosphoric acid is etching agem commonly used in demistry;

Eugenol is used as part of Intermediate Restorative Material (IRM);

Butanone is a solvem for lacquers, adhesives, rubber and rubber cement, paints,

etc.(39)

2% chlorhexidine gluconate is an antiseptic that has demal application.

This study showed that sodium hypochlorite was most capable of dissolving resorcinol-

formalin paste. Chlorine was discovered by Karl Wilhelm Scheele (1742-1786) of

Sweden. During experiment with black oxide of manganese, Scheele incidentally during

the course of series of experimems discovered chlorine. (42, 43) In speaking on

experiment: ’When marine (hydrochloric) acid stood over manganese in the cold it

acquired a dark reddish-brown color. As manganese does not give any colorless solution

without uniting with phlogiston [hydrogen], it follows that marine acid can dissolve it

without this principle. But such a solution has a blue or red color. The color is here more

brown than red, the reason being that the very finest portions of the manganese, which do

not sink so easily, swim in the red solution; for without these fine particles the solution is

red, and red mixed with black is brown. The manganese has here attached itself so

loosely to acidum salis that the water can precipitate it, and this precipitate behaves like

ordinary manganese. When, now, the mixture of manganese and spiritus salis was set to

digest, there arose an effervescence and smell of aqua regis’ (43).

The "effervescence" Scheele refers to was chlorine. He very soon noted the decolorizing

or bleaching effects of this product, finding that it decolorized flowers, vegetables, and
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many other substances (42). Although Scheele first pointed out the bleaching quality of

his newly discovered gas, it was Claude-Louis Berthollet (1748-1822) of France, who,

acting upon Scheele’s discovery was led to suspect that this property might be turned to

account in destroying the color of cloth. In 1785 he presented a paper before the

Academy of Sciences of Paris, in which he showed that bleaching by chlorine was

entirely satisfactory, the color but not the substance of the cloth being affected. He found

that the chlorine gas was soluble in water and could thus be made practically available for

bleaching purposes (42). In 1789, potassium hypochlorite (’Eau de Javelle’ for the name

of chemical factory and French town Javel, which is now part of Paris) was prepared by

passing chlorine gas through a water solution ofpotash (potassium carbonate); it was

used to bleach cotton (44). In 1799, Charles Tennant (1768-1838) of Scotland developed,

patented, and manufactured at Tennant. Knox & Co bleaching power Ca(C10)2 (chloride

of lime) formed by action of chlorine on slaked lime (45,46). In 1820, Antoine Germaine

Labarraque (1777-1850) of France replaced potash liquor by the cheaper caustic soda

liquor and obtained sodium hypochlorite solutions, which were called "Eau de

Labarraque" and used for disinfection (47, 48). Sodium hypochlorite has been used in

medicine since Henry Drysdale Dakin (1880-1952) of England discovering the effect of

buffered 0.5% sodium hypochlorite on infected tissues (27) and its interaction with blood

serum (49). It is the amount of available chlorine, not the osmolarity, pH, or buffer

capacity, which is responsible for the tissue-dissolving properties of sodium hypochlorite

with chlorination and oxidation as main reactions (34,58,86,87). Grossman found sodium

hypochlorite ’the most effective pulp tissue solvent’, which ’dissolved pulp tissue in less

than two hours, occasionally effecting complete solution in less then twenty minutes’
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(62). Sodium hypochlorite is potem antibacterial agent (51,74). In this study, the action

of sodium hypochlorite was time and concentration dependent with 5.25% concentration

to be the most effective, which is inline with The (28), Hand et al. (29), Johnson et al.

(30), Baumgartner et al. (50), Nakamura et al. (52), Abou-Rass et al. (53), Shih et al,

(59), Trepagnier et al. (60), Harrison et al. (61), and Koskinen et al. (73). Higher

temperature increases dissolving action of sodium hypochlorite (52-54). Direct surface

contact is needed for sodium hypochlorite to act; narrow spaces reduce its effectiveness

(32,55-57). This study lasted one week and all solutions were either poured out ofnew

bottles or freshly prepared. Tissue dissolving activity of freshly prepared solutions of

5.25% sodium hypochlorite, 2.625% sodium hypochlorite, and 0.5% buffered with

NaHCO3 do not change during first week (30,33). At 0.5% concentration sodium

hypochlorite still possesses antibacterial property (51), but does not dissolve vital tissue

(27). Austin et al. (72) note that fall in chlorine concemration of Dakin’s hypochlorite

solution is more rapid in contact with necrotic than in contact with normal tissue. This is

beneficial in wound cleansing, but may result in incomplete pulpal tissue removal (50).

McComb (57) points out that 1% and 2.5% sodium hypochlorite produce cleaner canals

compare to water, but less then EDTA; however, there is no differemiation of effect

between vital and non-vital teeth. Harrison JW (78) highly recommends usage of full

strength 5.25% sodium hypochlorite for its superior antibacterial and tissue-dissolving

properties compare to other solutions including diluted sodium hypochlorite. However,

5% sodium hypochlorite is highly toxic and irritating to tissue, while toxicity of 0.5%

sodium hypochlorite is reduced (31). Pashley et al. (79) find 5% sodium hypochlorite ’a

very caustic, nonspecific agent whose action is not limited to necrotic tissue’; they found
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it to be cytotoxic to all but heavily keratinized epithelial cells because of ’very strong

oxidizing effect’. Sodium hypochlorite is found cytotoxic to PDL cells at the

concentrations of 0.025% or greater (80) and 5%-5.25% sodium hypochlorite is toxic to

fibroblasts and lymphoblasts at dilution of 1:10000 or higher (81,82). Extruded solution

of 3%-5.25% sodium hypochlorite behind the apex of a root canal causes immediate pain,

and erythema or discoloration, edema, hematoma, possible anesthesia, paraesthesia,

hypoesthesia, and infection can occur, which usually subside over two weeks to two

months following palliative and antimicrobial treatments (63-68, 76-77). Mucosal

scarring, tissue necrosis, occasional surgical intervention, and long-term paraesthesia are

also reported (63-68, 76-77). Additionally, trismus and airway obstruction are possible

when erroneously used for mandibular block anesthesia (69). Allergic reactions to

sodium hypochlorite are reported (70-71). Beside symptoms reported with extruded

sodium hypochlorite including difficulty breathing, hypotension, positive allergy skin

test, and history of skin rash or sensitivity to householdcleaning agents (70-71).

Nevertheless, Harrison et al. (83) finds no difference in interappointment pain between

5.25% sodium hypochlorite and saline. Lamers et al. (84) report no statistically

significant difference in inflammatory reaction, cementum and bone resorption between

1% sodium hypochlorite and controls. The et al. (85) discover no significant difference in

the inflammatory response between sodium hypochlorite in the concentration range 2 to 8

percent and physiological saline solution. The findings of the present study suggested no

significant changes in weight of dentin samples from application of sodium hypochlorite.

It is in contrast to Barbosa et al. (26), which reported 14% ofweight loss of dry dentin in

24 hours. It is probably due to the fact that in Barbosa’s study samples were dried for 12
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hours before weighing, while in this study they were weighed almost immediately after

taking out of sodium hypochlorite and drying with Kimwipes (R) EX-L for 5 seconds.

Therefore, it is possible that the samples retained some moisture. Nevertheless, Sim et al.

(25) show that the application of 5.25% NaOC1 for two hours reduced the elastic modulus

and flexural strength of dentin, while White et al. (37) find that after five weeks of the

application of sodium hypochlorite the fracture resistance of dentin decreased 59%.

Dogan et al. (35) show that 2.5% sodium hypochlorite alters the Ca/P ratio significantly

when compared with the control group. Unexplained findings of Ari et al. (36) reveal that

2.5% sodium hypochlorite causes Ca and P levels of dentin to decrease after 15 minutes

of treatment, but find that the application of 5.25% sodium hypochlorite after the same

amount of time has no significant effect on Ca/P level when compared with the control

group.

In the present study, 37% phosphoric acid caused decreasing weights of samples of

resorcinol-formalin paste through the first 6 hours of application. In contrast, it had been

dissolving dentin throughout the week. In an SEM study of the dentin samples exposed to

phosphoric acid (38) the high magnifications revealed three distinct zones within the

demineralized dentin layer: an upper porous zone of residual smear layer or denatured

collagen, an intermediate area with randomly oriented collagen fibers, and a lower zone

with a submicron hiatus, few collagen fibers, and scattered hydroxyapatite inclusions.’

Etched dentin surface appears smooth ’with wide, open funnel shaped dentinal tubules’;

’the diameter of tubules being 3 to 5 gm compared with 1 to 2 gm normally, ’peritubular

dentin nearest the surface was totally removed and intertubular surface covered by a film

51



consisting probably of organic substance including collagen’. (40, 41) SEM analysis in

this study showed that 37% phosphoric acid caused opening of dentinal tubules in dentin.

Chloroform was unique in sense of the only solution evaporated despite tightened caps

over vials within 12 hours. All dentin samples submersed in chloroform showed some

increasing in weight.

Other solutions including Solvadent (R) and Endosolv R (R) showed no significant effect on

resorcinol-formalin paste at any time. Gambrel et al. (7) notice that ’Endosolv R had

significantly greater penetration than 5.25% sodium hypochlorite (p 0.0033) and

chloroform (p=0.0018). However, it was not significantly better than the control (p

=0.0812). Early, Vranas et al. (8) showed that, at 2 min, sodium hypochlorite and sodium

chloride had significantly greater penetration than the other groups, including Endosolv

R. Although both studies (7, 8) are conducted at the same institution, but they differ in

methodology, including exposure of the resorcinol-formalin pastes to different solutions,

presence and sources of the components (hand-made mixtures versus commercially

available product), making it difficult to compare the results. In the present study, a

commercially available product was used. Therefore, it is possible that difference in

results is also attributed to difference in resorcin-formalin pastes.

The present study idemified sodium hypochlorite as the solvem of choice for resorcinol-

formalin pastes. Future studies should concentrate on in-teeth evaluation of dissolving
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ability of sodium hypochlorite on differem resorcinol-formalin pastes as well as re-

evaluation of Superoxol (R) with larger sample size and longer time periods.

CONCLUSION

Sodium hypochlorite is most capable in dissolving resorcinol-formalin paste. Its action is

concentration and time dependem. 5.25% sodium hypochlorite dissolved 100% of the

samples in 12 hours, while 2.625% sodium hypochlorite dissolved 70% of samples in 24

hours. There was no weight change among dentin samples treated with sodium

hypochlorite of different concentrations in the present study.

37% phosphoric acid decreased the weights of samples of resorcinol-formalin paste by

25% within 6 hours of application with no further change. However, it was able to

dissolve the dentin samples throughout the week with an average of 68% weight loss of

the dentin samples.

Chloroform did not dissolve the resorcinol-formalin paste; in contrary it caused the

samples’ weights to increase.

Hydrogen peroxide also increased samples’ weights. Although, on the 7th day, Superoxol

(R) group presented with two samples, which had their weights reduced and showed signs

of disintegration, but the results are inconclusive.
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The Solvadent (R), Endosolv R (R), 0.9% sodium chloride, ethanol 200 proof, cellosolve,

eugenol, butanone, 2% chlorhexidine, and control groups showed no significant effect on

the resorcinol-formalin paste at any time.

Future studies should concentrate on in-teeth evaluation of dissolving ability of sodium

hypochlorite on different resorcinol-formalin pastes as well as re-evaluation of Superoxol
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