Loma Linda University

TheScholarsRepository@LLU: Digital Archive of Research,
Scholarship & Creative Works
Loma Linda University Electronic Theses, Dissertations & Projects
8-1992

Antibacterial Effects of Various Endodontic Irrigants and
Medicaments on Selected Anaerobic Bacteria
Patrick K. Ohara

Follow this and additional works at: https://scholarsrepository.llu.edu/etd
Part of the Endodontics and Endodontology Commons

Recommended Citation
Ohara, Patrick K., "Antibacterial Effects of Various Endodontic Irrigants and Medicaments on Selected
Anaerobic Bacteria" (1992). Loma Linda University Electronic Theses, Dissertations & Projects. 1593.
https://scholarsrepository.llu.edu/etd/1593

This Thesis is brought to you for free and open access by TheScholarsRepository@LLU: Digital Archive of
Research, Scholarship & Creative Works. It has been accepted for inclusion in Loma Linda University Electronic
Theses, Dissertations & Projects by an authorized administrator of TheScholarsRepository@LLU: Digital Archive of
Research, Scholarship & Creative Works. For more information, please contact scholarsrepository@llu.edu.

ABSTRACT

ANTIBACTERIAL EFFECTS OF VARIOUS ENDODONTIC IRRIGANTS
AND MEDICAMENTS ON SELECTED ANAEROBIC BACTERIA

Patrick K. Ohara

This study was undertaken to determine the antibacterial
effects of various endodontic irrigants and medicaments

against six selected anaerobic bacteria. In part 1, the
organisms were mixed separately with dilutions of six
irrigants in tubes containing fluid thioglycolate broth and
allowed to remain in contact for specific time periods before

being evaluated for growth.

In part 2, the vapors of six

medicaments were tested using agar plates streaked with the
bacteria.

For part 1, the six irrigants were ranked as to their

ability to inhibit bacterial growth.

Statistical analysis

showed that chlorhexidine and hydrogen peroxide were

significantly more effective as antibacterial agents than
calcium hydroxide and saline.

For part 2, a zone of inhibition was recorded for each

plate and the results analyzed statistically.

Formocresol

produced significantly larger zones of inhibition than any of
the other medicaments.

The results of this study indicated that chlorhexidine
and formocresol were the most effective antibacterial agents
under the test conditions.
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INTRODUCTION

Microorganisms and their by-products are considered the

major causes of pulpal and periapical pathosis (1-5). Until
the 1970's, facultative microorganisms were the predominant
bacteria isolated from infected root canals (6,7).

This was

due, mainly, to the limitations of the culturing methods
employed up to that time.

During the 1970's, improvenents in anaerobic culturing
techniques resulted in the isolation and growth of anaerobic
bacteria from necrotic teeth (7).

Studies followed reporting

the incidence of anaerobes in infected root canals as high as
90% (8-16).

Anaerobic bacteria have been implicated as being a major

contributing factor in clinically symptomatic cases.

Studies

have shown a correlation between the presence of anaerobes

and synptoms such as pain, swelling, sinus tract formation,
and foul odor (8,17,18).

To reduce or eliminate bacteria, various irrigants and
medicaments have been used in the treatment of root canal

infections.

Many of them have shown varying degrees of

antibacterial activity (19-21).

The majority of these

investigations have focused, primarily, on the effects of
these siabstances on facultative or aerobic bacteria.

The purpose of this study was to test the antibacterial
effects of some commonly used irrigants and medicaments

against selected anaerobic bacteria often found in infected
root canals.

The pulp exists as a system of vessels, nerves, and
cells coursing its way through the complex anatomy of the
inner tooth. When this system becomes infected with

microorganisms, pulpal and periapical pathosis can develop.
Endodontists have traditionally employed the use of chemicals

and drugs along with mechanical debridement to aid in the
cleansing of the root canal system.

As with any other

medications, those employed in endodontics possess desirable
as well as undesirable qualities.

It is important to realize

these properties before use in any clinical situation.
Chlorhexidine

A few studies have been done on the use of chlorhexidine
in endodontics.

In 1980 Parsons and coworkers (22) examined

the use of chlorhexidine as a potential endodontic solution.

Bovine pulp and dentin specimens were treated with

chlorhexidine gluconate for either 20 or 40 minutes and then
tested for antibacterial activity.

They determined that the

medicament became adsorbed to the pulp and dentin and exerted

antimicrobial effects against the test organism, S. faecalis,
for up to one week.

In a subsequent study by Delany and

asociates (23), comparisons were made between a 0.2%

chlorhexidine gluconate solution and a 0.9% saline solution.
He found that the 0.2% chlorhexidine solution showed

significantly greater antimicrobial properties when used as

an endodontic irrigant in extracted teeth with necrotic
pulps.

Cervone et al. (24) evaluated the antimicrobial

properties of chlorhexidine in a controlled release deliveiry
system.

They found it to be effective against

endodontopathic, periodontopathic and cariogenic bacteria.
However, Ringel and others (25) showed less in^iressive
results with chlorhexidine when coitisared to sodiimi

hypochlorite.

In their study, a 0.2% solution of

chlorhexidine gluconate and a 2.5% solution of sodium

hypochlorite were used as endodontic irrigants in the
treatment of 60 teeth, in vivo, with necrotic pulps.

Using

intracanal culturing to assess antibacterial properties, they
found that the sodium hypochlorite solution had significantly

greater antimicrobial activity.

They also determined that

chlorhexidine was not more effective in transferring

prolonged antibacterial effects to dental tissues when
compared to sodium hypochlorite.

They recommended sodium

hypochlorite as the irrigant of choice.
Hydrogen Peroxide

Hydrogen peroxide in a 3% solution is used primarily as
a cleansing agent in wound debridement.

It occurs as a

clear, odorless liquid which is decomposed by heat and light.
On contact with organic tissue, hydrogen peroxide releases

oxygen resulting in a bubbling action thought to help in the
mechanical debridement of the wound.

Brown and Doran (26) showed that hydrogen peroxide was

able to help dislodge necrotic tissue and dentin debris when

used as an intracanal irrigant.

This effect, though, was

evidenced only when the solution was in close contact with
the material to be removed.

It has been proposed that

hydrogen peroxide be used in conjunction with sodiiam
hypochlorite as an effective irrigation regimen (27).

McComb

and Smith (28), however, found that the use of sodium

hypochlorite alone was more effective as an antimicrobial
agent than the use of alternating solutions of sodium
hypochlorite and hydrogen peroxide.

The major antibacterial effect of hydrogen peroxide is
attributed to its oxidizing action.

By binding sulfhydryl

groups of bacterial enzyme systems, bacterial metabolism is
iitpaired (29).

Through possibly a different mechanism,

DeRenzis (30) has shown hydrogen peroxide to be effective in
detoxifying E. coli endotoxin.
Sodiima Hypochlorite

Sodium hypochlorite occurs as a clear, pale green-yellow

liquid with a strong chlorine odor.
water and is decomposed by light.

It is miscible with

It is available in a

variety of concentrations but the 5.25% solution of household
bleach is the most commonly found.

Sodium hypochlorite is a commonly used irrigant in
endodontics.

It was first used in the treatment of root

canals by Walker (31) in 1936.

Since then, many

investigators have reported on the effectiveness of it as an
endodontic irrigant.

One necessary function of an endodontic irrigating
solution is its ability to kill microorganisms.

The

germicidal ability of sodium hypochlorite stems from the
formation of hypochlorous acid when in contact with organic
debris.

Hypochlorous acid exerts its effect by the oxidation

of sulfhydjryl groups of bacterial enzyme systems thereby

disrupting the metabolism of the microorganism (29).
Numerous studies have shown the antibacterial properties

of sodium hypochlorite (32-34). Different investigators have
proposed various concentrations as necessary for the
effective debridement of the root canal system.

Spingberg

and associates (21) recommended a 0.5% soluticxi due to its

cytotoxic potential and reported that at this concentration
it dissolved necrotic tissue but not vital tissue.

They

found, however, that this concentration did not kill all of
the bacteria namely S. aureus.

Bystrdm and Sundgvist (32)

also advocated a concentration of 0.5% and found it effective

against most organisms especially Peptostreptococcus and
Eubacteriim lentum.

Moorer and associates (35), in 1980,

noted the antibacterial properties of 2.5% - 3% sodium

hypochlorite solutions and suggested these concentrations for
irrigation of the root canal.

Working with extracted teeth,

Shih et al. (36) found that a 5.25% solution of sodium

hypochlorite was necessary to obtain an immediate sterilizing
effect in root canals inoculated with S. faecalis and S.

aureus.

Harrison and Hand (19), also, recommended using a

5.25% solution.

They found that the antibacterial

effectiveness of sodium hypochlorite fell dramatically from

5.25% to 1% when mixed with organic debris.

Other

investigations showed that 5.25% sodium hypochlorite was veryeffective, specifically, against anaerobic bacteria (37,38).
An important component existing within the cell membrane

of gram negative bacteria is endotoxin.

It has been shown to

be an active mediator of pulpal as well as periapical
destruction (39-41).

Buttler and Crawford (42), in 1982,

demonstrated the detoxifying effects of sodium hypochlorite

against E. coli and Salmonella typhosa endotoxin.
Concentrations of 0.5% to 5.2% were effective in in vitro

studies.

However, in vivo, 0.5% and 2.7% solutions did not

detoxify large amounts of endotoxin and the results for
concentrations of 5.2% were inconclusive.

Due to the complexity of the root canal system, many

fins, cul-de-sacs and accessory communications remain
uninstrumented after cleaning and shaping of the root canal.

We rely on our irrigants to help gain access to these

irregularities but often our solutions do not make direct
contact with leftover organic debris.

Sodium hypochlorite

has also been shown to have bactericidal activity when tested

as a vapor (43).

It is possible that this vapor would help

eliminate microorgcinisms during instrumentation.

This

irrplies that not only would sodium hypochlorite be effective
as an irrigant but also as an intracanal medicament (44).
EDTA

Ethylenediamine tetra-acetate (EDTA) was introduced by
Ostby (45) in 1957 for the purpose of facilitating root canal

preparation.

It acts by chelating calcium from the dentin

resulting in partial denineralization of the canal wall.
Several investigators have demonstrated this chelating

property as an effective means of removing the smear layer
(46-48).

A common commercial preparation of EDTA is REDTA,

which is a solution buffered to a more neutral pH.

In

addition to EDTA, it contains cetyl trimethylamcnonium bromide

and sodiiim hydroxide.

The cleansing property of REDTA has

been considered superior to disodium EDTA due to its
difference in pH (49).

It also appears that EDTA aids in the removal of debris
when used with sodium hypochlorite (47).

A final flush of

17% EDTA followed by 5.25% sodium hypochlorite, was found to
be more effective in removing organic and inorganic debris
than 5.25% sodium hypochlorite alone.

Some antibacterial activity of EDTA has been reported by
Masillamoni and coworkers (20).

In their agar diffusion

studies, EDTA was found to be a more effective antimicrobial

agent when compared to eugenol, cresatin and iodine potassium
iodide but not as effective as formocresol, can^jhorated

parachlorophenol and sodiiom hypochlorite.

Their dilution

studies, however, demonstrated different results.

EDTA was

shown to be the least effective agent when compared to all of
the other antimicrobial solutions.

Calciiam Hydroxide

Calcium hydroxide is a multipurpose agent and is

accumulating an increasing nuitiber of indications for its use.

It was first introduced to dentistry as a pulp capping

material by Hermann (50) in 1920.

Since then, it has been

used for direct and indirect pulp capping procedures,

pulpotomy procedures, as well as apexification and
apexogenesis treatments (51,52).

Its use has also been

suggested in the treatment of external resorption and
iatrogenic perforations of the root canal system into the
periodontal ligament (53,54).
Gordon and coworkers (55), in 1985, found that the

effects of calcium hydroxide were mainly pH dependent and

that its properties could be the result of lower solubility
and hence lower toxicity when coirpared to other alkaline

salts of similar pH but higher solubility, such as barivim
hydroxide.

Despite the number of investigations done on

calcium hydroxide, its mode of action in most instances is
basically unknown.

Many studies have been done demonstrating the
antibacterial effect of calcium hydroxide (15,56,58).

It is

thought that the high pH is what gives calcium hydroxide its
bactericidal properties. Recent investigators have shown that
the pH of the circumpulpal dentin rises significantly for a

very large area when the root canal is filled with calcium
hydroxide (59).

Bystrom and others (60) ascribed the

antibacterial effects of calcium hydroxide to the

concentration of hydroxyl ions.

In their in vivo study, they

found that root canals treated with calcixam hydroxide had

less bacteria than those treated with camphorated phenol or

camphorated monochlorophenol.

They attributed this to the

fact tliat calcium hydroxide can be packed into a root canal
in an amount which allows hydroxyl ions to be released over a

long period of time,
Grossman (61),

in an experiment done by Stevens and

calcium hydroxide was shown to be effective

in preventing the growth of microorganisms, to a limited
extent, when cortpared to CMCP.

They stressed the necessity

of direct contact by calciiom hydroxide with the infecting

microorganisms in order to achieve an antibacterial effect.
Safavi and others (62) also found calcium hydroxide to be

useful in eliminating bacteria.

When conpared to iodine-

potassium iodide, calcium hydroxide treated root canals
demonstrated less culture reversals in teeth previously

exhibiting no growth of microorganisms. They suggested that
calcium hydroxide be given consideration for use as an
intracanal agent in endodontics.

DiFiore and associates

(63), on the other hand, found that calcivim hydroxide had no
antibacterial effect as a paste, or as the commercial

preparation Pulpdent when used against S.sanguis,
Another study, by Fairbourn et al. (64), demonstrated the
limited effectiveness of calcixmi hydroxide, as Dycal, in
eliminating bacteria from carious dentin.

An inportant consideration regarding the antibacterial

properties of calcium hydroxide lies in its formulation.
Recently Staehle and coworkers (65) looked at the degree of
hydroxyl ion release of various calcixim hydroxide coitpounds.
They found that the various cortpounds differed greatly with

respect to ion release and hence their antimicrobial
activity.

When tested against S. imtans, Pulpdent had the

strongest degree of ion release with definite antibacterial
activity.

The liner, Dycal, demonstrated significantly

weaker activity. Hydroxyline as well as the calcium hydroxide
filled resin Prisma VLC-Dycal were lacking in both ion
release and antimicrobial properties.

(66) obtained different results.

Lado and associates

In their experiment using

bacteria found in carious dentin, Dycal, as well as similar

compounds, had significantly more antimicrobial activity than
either pure calcium hydroxide or Pulpdent.

They concluded

that the antibacterial characteristics of these conpounds

were not entirely due to the high pH associated with calciiam

hydroxide.

Recently, Hasselgren and others (57) were able to

show that calcium hydroxide dissolved necrotic tissue.

By

pretreating with calcium hydroxide, the tissue dissolving
effect of sodium hypochlorite was found to be enhanced.

In a

study utilizing ultrasonics, Metzler and Montgomery (67) were
able to demonstrate similar results.

Saline

Sterile saline has been shown to be effective in

removing debris and at the same time is probably one on the

most biologically acceptable irrigants.

Various studies have

demonstrated the tissue compatibility of this solution
(68,69).

Baker and associates (70), in an SEM study,

recommended the use of saline as an endodontic irrigant.

They examined root canals irrigated with various solutions
and found no statistical difference in the amount of

microorganisms and debris removed.

Their conclusion was that

the quantity of the irrigant was the important factor rather
than the nature of the irrigant.

Bamett et al. (71)

compared sonic, ultrasonic and hand instrumentation using
2.5% sodium hypochlorite and sterile saline.

Using root

canal culturing to evaluate bacteria removal, they found no
statistical difference between saline and sodium

hypochlorite.
Other studies have had differing results.

When

coiiqparing saline to 0.5% sodium hypochlorite, Bystrom and

Sundgvist (32,72) demonstrated that irrigation with saline
resulted in a considerable reduction in the number of

microorganisms in instrumented root canals.

However, it was

still shown to be inferior to 0.5% sodium hypochlorite.

Foley and coworkers (37) used Bacteroides melaninogenicus and

Peptostreptococcus anaeroblus to test the effectiveness of
saline as an irrigant in root canals.

It was reported that

virtually 100% of the cultures obtained following saline
irrigation remained positive for both bacteria.

They

stressed the inportance of using an antibacterial irrigant to

help kill microorganisms remaining in the root canal after
instrumentation.

Formocresol

Formocresol is a popular intracanal medicament and is
also widely used as a "mummifying" agent in vital

pulpotcanies.

It is a combination of orthocresol (35%) and

formalin (19%) in a water-glycerin solution.
slightly red with a distinctive pungent odor.

It is clear,

The formaldehyde and cresol are both antibacterial but

it appears that the ability of formaldehyde to "fix" tissue

is responsible for its popularity in endodontics.

When used

in the pulp chamber, formocresol releases formaldehyde gas
which permeates the root canal systCTi.

It rapidly produces

complex cross-linkages between proteins in the pulp which,
theoretically, has a lesser tendency to break down and act as
a chronic irritant to the periapical tissue.

Berger (73)

suggests that the basic overall structure of the protein is
maintained but the chemical reactivity of the protein is

destroyed.

He classifies this as additive noncoagulation

fixation whereas Tomeck (74) describes the effect as

coagulation necrosis.

There is some evidence that this

"inummified" tissue can be phagocytized and replaced by
fibrous connective tissue (73,75).

A number of investigations done on formocresol support
its excellent antimicrobial propeirties (21,76,77).

Vander

Wall and coworkers (78) found that formocresol was the most

effective antibacterial drug when conpared to camphorated

parachlorophenol and cresatin.

It was also the only

medicament that was effective when not in actual

with the bacteria.

contact

Wesley et al. (79) studied the effect of

formocresol in extracted teeth inoculated with S. aureus and

S. faecalis.

They tested various concentrations to determine

the minimal effective dose necessary to kill bacteria.

It

was found that 0.0025 ml of formocresol was all that was
needed to sterilize root canals infected with the test

microorganisms.

Other studies have also demonstrated the

good antimicrobial properties of the vapors produced by
formocresol (43,78).

It must be noted, however, that

volatile medicaments may lose their effectiveness rather
quickly.

Scane investigations question the biocompatibility of
formocresol (69,80).

In a study involving in vivo as well as

in vitro experiments, Sp^ngberg and others (81) found that
formocresol had to be diluted 1:2000 to eliminate its

toxicity.

It has also been reported that formocresol may act

as a hapten because of the formalin used (82).

This would

result in possible hypersensitivity reactions.

Other

investigators have demonstrated the mutagenic and

carcinogenic potential of formocresol and report that it does
not appear to be justified for use in endodontics (83,84).
Cresatin

Cresatin has been widely used as an interappointment
medicament.

Its antibacterial effectiveness, however, has

been questioned in many studies.

Vander Wall and coworkers

(78) tested cresatin as a liquid and a vapor using agar

plates.

It was found to have little effect in producing a

zone of inhibition against S. aureus and two enterococci when
in direct contact with the bacteria and no effect when used

as a vapor.

Formocresol and camphorated parachlorophenol

proved to be better antimicrobial agents.

In an agar

diffusion study done by Jurecko (85), cresatin was compared
to 9-aminoacridine, benzalkonium chloride, canphorated

parachlorophenol and eugenol.

Cresatin, again, was the least

effective antimicrobial agent when tested against facultative
bacteria.

Masillamoni and associates (20) observed different

results with cresatin.

In their dilution studies, cresatin

was shown to be a more effective antimicrobial agent than

sodium hypochlorite, iodine potassium iodide and EDTA.
However, eugenol, fomocresol and camphorated

parachlorophenol were found to be better than cresatin. When
evaluated using agar diffusion techniques, cresatin

demonstrated poor results.

All of the tested agents showed

greater antibacterial activity with the exception of iodine
potassium iodide.

Camphorated Parachlorophenol

Camphorated parachlorophenol (CPC), or canphorated
monoparachlorophenol (CMCP), was introduced to the dental
profession by Walkoff in 1891 for use as an intracanal
medicament.

It is a clear, slightly yellow liquid with a

distinctive odor of camphor.

It is usually commercially

available as a 35% solution of parachlorophenol mixed in
cairphor.

CPC derives its antibacterial activity through protein

coagulation, by the phenolic component, and through the
release of chlorine which interferes with enzyme metabolic

activity.

The proposed function of cait^^hor is to decrease

the drug's toxicity and to slow the release of chlorine from
the molecule, ther^Dy prolonging its antibacterial activity.

Various investigations have shown the effectiveness of CPC as
an antibacterial agent in vitro (56,78,86). Sp^ngberg and

colleagues (21) reported that CPC, formocresol, and IKI all
had an equal and potent antimicrobial effect.

Others have

found it to be less irtpressive in teeth with infected root
canals.

In a clinical study, Bystrdm and coworkers (60)

reported a persistence of bacteria in 10 of 30 root canals
treated with CPC as an intracanal medicament.

They found

calcium hydroxide to be a more useful agent.

The conflicting reports may be due, in part, to the

vaporization properties of CPC.

Koontongkaew and associates

(87) showed a 62.5% loss of CPC after one day in teeth with
medicated root canals.

Tronstad and others (88) reported

that CPC lost its antimicrobial effects one day after its

placCTient in the root canals of mongrel dogs.
and laboratory study, Messer and Chen (89),
loss of CPC from molars sealed with Cavit.

In a clinical

measured the
They danonstrated

that approximately 90% to 95% was lost within 24 hours in
extracted teeth.

Clinically, 90% of the CPC was released in

teeth opened for the first time and 60% in those previously
medicated.

Although the antibacterial activity of CPC is

well documented, its duration of action appears to be short

thus limiting its effectiveness when sealed into pulp
chambers.

Other questions have been raised regarding the
biocompatibility of CPC.

Messer and Feigal (90) in an

experiment involving cultures of pulp fibroblasts determined
that the cytotoxic effects of CPC exceeded its antibacterial
effects.

Clinically, they recommended caution in the use of

an agent which kills mammalian cells as readily as it does

bacteria.

Sp^ngberg and coworkers (81) evaluated CPC,

camphorated phenol, Cresatin, formocresol, and IKI for

toxicity utilizing in vitro and in vivo methodologies.

Their

results indicated that CPC was the most toxic and irritating

agent of the five that were tested.
Eugenol

Eugenol is seen as a clear, colorless or pale yellow
liquid with an odor of cloves.

It is slightly soluble in

water but freely miscible in alcohol.

Eugenol is a phenolic

compound that is classified as an essential oil and is the
main constituent of oil of cloves.

Like other phenols, eugenol kills cells by disrupting
cell walls and precipitating cellular proteins causing
coagulation and loss of function.

Masillamoni and colleagues

(20) characterized eugenol as the most potent antibacterial
agent in their dilution studies when tested against
Streptococcus and Staphylococcus microorganisms.

Upon

evaluating the greatest dilution which was still
antibacterial, eugenol was rated more biocortpatible than most
of the test materials including sodium hypochlorite.

In

another study, Jurecko (85) found eugenol to have

antibacterial effects although it was highly irritating when
placed into the eyes of rabbits.
As with many other materials which destroy

microorganisms there is an inherent degree of cytotoxicity.
In an experiment implanting various materials into the backs
of rats,

Morse and others (91) demonstrated a high degree of

inflammation with eugenol.

It was found to be significantly

higher than either chloroform, eucalyptol, or distilled
water.

Another concern regarding eugenol centers around its

neurotoxicity. The findings of Brodin and Re»ed (92)
demonstrated reversible nerve impulse inhibition at low
concentrations but irreversible effects at higher

concentrations.

They classified eugenol as a local

anesthetic with curare-like properties.

Kozam (93) found a

complete inhibition of neurotransmission following the
exposure of frog sciatica nerve to various concentrations
{0.05% to 100%) of eugenol.
found after three hours.

a neurotoxic drug.

No reversal of the effects were

His conclusion was that eugenol was

To the clinician, this anoc^me property

often masks the irritating potential of eugenol which can,
unfortunately, result in the formation of an inflammatory
response eliciting no synptoms.

It also appears that eugenol and its metabolites are not

mutagenic when tested against bacteria (94). Although its
chemical structure resembles that of a known carcinogen,

safrole, it seems reasonable to conclude that the probability

that eugenol is a carcinogen is relatively low (95).
Glutaraldehyde

Glutaraldehyde has been proposed, mainly, as an
alternative to formocresol in pulpotomy procedures.

Some

investigations have demonstrated it to be low in toxicity and
possibly without systemic accumulation both of which have not
been attributed to formocresol (96,97).

Dankert and coworkers (98) studied the antibacterial

effects of glutaraldehyde and corrpared it to formocresol.
They eitployed agar-diffusion experiments using S. epidermidis

as the test microorganism.

Although glutaraldehyde was shown

to be effective in producing zones of inhibition in the agar,
formocresol demonstrated better antibacterial activity.

They

concluded, however, that glutaraldehyde was preferred over
formocresol because of formocresol's tendency to diffuse out

of the root canal system and possibly into the surrounding

periodontal structures.

Hill and colleagues (99) examined

the antimicrobial and cytotoxic effects of glutaraldehyde and
formocresol in vitro.

Their dilution studies showed

effective antimicrobial activity at concentrations of 3.125%

for glutaraldehyde and 0.75% for formocresol when tested
against microorganisms commonly found in carious primary
teeth.

When tested against pulp fibroblast cultures and HeLa

cells,

glutaraldehyde demonstrated less cellular changes.

Because of formocresol's cytotoxic potential, they supported
the use of glutaraldehyde over formocresol.

Iodine Potassium Iodide

Iodine potassiiim iodide (IKI) has long been used as an

endodontic agent in Scandinavian countries.
seen as a 2% and a 5% solution.

It is generally

Two percent IKI is

formulated by mixing 2 parts iodine, 4 parts potassium
iodide, and 94 parts distilled water by weight.

This results

in a red-brown liquid with strong oxidizing ability which can
dismpt bacterial enzyme metabolic activity (29).

Many reports advocate the use of IKI as an intracanal
medicament due to its antimicrobial properties as well as its

low cytotoxicity (20,75,100).

Spingberg and coworkers (21)

studied various medicaments and compared their cytotoxic and
antimicrobial effects.

It was found that although IKI,

formocresol and camphorated parachlorophenol all had equal
antibacterial activity, the latter two were toxic at
concentrations 80 times lower than IKI.

They also

demonstrated that even a 2% IKI concentration was about 10
times more than was necessary to kill the involved

microorganisms.

Their recommendation was to use IKI as an

intracanal medicament but perhaps at lower concentrations.
Its use was cautioned, however, in that some people develop

hypersensitivity reactions to the iodine in the medicament.
Other studies conparing medicaments such as cresatin,
camphorated phenol and bisdegualinium acetate favor the use
of IKI, again, due to its good antibacterial activity and low
cytotoxicity (81,101).

MATERIALS AND METHODS

The irrigants used in this study were:

a) sodium

hypochlorite - Purex bleach 5.25% NaOCl {The Dial Corp.,
Phoenix, AZ); b) hydrogen peroxide - 3% (Osco Drug Inc.,
Oakbrook, IL); c) saline - 0.9% sterile NaCl (Abbott

Laboratories, Chicago, IL); d) REDTA - 17% EDTA (Roth
International, Chicago, IL); e) chlorhexidine - 0.2% diluted
from a 20% stock solution (Stuart Pharmaceuticals,

Wilmington, DE); and f) saturated solution of calcitim
hydroxide (Roth Drug Co., Chicago, IL).
The medicaments used in this study were:

a) formocresol

- 48.5% formaldehyde, 48.5% cresol, 3% glycerine (Roth Drug
Co., Chicago, IL); b) iodine potassium iodide (IKI) - 2%
iodine, 4% potassium iodide (University of Connecticut

Pharmacy, Farmington, CT); c) camphorated parachlorophenol
(CPC) - 65% camphor, 35% parachlorophenol (EPR industries
Chemists); d) glutaraldehyde - 2.5% diluted from a 25% stock
solution (Sigma Chemical Co., St, Louis, MO); e) eugenol (Roth International, Chicago, IL); and f) cresatin (Healthco, Boston, MA).

The bacteria tested in this study were:

a)

Peptococcus magnus; b) Propionlbacterium acnes; c)
Veillonella parvula; d) Lactobacillus fermentum; e)

Porphyromonas (Bacteroides) gingivalis; and f)
nucleatum.

Fusobacterium

The materials used were;

a) thioglycolate broth - 7 ml

prepackaged tubes (Anaerobe Systems, San Jose, CA); b) fluid
thioglycolate media - (Difco Labs, Detroit, MI); c) brucella
agar plates - (Anaerobe Systems, San Jose, CA); d) hemin hemin chloride bovine (Sigma Chemical Co., St. Louis, MO);

and e) menadione - vitamin K3; 2 methyl-l,4-naphthoquinone
(Sigma Chemical Co., St. Louis, MO).

Identification of the Bacteria

The bacteria used were laboratory cultures identified

using the Rapid ANA II System (Innovative Diagnostic Systems,
Inc., Atlanta, Georgia).

Identification procedures were

based on the reaction of the various bacteria to a panel of

specific reagents in the test module.

The resulting pattern

of positive and negative reactivity scores were compared to
patterns of known isolates through the use of a coitputergenerated Code Cortpendium.

Part 1

Standardization of the bacterial inoculum was performed

by measuring light absorbance using a spectrophotometer

(Bausch and Lomb Spectronic 21).

Each bacteria was grown in

thioglycolate broth (Anaerobe Systems, San Jose, CA) for 5
days.

From this suspension, solution was slowly added to

another tube of broth until an absorbance reading of 0.2 ±
0.02 was obtained at a wavelength of 510 nm.

The inoculum

was approximately 10® bacterial cells per milliliter of

solution.

An uninoculated broth txibe served as a reference

for calibrating the spectrophotometer.

Preparation of the Test Irriaants
Before dilution, initial preparations were carried out
for chlorhexidine and calcium hydroxide.

Sterile, distilled

water was used to dilute the 20% chlorhexidine solution to a

working concentration of 0.2%. A saturated solution of
calcium hydroxide was prepared frcxn calcium hydroxide powder
by dissolving the powder in sterile, distilled water,

stirring vigorously for 1 hour.

The mixture was allowed to

stand overnight so that the excess powder could settle out.
The saturated solution was used for further dilution.
Serial dilutions were made of each irrigant using

sterile, distilled water and were stored in sterile, glass
bottles covered with aluminum foil.

Solutions were prepared

as follows; full strength, 1/5, 1/10, 1/20, and 1/40.

The broth used for the test procedure was rehydrated

from fluid thioglycolate media {Difco Labs, Detroit, MI).
A menadione-hemin mixture was prepared to obtain a

concentration of 0.1 iiig/fil for each of the supplements.

The

solution was filter sterilized and stored in a foil covered
bottle at 4®C.

Nine ml of the prepared thioglycolate broth was placed
into each of the test tubes, autoclaved, and then allowed to

cool.

One hundred |iil of the menadione-hemin mixture was

added to each tube.

One tenth ml of the bacterial inoculum was pipetted into

each of 5 tubes containing 9 ml of the prepared thioglycolate
broth and then mixed. One ml of each of the 5 concentrations

prepared from an irrigant was pipetted separately into the 5
inoculated broth tubes and mixed.

Final dilutions were equal

to; 1/10, 1/50, 1/100, 1/200, and 1/400.

These tubes served

as the source from which subsequent samples were taken at
different time intervals

After one minute, O.l ml was taken from each of the 5

t\ibes and put into another 5 fubes containing 9 ml of broth.
This sampling process was repeated at time intervals of 15,
30, and 60 minutes.

Tubes which contained no bacterial

inoculum served as the negative controls.

A positive control

ti±>e contained O.l ml of the bacterial inoculum.

All of the

tubes were mixed and then incubated at 37°c for 1 week.

This test procedure was performed for all

bacteria/irrigant combinations.

Growth of the bacteria was

determined at the end of l week of incubation by the presence

of turbidity in the tubes.

Turbidity represented growth and

was recorded as "+" while lack of turbidity signified no

growth and was recorded as

In order to generate statistical data, each of the

irrigants were ranked with respect to their overall
antibacterial effectiveness.

Five examiners, who were

unaware of the results of the study, were asked to rank the

irrigants based on specific criteria:

1) the ability to

retain its antibacterial activity as the irrigant became more

dilute, the more effective the irrigant.

2) the less time

needed to exert its antibacterial activity, the more

effective the irrigant.

3) since the dilution of the

irrigant can be controlled clinically, the time variable was
considered a more inportant variable.

Therefore, more

importance was given to an irrigant if it was able to exert
its activity quickly rather than being able to demonstrate
its effects when diluted.

The ranks for each irrigant were

compiled and an average rank was recorded.
was performed to analyze the data.

Friedman's test

Significance was

determined at p <. 0.05.

Part 2

Glutaraldehyde was received frcan the manufacturer as a
25% solution.

Sterile, distilled water was used to dilute

the solution to obtain a working concentration of 2.5%.

Onto the inside lids of the brucella agar plates, #1

cotton pellets were attached using an epoxy glue.

Twenty-

five |ul of each of the test medicaments were pipetted into
separate cotton pellets.

The test organism was streaked

across the agar using a sterile cotton-tipped applicator.
Each medicament was tested against each bacteria.

Negative

control plates contained a medicament and no bacteria.
Positive controls were plates streaked with bacteria but with
no medicament.
and sealed.

The plates were placed into anaerobic jars

Anaerobic conditions were maintained using the

Gas Pack System (Becton Dickinson Microbiology Systems,

Cockeysville, MD). After l week of incubation at 37®C, the
zones of inhibition were measured for each plate.

Statistical examination was carried out using an Analysis of

Variance along with Duncan's test of multiple ccxnparisons.
Significance was determined at p 1 0.05.

Two aspects of the methodology reguired investigation to
mle out extraneous contributing factors. To determine the

possible antibacterial effects of the epoxy resin, the
bacteria were tested in plates which contained only the

cotton pellet attached with epoxy resin and no medicament.
Secondly, since the plates would be confined together in a
relatively small space, it was in^ortant to determine if a

specific medicament affected adjacent plates. Plates which
were incubated singly in anaerobic jars were compared to
those which were incubated with multiple plates.

RESULTS

Part 1

From Table 1, it can be seen that chlorhexidine was

consistently the most effective antibacterial agent against
the bacteria tested.

It was able to prevent bacterial growth

in all of the dilutions and at every time interval.

Hydrogen

peroxide showed antibacterial activity at a concentration of
1/10 after exposure to the bacteria for at least 15 minutes.
Some of the higher dilutions also prevented growth,

especially for V. parvula and P. gingivalis.

Generally, the

lower concentrations required longer exposure times to be
effective.

Sodium hypochlorite lost its effectiveness after

diluting it beyond 1/10.

At a concentration of l/lO, growth

was consistently inhibited after 15 minutes of contact,

although some of the anaerobes were prevented from growing
after i minute.

REDTA prevented bacterial growth for many of

the dilutions; however, an exposure time of greater than 60

minutes was generally required.

Both the saline and calcium

hydroxide solutions proved to be totally ineffective in

preventing growth of the test bacteria.
demonstrated a lack of bacterial growth.

Negative controls
Positive controls

showed consistent bacterial growth.

The rankings for chlorhexidine and hydrogen peroxide were
found to be significantly higher than those for calcium
hydroxide and saline.
found.

No other significant differences were
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Part 2

The data for each of the tested medicaments is shown in
Table 2-

Fomocresol demonstrated a significantly larger,

average, zone of inhibition when compared to the other
medicaments.

CPC and cresatin also showed significantly

larger zones of inhibition than those recorded for IKI and

glutaraldehyde. No other significant differences were noted.

The epoxy used did not produce a zone of inhibition when
evaluated against each of the test bacteria.

No significant

differences in recorded zones of inhibition were noted in

plates inciibated in close proximity compared to those
incubated singly.

Average

F.nucleatum

Formocresol

Cresatin

Eugenol

the bacteria

Glutaraldehyde

IKI

Zones of Inhibition (nm) resulting from exposure of the medicaments to

P.gingivalis

L.fermentum

V.parviila

P.acnes

P.magnus

Table 2.

DISCUSSION

In part 1 of this study a statistical ranking procedure
was used due to the qualitative nature of our data.
resulted in a coitpression of the data.

This

The small differences

within the variables of time cind dilution, therefore, could

not be analyzed.

When ranked, chlorhexidine and hydrogen

peroxide were statistically equivalent and were found to be
better than saline and calcium hydroxide.

In part l, chlorhexidine appeared to display the most

effective antimicrobial properties.

Sodium hypochlorite and

hydrogen peroxide, together, were the next most effective
materials.

REDTA was the third best antibacterial agent, and

the calcium hydroxide and saline solutions were the least
effective antimicrobials.

Chlorhexidine has been reported to be a good

antibacterial agent (23).

In this study, chlorhexidine

appeared to be the most effective irrigant.

It was able to

stop growth of the bacteria in all of the tube dilutions and
time periods.

The minimum concentration of chlorhexidine

necessary to inhibit the bacteria beyond these conditions was
not determined.

A material is considered clinically more

effective when it has antimicrobial effects at low

concentrations.

If chlorhexidine can still maintain its

antimicrobial properties at lower concentrations and does not
irreversibly damage periapical tissues, it has the potential
to be used as an intracanal medicament when left in the

canals between appointments.

Its strong antibacterial

properties may also prove it to be a useful irrigant. The
tissue dissolving abilities of chlorhexidine are unproven at
this time.

Hydrogen peroxide demonstrated its best antibacterial
effects at concentrations of l/lO.

As a I/IO solution, it

was generally able to stop bacterial growth after 15 minutes.
It was particularly effective at the more dilute solutions
when tested against V. parvula and P. gingivalls.
The antibacterial effectiveness of sodixam hypochlorite
is well documented (19,32,35-38).

In the present study,

sodium hypochlorite showed good antibacterial activity at a
dilution of 1/10.

This corresponds to a concentration of

0.5% which has been advocated as an effective concentration

for irrigation during root canal instrumentation.

Spangberg

and coworkers (21) reported that a 0.5% sodixam hypochlorite
solution still retained its antibacterial activity and that

the lower concentration greatly diminished its cytotoxic

effects when compared to higher concentrations.

When diluted

to concentrations less than 1/50, our results showed sodixam

hypochlorite to be conpletely ineffective at the tested time
intervals.

Masillamoni and coworkers (20) have demonstrated some

antibacterial properties of EDTA. In their investigation,
they found it to be more effective than eugenol, IKI or
cresatin.

In the present study, REDTA was effective as an

antibacterial agent after 60 minutes to one week of exposure
to the bacteria.

Since closer time intervals between 60

minutes and one week were not observed, it is difficult to
ascertain the minimum time necessary for REDTA exposure to

result in negative bacterial growth.

However, an exposure

time greater than 60 minutes may not be clinically important

during instrumentation procedures.

For P. gingivalis, REDTA

did demonstrate good antibacterial effects at a dilution of
1/10.

Many reports in the literature attest to the

antimicrobial properties of calcium hydroxide (56,60-62).
These studies have tested its effects as a paste or a powder

and point to the necessity of direct contact for these
effects to be obtained.

Since the other substeinces used in

this study were in liquid form, we elected to use a saturated
calcium hydroxide solution rather than a paste.

Recently,

Morgan and associates (102) examined the use of a saturated
solution of calcium hydroxide to dissolve tissue.

They

showed that although the solution dissolved a small amount of
bovine pulp tissue, it was demonstrated to be no more
effective than isotonic saline.

Stevens and Grossman (61)

found that a saturated calcium hydroxide solution was unable
to eliminate S. faecalis in inoculated teeth when used as in
intracanal medicament.

Our results showed that a saturated

calcium hydroxide solution was ineffective as an
antibacterial agent at the dilutions and time intervals

tested.

Calcivim hydroxide may have proved to be effective as

an antimicrobial agent against the test organisms if it had
been used as a paste.

While some authors advocate the use of saline as an

endodontic irrigant, others point to its inferior
cuitibacterial properties (32,70,72).

The results of our

study showed saline to be conpletely ineffective as an
antibacterial agent.

In part 2 of this study, formocresol proved to be the
most effective medicament of those tested,

Cresatin and CPC

comprised the group with the next best antibacterial
activity, while eugenol, glutaraldehyde and IKI demonstrated
the least effective antibacterial properties.
Previous studies done on formocresol suppoirt its

excellent antibacterial properties (21,76,77).

Ellerbruch

and Murphy (43) tested the antimicrobial abilities of the
vapors of six endodontic materials.

Although mainly

bacteriostatic, formocresol exhibited the greatest

antibacterial activity when coiipared to sodium hypochlorite,

IKI, glutaraldehyde, parachlorophenol and CPC.

In another

investigation by Vander wall and coworkers (78) involving
medicament vapors, formocresol was found to possess greater
antibacterial effects than either CPC or cresatin.

Our

results showed formocresol to be superior in producing zones
of inhibition when compared to the other medicaments.
The use of cresatin as an intracanal medicament has not

been unanimously recommended.

Studies have demonstrated its

low antibacterial effectiveness when conpared to other

commonly used medications (78,85).

Spangberg (81) suggested

that cresatin not be used as an antimicrobial agent.
Masillamoni and coworkers (20), however, found cresatin to be

a more effective antibacterial agent than either sodium

hypochlorite or IKI in their dilution study.

The results of

the present study showed cresatin to be as effective as CPC

in producing zones of inhibition when tested against
anaerobic bacteria.

The antimicrobial effectiveness of CPC has been

demonstrated in vitro (78).

Although Spdngberg and

colleagues (21) reported that CPC, formocresol, and IKI all
had equal antimicrobial properties, Bystrdm and coworkers
(60) found it to be less impressive in teeth with infected
root canals.

CPC, along with cresatin were the second most

effective medicaments in the present investigation.
Masillamoni and colleagues (20) found eugenol to be the
most effective antibacterial agent in their study.

Jurecko

(85), also, demonstrated the antibacterial effects of

eugenol.

Our study showed eugenol to be intermediate in

terms of its average zone of inhibition.
Glutaraldehyde has been compared to formocresol,

particularly, for use in pulpotomy procedures.

investigation,

In our

the antibacterial properties of

glutaraldehyde vapors appeared to be much less effective when
compared to formocresol.

This agrees with the results shown

by Dankert and associates (98) in their diffusion studies.
We chose a 2.5% glutaraldehyde solution due to its common use
in pulpotony procedures.

It is likely that different results

would have been obtained if higher concentrations had been
ertployed, as advocated by Hill and associates (99).

Many studies have demonstrated the antimicrobial
properties of IKI {20,76,81,100,101).

Spangberg and

coworkers (21) recaranended IKI because of its, relatively,

low cytotoxicity and its antibacterial effectiveness.

Our

results showed IKI, along with glutaraldehyde, to be the

least effective medicaments in producing a zone of inhibition
\inder the test conditions.

When evaluating antimicrobial agents, it is important to
include anaerobic bacteria in any test procedure as these

microorganisms have been implicated as the major causative
agents in endodontic pathology. We must be careful not to
draw conclusions based on in vitro studies with isolated
bacteria.

It is well known that endodontic infections are

mixed infections with conplex floral interactions.

What is

effective against a single microorganism may not be effective

against a mixed infection.

Another iir^ortant factor in

considering the use of an antibacterial agent is the nature
of its antibacterial properties.

The agent can either stop

bacterial growth, kill the bacteria or possess some
combination of both.

Although two materials may have "equal

antibacterial properties", one may be more effective in

reducing bacteria in the root canal if it has a higher
bactericidal effect as opposed to a higher bacteriostatic
effect.

The use of artificial media also plays a role in

determining the experimental results.

How the antimicrobial

agent interacts with the media, which in turn effects

bacterial growth, is unknown. Clinical studies on the use of
these agents are indicated.

SUMMARY

Of those tested, chlorhexidine appeared to be the most

effective antibacterial irrigant.

Further studies may show

that chlorhexidine has potential for use in endodontic

treatment.

As an irrigant, it may prove to be useful by

itself or as an adjunct to sodium hypochlorite.

In vivo

testing may also show chlorhexidine to be effective as an
intracanal medicament.

Formocresol demonstrated its superior antimicrobial

abilities when conpared to other commonly used medicaments.
Its future use, however, may be questioned due to numerous
concerns regarding its toxicity.
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