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Abstract
Bacteria and their by-products play an essential role in the development of dental pulp
necrosis and periapical diseases. Therefore, the removal of pathogenic flora from the root
canal system is the ultimate goal in endodontic treatment. Accepted steps of endodontic
treatment in eradication of dental root canal infection include instrumental debridement
by shaping and cleaning, irrigation by disinfectant solutions, such as sodium hypochlo-
rite (NaOCl) and chlorhexidine (CHX) and in use of the antimicrobial agents. The choice
of intracanal medicament depends on the proper diagnosis and of the treated state, as well
as on the identification of causative bacteria and the mechanisms of their growth and sur-
vival. The most commonly used agents are Ca (OH)2 and antibiotic pastes. Each of the
agents has advantages and disadvantages. Therefore, the further clinical studies are need-
ed in order to select the most effective agent and/or their corresponding combinations. 
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INTRODUCTION

Infection of the root canal teeth is caused by bacterial
invasion from oral cavity, while in rare cases its origin may
be periodontic. The most common carriers are Streptococci,
Staphylococci and Enterobacteriaceae, including Entero co -
ccus faecalis, produces gases followed by pain and swelling. 

Untreated, the infection leads to the loss of teeth and jaw
damage. Occasionally, the focal infection can spread sys-
tematically and cause an infective endocarditis. In some
cases, systemic antibiotics are mandatory. 

Treatment of the root canal infection is chemomechani-
cal, i.e. instrumental-shaping and cleaning, followed by the
use of irrigants and antimicrobials, including calcium
hydroxide and antibiotic pastes as intracanal dressing. Anti -
biotic pastes contain one or more broad spectrum agents,
sometimes combined with glucocorticoids, as anti-inflam-
matory and pain reliever medicaments. 

Under the normal physiological conditions, pulp is pro-
tected from the injury and from harmful elements of oral
cavity by the outer hard structures of dental tissue and the
intact periodontium. Pulp may be damaged in several ways:
by dental caries (bacteria and their products), traumatic
injuries and iatrogenic factors (dentine hydration, toxic
effect of filling materials) and damaged by restorations.       

Bacteria, their antigens and byproducts of fibrous tissue
may penetrate into pulp along open dental canaliculi, even in
the early stages of these processes (1). As in all fibrous tis-
sues, pulpa reacts by inflammation. The cause of inflamma-
tory reaction is neutralization and elimination of harmful
agents. When in the further development of inflammatory
process sufficient number of bacteria reach pulp, local infla -
mma tion is irreversible (2). Reactive response may be des -
truc tive in nature and ends with severe pain and total tissue
destruction (necrosis). Necrotic tissue is convenient medi-
um, serving as primary food for the growth of microorgan-
isms and their multiplication. Course and degree of the
response to infection from the root canal depends on the
amount of microbes (number of microorganisms and their
pathogenic potential), the state of host body’s self-protective
potential and the passed time (3).         

Microorganisms colonizing dental root canal may be
free ly floating as single (planktonic shape) or mutually
bound. When the bacterial cells are densely packed and piled
in extracellular polymer matrix from the host or bacterial tis-
sue, the term biofilm is used (3). Biofilms, mostly composed
from several types of bacteria, are multilayer and exists as
aggregates on dental root canals, or as aggregates in necrot-
ic tissue. Microorganisms, organized in biofilms, are one
thousand times more resistant to antimicrobial agents (4). 
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Bacteria colonizing necrotic root canal come in contact
with periodontal ligamentum across apical and lateral holes
inducing damage and enhancing inflammatory changes (5). 

Apical periodontitis represents an important defense
mechanism, which goal is limitation of bacterial number
transported from root canal and to prevent their passage in
the neighbouring bone, as well as in the distant parts. 

Epidemiological studies, performed on the samples
formed from various populations, show that the apical peri-
odontitis was frequently present in adult patients. In the
series of published papers the prevalence of apical periodon-
titis ranged from 22% to 80% of the tested subjects. In the
west countries, root canal filling is frequently practiced, and
the cut off studies show that in the various types of popula-
tion between 25% and 75% individuals have at least one
tooth with filled root canal (3).      

Microorganisms from the samples of root canal tooth
pre valently are the same as those found in dental plaque,
perio dontal pockets and carious lesions. The majority of iso-
lated strains from the initial cultures are obligate-strict
anaerobes. Many genders and strains that are lately identi-
fied from the canal belong to the strict and facultative oral
bacteria (3). They were Gram-positive cocci (Streptococcus,
Enterococcus, Peptostreptococcus), Gram-positive bacilli
(Acti no myces, Lactobacillus), Gram-negative cocci
(Neisse ria) Gram-negative bacilli (Prevotella, Fuso -
bacterium) and fungi.

In order to provide successful root canal treatment, the
precise cause of infection is essential. Bacterial culture has
been for the long time considered as the standard method
used in the research. However, the recent technological
developments enabled the introduction of new methods:
microscopic, immunological and molecular(6).    

Molecular methods (PCR-polymerase chain reaction) are
much easier to perform, faster and much more sensitive
compared to the standard methods (6). They also enable
identification of the greater number of bacterial strains pres-
ent in infected root canal, including those which identifica-
tion previously has not been possible (7). The basic limita-
tion of PCR is inability to differentiate dead from live bacte-
ria, since the method is based on the gene segments identifi-
cation. 

Pathological processes in pulp and periapical tissue take
place in the parts of teeth which are invisible by visual
inspection. Instead, in order to make diagnosis, the clinician
has to rely on the indirect information. Patient’s awareness
of pain, especially of its character, serves as an important
clue of the endodontic state disease. Besides the anamnesis,
diagnosis is made on the basis of the vitality test, by percus-
sion, palpation and radiography (3). 

Radiographic image shows the periapical tissue reaction
as localized lightening around the root apex, since due the
inflammatory process, the adjacent bone is resorbed. This
state may, but not necessarily has to be followed by pain,
teeth sensitivity to touch and by various degree of swelling. 

Treatment of necrotic pulp in the essence is teeth root
canal treatment aimed at the fight of intracanal infection.
The treatment is essential in the prevention of the passage of
bacteria and their byproducts from root canal to the other

organs. If the treatment is successful, clinical symptoms of
apical periodontitis (sensitivity, pain, swelling, fistula) dis-
appear (3). Successful treatment is confirmed by radiograph-
ic image which show the disappearance of apical periodon-
titis and complete tissue reorganization.           

If there was no active treatment, infective processes con-
nected with canal system may cause not only complications
with local manifestations, but also the lesions in the other
organs, including infective endocarditis.

TREATMENT
The main goal of endodontic treatment is complete

removal of bacteria, their byproducts and pulp remnants
from the infected root canal before its filling. The procedure
of root canal cleaning and shaping is the most efficient way
in removing bacteria, but due to the dental tube complex
anatomy of root canal, it can’t eliminate them completely.
Because of the complexity of root canal system some of the
bacteria take refuge in ramifications, isthmuses, apical deltas
and dentinal tubules even after chemomechanical prepara-
tion that needs to be eliminated by using intracanal medica-
ments (8). In the elimination of microorganisms from root
canal system, various mechanical instrumental techniques,
irrigation and medication are used.

Accepted treatment procedures to eliminate the infection
include mechanical shaping or smoothing, irrigation with
disinfectant agents such us sodium hypochlorite or chlorhex-
idine, application of an inter-appointment dressing contain-
ing an antimicrobial agent and sealing of the root canal (9).

Table shows the active substances and their form of
application in the treatment of infected dental root canal.

Table 1. Preparations for the local use in the treatment of infected
teeth root canal

*Not so far approved for the use in our country

The aims of irrigation and requested properties
of irrigants
The aims of irrigation are:
- decrease of intracanal microorganisms number and

neutralization of endotoxins
- dissolution of vital and necrotic pulp tissue
- lubrication of canal barrier and instruments
- removal of dental remnants

Active substance Formulation
Sodium hypochlorite (0,5% -5,25%) Solution
Chlorhexidine 2,5% Solution
Chlorhexidine 2,5% Gel
Calcium hydroxide Paste
Demeclocycline HCl (tetracycline) +
Triamcinolone acetonide (corticosteroid) Paste
(LedermixTM pasta) *
Neomycin + Polymin B sulphate
(Septomixine forte) * Paste
Metronidazol + Cirofloksacin + Minocycline
(3 – MixMP) * Paste
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Requested irrigant’s properties
- wide antimicrobial spectrum
- biocompatibility
- the ability of tissue disruption 

No one of the existing solutions for the irrigation pos-
sesses all mentioned properties. It has to be pointed out that
the efficacy of the irrigation agents, regarding their desinfec-
tant power is limited, due to the inter-reaction of the solution
with dentin, dentin detritus and organic components present
in canals with necrotic pulp, as well as with serum proteins
and mass of bacteria. This means that the endodontic desin-
fectants are not clinically efficient as in in vitro studies. The
most frequently used irrigant agents are NaOCl and CHX.

Sodium hypochlorite (NaOCl)

NaOCl solution is the most frequently used irrigant in
endo dontics (10). This compound dissociates in water in so di -
um and hypochlorite ions. Between pH 4 and pH 7, chlo rine
from NaOCl exists predominantly as HClO (hypochlorous
acid), whereas above pH 9, OCl- predominates (11). Although
the antimicrobial effectiveness of hypo chlorous acid is
greater than that of hypochlorite, in the clinically used
NaOCl solutions, the entire available chlorine is in the form
of OCl-, as the pH of the solution is normally about 12 (10).

In endodontic treatment, NaOCl is used in concentra-
tions ranging from 0.5% to 5.25% (11). Unbufferred solu-
tions with pH ranged from 11 to 12, in 0.5% up to 5.25%, or
Dakin”s buffered solution with pH of 9 is also available. The
antimicrobial effects of these solutions are equal.    

NaOCl solution dissolves pulp remnants of vital and
necrotic tissues, organic dentin components and organic
remnants of smear layer. The ability of NaOCl to disrupt tis-
sues is significantly higher from the other irrigants.
Neutralization or inactivation of lipopolysaccharides is
recorded during the use of NaOCl solution (12). However,
NaOCl is not able to remove the smear layer.

Sodium hypochlorite is characterized by having strong
antibacterial activity with comparably short contact times
(11). Even the resistant Candida albicans was killed in vitro
investigation (14) and one clinical study (15) confirmed the
susceptibility of C. albicans to NaOCl. In addition, several
Gram-negative anaerobic bacteria, typically found in pri-
mary root canal infection, displayed a high susceptibility to
NaOCl in concentrations ranging from 0,5% to 5% (14). In
contrast to this, based on the results of both laboratory stud-
ies and one clinical report evaluating microbiological sam-
ples of previously root-filled teeth with apical periodontitis
(15), E. faecalis was much more resistant to NaOCl than the
aforementioned microbes. However, despite the reduced
effectiveness of NaOCl against E.faecalis, NaOCL has the
unique ability to disrupt or to remove biofilms (16). In a com-
parative study on the effect of different irrigants against E.
faecalis biofilms, both 5,25% and 1% NaOCl killed more
than 99.7% of bacteria after contact times of 1 or 5 minutes,
while 2% chlorhexidine and MTDA killed only 60.5% and
16% of the biofilm bacteria respectively (17). Therefore cur-
rent evidence indicate that NaOCl is distinctly more effec-
tive in rendering biofilm bacteria nonviable and physically
removing the biofilm compared with other commonly used
irrigants. Most in vivo studies showed no significant differ-

ence in antibacterial activity between 0,5%, 1%, 2,5% and
5% solutions against both E.faecalis and a mixed anaerobic
flora (18). The tissue-dissolution capability and the antimi-
crobial efficacy, as well as the toxicity of NaOCl depend on
the concentration of the solution. The higher the concentra-
tion of the solution the greater is cytotoxicity (19). Thus,
5.25% solution shows higher toxicity than 0.5% or 1% solu-
tions. 

The results of comparative studies did not show the dif-
ferences in disruption efficacy among the NaOCl solutions
of various concentrations. The 1% solution of NaOCl is suf-
ficient for the dissolution of pulp tissue. The tissue dissolu-
tion capacity depends more on the amount of the solution
than on its concentration. The NaOCl solution has to be sev-
eral times replaced during the treatment. It is advised in clin-
ical practice to use the concentration of solutions ranging
from 0.5% to 1% (10). Solutes of these concentrations pos-
sess the best balance among the capacity of tissue dissolu-
tion, antimicrobial efficacy and biocompatibility. Instead of
using higher solution concentrations, the activity of NaOCl
can be improved by the increase of temperature of lower
concentrations (10). Several studies have reported that the
warmer NaOCl solution dissolved organic tissue much bet-
ter than non-warmed one. It has been proven that 1% NaOCl
solution at the temperature of 450C dissolves pulp tissue
more efficiently than 5.25% solution at the temperature of
200C (20).     

The volume of irrigant is also clinically relevant.
However, an increasing in the volume of the irrigant used is
correlated with the reduction of intra-radicular microorgan-
isms, and improves canal cleanliness. Yamada at al.(13) rec-
ommended at least 10-20 ml of irrigant for each canal, fol-
lowed by a final high volume flush of more than 5 ml after
the shaping procedure has been completed. 

Although allergic reactions to NaOCl are rare, there are
several studies concerning the potential risk for the develop-
ment of such reactions. NaOCl is caustic if accidentally
extruded into periapical tissues or adjacent anatomical struc-
tures such as the maxillary sinus. In the case of accidental
injection of NaOCl into periapical tissues, emphysema may
develop within 10-20 min. Furthermore, oedema and paraes-
thesia may result due to the tissue dissolving capability of
NaOCl. An even more serious development is ecchymosis,
which is associated with severe pain and profuse interstitial
bleeding (21).

Chlorhexidine (CHX)
The solution of CHX is an accepted agent for the tooth

canal irrigation and is used in 2% concentration. It has wide
antimicrobial spectrum of activity and is efficient against
Gram positive and Gram negative bacteria, as well as against
fungi. It is also used as a gel.   

The mechanism of its action is based on the interaction
between CHX cation negative phosphate groups on the bac-
terial cell wall. The permeability of cell wall is increased,
enabling thus penetration of CHX with its consequent toxic
effects. In the lower concentrations, CHX shows bacteriosta-
tic effect, while its higher concentrations are bactericidal,
causing cytoplasm precipitation or coagulation (22).       

Due to its cationic properties, CHX may be bound to
dentin and to enamel (23) and be by the time gradually
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released. Due to this phenomenon, which has not been
observed with the other irrigants, CHX has prolonged
antimicrobial action 10 min after its flush. That is why the
irrigant antimicrobial effect of CHX is unique, surpassing its
flushing duration (4).   

Recent studies confirmed biocompatibility of 2% CHX
solution (24). 

CHX gel was proposed as an alternative for 5.25%
NaOCl, used as a root canal disinfectant solution. Gell con-
sists of the base (1% natrosol), which represents nonionic,
highly efficient, inert and hydrosoluble agent with 2% glu-
conate (pH 7,0) used as endodontic irrigans in an in vitro
study. The results have shown that 2% CHX as a gel led to the
cleaner surface of the teeth root canal, with the similar antimi-
crobial effects as NaOCl or CHX solutions. Dametto et al. (25)

in an in vitro study have evaluated antimicrobial efficacy of
CHX 2% gel applied to the teeth infected with E. faecalis and
compared it with the other endodontic irrigants (CHX 2% and
5.25% NaOCl solutions). The results have shown that 2%
CHX gel and CHX solution demonstrated higher antimicro-
bial activity in relation to 5.25% NaOCl solution.

CHX gel is less toxic to the periapical tissue. Gel viscos-
ity maintains the contact of active agent with the root canal
barrier and dentine tubules. 

In a study in rats, root canals with induced periapical
periodontitis were temporarily filled with CHX 2% gel.
Histological studies after seven days have shown that the use
of the gel had the favourable effect on periapical regenera-
tion, with no signs of inflammation (26). These results corre-
lated with the findings in periapical regeneration in dogs,
after the use of 2% CHX solution for root canal irrigation
(27). CHX has shown to be compatible, since it did not
induce significant inflammatory response (24).    

According to the in vitro studies, CHX inhibits E. fae-
calis after the short period of contact and at the low concen-
trations. In the in vitro studies CHX was more effective than
NaOCl. In several other studies also in vitro, CHX was very
effective against fungi (27). Two microorganisms, E. faecalis
and C. albicans are responsible for endodontic disease and
in most of the cases are linked with apical periodontitis. Due
to the efficacy of CHX against Gram positive bacteria, E.
faecalis and C. Albicans, CHX is recommended in the root
canal recurrent treatment.

Although the sensitivity to CHX is rare, it has been
shown that CHX may be the potential cause of anaphylactic
reactions, even anaphylactic shock (28). Hypersensitivity
reaction was described as the contact dermatitis and photo-
sensitivity. The application of CHX on oral mucosa or intact
skin may cause allergic reactions. 

Intracanal agents

Valton wrote: „Intracanal medicaments traditionally go
hand in hand with endodontium. They are considered to be
integral part of the treatment and are important for the suc-
cess of the root canal treatment”.

Intracanal agents are used in endodontic treatment in
order to:

- Eliminate or destroy the residual viable bacteria in the
root canal system, which have not been destroyed chemome-
chanically 

- Decrease periradicular inflammation, reducing thus
pain

- Help in elimination of apical exudates if present
- Prevent recurrent root canal infection, since they act as

chemical and physical barrier, if in the meantime transitory
restoration fails.

Intracanal medication is mostly needed in the cases of
bacterial resistance to the routine treatment, and when
endodontic treatment cannot be performed because of the
pain or permanent exudation. 

Calcium hydroxide (Ca)OH)2
Calcium hydroxide was used for the first time by

Herman 1830. for pulp dressing, while today is  used in
stomatology, particularly in endodontology as intracanal
medicament. 

It is considered that Ca(OH)2 can fulfil many properties
of an ideal canal medicament, due to its antibacterial effec-
tiveness, as well as to its ability to provoke tissue formation
and provide canal closure.

Calcium hydroxide is slightly soluble in water, with
the high pH (12.5 to 12.8) and is insoluble in alcohol. Its low
water solubility is a useful feature, because it enables the
direct, long term contact with vital tissue before it becomes
dissolved in the tissue fluid. Calcium hydroxide also dena-
tures and detoxifies bacterial byproducts, such as lipopo -
lysaccharides. Calcium hydroxide must be placed in tight
contact with the root canal walls because its effectiveness
depends on the degree of contact with the walls as well as its
antibacterial activity per se. Due to the inherent dentine
buffer properties, diffusion of OH- ions is slow (29). The
presence of calcium ions at the sight of its action is useful,
because of its role in cell stimulation, migration and miner-
alization (30).            

Calcium hydroxide acts on bacteria by chemical and
phy si cal mechanisms. Chemically, it damages microbial
cytoplasmatic membranes by direct action of OH- groups,
inhibits the enzyme activity, disrupts metabolism of cells
and prevents DNA replication. Physically, Ca(OH)2 acts as
a barrier fulfilling intracanal space and preventing the pas-
sage of bacteria into the root canal system. It also kills resid-
ual microorganisms by withholding the substrates for their
growth and replication.       

Biological features of Ca(OH)2 include biocompatibility
(due to its low water solubility and limited diffusion), the
ability to induce the treatment of periapical and hard tissue
around the teeth with infected canals and to stimulate peri-
apical healing (31). 

Limited efficacy during the short-term use of Ca(OH)2 in
disinfection of dentine tubules  is the consequence of sever-
al factors (32):

- The inhibitory effect of dental proteins, particularly in
regard to the ability of OH- ions to reach the apical third and
perform their antibacterial effect. Hydroxyl ions diffuse
faster through dentine in the cervical third of the root than in
apical third, due to the fewer canal numbers and smaller
diameter in the apical third.

- Low solubility and slow diffusion of Ca(OH)2 may
impede fast pH increase to the level necessary for the bacte-
rial elimination in dentine tubules.
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- Dense bacterial biofilms in dental tubules protect bac-
teria present deeper in the tubules

- Necrotic tissue in ramifications and irregularities pro-
tect bacteria from Ca(OH)2 action 

- The ability of E. Faecalis to colonize inside dentine
tubules, avoiding thus the action OH-ions.  

Shortages of Ca(OH)2 are also the difficulties in remov-
ing it from the teeth root canal.

Several studies questioned the use of Ca(OH)2 in bacte-
rial eradication. Sandquist et al. (33) have shown that
Ca(OH)2 eliminates E. Faecalis when present in the small
number, as in infected teeth without previous root filling, but
not in the teeth with previous root filling, where E. Faecalis
is present in the large number. De Souza et al. (34) used
Ca(OH)2 and recorded  the decrease of the most  present
strains, but with the modest increase of the number of  A.
actinomycetemcomitans, E. Corrodens i E. Nodatum organ-
isms. Waltimo et al. (35) have shown in a in vitro study that
Candida was more resistant to the action of saturated
Ca(OH)2 than E. faecalis. Enterococci and fungi persist in
the high alkalinity, and are capable to survive in the canal
fullfilled with Ca(OH)2

(3). 
Regarding the limited efficiency on E. faecalis and C.

albicans, calcium hydroxide cannot be considered as the
medicament for all cases of root canal infections.  

Antibiotic pastes
The root canal infections are polymicrobial, i.e. arise

from aerobic and anaerobic bacteria, and it is hard to believe
that single antibiotic will be sufficient for the canal steriliza-
tion. Common products from this group contain one antibi-
otic or their combinations, sometimes combined with gluco-
corticoids.      

Antibiotics in endodontics may be used locally, systemi-
cally and prophylactically. 

Bacteria may be present in canal space which is inacces-
sible for the irrigation agents and to the instruments for
mechanical cleaning. But antibiotics can diffuse to the root
canal and eliminate bacteria.     

The first use of local antibiotic in endodontic treatment
was registered in 1951, when Grossman used polyantibiotic
paste known as PBSC (36). PBSC contained penicillin
against Gram positive microorganisms, bacitracin for peni-
cillin resistant microorganisms, streptomycin for Gram neg-
ative microorganisms and sodium caprylate against fungi.
Penicillin is not used today, because of the increased resist-
ance and potential allergic reactions.

Two the most known current antibiotic preparations are
Ledermix paste and Septomixine forte. They both contain
glucocorticoids as anti-inflammatory agents.  

Ledermix paste
Ledrmix paste was approved for the use in Europe in

1962. Its composition has meanwhile been changed, con-
taining now demeclocycline HCl (3.2%) and triamnicolone
acetonide (1%). 

The two components of Ledermix paste are able to dif-
fuse through dentine tubules and cement and reach peri-
odontal and periapical tissues (37). Abbott et al. (38) have
shown that the dental tubules are the main supplier of peri-
radicular tissue by active components, while apical foramen
is of less importance.

Ledermix paste has also been shown to be useful in pain
decrease after chemomechanic preparation of root canal.
Ehrman et al. (39) found that Ledermix paste led to the great-
est postoperative pain relief, compared to the other teeth
treated by Ca(OH)2, being also confirmed by several other
authors (40). Negm reported that more than 85% of cases
were with the complete pain relief after one hour, and more
than 93% were free of pain 24 hours after the treatment (41).

Septomixine forte
Septomixine forte is composed of two antibiotics:

neomycin sulfate and polymixyn B sulfate.
None of them can be considered convenient for the use

against the common endodontic bacteria, because of their
inadequate spectrum of activity (36). Neomycin is bacterici-
dal for Gram negative bacteria, but is ineffective against
Bacteroides. Polymixyn B is not efficient against Gram pos-
itive bacteria. Tang et al. (42) have shown that usual once
weekly use of Septomixine forte was not successful in
growth inhibition of residual bacteria between  the appoint-
ments. By the addition of an anti-inflammatory agent (glu-
cocorticoid) 0.05% dexamethasone, the efficacy of
Septomixine forte was increased. 

Triple antibiotic paste (3-MIX MP)

The most commonly used is the combination of three
antibiotics. Sato et al. were the first that use triple antibiotic
paste, containing metronidazole, ciprofloxacin and minocy-
cline (43). The commercial name of the paste is 3-MIX MP. 

Metronidazole is nitroimidazole derivative, selectively
toxic to anaerobic bacteria. It also shows wide spectrum of
antimicrobial activity against protozoa and anaerobic bacte-
ria. Presence of some redox proteins reduce nitro group of
metronidazole producing intracellular free radicals which
damage bacterial DNA and rapid cell death (44). 

Minocycline is polysynthetic tetracycline derivative and
acts primarily as bacteriostatic, by binding to 30s ribosome
with consequent inhibition of protein synthesis in sensitive
bacteria. It possesses broad activity spectrum against Gram
positive and Gram negative bacteria. 

Ciprofloxacin is a synthetic fluoroquinolone derivative
with rapid bactericidal effect. Bactericidal effect is probably
due to cellular DNA damage. It is effective against Gram
negative bacteria, while its action against Gram positive
bacteria is limited. Many of Gram negative bacteria are
resistant to ciprofloxacin. In the case of mixed infections, it
is often combined with metronidazole. Metronidazole and
ciprofloxacin may generate fibroblasts, representing thus
favourable effect in regenerative processes (45). It has also
been shown that each of the three antibiotics used singly are
not fully effective in the elimination of bacteria, while their
combination results in the complete eradication. Hoshino et
al. (46) recommended the mixture of metronidazole (500
mg), minocycline (100 mg) and ciprofloxacin (200 mg) in
ratio of 1:1:1 for 3MIX formulation.        
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Sažetak
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