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ABSTRACT :
INTRODUCTION: For over a decade, it has been hypothesized that microbial agents are

responsible for the development of atherosclerotic disease. Prevalent periodontal
pathogens including Aggregatibacter actinomycetemcomitans, Tannerella forsythia,
Porphyromonas gingivalis, and Prevotella intermedia have all been identified in
atheromatous plaques. In addition, a group of epidemiological studies, as well as
preliminary animal studies have suggested an association between endodontic disease,
systemic inflammation, and cardiovascular disease. The purpose of the present series of
studies is to clarify the association between chronic endodontic infections and the
systemic immune response to the microbes causing these lesions through an investigation
with the following aims: 1. Determine if atheromatous plaques are larger in
atherosclerosis susceptible mice with periapical lesions than those without periapical
lesions 2. Determine if periapical lesion size in atherosclerosis susceptible mice correlates
with the degree of atheromatous plaque formation 3. Systematically review the literature
to determine if the levels of systemic inflammatory markers are altered in humans with

apical periodontitis compared to those systemic marker levels in humans with healthy
periapical status and 4. Determine if systemic antibody levels 8 prevalent microorganisms
from chronic primary endodontic infections, are higher in patients with atherosclerosis
undergoing endarterectomy compared with those same systemic antibody levels in
healthy control patients.
METHODS: For aim #1 and aim #2 eight atherosclerosis susceptible female mice (N=8)
were obtained and randomly placed into two separate groups of four as follows: 1. with
pulp exposure and endodontic inoculation (N=4) – “EI” 2. without pulp exposure (N=4) –
“w/o pulp exposure”. The mice were euthanized, their aortic arches were dissected for
atheroma size measurement, and their mandibles were processed for periapical lesion
area measurement. For aim #3 a comprehensive literature search with no language
restriction was undertaken to identify all studies that reported on the relationship between
AP and circulating or systemic levels of inflammatory markers between 1948 and 2012.
Studies with similar outcome variables were grouped and a meta-analysis was performed
to evaluate the most prevalent markers. For aim #4, two groups of patients were selected
from a cohort at the Veterans Administration Hospital, Baltimore, MD.

The

experimental group consisted of ten patients with a clinical diagnosis of carotid stenosis
who had undergone recent endarterectomy procedures (n=10), and the control group
consisted of 14 patients with a diagnosis of varicose veins (n=14).

Each patient

underwent comprehensive oral examination, and a blood sample was taken for each
patient. Bacterial phenotypes associated with primary endodontic infections were used
for immuno-checkerboard analysis to identify differences in IgG antibody levels between
the groups. RESULTS: Atheromatous plaque sizes were different among the groups, and

difference was borderline significant (p =0.06).

There was a statistically significant

correlation between lesion size and atheroma size among the groups (p=0.001). Apical
periodontitis in humans was associated with increased levels of CRP, IL-1, IL-2, IL-6,
ADMA, IgA, IgG, and IgM (p < 0.05) as compared to the levels of these markers in
humans without apical periodontitis. Antibody levels to F. nucleatum and P. micra were
not significantly different among the two groups (p > 0.05).
CONCLUSIONS: 1. Exposure to endodontic pathogens leads to the development of
periapical lesion area that was associated with larger atheroma formation in an animal
model. 2. There was a significant correlation between periapical lesion area and atheroma
size in this model. 3. In patients, apical periodontitis showed an association with
increased levels of CRP, IL-1, IL-2, IL-6, ADMA, IgA, IgG, and IgM 4. Systemic
antibody levels to F. nucleatum and P. micra were not increased in CEA patients
compared with healthy controls.
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INTRODUCTION
Atherosclerosis is a common arterial disease in which raised areas of degeneration
and cholesterol deposits form on the inner surfaces of the arteries obstructing blood flow.
The known classic risk factors of diabetes, smoking, hypertension, and
hypercholesterolemia are not present in a large proportion of the population with
atherosclerosis indicating that there may be other unidentified contributing factors. For
over a decade, it has been hypothesized that microbial agents are responsible for the
development of atherosclerotic disease[1]. The association between atherosclerosis and
infectious disease seems to be a rational one, since the development of atherosclerosis
involves a chronic low-grade inflammatory process [2]. In addition, many systemic
markers of inflammation such as C-reactive protein, serum amyloid-A, and
proinflammatory cytokines are predictors of future and current cardiovascular disease.
Infectious agents could play a role in the development and progression of atherosclerosis
by several mechanisms of action and at various stages. Microorganisms could infect
vascular endothelial cells directly, prompting the inflammatory response needed for the
initial process of inducing atherosclerosis. Even if the induction or initial injury to the
endothelium was caused by another factor (i.e.- hypertension or elevated cholesterol),
infectious agents could enhance the process through any of several mechanisms of action.
These include further recruitment and stimulation of proinflammatory mediators and
tissue growth factors in the artery wall, as well as enhancement of lipid build-up through
stimulation of macrophage scavenger or LDL-receptors. In addition, release of endotoxin
or lipopolysaccharide into the circulation could indirectly damage vascular endothelium
or the immune response, and systemic cytokine release could result in an unfavorable
1

lipid profile or could predispose the arterial environment to a procoagulant state, resulting
in acute thrombus on a pre-existent unstable or critical plaque, thus causing an acute
ischemic event [3].

REVIEW OF THE LITERATURE
There is substantial evidence at this point that periodontal disease is associated with
an increased risk for cardiovascular disease. Prevalent periodontal pathogens including
Aggregatibacter actinomycetemcomitans, Tannerella forsythia, Porphyromonas
gingivalis, and Prevotella intermedia have all been identified in atheromatous plaques
[4]. In addition, antibody levels to Aggregatibacter actinomycetomcomitans and
Porphyromonas gingivalis have been found to be increased in coronary heart disease and
myocardial infarction patients respectively [5, 6].
A group of epidemiological studies have suggested an association between
endodontic disease and cardiovascular disease. A 2006 study evaluated the incidence of
patients with radiographic evidence of chronic endodontic lesions and their relationship
to coronary heart disease [7]. After adjusting for appropriate covariates of interest, the
study showed that chronic endodontic lesions were associated with an increased risk of
coronary heart disease in males under 40 years of age. A 2009 study also done by
Caplan’s group showed that patients with a history of endodontic therapy with 25 or more
remaining teeth were at an increased risk for coronary heart disease [8]. Another casecontrol study evaluated 125 healthy patients and 125 patients who had experienced
myocardial infarction and included the following variables: periodontal index, number of
teeth with previous endodontic treatment, periapical radiographic lesions, and clinical
2

attachment level [9]. The study showed that patients who had experienced myocardial
infarction had a less favorable dental health state than their healthy counterparts, and the
authors also suggest an association between chronic oral infections and myocardial
infarction risk. Though all of these previous studies certainly suggest a relationship
between chronic endodontic disease and cardiovascular disease, the studies do not
address whether the specific pathogens involved in the chronic endodontic disease
process contribute directly to the systemic cardiovascular disease process.

Preliminary Studies at the University of Maryland
In a pilot study by Dr. Jessica Russo-Revand, a previous resident at the University of
Maryland who was funded for this work by the AAE Foundation, the atherosclerosis susceptible
ApoE-/- mouse model was used to determine if endodontic pathogens invade periapical lesions,
systemic circulation and atheromatous lesions. During the study, four experimental groups were
assigned 1. ApoE -/- with known bacterial inoculums 2. ApoE -/- with vehicle (methyl cellulose)
3. Wild-Type with known bacterial inoculums 4. Wild-type with vehicle. Two negative controls
of either Apo E -/- or wild type mice were included. Bacterial inoculum consisting of
Enterococcus faecalis, Porhyromonas gingivalis, Fusobacterium nucleatum and Treponema
denticola was used. In mice from groups 1-4, access openings were made in both mandibular
first molars and polymicrobial suspension placed intraorally weekly for 7 weeks. Mice were
sacrificed after 8 weeks and mandibles prepared for evaluation of the periapical tissues using
Fluorescent In-Situ Hybridization (FISH), in which probes for all bacteria or Enterococcus
faecalis or other enterococci were used. When stained with probes for all bacteria, 10 of 11
specimens were positive in the periapical lesion. All experimental specimens had periapical
lesions that were positive for fluorescence with the universal probe. This data indicates that
endodontic pathogens do indeed invade periapical lesions in a mouse model.
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In another pilot study performed by Dr. Russo-Revand [10], six experimental groups
were assigned 1. Apo E -/- mice with IV inoculation 2. Apo E -/- mice with endodontic
inoculation 3. Apo E -/- mice with oral gavage and 4. Wild type mice with endodontic
inoculation 5.Control Apo E -/- group 6. Wild type Control group. Inoculation or oral
gavage were with a mixture of E. faecalis, F. nucleatum, S. intermedius and P.
gingivalis. Group 1 received biweekly IV injection via the saphenous vein for 24
weeks. In groups 2 and 4, access openings were made in both mandibular first molars
and polymicrobial suspension placed intraorally biweekly for 24 weeks. There was
significantly more serum IgG for S. intermedius in the Apo IV group compared to other
groups (ANOVA, p<0.05). The presence of F. nucleatum in the aortic arch specimens of
Group 1: Apo IV was found significantly more frequently than any other group (Chi
Square, p ≤ 0.001). P. gingivalis appeared in atheromatous plaques of groups 1-3 and
only one of the control animals, but this data was not analyzed statistically. This model
showed the differential effects of endodontic and oral bacterial burdens on systemic
infection and pathogenesis of atherosclerosis. In addition, the mouse aortic arch and
descending thoracic artery were each dissected in their entirety, and the atheromatous
plaque sizes were compared between the groups using Oil Red O staining. The results
showed that the Apo E-/- IV group (Group 1) and Apo E -/- group with endodontic
inoculation (Group 2) were significantly higher than the ApoE -/- control group (Group
5) in ORO staining (ANOVA, p=0.008). This finding showed that endodontic infection
and infection via an IV route were equally capable of accelerating the progression of
atherosclerosis.

4

Inflammatory Markers and Cardiovascular Disease
Studies have shown that serum levels of inflammatory markers are predictors of
cardiovascular disease risk [11, 12]. These markers include cell adhesion molecules
(CAM), cytokines (including interleukins (IL) and tumor necrosis factors (TNF)), proatherogenic enzymes, immunoglobulins (Ig), transforming growth factors (TGF), as well
as acute phase proteins such as serum amyloid A (SAA) and C-reactive protein (CRP).
Baseline levels of CAM [13-15], CRP [16-22], TNF [23, 24] or IL-6 [25, 26] have
been found to be associated with risk of future myocardial infarction, stroke, peripheral
vascular disease and cardiovascular death amongst apparently healthy populations. High
concentrations of CRP, SAA, and IL-6 have also been shown to correlate with the risk of
insulin resistance and metabolic syndrome [27, 28]. In addition, CRP and IL-6 or IL-8
have been associated with adverse respiratory outcomes, such as diminished lung
function [29] and chronic obstructive pulmonary disease (COPD) [30]. Furthermore, late
onset Alzheimer's disease and cerebrovascular dementia were related to higher circulating
levels of IL-6, IL-1β and TNF-α [31].
During the last two decades, a connection between chronic low-grade oral
infection and inflammation and the slow progression of unfavorable systemic vascular
effects has emerged [16, 32-35]. Periodontal disease and periapical lesions are prevalent
long-term infectious diseases that cause chronic inflammatory reaction. A number of
studies have shown bacteria of oral origin in atherothrombotic plaques or vascular
biopsies [4, 36-43]. Detailed reviews exploring the potential pathogenic mechanisms
linking oral infections and atherosclerosis can be found in the literature [33, 44, 45].

5

Most of the evidence linking oral diseases to increased serum levels of
inflammatory markers comes from studies on chronic periodontal disease. It has been
suggested that systemic dissemination of IL-6 and CRP as a consequence of periodontal
disease can lead to adverse vascular effects on endothelium and cardiac smooth muscles
[46, 47]. Other studies indicate that PGE-2 and TNF-α from inflamed periodontal tissues
in pregnant women can reach the placenta and amniotic liquid, contributing to pre-term
birth [48-50]. Increased plasma levels of TNF-α, IL-6 and CRP are highly related to
insulin resistance, hindering the entry of glucose into the cells [51, 52]. Moreover,
gingivitis was associated with increased serum level of IL-6 among non-smoking diabetic
patients in the Atherosclerosis Risk in Communities (ARIC) Study [53].
The biological pathways thought to underlie the link between chronic periodontal
disease and systemic disorders are the same as those potentially linking chronic apical
periodontitis (AP) and general health. In many aspects, microbiological characteristics of
periodontal disease are similar to infections of endodontic origin [54, 55]. Both types of
infection are associated with a complex microflora, with predominantly anaerobic gramnegative rods as the most common bacterial type. Likewise, inflammatory responses that
accompany periodontal disease and AP are similar [56]. In patients with such lesions,
areas of considerable bone resorption act as a "reservoir" of inflammatory markers and
antibodies, including TNF-α, IL-1β, PGE-2, IL-1β, IL-8, Ig-A, Ig-G, among others [57].
The anatomical proximity of endodontic and periodontal infections with the bloodstream
can result in bacteremia during treatment [58] or daily activities [59]. Moreover, in
contrast to periodontal infections, no epithelial barrier is found between the necrotic
infected root canal and the highly vascular granulomatous tissue in periapical infections.
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Systemic spread of bacterial products may occur, as well as the dissemination of
inflammatory mediators and immune complexes [56, 60], with possible induction and/or
perpetuation of systemic adverse effects.
Recent epidemiological investigations have proposed an association between chronic AP
[7] or history of endodontic treatment [8, 61] and adverse cardiovascular outcomes.

7

RATIONALE
This series of studies seeks to further elucidate the potential relationship between
chronic endodontic infections, systemic inflammation, and atherosclerotic plaque
formation. The oral-systemic connection related to periodontal disease and
atherosclerosis has been established. This work seeks to clarify the logical connection
between chronic endodontic infections with associated periapical lesions and the systemic
immune response to the microbes causing these lesions. Aim #1 and Aim #2 seek to
investigate the potential association between periapical lesion development and
subsequent atherosclerotic plaque formation in an animal model. Aim #3 seeks to gain
insight into the evidence related to the potential alteration of systemic inflammatory
markers in humans with apical periodontitis compared to the systemic inflammatory
marker levels in human patients without evidence of apical periodontitis. Finally, Aim #4
seeks to evaluate whether systemic antibody levels to the most commonly identified
primary endodontic pathogens are altered in patients with atherosclerosis compared with
healthy controls. In this phase of the investigation, it will be challenging to determine if
systemic responses to the bacteria in question are specifically from endodontic or
periodontal sources (as many of the most common primary endodontic pathogens are also
prevalent periodontal pathogens). However, it is important to note that all of these
bacteria are ultimately from the oral cavity. The relationships between cumulative caries,
restored surfaces, periodontal probing depths and attachment loss, and overall tooth loss
between the two groups of patients will be evaluated to clarify whether the oral
organisms in the systemic circulation are more likely to be of endodontic origin (i.e.- high
caries risk with associated tooth loss) or periodontal origin (i.e.-high amounts of
periodontal attachment loss with associated tooth loss).
8

Establishing this knowledge would increase awareness throughout both the medical
community, and the general public of the importance of treatment and resolution of
chronic endodontic infections on a patient’s overall health and well-being.

9

PURPOSES OF THIS STUDY
The overall objective of this study is to evaluate the possible association of endodontic
disease and the potentiation of atherosclerosis with the following specific Aims:

1. Determine if atheromatous plaques are larger in atherosclerosis susceptible
mice with periapical lesions than those without periapical lesions

2. Determine if periapical lesion size in atherosclerosis susceptible mice
correlates with the degree of atheromatous plaque formation

3. Systematically review the literature to determine if the levels of systemic
inflammatory markers are altered in humans with apical periodontitis
compared to those same systemic marker levels in humans with healthy
periapical status

4. Determine if systemic antibody levels to the eight most prevalent endodontic
microorganisms from chronic primary endodontic infections, as defined by
the literature, are higher in patients with atherosclerosis undergoing
endarterectomy compared with those same systemic antibody levels in
healthy control patients
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HYPOTHESES

1. Atheromatous plaques will be larger in atherosclerosis susceptible mice with
periapical lesions than those without periapical lesions

2. Periapical lesion size in atherosclerosis susceptible mice will correlate with
the degree of atheromatous plaque formation

3. Levels of systemic inflammatory markers will be increased in humans with
apical periodontitis compared to those same systemic marker levels in
humans with healthy periapical status

4. Systemic antibody levels to the eight most prevalent endodontic
microorganisms from chronic primary endodontic infections will be higher
in patients with atherosclerosis undergoing endarterectomy compared with
those same systemic antibody levels in healthy control patients
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MATERIALS AND METHODS

Aim #1 and Aim #2
Aim 1: Determine if atheromatous plaque sizes (measured in umol ORO/ug protein) are
larger in atherosclerosis susceptible mice with periapical lesions than those without
periapical lesions
Aim 2: Determine if periapical lesion size in atherosclerosis susceptible mice correlates
with the degree of atheromatous plaque formation
Two strains of mice were used in this study: a wild type mouse (C57BL/6), and the
homozygous Apo E mouse (ApoE-/-) (Jackson Laboratories). The ApoE-/- mice appear to
develop normally, however they exhibit five times the normal serum plasma cholesterol
and develop spontaneous atherosclerotic lesions over a period of about 10 to 20 weeks of
age. The mice were housed in sterile bedding and cages, and given sterile chow diet and
water in order to reduce the environmental microbial load.
Nine week old female ApoE-/- mice were assigned into two groups of four mice
each.
1. ApoE-/- female mice with pulp exposure and endodontic inoculation (N=4)
– “EI”
2. ApoE -/- female mice without pulp exposure (N=4) – “w/o pulp exposure”

Bacterial inoculum contained a polymicrobial mixture of species commonly
found in primary and persistent endodontic infections.

The mixture consisted of

Porphyromonas gingivalis (strain 381), Streptococcus intermedius (ATCC 27335),
Fusobacterium nucleatum (ATCC 25586), and Enterococcus faecalis (ATCC 4083).
Group 1 (EI) was comprised of ApoE

-/-

mice which were inoculated with 50 µL

of the polymicrobial bacterial suspension (4 x 1010 cells/mL in methyl cellulose vehicle).
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The root canal space was left open for the microbial mixture to be re-inoculated every
other week for 24 weeks. Group 2 (w/o pulp exposure) mice were left with intact pulps
without exposure and did not receive bacterial inoculation.
All of the mice were euthanized at 34 weeks of age, 26 weeks after they were
endodontically exposed or the start of the control procedures.

Specimen Processing and Aortic Arch Staining
The mandibles were fixed in 10% neutral buffer formalin for 3 days, then placed
in 17% EDTA for decalcification. The mandibles were embedded in paraffin, and serial
sections 4 µm in thickness were placed (three per slide) on positively charged slides
(Fisher Scientific “Fisher Tissue Path Superfrost* Plus Gold Slides). Every 5th slide was
stained with H&E for the purpose of determining the slides closest to or containing the
apical foramen for histological analysis.
The mouse aortic arch and descending thoracic artery were each dissected in their
entirety, and the atheromatous plaque sizes were compared between the groups using Oil
Red O staining. Aortic arches were selected as the arterial specimen of choice as they are
an easily identifiable and accessible arterial portion that forms atherosclerotic plaques
readily. The incorporated stain was extracted using chloroform/methanol (2:1) solvent
and quantified by spectrophotometry at 520 nm.

Periapical Lesion Measurements
Periapical lesion areas were measured in each group by one blinded examiner (see
Figure 1 and Figure 2) in µm2 using Image J software (National Institutes of Health).
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Four animals in each of the two experimental groups were measured, and one lesion was
available per animal (N=8). The blinded examiner chose the H and E section in which
the periapex was most widely open as the section to be measured on each animal.
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Figure 1-ENDO EXPOSURE with inoculation
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Figure 2- w/o inoculation
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Aim #3
Aim #3: Systematically review the literature to determine if the levels of systemic
inflammatory markers are altered in humans with apical periodontitis compared to those
same systemic marker levels in humans with healthy periapical status
Literature search strategy
A search was undertaken to identify all studies that reported on the relationship
between AP and circulating or systemic levels of inflammatory markers. The MEDLINE
(Ovid), Embase, PubMED and Cochrane Library databases were searched for human
studies published between 1948 and 2012 (last accessed September 13th, 2012) using the
following key words: ('periapical diseases'/exp OR 'lesions of endodontic origin' OR
'periapical tissue'/exp OR 'periapical lesions' OR 'apical lesions' OR 'periradicular
lesions') AND ('blood'/exp OR 'blood' OR 'serum'/exp OR 'serum') AND ('cytokines'/exp
OR 'cytokines' OR 'immunoproteins'/exp OR 'immunoproteins' OR 'endopeptidases' OR
'advanced glycosylation end products' OR 'prostagandin-endoperoxidase synthases' OR
'acute phase proteins'/exp OR 'acute phase proteins' OR 'c-reactive protein'/exp OR 'creactive protein' OR 'serum amyloid a'). Additionally, the bibliographies of all relevant
articles as well as the bibliographies of the pertinent chapters in relevant textbooks [6265] were manually searched. No language restriction was applied to the search.
Titles and abstracts of the studies selected in this preliminary analysis were then
scanned, and the relevance of each study was determined. Duplicate studies were
identified and discarded. The remaining articles were subjected to stricter inclusion and
exclusion criteria.
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Study selection, inclusion and exclusion criteria
The full texts of the remaining articles were obtained and reviewed independently
by 2 reviewers associated with the laboratory of Dr. Ashraf Fouad (M.S.G*, T.C.B.),
based on the following inclusion criteria:
1. Type of study: clinical trials or case-control studies or cross-sectional
studies or cohort studies.
2. Studies assessing symptomatic or asymptomatic apical periodontitis.
3. Studies in which systemic inflammatory markers were quantified along
with establishment of the periapical condition.
Exclusion criteria included the following:
1. Type of study: cell culture laboratory studies or animal studies (in order to
maintain focus on human patient values)
2. Studies that evaluated local inflammatory markers only, including
gingival crevicular fluid samples and/or samples from periapical lesions.
Cases of disagreement between reviewers were discussed until a consensus was
reached.

*Dr. Maximiliano S. Gomes
Quality assessment and data extraction
Potentially relevant studies were subjected to a comprehensive text evaluation,
including data extraction, methodological quality analysis, and data synthesis and
analysis. The parameters recorded for each study were: authors’ names, date of
publication, study purpose, sample size, subject homogeneity, periapical diagnoses, study
18

design and findings. Reviewers independently rated the quality of each study based on
established criteria, the Newcastle-Ottawa Scale (NOS) [66], and a consensus was
reached. After reviewing and rating the studies, statistically significant changes in the
levels of inflammatory markers in patients with periapical disease were coded as either
significant or non-significant for each study.

Aim #4
Determine if systemic antibody levels to the 8 most prevalent endodontic
microorganisms from chronic primary endodontic infections, as defined by the literature,
were higher in patients with atherosclerosis undergoing endarterectomy compared with
those same systemic antibody levels in healthy control patients.

Subject Recruitment and Selection

Patients with a clinical diagnosis of carotid stenosis and with chronic endodontic infection were
selected. The patients were a cohort of patients who had undergone recent endarterectomies in
the Veterans Administration Hospital, Baltimore, MD. This particular group of patients was
deemed to be an ideal group due to their recall reliability, their presumed diverse socioeconomic
status, and instant access to their medical history through the nationwide Veterans Administration
database. In addition, the fact that the disease prevalence in this particular patient population may
be higher than some other environments might serve to give a good representation in terms of
global health.
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Patients were approached about having a free dental examination, to determine whether they
have endodontic infections. The free dental examination involved a clinical examination,
panoramic radiograph, and specific periapical radiographs and pulp testing of teeth suspected to
have endodontic infections and/or teeth with previous endodontic treatment. Clinical
examination included full mouth periodontal probing to assess clinical attachment loss. Patients
with any area of clinical attachment loss > 5 mm were excluded on the basis of existing or prior
severe chronic or aggressive periodontal disease [67]. Criteria for which teeth to pulp test include
any teeth with discoloration of crown, history of trauma, deep isolated probing defect, any tooth
with a restoration within 3 mm of pulp space, any teeth with associated sinus tracts, pain to
percussion or palpation and/or swelling consistent with an acute periapical abscess.

Inclusion Criteria

- The patients were middle aged or older adults (atherosclerotic patients ideally recruited first,
then age, gender and race-matched controls were selected)
-Control patients were patients under cardiovascular care at the Veterans Administration Hospital,
Baltimore, MD who have been diagnosed with venous disease not serious enough to warrant
endarterctomy procedures (i.e.-varicose veins)
- The experimental group included patients who were in need of endarterectomy procedures, and
from whom a blood sample could be obtained

Exclusion Criteria
Chronic severe marginal periodontitis or aggressive periodontitis
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Any systemic debilitating disease such as


Liver disease or liver failure



Rheumatoid arthritis



Neoplastic disease or its treatment



Chronic corticosteroid therapy



Chronic hepatitis B or C infection



History of hepatitis A infection in the past year



Any other systemic disease that compromised the immune system



Anyone who had been taking antibiotics in the preceding month or required
prophylactic antibiotics before dental/surgical treatment



Women who stated that they were pregnant at the time of initial treatment

Sample Size Determination
F. nucleatum is one of the most commonly cited endodontic pathogens recovered in primary
endodontic infections, and was thus used in the power analysis. The proposed effect size was
0.40, a large effect size, in order to determine a clinically relevant difference between the two
groups. With a large effect size, two groups, an n of 25 in each group, and a p of < 0.05, power
was equal to 0.79.

Radiographic Evaluation
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Panoramic radiographs were taken on each patient. Teeth with periapical lesions which
were confirmed to be chronic infections of endodontic origin by pulp testing were
counted and recorded for each patient. Isolated periapical films of each lesion were then
taken in order to allow for measurement of the area of the lesion using ImageJ software
(ImageJ, U. S. National Institutes of Health, Bethesda, Maryland). Number of lesions per
patient, and overall area of all lesions was recorded for each patient.

Demographic Parameters and Clinical Testing
In addition to radiographic examination, the following parameters were recorded for each
patient in both groups: age, sex, race, income, education, marital status, Body Mass
Index, Diabetic status, smoking status, Hypertension, use of cholesterol medications,
number of remaining teeth, CRP level, serum Triglycerides, fasting HDL, fasting LDL,
HbA1c, number of previously endodontically treated teeth, carious and restored surfaces,
sites of attachment loss > 4mm, and periodontal pocket depths > 5mm. These
demographic parameters were primarily used for the purposes of research in progress in
our lab being performed by Dr. Kunwar Vir.*
For the purposes of the present study, only the following 4 variables were
reported on: number of remaining teeth, carious coronal and root surfaces, sites of
attachment loss > 4mm, and periodontal pocket depths > 5mm.

*Vir K., Blattner T., Romberg E., Fouad A. Characterization of Endodontic Findings in a
Cohort of Patients with Atherosclerotic Vascular Disease. AAE Abstract 2013.
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Serum Samples
In control group patients, a 10ml vial of blood was drawn from each patient by a nurse
during their clinical examination appointment. The blood was allowed to clot, then
samples were frozen. The serum was then drawn off and centrifuged at 7500 rpm to
remove residual erythrocytes. For patients undergoing endarterectomy procedures, this
blood sample was taken prior to their surgical procedure at the VA Hospital, and then
frozen. The patient’s name, age, sex, tooth number, and experimental group were
recorded for each sample. The samples from both groups were sent to the Institute of
Human Virology of the University of Maryland, Baltimore for evaluation of target
antibodies to the selected endodontic pathogens.

Immuno-Checkerboard Hybridization analysis for serum immunoglobulin to endodontic
pathogens:

The eight most prevalent bacterial phenotypes associated with primary endodontic
infections, according to the current endodontic literature, were used for immunocheckerboard analysis. Each bacteria sample was harvested and placed into a 1.5ml
eppendorf tube containing 1ml of PBS, pH 7.4. Cells were disrupted for 10 sec. with an
ultrasonic device. Bacteria samples were adjusted to an optical density (O.D)
spectrophotometrically to 1.00 (wavelength: 600 nm). Bacterial suspensions were kept at
4°C or at -70°C until used. Bio-Dot SF Microfiltration apparatus (Bio-Rad 170-6542,
Hercules CA) was pre-chilled for 4 hours minimum at 4°C.

Nitrocellulose membrane

(Amersham 2020 D) was cut to 9 x 12 cm, pre-wetted in 50ml of de-ionized water, and
then equilibrated in 50 ml PBS, pH 7.4 for 10 minutes. Three sheets of Whatman filter
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paper cut to 9 x 12 cm were also pre-wetted. Next, the Bio-Dot SF Microfiltration
apparatus was mounted by placing 3 pre-wet sheets of Whatman filter paper on the lower
portion and the nitrocellulose membrane on top of filter paper. The top portion of the
apparatus was then assembled. Each well was then filled with 300μl of PBS, pH 7.4 and
vacuum pressure was applied. The bacterial suspensions were diluted 1:2 in PBS and
loaded with 200μl of the bacterial suspension. All other empty lanes were filled with
200μl PBS and were used as a negative control. The apparatus was then incubated
overnight at 4°C.
The following day the wells were emptied one by one by aspiration, and
washed with 300μl of Tris-Buffered-Saline-Tween (TBS-T). Block Membranes were
blocked for 1 hour at room temperature with freshly made blocking solution (5% milk in
TBS-T, 300μl/well) on rocking platform. Membranes were then washed with TBS-T:
twice briefly, once for 15 min, and then twice for 5 min. (on rocking platform).
Membranes were then incubated for 1 hour (room temperature, rocking platform) with
300μl mixture of the following: 35 ml deionized water + 10 ml methanol + 5 ml 30%
hydrogen peroxide. The membranes were washed again as previously described above
on a rocking platform, followed by blocking of membranes with blocking solution
overnight at 4°C using a rocking platform in a cold room.
On the third day, 1:100 serum dilutions were prepared for loading in blocking
solution. Lanes were loaded with 200μl of serum samples. For the negative control,
200μl serum sample were added to the wells free of bacteria. Other blank wells were
filled with blocking solution. Membrane was again incubated for 1h at room temperature.
Wells were then emptied and washed with TBS-T, twice briefly. Membrane was removed
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from the apparatus and washed again with TBS-T. Membranes were then incubated with
secondary antibody (anti-human IgG, conjugated to HRP, (H+L) (KPL, 474-1006)) in 25
ml blocking solution plus 25μl HRP-anti-human IgG (1:1000 dilution) and incubated for
1 hour (room temperature, rocking platform). Then the membrane was washed with
TBS-T. ECLplus-western blotting detection reagents (AmerSham RPN-2132) were used
for membrane development. The ECL reagents were added to membrane and allowed to
react for 5 minutes. Membranes were then placed on platforms in the Alpha Innotech
Fluorchem Sp reader. Data was recorded in pixels. The intensity of serum antibody
response to bacteria was calculated by dividing each bacteria antibody response to its
corresponding negative control.

Pathogen Selection
The primary endodontic pathogens to be analyzed in the serum samples were
identified based on nine of the most up to date clinical studies [68-76] as well as
information provided by the comprehensive textbook on the subject entitled “Endodontic
Microbiology”[64]. The selected pathogens included the following: Fusobacterium
nucleatum, Treponema denticola, Treponema socranskii, Porphyromonas endodontalis,
Dialister pneumosintes, Parvimonas micra, Prevotella intermedia, and Tannerrella
forsythia.
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Data Analysis
Aim #1 and Aim #2
Student’s t- test was used to evaluate differences in mean atheromatous plaque
size between groups. In addition, a Pearson’s r was used to evaluate the correlation
between atheromatous plaque size (µmol Oil Red O/µg protein) and periapical lesion area
(µm2) in the two groups.

Aim #3
Outcome variables and statistical analysis
The primary outcome variable was determined by the serum levels of different
inflammatory markers (mean and standard deviation) in AP subjects versus healthy
control group (for cross-sectional, case-control and interventional studies) or AP subjects
before treatment versus AP subjects after treatment (for interventional studies
exclusively).
Given the heterogeneity among inflammatory markers evaluated in different
studies, data were primarily analyzed from a descriptive point of view. Those studies
with similar design and evaluating the same inflammatory marker were grouped, and a
subgroup meta-analysis was carried out evaluating the most prevalent markers, using the
software RevMan 5.1 (The Nordic Cochrane Center, Copenhagen, 2011). When
heterogeneity was present (I2 ≥50%) then a random effects model was used to summarize
the data. If heterogeneity was not present (I2 <50%) then a fixed effect model was used.
The value for rejection of the null hypothesis was set at p ≤ 0.05.
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Aim #4
ANCOVA, using age as the covariate, was used to evaluate whether significant
differences in serum antibody levels to the 2 most common primary endodontic
pathogens exist in patients with periapical lesions versus patients without periapical
lesions.
ANCOVA, using age as the covariate, was used to identify significant differences
in any of the demographic parameters or clinical findings between the two groups of
patients.
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RESULTS
AIM #1
Analysis of the mean atheromatous plaque size measured in μmol Oil Red O/μg
protein revealed that the largest mean plaque size was in the EI group (74.5 + 28.7),
followed by the w/o pulp exposure group (46.6 + 11.4). The atheromatous plaque sizes
were different between the groups, and difference was borderline significant (Student’s
T-test, p= 0.06) (see Table 1 and Figure 3).

Table 1-Atheroma Size Student’s T-test Results Comparing EI and w/o pulp
exposure

Group

Mean (um ORO/ug protein)

sd

EI

74.5

28.7

w/o pulp exposure

46.6

11.4

28

p
0.06

AIM #2
Pearson r using ORO protein data and lesion area in μm2 at the animal level for
both groups showed a statistically significant correlation (r = 0.898; p=0.001) (see Figure
4).
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Figure 3: Mean Atheroma Size
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Figure 4: Lesion/Atheroma Size Correlation
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AIM #3
Results from the electronic search are summarized in Table 2, yielding a total of
531 hits. After duplicate references were discarded, subsequent search at the title and
abstract level revealed 30 articles for full-text reading, 9 of which were identified through
hand search. Table 3 expresses the number of studies selected for full-text reading
according to different electronic databases or hand search. At this level, 10 studies were
excluded and reasons for exclusions are listed in Table 4.

Study Characteristics
Twenty studies were included in the final analysis. Their main characteristics and
findings are presented in Table 5.
The 20 included studies can be divided into two main groups: a) interventional
studies (N=9) assessing systemic inflammatory marker levels before and after the
intervention (ranging from tooth extraction to non-surgical root canal treatment, surgical
root canal treatment, prescription of antibiotics or drainage), and b) cross-sectional (N=8)
or case-control (N=3) studies assessing systemic inflammatory marker levels in patients
with AP compared to control patients without AP. The quality ratings of each study as
evaluated according to NOS criteria are presented in Tables 6 and 7.
Overall, 16 of the 20 studies showed statistically significant differences in levels
of selected systemic inflammatory markers in subjects with AP compared to controls —
namely, subjects without AP or subjects with AP following effective treatment. Four
studies revealed no significant difference between patients with AP and controls. Three

32

studies included exclusively asymptomatic AP, 7 studies included only symptomatic AP,
8 studies included both symptomatic and asymptomatic AP and 2 studies did not report
on the type of AP of which the samples consisted. Thirty-one different inflammatory
markers were evaluated in the included studies, with the most common markers being
IgG (N=8), CRP (N=6), IgM (N=6) and IgA (N=5). Table 8 shows the list of
inflammatory markers evaluated in all included studies, the type of AP (symptomatic,
asymptomatic or both) considered in each study and whether the difference with control
groups was significant.
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Table 2-Number of studies found according to the search strategy in
different databases. Last accessed on September 16th, 2012
Database
Query

Search

MEDLINE

Cochrane

Embase

PubMED

1648

12786

2895

120

1525987

5684833

3606860

178554

242878

1228967

1607922

8965

(Ovid)

Library

'periapical
diseases'/exp OR
'lesions of endodontic

#1

origin' OR 'periapical
tissue'/exp OR
'periapical lesions' OR
'apical lesions' OR
'periradicular lesions'
'blood'/exp OR 'blood'

#2

OR 'serum'/exp OR
'serum'

#3

'cytokines'/exp OR
'cytokines' OR
'immunoproteins'/e
xp OR
'immunoproteins'
OR
'endopeptidases'
OR 'advanced
glycosylation end
products' OR
'prostagandinendoperoxidase
synthases' OR
'acute phase
proteins'/exp OR
'acute phase
proteins' OR 'creactive
protein'/exp OR 'creactive protein'
OR 'serum amyloid
a'

#4

(#1) AND (#2)

723

1253

362

15

#5

(#4) AND (#3)

277

241

134

7
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Table 2 continued
Database
Search

Query

#6

(#5) AND
('human'/exp
OR 'human')

MEDLINE
Cochrane
Embase PubMED
(Ovid)
Library
223

203

105

*

(*) The step #6 does not apply to the Cochrane Library since it includes only studies in humans.

Table 3- Number of studies selected for full-text reading according to
electronic search and hand search. Last accessed on September 16th,
2012
Database
MEDLINE (Ovid)

Embase

PubMed

Cochrane
Library

Electronic
search

5 [77-81]

14 [9, 77, 82-93]

Hand search

8 [9, 86, 88, 89, 91,

9 [96-105]

35

93-95]

1 [93]

Table 4-Excluded studies and reasons for the exclusions
Study
Janicha (1981) [96]

Reason for exclusion
Merged with other study [85] due to similarity of study design and
subjects.

Marton, Harmati , Kiss (1987) Merged with other study [88] due to similarity of study design and
[87]

subjects.

Takahashi, MacDonald,

Periradicular tissue samples were evaluated instead of serum

Kinane.(1997) [103]

levels of inflammatory markers.
Cytokine production by neutrophils from periradicular tissue

Euler et al. (1998) [81]

samples were evaluated instead of serum levels of inflammatory
markers.
The study evaluated the induction of cytokines by

Matsushita et al. (1999) [80]

lipopolysaccharides from species of endodontopathic blackpigmented bacteria instead of serum levels of inflammatory
markers.
The study determined whether dental caries where associated with

De Soet et al. (2003) [104]

induction of the systemic immune system or cytokine response, but
no specific data regarding AP patients and its serum levels of
inflammatory markers is available.

Kosugi, Ishihara, Okuda
(2003) [90]

All subjects were patients with pustulosis palmaris et plantaris, a
condition which may influence the serum levels of inflammatory
markers.
Levels of inflammatory markers available only for the comparison

Meurman et al. (2003) [95]

between CHD patients and non-CHD patients, but not for a
comparison between AP subjects and non-AP subjects.

Arrol, Dhar, Cullinan (2010)
[79]
Motta et al. (2010) [78]

The study was based on a postal self-report questionnaire to
evaluate history of endodontic treatment; no clinical or
radiographic exams were performed.
All subjects were leprosy patients, a condition which may
influence the serum levels of inflammatory markers.
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Table 5- Characteristics, main results and limitations of the studies
included in the systematic review (N = 20). [all symbols described
at the end of the table]
Study

Boucher,
Hanraha
n, Kihara
(1967)
[82]

Inflammat
ory
markers
(outcome)

CRP

Matlashe
nko
(1968)
[83]

Alpha-2
and
Gammaglobulin
fractions

Stabholz,
McArthur
(1978)
[84]

Release
of LIF by
lymphocyte
s

Janicha
(1983)
[85]

White blood
cell count,
ESR,
protein
fractions,
IgA, IgC,
IgM, IgG

Study
Design

CS

I

CS

I

AP
(exposure)

Population
(N*/n**)

Adults
(23/19)

A/S*

Adults
(47/58]

A

A/S

Adults (9/5)

A/S

Children
(34/10)
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Main results

Limitations

Among 23
subjects with
AP, 13
(56.5%)
presented
increased
CRP.
Significant
difference
compared
with healthy
and gingivitisonly subjects.
Increases in
serum levels
of gammaglobulin
fractions were
directly
related to
degree of
changes in
periapical
tissues (AP).
Significant
decrease in
Alpha-2 and
Gammaglobulin levels
after
treatment.
Subjects with
AP showed a
significantly
greater
degree of
inhibition of
LIF than
controls.
Significant
differences
after
treatment in
lymphocytes
and
monocytes
count, ESR,
albumin, total
proteins,
alpha-2
globulin and
IgG.

Sample size
and drop-off
rate (80.0%)
at follow-up.
Method to
measure
CRP.
Control for
systemic
confounders
not reported.
No statistical
analysis.

Periodontal
disease
measures
not reported.
All subjects
had
rheumatism,
which is an
important
confounder.

Sample size.
In vitro
stimulation
of
leukocytes
from blood.

Sample size.
Periodontal
status not
reported.

Table 5 continued
Study

Svetcov
et al.
(1983)
[97]

Torabinej
ad et al.
(1983)
[86]

Kettering
&
Torabinej
ad (1984)
[98]

Nevins et
al. (1985)
[99]

Inflammator
y markers
(outcome)

IgG, IgM,
IgA, IgE,
IgD

CIC, IgG,
IgM, C3

CIC, C3,
IgE, IgG,
IgM

IgE

Study
Design

I

CS

I

CS

AP
(exposure)

Population
(N*/n**)

Adults
(9/4)

S

Adults
(30/30)

A

S

A
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Main results
Significant
increase in
serum levels
of IgE in AP
subjects at
baseline. No
difference in
serum levels
of IgG, IgM,
IgA and IgD
between AP
subjects and
controls at
baseline. No
differences
after
intervention.
No statistical
difference in
serum levels
of CIC, IgG,
IgM and C3
between
subjects with
AP and
controls.

Limitations

Limited
sample size.
Intervention
was only the
prescription
of
antibiotics,
but not the
endodontic
treatment or
extraction.

Controlled
for
periodontal
disease and
systemic
disorders.

Adults
(35/30)

Significant
increase on
CIC, IgG, IgM
in AP
compared to
healthy
subjects.
26.9%
increase in
IgG levels in
AP subjects.
Significant
decrease
after AP
treatment for
all markers.

Sample size.
13 (37%) out
of 35
subjects with
AP had
increased
CIC and
were
recalled;
only 8 out of
13 were
submitted to
a second
blood
sample
(drop-off rate
of 38.5% at
follow-up).

Adults
(20/20)

Significant
difference
between
mean IgE
levels of AP
subjects
and controls.

Controlled
for
periodontal
disease and
systemic
disorders.

Table 5 continued
Study

Marton
et al
(1988)
[100]

Marton
& Kiss
(1992)
[88]

Baumg
artner
et al.
(1992)
[105]

Inflammator
y markers
(outcome)

AAT, AMG,
CRP, HPT,
C3, CER

IgA, IgG,
IgM, AAT,
AMG, CRP,
C3, CER,
HPT, CTA,
lymphocyte
s, NRC

IgG

Study
Design

I

I

CS

AP
(exposure)

Population
(N*/n**)

Adults
(36/†)

A/S

Adults
(36/†)

A/S

n.r.
(11/17)

n.r.
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Main results
All except
HPT were
slightly
increased at
baseline.
Significant
decrease
within 7 days
for AAT and
CER.
Significant
decrease in
3 months for
all, including
CRP (40.7%
decrease).
Significant
increase on
IgM, AAT,
CRP and
NRC at
baseline.
Significant
decrease in
all acutephase
proteins and
NRC after 3
months of
treatment,
including a
40.9%
reduction on
CRP levels.
CRP not
altered after
7 days.
IgG not
significantly
changed.
CTA
significantly
increased
after
treatment.
Significant
difference on
Prevotella
Intermedia
reactive IgG
levels in
serum from
AP subjects
compared to
healthy
controls.

Limitations

Sample size
and mean
drop-off
rates
(21.2% at 7
days) and
(54.5% at 3
months).

Sample
size.
Drop-off
rates not
reported.
Same
population
of a
previous
study [100].

Age and
definition of
AP not
reported.
Controlled
for
periodontal
disease.

Table 5 continued
Study

Anil et
al.
(1993)
[94]

Sant'An
a Filho
et al.
(1994)
[102]

Inflammator
y markers
(outcome)

CIC

IgG, IgM,
IgA, IgE

Matsus
hita et
al
(1998)
[89]

IL-1α, IL-1β,
IL-2, IL-6,
IL-8, TNF-α,
ITF-γ, GCSF, GMCSF

Minczy
kowski
et al
(2001)
[101]

H2O2 and
O2production
by
stimulated
and
unstimulate
d PMNs

Study
Design

CC

CS

CS

I

AP
(exposure)

Population
(N*/n**)

Adults
(45/40)

A

Adults
(8/†)

A

Adults
(10/6)

A

Adults
(20/20)

A/S
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Main results
Significant
increase of
CIC (78.8 %)
in AP
subjects
compared to
controls.
No statistical
difference in
serum levels
of IgG, IgM
and IgA
between
subjects
with AP and
control.
Significant
increase in
serum levels
of IgE in AP
subjects.
Serum
concentratio
ns of IL-1α,
IL-1β, IL-2,
IL-6, IL-8,
ITF-γ, G-CSF
were
undetectable
in subjects
with AP.
Only one
subject
(6.25%)
presented
high levels
of TNF-α and
GM-CSF.
Significant
increase on
H2O2 and
O2production
by
unstimulated
PMNs in AP
subjects
versus
controls at
baseline.
Significant
decrease on
H2O2 and
O2production
by PMNs

Limitations

Sample
size. CIC
are not
specified.

Limited
sample
size. Very
limited
sample
(N=3) for
IgE.

Sample
size.
Limited
data on
serum
levels of
inflammator
y markers.
Study
focused on
in vitro
bacterial
stimulation
of
cytokines.

Sample
size. PMN's
were
stimulated
in vitro.

Table 5 continued
Study

Cogulu
et al.
(2007)
[91]

Ren &
Malmst
rom
(2007)
[92]

De Soet
et al.
(2008)
[93]

Willers
hausen
et al.
(2009)
[9]

Inflammator
y markers
(outcome)

IgA, IgG

CRP

CRP, AGP,
neopterin

CRP,
leucocytes

Study
Design

CS

I

I

CC

AP
(exposure)

Population
(N*/n**)

Children
(44/57)

A/S

Adults
(14/10)

S

Children
(120/53)

A/S

Adults
(138/102 total)
(77/43 AMI
subjects)

A
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Main results
Significant
increase on
IgA (30.2%)
and IgG
(9.5%) in AP
compared to
healthy
subjects.
60% of
subjects
with AP
presented
increased
CRP at
baseline,
which is
significant
compared to
healthy
subjects.
Significant
decrease in
CRP levels
(78.8%
decrease)
after AP
treatment.
Significant
association
between AP
subjects and
high levels
of CRP
(OR=2.2, CI=
1.3-3.7) and
neopterin
(OR=2.7,
CI=1.4-5.2) at
baseline.

Nonsignifica
nt weak
correlation
between
CRP and AP.
No
relationship
between AP
and number
of
leucocytes.

Limitations

Sample
size.

Sample size
and dropoff rate
(28.6%) in
AP group at
follow-up.
Subjects in
groups
other than
AP were
obese
(BMI>33),
which is a
confounder.

Intervention
was not
specific for
AP,
including
full dental
treatment
(periodontal
, ATR, etc.).
Periodontal
disease is a
confounder.
Sample
consists
predominan
tly of males.
CRP levels
are shown
only
between
AMI group,
which is an
important
confounder.
Additionally
,
periodontal
disease is a
confounder.

Table 5 continued
Study

Cotti et
al.
(2011)
[77]

Inflammator
y markers
(outcome)

IL-1, IL-2,
IL-6, TNF-α,
ADMA

Study
Design

CC

AP
(exposure)

Population
(N*/n**)

Adults
(20/20)

n.r.

Main results

Limitations

Significant
increase in
serum levels
of IL-1, IL-2,
IL-6 and
ADMA in AP
subjects. No
difference in
TNF-α levels.

Sample
size.
Include
only males.
Good
method:
controlled
for
periodontal
disease,
tooth loss
an CV risk
factors.

(*) subjects with apical periodontitis.
(**) subjects in control group, without apical periodontitis.
(***) this study followed-up only 2 subjects of symptomatic AP group; thus it was considered a crosssectional study.
† = reference values were used to comparability at baseline.
n.r. = not reported in the study; AP = apical periodontitis; I = interventional study; CS = cross-sectional study;
CC = case-control study; S = symptomatic apical periodontitis; A = asymptomatic apical periodontitis;
NSRCT = non-surgical root canal treatment; SRCT = surgical root canal treatment; TE = tooth extraction;
CIC = circulating immune complexes; CRP = C-reactive protein; AAT = alpha-1-antitrypsin; AGP = alpha-1acid glycoprotein; AMG = alpha-2-macroglobulin; HPT = haptoglobin; C3 = complement C3 component;
CER = oxidase activity of ceruloplasmin; CTA = complement activity; NRC = neutrophil leucocyte-related
chemiluminescence; TNF = tumor necrosis factor; ITF = interferon; IL = interleukin; Ig = immunoglobulin; GCSF = granulocyte-colony stimulating factor; GM-CSF = granulocyte macrophage-colony stimulating factor;
BMI = body mass index; AMI = acute myocardial infarction; ATR = atraumatic restorative treatment; PMNs =
polymorphonuclear neutrophils; LIF = leukocyte migration inhibition factor; ESR = erythrocyte sedimentation
rate; ADMA = asymmetrical dimethylarginine.
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Selection
1 Representativeness of
the exposed cohort
2 Selection of the nonexposed cohort
3 Ascertainment of
exposure
4 Demonstration that
outcome of interest was
not present at start of
study
Comparability
1 Comparability of
cohorts on the basis of the
design or analysis
Outcome
1 Assessment of outcome
2 Was follow-up long
enough for outcomes to
occur
3 Adequacy of follow up
of cohorts (<20%)*
Total awarded stars

De Soet et al. (2008)
[93]

Ren & Malmstrom
(2007) [92]

Minczykowski et al.
(2001) [101]

Marton & Kiss
(1992) [88]

Marton et al. (1988)
[100]

Kettering &
Torabinejad (1984)
[98]

Svetcov et al. (1983)
[97]

Janicha (1983) [85]

NOS
criteria

Matlashenko (1968)
[83]

Table 6-Methodological quality assessment of cohort and
interventional studies according to NOS (Newcastle-Ottawa Scale)
criteria (N=9)
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*

*

*

*

*

*

*

*

*

*

-

*

*

*

*

*

*

*

*

-

-

-

*

-

*

7

7

6

4

4

4

6

6

8

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and
Exposure categories. A maximum of two stars can be given for Comparability.

(*> 20% of participants able to be recalled)
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Anil et al. (1993)
[94]

Sant'Ana Filho et al.
(1994) [102]

Matsushita et al.
(1998) [89]

Cogulu et al. (2007)
[91]

Willershausen et al.
(2009) [9]

Cotti et al. (2011)
[77]

Total awarded stars

Baumgartner et al.
(1992) [105]

Exposure
1 Ascertainment of
exposure
2 Same method of
ascertainment
for cases and
controls
3 Non-response
rate

Nevins et al. (1985)
[99]

Comparability
1 Comparability of
cases and controls
on the basis of the
design or analysis

Torabinejad et al.
(1983) [86]

Selection
1 Is the case
definition adequate
2
Representativeness
of the cases
3 Selection of
controls
4 Definition of
controls

*

*

*

*

-

*

*

*

*

*

*

-

-

-

*

-

-

-

-

-

-

*

-

-

-

-

-

-

-

-

-

-

-

*

*

*

*

*

*

*

*

*

*

*

*

*

**

**

*

**

-

**

**

-

**

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

n.a.

n.a.

4

4

7

Boucher, Hanrahan,
Kihara (1967) [82]

NOS
criteria

Stabholz, McArthur
(1978) [84]

Table 7-Methodological quality assessment of case-control and crosssectional studies according to NOS (Newcastle-Ottawa Scale) criteria
(N=11)

5

5

6

7

6

4

6

6

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and
Exposure categories. A maximum of two stars can be given for Comparability. (n.a.) = not applicable
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Table 8-List of inflammatory markers evaluated, type of AP, and
whether the difference to control is significant. [All symbols described at
the end of the table]
Inflammatory
marker

Study

Type of AP

Difference to control

Janicha (1983) [85]

A/S

Significant

Svetcov et al. (1983) [97]

S

Non-significant

Torabinejad et al. (1983)
[86]

A

Non-significant

Kettering & Torabinejad
(1984) [98]

S

Significant

Marton & Kiss (1992) [88]

A/S

Non-significant

Sant'Ana Filho et al. (1994)
[102]

A

Non-significant

Kosugi, Ishihara, Okuda
(2003) [90]

n.r

Non-significant

Cogulu et al. (2007) [91]

A/S

Significant

IgG
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Table 8 continued
Inflammatory
marker

Study

Type of AP

Difference to
control

IgM

Janicha (1983) [85]

A/S

Non-significant

Svetcov et al. (1983) [97]

S

Non-significant

Torabinejad et al. (1983) [86]

A

Non-significant

Kettering & Torabinejad
(1984) [98]

S

Significant

Marton & Kiss (1992) [88]

A/S

Significant

Sant'Ana Filho et al. (1994)
[102]

A

Non-significant

Boucher, Hanrahan, Kihara
(1967) [82]

A/S

Significant

Marton et al (1988) [100]

A/S

Significant

Marton & Kiss (1992) [88]

A/S

Significant

Ren & Malmstrom (2007)
[92]

S

Significant

De Soet et al. (2008) [93]

A/S

Significant

Willershausen et al. (2009)
[9]

A

Non-significant

CRP
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Table 8 continued
Inflammatory
marker

Study

CIC

Torabinejad et al. (1983)
[86]

A

Non-significant

Kettering & Torabinejad
(1984) [98]

S

Significant

Anil et al. (1993) [94]

A

Significant

Torabinejad et al. (1983)
[86]

A

Non-significant

Kettering & Torabinejad
(1984) [98]

S

Significant

Marton et al (1988) [100]

A/S

Significant

Marton & Kiss (1992) [88]

A/S

Significant

A

Non-significant

n.r.

Significant

A

Non-significant

n.r.

Significant

C3

IL-1

Type of AP

Matsushita et al (1998) [89]

Cotti et al. (2011) [77]

IL-2

Matsushita et al (1998) [89]

Cotti et al. (2011) [77]
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Difference to
control

Table 8 continued
Inflammatory
marker

Study

IL-6

Matsushita et al (1998) [89]

Type of AP

Cotti et al. (2011) [77]

Difference to
control

A

Non-significant

n.r.

Significant

IL-8

Matsushita et al (1998) [89]

A

Non-significant

TNF-α

Matsushita et al (1998) [89]

A

Non-significant

n.r.

Non-significant

Cotti et al. (2011) [77]

ITF-γ

Matsushita et al (1998) [89]

A

Non-significant

G-CSF

Matsushita et al (1998) [89]

A

Non-significant

GM-CSF

Matsushita et al (1998) [89]

A

Non-significant

Leucocytes /
White blood
cell count

Janicha (1983) [85]

A/S

Significant

Marton & Kiss (1992) [88]

A/S

Significant

Willershausen et al. (2009)
[9]

A

Non-significant
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Table 8 continued
Inflammatory
marker

Study

Release
of LIF by
lymphocytes

Stabholz, McArthur (1978)
[84]

A/S

Significant

Minczykowski et al (2001)
[101]

A/S

Significant

A

Significant

Janicha (1983) [85]

A/S

Significant

Neopterin

De Soet et al. (2008) [93]

A/S

Significant

AGP

De Soet et al. (2008) [93]

A/S

Non-significant

ADMA

Cotti et al. (2011) [77]

n.r.

Significant

AAT

Marton et al (1988) [100]

A/S

Significant

Marton & Kiss (1992) [88]

A/S

Significant

H2O2 and O2production by
stimulated and
unstimulated
PMNs
Alpha-2,
Gammaglobulin and
other protein
fractions

Type of AP

Matlashenko (1968) [83]
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Difference to
control

Table 8 continued
Inflammatory
marker

Study

Type of AP

Difference to control

Marton et al (1988) [100]

A/S

Significant

Marton & Kiss (1992) [88]

A/S

Significant

Janicha (1983) [85]

A/S

Significant

Marton et al (1988) [100]

A/S

Non-significant

Marton & Kiss (1992) [88]

A/S

Non-significant

Marton et al (1988) [100]

A/S

Significant

Marton & Kiss (1992) [88]

A/S

Significant

CTA

Marton & Kiss (1992) [88]

A/S

Significant

NRC

Marton & Kiss (1992) [88]

A/S

Significant

AMG

ESR

HPT

CER

AP = apical periodontitis; S = symptomatic apical periodontitis; A = asymptomatic apical periodontitis; CIC = circulating
immune complexes; CRP = C-reactive protein; AAT = alpha-1-antitrypsin; AGP = alpha-1-acid glycoprotein; AMG =
alpha-2-macroglobulin; HPT = haptoglobin; C3 = complement C3 component; CER = oxidase activity of ceruloplasmin;
CTA = complement activity; NRC = neutrophil leucocyte-related chemiluminescence; TNF = tumor necrosis factor; ITF =
interferon; IL = interleukin; Ig = immunoglobulin; G-CSF = granulocyte-colony stimulating factor; GM-CSF = granulocyte
macrophage-colony stimulating factor; PMNs = polymorphonuclear neutrophils; LIF = leukocyte migration inhibition factor;
ESR = erythrocyte sedimentation rate; ADMA = asymmetrical dimethylarginine.
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Meta-Analysis of Inflammatory Markers: AP Subjects Versus Healthy Controls
Out of the 5 studies evaluating IgA, results from 2 studies including 96 patients
were available for meta-analysis (Figure 5). Systemic IgA levels were significantly
higher in patients with AP compared to healthy controls (Z=3.18, p=0.001). Out of the 4
studies evaluating IgE, results from 3 studies including 84 patients were available for
meta-analysis (Figure 5). Heterogeneity was present (I2=73%) and systemic IgE levels
were not different in patients with AP compared to healthy controls (Z= 1.66, p=0.10).
Out of the 8 studies evaluating IgG, results from 5 studies including 310 patients were
available for meta-analysis (Figure 5). Heterogeneity was present (I2=68%) and systemic
IgG levels were significantly higher in patients with AP compared to healthy controls
(Z=2.09, p=0.04). Out of the 6 studies evaluating IgM, results from 3 studies including
105 patients were available for meta-analysis. Systemic IgM levels were significantly
higher in patients with AP compared with healthy controls (Z=5.84, p<0.00001).
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Figure 5-Meta-analysis results and forest-plots for IgA, IgE, IgG
and IgM: evaluation between AP patients versus healthy controls.
(*explanation at bottom)

IgA

IgE

IgG

IgM

*Squares= proportional to weights of the studies used in meta-analysis
Center of Diamond= summary pooled meta-analysis result
Lateral tips of Diamond=associated confidence intervals
Solid vertical line=Line of no effect
Horizontal line=represents the confidence interval of the individual study
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Meta-Analysis of Inflammatory Markers: AP Subjects Before and After
Intervention
Out of the 4 interventional studies evaluating CRP, results from 2 studies
including 75 patients were available for meta-analysis (Figure 6) and heterogeneity was
present (I2=86%). Out of the 3 interventional studies evaluating IgA, results from 2
studies including 86 patients were available for meta-analysis (Figure 4). Results from 2
interventional studies evaluating IgE including 28 patients were available for metaanalysis (Figure 6) and out of 4 interventional studies evaluating IgG, results from 3
studies including 81 patients were available for meta-analysis (Figure 6). Out of 4
interventional studies evaluating IgM, results from 3 studies including 81 patients were
available for meta-analysis. No significant differences were found in systemic levels of
CRP (Z=1.22, p=0.22), IgA (Z=0.63, p=0.53), IgE (Z=1.01, p=0.31), IgG (Z=0.32,
p=0.75) and IgM (Z=0.30, p=0.76) in patients with AP before treatment compared with
patients with AP after the intervention.
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Figure 6-Meta-analysis results and forest-plots for CRP, IgA,
IgE, IgG and IgM: evaluation between AP patients before
versus after treatment intervention
CRP

IgA

IgE

IgG

IgM
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AIM #4
Demographic and Clinical Parameters
In regards to number of remaining teeth, sites of attachment loss > 4mm, and
periodontal pocket depths > 5mm, there were no statistically significant differences
between the groups (p > 0.05).
It was found that patients in the atherosclerosis group had a significantly higher
number of carious coronal and root surfaces compared with control patients (p < 0.05).
The findings are listed in Table 9.

55

Table 9-VA Study Patient Demographics and Clinical
Findings
Variable

Mean + sd

F-value

p

# remaining teeth
CEA
Control

17.20 + 10.46
20.92 + 7.39

0.037

0.849

Carious surfaces
CEA
Control

7.20 + 5.33
2.54 + 1.98

5.758

0.026

sites Attachment loss > 4
CEA
11.56 + 10.18
Control
9.23 + 9.80

0.528

0.476

Pocket depths > 5
CEA
Control

0.001

0.981

2.0 + 3.97
1.38 + 3.38
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Serum Immunoglobulins to Endodontic Pathogens
When accounting for age as a covariate, serum levels of IgG (ng/ml) to
Fusobacterium nucleatum did not show a significant difference between the two groups
(ANCOVA, F=1.229, p=.28). In addition, when accounting for age as a covariate, serum
levels of IgG (ng/ml) to Parvimonas micra did not show a significant difference between
the two groups (ANCOVA, F=.016, p=0.90). The findings are listed in Table 10 and
shown in figure 7 and figure 8.
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Table 10-Serum IgG Levels to Endodontic Pathogens
Pathogen

Mean + sd (ng/ml)

F-value

p

1.229

.28

F. nucleatum
CEA

18855 + 56566

Control

52737 + 69125

P. micra
CEA

26458 + 37279

Control

74156 + 205568
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.016

0.90

Figure 7: Serum IgG -F. nucleatum
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Figure 8: Serum IgG -P. micra
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Discussion
Systemic inflammation appears to play an important role in the development of
many debilitating diseases including cardiovascular disease, among others [11, 12].
Many previous studies in the area of oral health and its connection to atherosclerosis have
focused on periodontal disease. Specifically, prevalent periodontal pathogens including
Aggregatibacter actinomycetemcomitans, Tannerella forsythia, Porphyromonas
gingivalis, and Prevotella intermedia have all been identified in atheromatous plaques
[4].
In the endodontic literature, a group of epidemiological studies have suggested an
association between endodontic disease and cardiovascular disease. A 2006 study by
Caplan’s group evaluated the incidence of patients with radiographic evidence of chronic
endodontic lesions and their association with coronary heart disease [7]. After adjusting
for appropriate covariates of interest, the study showed that chronic endodontic lesions
were associated with an increased risk of coronary heart disease in males under 40 years
of age (p < 0.05). A 2009 study also done by Caplan’s group showed that patients with a
history of endodontic therapy with 25 or more remaining teeth were at an increased risk
for coronary heart disease [8]. Another case-control study evaluated 125 healthy patients
and 125 patients who had experienced myocardial infarction and included the following
variables: periodontal index, number of teeth with previous endodontic treatment,
periapical radiographic lesions, and clinical attachment level [9]. The study showed that
patients who had experienced myocardial infarction had a less favorable dental health
state than their healthy counterparts. The authors also suggest an association between
chronic oral infections and myocardial infarction risk. The primary limitation to the
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aforementioned studies is that they are epidemiologic in nature. They lack any specific
biological evidence linking endodontic pathogens or endodontic pathosis to increases in
systemic inflammation or the formation of atheromatous plaques.
The goal of the series of studies presented here was to shed further light on the
potential relationship between periapical pathosis and atherosclerosis by looking for a
more direct level of evidence linking the two diseases. Through the application of a wellcontrolled animal model, we were able to investigate the influence of periapical lesion
development on the formation of atheromatous plaques. In addition, to our knowledge,
the present systematic review was novel in summarizing the available evidence in the
literature to explain whether patients with apical periodontitis in fact present
modifications in serum levels of inflammatory mediators. Admittedly, the increase in
serum levels of inflammation is indirect evidence of the relationship between the two
diseases, but given the infectious theory of atherogenesis, it seems to be a biologically
plausible relationship [106]. In order to evaluate potential differences in their serum
antibody levels to a group of the most common primary endodontic pathogens, the final
portion of this investigation sought to evaluate a cohort of patients with confirmed
diagnosis of advanced cardiovascular disease along with a group of healthy counterparts.
The results of aim #1 showed that atheromatous plaque sizes were different
among the groups analyzed, and difference was borderline significant ( p= 0.06). From
the results it was determined that within the limited sample size analyzed (N=8), there
was a very strong trend in the direction of larger atheroma size development in animals
with larger periapical lesion formation. A post-hoc power analysis indicated that the
power with four samples in each group was 46.2%. In order to reach the desired power
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of 80%, there would need to be 9 animals in each group (N=18). It could also be argued
that this data showed a clinically important relationship, as the average atheroma size in
the “EI” group was nearly double the average atheroma size in the “w/o pulp exposure”
group. In clinical terms, a doubling in atheroma size could have extreme consequences.
The results of aim #2 demonstrated that periapical lesion size in the
atherosclerosis susceptible mice did showed a statistically significant correlation with the
size of atheromatous plaques formed (r=.898, p=0.001). In this instance a post-hoc
power analysis indicated that with only one more subject, the correlation would have
become statistically significant among the groups. With this information in mind, it
appears that within the confines of this animal model, larger periapical lesion sizes lead
to larger atheromas. The implications of this finding are that chronic endodontic
pathosis shows a biological link to atherosclerosis. When these findings are paired with
previous findings which indicate that endodontic pathogens can make their way into
periapical lesions as well as atheromatous plaques [10], the argument for an association
between endodontic pathosis and atherosclerosis becomes coherent.
The results from aim #3 revealed that 16 of the 20 studies showed statistically
significant differences in levels of selected systemic inflammatory markers in subjects
with apical periodontitis (AP) compared to controls. In addition, AP was associated with
increased levels of CRP, IL-1, IL-2, IL-6, ADMA, IgA, IgG, and IgM in humans as
compared to the levels of these markers in humans without apical periodontitis. Though
there are limitations related to available studies, findings from this systematic review
revealed a generalized increase in systemic inflammatory markers in humans with AP
compared to controls. The present results reinforce the biological plausibility of an
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association between AP [7] and potential adverse cardiovascular outcomes. It is also
important to note that 31 different inflammatory markers were evaluated in these studies
which limited comparisons across the investigations. Heterogeneity was also present
concerning the type of AP (symptomatic, asymptomatic, or both). In this regard, studies
that examined symptomatic AP have shown the strongest evidence of an increase in
serum inflammatory markers [88, 92]. Accordingly, for the meta-analysis of AP
subjects before and after intervention, considerable variability was present related to the
treatment intervention (varying from tooth extraction to non-surgical root canal
treatment, surgical root canal treatment, prescription of antibiotics or drainage), which
limited the interpretation of the meta-analysis results. Moreover, the time after the
intervention also varied considerably from 7 days to 1 year, which may have contributed
to the difference in outcomes between studies. Possibly as a consequence of this
variability, no statistical difference was present in the meta-analysis for CRP, IgA, IgE,
IgG and IgM between AP patients before versus after treatment intervention.
The results of aim #4 showed that when controlling for age as a covariate, there
were no statistically significant differences among CEA patients and control patients with
regards to number of remaining teeth, sites of periodontal attachment loss > 4mm, or
number of periodontal pocket depths > 5mm. However, there was a statistically
significant difference between the groups regarding number of existing carious tooth
surfaces, with CEA patients have significantly more existing carious surfaces (F=5.758, p
= 0.026). From this information it can be deduced that being a CEA patient does not
have a large influence on numbers of remaining teeth, sites of periodontal attachment loss
> 4mm, or number of periodontal pocket depths > 5mm. Being a CEA patient does,
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however, show an influence on the number of existing carious surfaces. In addition, it
could be argued that the tooth loss in the CEA population is more likely a result of
endodontic involvement secondary to caries than periodontal involvement secondary to
advanced periodontal disease.
The analysis of serum IgG levels to the prevalent primary endodontic pathogens
F. nucleatum and P. micra did not reveal any significant differences between CEA
patients and control patients (p > 0.05). From this information, there does not seem to be
direct support for the hypothesis that serum levels to the most commonly reported
primary endodontic pathogens are higher in patients with diagnosed atherosclerosis
compared with control patients. It is worth noting that the standard deviations found in
each of the groups and species analyzed here were larger than the means, indicating a
large amount of variance within the samples. The immune-checkerboard assay used in
this study has been used in the periodontal literature in the past to analyze serum IgG
levels to periodontal bacteria [107]. It has also been used in the endodontic literature to
analyze serum IgG levels to endodontic pathogens [108]. In each of these studies the
immune-checkerboard assay results showed a large amount of variance with large
standard deviations in some of the groups. The latter study compensated for this by
excluding two samples that were more than 2 standard deviations from the mean. In the
present study, no samples were excluded.
The lack of a difference between the groups could be because there truly was no
difference in systemic levels of antibodies to endodontic pathogens between the groups.
However, it could also be that the particular endodontic pathogens chosen for analysis
were simply the incorrect pathogens. It may be that an entirely different group of
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pathogens are involved that were not analyzed in this study. The use of modern
technology such as pyrosequencing has been shown to allow for a more comprehensive
analysis of the bacteria involved in endodontic pathosis. In fact, a study performed at the
University of Maryland in 2010 revealed that pyrosequencing identified 179 bacterial
genera in 13 phyla in sampled endodontic infections [109]. In this study we analyzed two
species that have been cited historically among the most prevalent species recovered from
chronic endodontic infections by either molecular or culture methods. Though we
believe our rationale in choosing these particular species was sound, it is also
acknowledged that the analysis performed here was not likely to be a comprehensive
representation of the species involved in the development of endodontic pathosis.
Future studies in this area should focus on including patients with a diagnosis of
coronary artery disease and concurrent endodontic pathosis. In order to achieve the most
ideal serological analysis, molecular techniques should be employed in order to identify
bacteria recovered directly from the endodontic infection. Once these bacteria are
identified in each patient, the serum IgG levels to those specific bacteria can then be
analyzed in order to ensure that the appropriate pathogens are being analyzed.
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Conclusions
1. Exposure to endodontic pathogens leads to the development of periapical lesion
area that is associated with larger atheroma formation in an animal model

2. Periapical lesion size in atherosclerosis susceptible mice showed a significant
correlation with the degree of atheromatous plaque formation

3. Available evidence suggests that apical periodontitis is associated with increased
levels of CRP, IL-1, IL-2, IL-6, ADMA, IgA, IgG, and IgM in humans as
compared to the levels of these markers in humans without apical periodontitis

4. Available evidence does not suggest a difference in the levels of serum
inflammatory markers in humans with apical periodontitis before and after
treatment

5. Systemic antibody levels to the chronic endodontic pathogens Fusobacterium
nucleatum and Parvimonas micra are not significantly different between Carotid
stenosis patients undergoing endarterectomy and healthy control patients
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APPENDIX: AIM #1 and AIM #2 Raw Data
Group

Lesion Area (micrometers)

EI
EI
EI
EI
w/o pulp exposure
w/o pulp exposure
w/o pulp exposure
w/o pulp exposure

177681
92749
112167
78468
25639
48591
34932
44055
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MEAN µmol ORO/µg protein

117.2
55.1
62.3
63.5
45.6
53.5
56.3
30.9
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