
a b s t r a c t

Our understanding of endodontic

infections and treatment of 

endodontic disease has increased 

significantly over the last decade. 

This article is an update of those 

findings. Aspects that are

reviewed include: portal of entry

for 

microorganisms, virulence and 

pathogenicity of organisms, 

descriptions of primary and 

recurrent endodontic infections, 

and treatment of endodontic 

infections.

irtually all endodontic disease
(pulpal and periradicular) are
either directly or indirectly
related to the presence of
microorganisms. To effectively
diagnose and treat endodontic

disease, clinicians must be familiar with
the nature of infections of the root
canal system and periradicular tissues.
This fundamental relationship of
microorganisms and endodontic disease
has been established. Antony van
Leeuwenhoek, the father of microscopy,
described microorganisms observed
from an infected root canal.1 When he
removed material from the hollow part
of a tooth and examined it with his
microscope, Leeuwenhoek saw “cavort-
ing beasties.”

It then took about 200 years for
W.D. Miller, who was working in Robert
Koch’s laboratory in 1890, to make the
correlation between microorganisms
and pulpal/periapical disease.2,3 Using a
microscope, Miller observed in teeth
with exposed pulp chambers that the
bacteria in the pulp chamber were dif-
ferent from those in the root canals. In
addition, from culture experiments,
Miller noted that only a few of the
observed species of bacteria were cul-
tivable.2,3 Even today many of the
species remain uncultivable.4-7

In 1965, Kakehashi et al. showed
that bacteria are etiological agents of
both pulpal infection and the develop-
ment of periapical lesions.8 Following
mechanical pulp exposure, pulpal dis-

ease and periapical lesion formation
occurred only in conventional rats with
normal microflora but not in germ-free
rats. In fact, in the absence of bacteria,
the pulps of the germ-free rats formed
bridges of reparative dentin demon-
strating the potential for pulpal repair.8

Portal of Entry for 
Microorganisms

The most common portal of
entrance for microorganisms to the
pulp cavity is dental caries. In addition,
microbes may find their way into the
pulp cavity via mechanical or traumatic
exposure and via exposed lateral/furca-
tion canals or even exposed noncarious
dentinal tubules. Once the pulp is
necrotic, dentinal tubules become dead
tracts that microorganisms can traverse
with impunity. Passage of microbes
through exposed dentinal tubules is
likely the pathway when the pulp
becomes necrotic following a traumatic
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injury to a tooth. Microorganisms may
gain access to the pulp cavity via cracks
in the enamel-dentin and periodontal
exposure (treatment/disease) of denti-
nal tubules and accessory canals.
Although it has been demonstrated in
animals, a less likely route is via ana-
choresis in which microorganisms are
transported in the blood to an area of
inflammation where they establish an
infection.9-12

Microbial Virulence and
Pathogenicity

The dental pulp and periradicular tis-
sues are normally sterile tissues. An
endodontic infection results when
microbes invade and multiply in the pulp
cavity or periradicular tissues.
Pathogenicity is the ability of microbes to
produce disease while virulence is the
degree of pathogenicity. Endodontic dis-
ease includes the response of these tissues
to the microbes and their virulence 
factors. Virulence factors include capsules,
pili (fimbriae) lipopolysaccharides 
(endotoxin), enzymes (collagenase,
hyaluronidase, chondroitin sulfatase, pro-
teases), extracellular vesicles and by-prod-
ucts such as polyamines, indole, hydro-
gen sulfide, methyl mercaptan, ammonia,
butyrate and other organic acids.13-21

Virulence factors may vary from strain to
strain even within the same species. The
number of virulence factors relates to the
degree of pathogenicity.

With few exceptions, studies that
cultured the contents of infected pulp
cavities and periradicular abscesses have
shown them to be polymicrobial with
3-12 isolates. The majority of microbial
isolates are a subset of organisms isolat-
ed from periodontal tissues which in
turn are a subset of 400 or more species
of bacteria in the oral cavity.5,22-25

Before the 1970s, very few strains of
strict anaerobes were cultivated.
Improved techniques for anaerobic cul-
turing demonstrated that the vast
majority of cultivable bacteria in root
canal infections are anaerobic.26-30

Primary Endodontic Infections
The dynamics of the ecosystem in

infected root canals has been studied
in monkeys.31-33 Following the intro-
duction of the monkey’s indigenous
oral flora into their canals, the canals
were sealed but sampled over a period
of 1,080 days.32 Although facultative
bacteria predominate early in root
canal infections, bacteria that are strict
anaerobes displace them. After 1,080
days, 98 percent of the cultivable bac-
teria were strict anaerobes. A root canal
containing a necrotic pulp becomes a
selective habitat that allows some
species of bacteria to grow in prefer-
ence to others. The nutrients provided
by the breakdown products of a necrot-
ic pulp, tissue fluid, and serum from
surrounding tissues along with low
oxygen tension, and bacterial by-prod-
ucts support the growth of selected
microorganisms (Table 1). The coronal
portion of a root canal may harbor
organisms different from those in the

apical portion including different
strains of the same species.34 When
root canal walls were observed with a
scanning electron microscope, patterns
of colonization were not uniform even
in the same specimen35 (Figure 1).
Clumps of bacteria were seen that
appeared to be self-aggregating while
other clumps had different morpholog-
ic types and appeared to be co-aggregat-
ing.35 Statistical odds ratios have been
used to show a relationship between
certain combinations of organisms in
endodontic infections but the clinical
significance is unknown.6,7,36-41 The
polymerase chain reaction (PCR), a
molecular method, has been used to
show that geographical differences
exist among endodontic infections.22

When PCR was used to detect microbes
in endodontic abscess samples from
patients either in Portland, Ore., or in
Rio de Janeiro, Brazil, there was a sig-
nificant difference in 5 of the 8 organ-
isms tested.22

Microbes often Detected in Infected Root Canals

Obligate Anaerobes Facultative Anaerobes

Gram-negative bacilli Gram-negative bacilli
Porphyromonas* Capnocytophaga
Prevotella** Eikenella
Fusobacterium
Campylobacter
Bacteroides

Gram-negative cocci Gram-negative cocci
Veillonella Neisseria

Gram-positive bacilli Gram-positive bacilli
Actinomyces Actinomyces
Lactobacillus Lactobaccillus
Proprionibacterium
Bificobacterium

Gram-positive cocci Gram-positive cocci
Streptococcus Streptococcus
Peptostreptococcus Enterococcus

Spirochetes Fungi
Treponema Candida

* Dark Pigmented Bacteria
** Dark Pigmented Bacteria and Non-pigmenting Bacteria

Table 1
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tan to black. Because of numerous taxo-
nomic changes for dark-pigmented bac-
teria based on DNA studies, it is difficult
to relate older studies to contemporary
studies. Table 2 shows the current
nomenclature of the 10 species of dark-
pigmented bacteria found in humans.
For example, the species Porphyromonas
endodontalis was separated from P. gingi-
valis and Prevotella nigrescens was sepa-
rated from P. intermedia.6,57-59 The viru-
lence potential of dark-pigmented bacte-
ria has been studied in animals. Strains
of cultivable bacteria have been shown
to have the capability to resist phagocy-
tosis, degrade immunoglobulins, and
increase pathogenesis when in combina-
tion with other specific strains of bacte-
ria (e.g. P. gingivalis and Fusobacterium
nucleatum).13,14,47,60 Pathogenicity may
be related to the presence of lipopolysac-
charide (LPS) on the outer membrane of
gram-negative bacteria. LPS has been
demonstrated in root canals and peri-
radicular tissues and related to the sever-
ity of disease.16,18,61-63 LPS (endotoxin) is
released from gram-negative bacteria
during multiplication and cell death.
Once released bacterial endotoxin caus-
es a series of biological effects, which
produce inflammation and periapical
bone resorption.64,65 The cytotoxic lipid
A moiety in LPS is hydrolyzed by alka-
line chemicals especially calcium
hydroxide.64-66

Gram-positive bacteria that are differ-
entiated from gram-negative bacteria by
a relative thick layer of peptidoglycan
have also been associated with endodon-
tic disease.6,29,36,48-56 Actinomyces may col-
onize periapical tissues. Aggregates of
organisms may be recognized in peri-
radicular biopsy sections as sulfur gran-
ules.52,67-69 Because some of the granules
are yellow colored, older literature refer
to them as sulfur granules.67 The species
A. israelli is often associated with cervi-
cal-facial actinomycosis. The cell surface
of A. israelli has long pili believed to
participate in attachment to other
species of bacteria and other sur-

synergistic relationship between bacteria
in an endodontic infection. Numerous
bacteria have been associated with vari-
ous clinical signs and symptoms but no
absolute correlation has been
made.6,29,36,48-56

Gram-negative bacteria, especially
dark (black) pigmented bacteria, have
received a great deal of attention.
Depending on the species of dark-pig-
mented bacteria and the culture media,
the color of the colonies may vary from

Coaggregation of different species of
bacteria or self aggregation of the same
species may provide the organisms with
protection from the host’s defenses and
provide nutrients from the surrounding
bacteria19,42-46 (Figure 2). The combina-
tion of Fusobacterium nucleatum with
dark-pigmented bacteria Prevotella inter-
media and Porphyromonas gingivalis has
been shown to be more virulent than
when the bacteria are in pure culture.47

This supports the concept that there is a

Figure 1. This scanning electron microscopic
photo shows both cocci and bacilli on the surface
of dentin and extending into the dentinal tubules.
(Courtesy of José Siqueira.)

Figure 2. This confocal microscopic
photo shows coaggregation of Actinomyces
and Eubacterium. (Courtesy of Saengusa
Kheemaleelakul.)

Nomenclature for previous “Bacteroides” species

Porphyromonas � Dark-pigmented (asaccharolytic Bacteroides species)
� Porphyromonas asaccharolyticus (usually non-oral)
� Porphyromonas gingivalis*
� Porphyromonas endodontalis*

Prevotella � Dark-pigmented (saccharolytic Bacteroides species)
� Prevotella melaninogenica
� Prevotella denticola
� Prevotella loescheii
� Prevotella intermedia
� Prevotella nigrescens*
� Prevotella corporis
� Prevotella tannerae

Prevotella � Nonpigmented (saccharolytic Bacteroides species)
� Prevotella buccae*
� Prevotella bivia
� Prevotella oralis 
� Prevotella oris
� Prevotella oulorum 
� Prevotella ruminicola

* Most commonly isolated species of black-pigmented bacteria

Table 2
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the so-called “gold standard” of cultur-
ing. Molecular methods are much more
sensitive and offer precise identification
at the DNA level. A disadvantage of
molecular methods is not knowing if
the DNA was from an alive or dead
organism. Currently, antibiotic suscep-
tibility tests cannot be accomplished
without viable organisms. In the future,
probes may be used to identify antimi-
crobial resistant genes in the DNA sam-
ples without having to grow the organ-
isms for susceptibility tests.

Periradicular Endodontic
Infections

Once a necrotic pulp is infected, the
root canal system becomes a sanctuary
for microbes (Figure 4). They often seem
to be contained by a layer of neutrophils
or an epithelial plug at the apical fora-
men.85 Plaque-like biofilms have been
observed in the foramen and root-end of
an infected canal.88 Extraradicular bacte-
ria are usually associated with acute
symptoms, the presence of a sinus tract,
an infected cyst, or in cases not respond-
ing to endodontic treatment. Both acute
and chronic periradicular abscesses are
polymicrobial infections with large
numbers of bacteria.29,89 With the excep-
tion of species of Proprionibacterium and
Actinomyces, it is controversial if asymp-
tomatic lesions harbor extraradicular
bacteria for very long beyond initial
invasion of the tissue.52,68,90 Periapical
inflammatory lesions (granulomas) con-
tain macrophages, lymphocytes (T-cells
and B-cells), plasma cells and neu-
rophils.91-93 Their function is to prevent
microorganisms from invading peri-
radicular tissues. Both the pulp and peri-
radicular inflammatory tissues have
been shown to mount cellular and
humoral responses to the microorgan-
isms.94-100 Microbial invasion of peri-
radicular tissues results in production of
an abscess or cellulitis. Patients with an
abscess or cellulitis have significant clin-
ical signs and symptoms as a result of
both nonspecific inflammation and spe-

abscesses/cellulitis contained spirochetes
and 37 percent of asymptomatic teeth
with periradicular lesions contained
spirochetes.7 The spirochetes most com-
monly detected were Treponema socran-
skii (45 percent) followed by T. mal-
tophilum (30 percent), T. denticola (29
percent), T. pectinovorum (14 percent),
and T. vincentii (5 percent).7

Fungi have been cultivated and
detected using molecular methods in
infected root canal.79-83 When using
PCR, Candida albicans was detected in
21 percent of infected root canals 
but not in any aspirates of purulence
from endodontic abscesses.83 Electron
microscopy has detected fungi in infect-
ed root canals but not in periapical tis-
sues.84,85

Viruses may also be associated with
endodontic disease. Bacteriocins are
viruses that infect bacteria and carry
DNA into the genome of the bacte-
ria.86,87 The human immunodeficiency
virus has been detected in the dental
pulp and the periapex.151,152 Both the
cytomegalovirus and Epstein-Barr virus
have been associated with symptomatic
endodontic infections.86,87 Future stud-
ies will likely show more relationships
between viruses and endodontic disease.

Molecular methods such as DNA
hybridization and PCR detect and iden-
tify many more microorganisms than

faces43,70 (Figure 3). A recent study
using the PCR detected species of
Actinomyces (israelii, naeslundii, viscosus)
in 80 percent of the infected root canals
and 46 percent of periradicular abscess-
es.71 The species A. israelli was detected
in root canals 27 percent of the time
and in periradicular abscesses 26 per-
cent of the time.71 This suggests that our
clinical methods of root canal debride-
ment and surgical endodontics are suc-
cessful even when Actinomyces is pre-
sent. While cervical-facial actinomyco-
sis may require long-term antibiotics,
studies have shown that antibiotics may
not be needed for endodontic infections
with Actinomyces.72,73 If antibiotics are
indicated because of continued clinical
signs and symptoms, a short-term regi-
men should be adequate.72,73

Other gram-positive bacteria often
cultured from endodontic infections
include Peptostreptococci, Streptococcus,
Enterococcus, and Eubacterium.37,51,74,75

Using PCR, Peptostreptococci micros was
detected in 28 percent of the infected
root canals tested.75

Spirochetes (treponemes) have been
difficult to isolate in pure culture from
endodontic polymicrobial infections.
Recently, DNA hybridization and PCR
have been used to screen for spiro-
chetes.7,40,41,76-78 Using PCR, it was deter-
mined that 60 percent of samples from

Figure 3. An electron micro-
scopic view of hair-like fimbriae on
the surface of Actinomyces israelii.
Reproduced with permission from
the Australian Dental Association,
Figdor D, Davies J. Cell surface struc-
tures of Actinomyces israelii. Australian
Dent J 42(2):125-8, 1997.

Figure 4. This scanning electron microscop-
ic photo shows the surface of a root canal with
cocci and bacilli on the surface of necrotic pre-
dentin. Some organisms are in the predentin
openings to the dentinal tubules. The predentin
openings were previously occupied by the cell
bodies of the odontoblasts. (Courtesy of José
Siqueira.)
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necrotic canals.24,26,109,112,113 Bacteria iso-
lated from canals previously obturated
but still associated with radiographic
lesions tend to have more facultative
bacteria rather than strict anaer-
obes26,109,112-117 (Table 3). Instead of hav-
ing approximately equal amounts of
gram-negative and gram-positive bacte-
ria, bacteria isolated from canals previ-
ously filled tend to have only one to two
cultivable strains of mainly gram-posi-
tive bacteria. In several studies, previ-
ously filled canals had a relative increase
in the presence of Enterococcus fae-
calis.26,109,112-117 This is likely the result of
a change in selective pressures that differ
in a canal filled with gutta-percha/sealer
and a canal with necrotic pulp. The per-
centages of other species varied among
the studies and there were many cases
with no cultivable bacteria. 

A recent study used PCR to detect
the presence of bacteria in all 22 previ-
ously root-filled teeth with persistent
periradicular lesions.118 E. faecalis was
detected in 17/22 (77 percent) of the
failing treatments. The next most detect-
ed organisms were Proprionibacterium
alactolyticus (12/22), P. propionicum
(11/22), Filofactor alocis (10/22), and
Dialiste pneumosintes (10/22).119 The
average number of species found in each
canal was four organisms compared
with a mean of less than two for studies

Invasion of periradicular tissues is
related to the virulence of the microor-
ganisms and the host’s resistance.
Periapical inflammatory lesions are
dynamic inflammatory events and may
contain an abscess with bacteria, a cyst
(possibly infected), and surrounding
inflammatory tissue simultaneously at
the time of sample collection.108 A
major reason for persistent periradicular
lesions is remaining intra-radicular
infection caused by an incompletely
debrided root canal space.84,109 This
concept is supported by the high suc-
cess rate attained when root-ends are
resected and root-end fillings are
placed to seal the apical canal system
of teeth with failing nonsurgical
endodontics.110, 111

Bacteria Isolated after
Unsuccessful Endodontic
Treatment

The lack of periradicular healing fol-
lowing root canal treatment seems most
likely to be related to the persistence of
microbes in the root canal system. This
would seem to be related to an inability
to effectively shape, clean, and seal 
the complete root canal system.
Interestingly, the microflora cultured
from previously filled root canals with
persistent apical lesions differs signifi-
cantly for the microbes in untreated

cific immunological responses. In stud-
ies that examined periapical inflamma-
tory lesions microscopically, extracellu-
lar bacteria were only seen when 
the associated teeth were sympto-
matic.84,85,101 However, several studies
using culturing methods have 
isolated bacteria from “asymptomatic
lesions.”102-105 Some of the patients
reported in these studies had a sinus
tract (fistula) through the mucosa or the
attachment apparatus. Sinus tracts are
associated with chronic periradicular
abscesses (suppurative apical periodonti-
tis) that always have a polymicrobial
infection. They are relatively asympto-
matic because the sinus tract provides a
pathway of drainage. It is possible that
some specimens in these studies were
contaminated with microbes from the
root-end and apical foramen during
curettement of the specimen. It is also
possible that some samples were conta-
minated with salivary bacteria during
the surgical procedure. Molecular meth-
ods have demonstrated the presence of
microbial DNA in tissues removed dur-
ing surgical treatment of asymptomatic
periradicular lesions.106,107 Whether the
microbial DNA is from viable or non-
viable microbes cannot be determined
and there is the possibility of sample
contamination. Future studies should
clarify these findings.

Comparison of Retreatment Studies Culturing Enterococcus faecalis

Study Molander Sundqvist Piciuliene Handcock Piciuliene Pinheiro
1998 1998 2000 2001 2001 2003

Canals Cultured 100 54 25 54 40 60 

Positive Cultures 32 24 20 34 33 51 

% Gm+ 85 87 nd* 80 nd 83

% Facultative 69 58 nd 56 nd 57

Species in Canal 1.7 1.3 nd 1.7 nd 1.8

Canals with E. faecalis 25% 16% 56% 16% 52% 4 5 %

* � not determined

Table 3
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ther treatment is indicated.
The prescription of adjunctive

antibiotics is recommended in conjunc-
tion with appropriate endodontic treat-
ment for progressive or persistent infec-
tions with the following signs and
symptoms: fever (>100° F.), malaise, cel-
lulitis, lymphadenopathy, and unex-
plained trismus.128 Antibiotics are not
recommended for an irreversible pulpi-
tis, an acute apical periodontitis, a
draining sinus tract, after endodontic
surgery, or incision for drainage of a
localized abscess (without fever, celluli-
tis, or lympadenopathy).130-134

Ideally, the choice of an antibiotic
would be based on susceptibility testing
of the organisms isolated from each
patient’s infection. Unfortunately, it
takes days and sometimes weeks to cul-
ture, isolate each organism in pure cul-
ture, and do antibiotic susceptibility
tests for anaerobic bacteria. Instead, rec-
ommendations based on clinical experi-
ence and previous susceptibility testing
are made for normal healthy patients. It
is prudent to get antibiotic susceptibility
tests for immunocompromised patients
if initial treatment is not successful.
Patients must be made aware of benefits
versus risks of taking antibiotics. Case
reports have implicated antibiotics with
reduction in the effectiveness of oral
contraceptives; however, rifampin is the
only antimicrobial shown to have such
an effect.135 Interactions of prescribed
antibiotics with other medications are
always of concern. For example,
macrolide antibiotics should not be pre-
scribed for a patient taking HMG-CoA
reductase inhibitors such as Lipitor.

Antibiotics should be taken for two to
three days after resolution of the major
clinical signs and symptoms. To prevent
selection of resistant organisms, a high
dose of antibiotic for a short term is pre-
ferred to a low dose for a long term. A six-
to seven-day around-the-clock regimen is
adequate for the majority of patients
once the source of the infections is
removed. Recent antibiotic susceptibility

threatening.128 Facial spaces are poten-
tial anatomic areas between fascia and
underlying tissues and organs that pro-
vide a pathway for spread of an infec-
tion.128 A diffuse cellulitis may have foci
of purulence (abscess). The spread of
infection and ensuing edema associated
with inflammation often produces an
indurated swelling. Over time, neu-
trophils accumulate and produce a fluc-
tuant abscess. This concept supports the
rationale for early incision for drainage

to provide a pathway for the drainage of
bacteria, bacterial by-products, and
inflammatory mediators.128 Drainage
also improves circulation to the area so
if antibiotics are prescribed they will
more likely be delivered at a minimum
inhibitory concentration.

Treatment of Acute Abscesses
and Cellulitis

As with any disease process, diagno-
sis is of most importance. The correct
diagnosis of an abscess or cellulitis of
endodontic origin allows appropri- 
ate management. Chemomechanical
debridement of the associated root
canal system will remove the cause of
the infection, however, drainage from
the access opening does not significant-
ly reduce postoperative pain or
swelling.129 Incision for drainage will
usually allow rapid improvement in the
patient’s condition. Follow-up on a
daily basis should be made to see if fur-

that culture for bacteria.26,109,112-117 This
illustrates a relative increase in sensitivi-
ty in the ability of molecular techniques
to detect organisms compared to culti-
vation of the organisms. Filofactor alocis
and Dialiste pneumosintes have not been
isolated from previously filled root
canals with periradicular lesions.119 They
are anaerobic bacteria recently shown to
be prevalent in untreated root
canals.119,120 The presence of bacteria in
all of the failed root canals supports the
assertion that the vast majority of
endodontic treatment failures are caused
by intraradicular infections.

The use of calcium hydroxide in
canals may contribute to the selection
of E. faecalis in failed endodontics. A
recent study demonstrated that E. fae-
calis is resistant to calcium hydroxide at
a pH of 11.1 but not pH 11.5. E. faecalis
has a proton pump that can be used to
decrease the pH to the level it needs for
survival.121 Another study has shown
that the addition of chlorhexidine to
calcium hydroxide increases the effica-
cy of calcium hydroxide to inhibit the
growth of E. faecalis.122

Endodontic Abscesses and
Cellulitis

The extent of endodontic infections
beyond the root canal system is related
to the virulence of the bacteria, host
response, and associated anatomy.
Infections may localize or continue to
spread. An abscess is a cavity of puru-
lent exudate (pus) consisting primarily
of bacteria, bacterial by-products,
inflammatory cells, lysed cells and their
contents. The content of inflammatory
cells includes enzymes, which are dam-
aging to the surrounding tissues.
Endodontic abscesses are polymicrobial
infections with organisms similar to
those found in infected root
canals.29,49,123-127

A diffuse erythematous cellulitis
results if the infection spreads into sur-
rounding tissues. The spread of infec-
tion into deep facial spaces may be life

The presence of 

bacteria in all of

the failed root

canals supports the

assertion that the

vast majority of

endodontic treatment

failures are caused

by intraradicular

infections.
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Summary
In summary, this article reviewed the

microbiologic aspects of endodontic
infections with an emphasis on removal
of the cause of the infection. In addition,
recommendations for appropriate ad-
junctive use of antibiotics was presented.
These recommendations are based on
recent antibiotic susceptibility tests.
Finally, the issue of metastatic endodon-
tic infections versus the “theory of focal
infection” was presented.

To request a printed copy of this article, please
contact / J. Craig Baumgartner, DDS, PhD, Oregon
Health & Science University, Mail Code 130B, 611
S.W. Campus Drive, Portland, Ore., 97239-3097.
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normal healthy individuals, bac-
teremias are usually of no consequence
because the immune system rapidly
eliminates the microbes. Bacteremias
associated with the oral cavity occur
with mastication, flossing, toothbrush-
ing, and other daily activities.
Bacteremia is considered a risk factor for
the development of infective endocardi-
tis in patients with congenital of
acquired cardiac defects. Although den-
tal procedures have not been confirmed

as risk factors, the American Dental
Association does recommend prophy-
lactic antibiotics for patients susceptible
to infective endocarditis or with artifi-
cial prosthetic devices.143-145

Metastatic infections are not the
same as the Theory of Focal Infection
which still receives some attention.146

Focal infection was defined as a localized
or generalized infection caused by the
dissemination of bacteria or their toxic
products from a distant focus of infec-
tion.147 In general, the support of this
theory was anecdotal or flawed
research.148 However, recent studies sug-
gest a relationship between the elevated
values of C-reactive proteins and other
inflammatory proteins that accompany
chronic periodontal infections to be
associated with atherosclerosis, cardio-
vascular, cerebrovascular disease, or
preterm low-birthweight.149,150 Future
studies must determine if these relation-
ships are causal or consequential.

tests have shown that penicillin VK is still
the antibiotic of choice for endodontic
infections.136,137 It is prescribed with a
loading dose of 1,000 mg followed by 500
mg every four to six hours. Amoxicillin
has a broader spectrum and is recom-
mended for the most serious infections.
Amoxicillin in combination with clavu-
lanate (Augmentin) is effective against
beta lactamase producing organisms.
Amoxicillin or amoxicillin with clavu-
lanate is prescribed with a loading dose of
1,000 mg followed by 500 mg every eight
hours. Because metronidazole is only
effective against anaerobes, it should not
be prescribed by itself. Metronidazole
may be prescribed in combination with
penicillin. It is prescribed with a loading
dose of 1,000 mg followed by 500 mg
every four to six hours.

For patients allergic to penicillin,
clarithromycin or aziththromycin may
be considered instead of erythromycin.
Erythromycin is not effective against
the anaerobes commonly found in
endodontic infections. For patients
allergic to penicillin with serious infec-
tions, clindamycin is recommended.
Clindamycin is prescribed with a load-
ing dose of 600 mg and followed by 300
mg every six hours.

Metastatic Infection Associated
with Endodontic Infections

Endodontic infections may be associ-
ated with metastatic infections by direct
extension of the infection, via microbes
carried through the blood (bacteremia),
and by the release of bacterial products
and inflammatory mediators. The direct
extension of a periradicular abscess may
reach the maxillary sinuses, cavernous
sinus, orbit, brain, or via parapharyngeal
pathways produce Ludwig’s angina. The
importance of removing the source of
the infection, providing drainage, and
adjunctive antimicrobial support has
been discussed. 

A bacteremia may be produced with
both nonsurgical root canal instrumen-
tation and surgical treatment.138-142 In
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