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ABSTRACT 

 

Title of Thesis:  The Association between Endodontic Pathosis and Cardiovascular 

Disease:  A Systematic Review and Feasibility Study 

Name of Candidate: Jared Seltzer 
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Major Advisor:    Ashraf F. Fouad, B.D.S., D.D.S., M.S.  

Professor and Chairman, Department of Endodontics, 

Prosthodontics and Operative Dentistry Director, Postgraduate 

Endodontics 

 

Introduction: There have been many reports in the literature showing a potential 

relationship of periodontal disease and cardiovascular disease. The purpose of this study 

was to: (1) Conduct a systematic review of the literature, to evaluate the association 

between endodontic pathosis and cardiovascular disease, and (2) Develop the 

methodology for conducting a feasibility study to determine the association of endodontic 

pathosis and the presence of atherosclerosis leading to endarterectomy of the carotid 

artery  Methods: A literature search was conducted on MEDLINE via OVID using the 

following MeSH terms: Periapical diseases, Endodontics and Cardiovascular diseases. 

Hand searching was performed through 3 endodontic textbooks. A strict inclusion criteria 

was used: (1) Original human studies comparing endodontic disease and cardiovascular 

disease (2) Contains clinical and radiographic data (3) Studied confounding factors of 



	

	
 

Age, BMI and Smoking History (4) Published between 1948 and October 2011.  The 

sample size for each category of exposure and outcome was estimated using data from 

the articles. Results: The search identified a total of 190 published articles. A total of five 

articles met all the inclusion criteria. According to the Strength of Recommendation 

Taxonomy (SORT) grading system recently recommended by the Journal of Evidence 

Based Dental Practice, all five studies were classified as Level 2: limited-quality 

evidence. The results of this review showed substantial variations in methods and 

findings, which posed a problem in performing a meta- analysis. Four of the five studies 

found a significant association between endodontic pathosis and cardiovascular disease. 

The fifth study found a similar significant association before performing a multivariate 

analysis.  The prevalence of CHD was significantly higher in groups of 2 and greater than 

or equal to 3 periapical lesions when compared to no periapical lesions.  Conclusions: 

The findings of this study show an important association that deserves to have further 

study.  An well-designed study would involve patients scheduled for carotid 

endarterectomy will undergo full dental examinations.  Control patients will consist of 

varicose veins patients.  Patients who require endodontic therapy will have samples taken 

from the canal.  Samples from the carotid artery and canal will be examined for 10 

endodontic pathogens using PCR.   
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REVIEW OF THE LITERATURE 

Cardiovascular Disease 

Cardiovascular diseases are the number one cause of death globally according to 

the World Health Organization. Cardiovascular disease is any of a number of specific 

diseases that affect the heart itself and/or the blood vessel system such as myocardial 

infarction and atherosclerosis. Many risk factors have been identified for cardiovascular 

disease which include smoking, hypertension, diabetes and hyperlipidemia. (Kuhn and 

Rackley, 1993) Progression of atherosclerosis not only depends on the extent of risk 

factors but also their persistence over time. (Berenson et al., 1998) The known classic 

risk factors are not present in a large proportion of the population with atherosclerosis 

indicating that there may be other unidentified contributing factors. (Ross, 1999) 

Microorganisms and Atherosclerosis 

The infectious theory of atherogenesis hypothesizes that a localized infection 

initiates a chronic inflammatory response leading to the development and progression of 

atherosclerosis. (Mehta et al., 1998) In an in vitro experiment is has been shown that 

Chlamydia pneumoniae induces human macrophage or foam cell formation, a key event 

in early atheroma development, via chlamydial lipopolysaccharide, suggesting a role for 

C pneumoniae in atherogenesis  (Kalayoglu and Byrne, 1998).  Chlamydia pneumoniae 

has been identified in atherosclerotic plaques and an increased risk for cardiovascular 

disease has been seen in patients with high levels of anti-C. pneumoniae antibody. (Kuo 

et al., 1993) 
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Poor Oral Health and Atherosclerosis 

 
 In 1989, Mattila et al. published a case control study evaluating the association 

between poor dental health and acute myocardial infarction. (Mattila et al., 1989)  One 

hundred patients with acute myocardial infarction were compared to 102 matched control 

patients.  All patients were given a clinical “total dental index” score which assessed 

caries, periodontal disease, vertical bone pockets and pericoronitis.  Panoramic 

radiographs were assessed by giving patients a “pantomography index,” which was the 

sum of periapical lesions, furcation lesions, lesions caused by caries, vertical bone 

pockets and lesions cause by pericoronitis.  Both indexes were significantly higher in 

experimental versus control patients after multivariable logistic regression analysis.   

A prospective cohort study was performed by Destefano et al. evaluating 9760 

subjects with a median follow up of 14 years.  (DeStefano et al., 1993)  They found that 

the people with periodontitis had a 25% increased risk of coronary heart disease relative 

to those with minimal periodontal disease.  Poor oral hygiene was also associated with an 

increased incidence of coronary heart disease.  In men younger than 50 years at baseline 

periodontal disease was a stronger risk factor for coronary heart disease.   

Joshipura et al. performed a prospective cohort study to examine the incidence of 

CHD in relation to number of teeth present and periodontal disease. (Joshipura et al., 

1996)  Participants included a US national sample of 44,119 male health professionals, 

from 40 to 75 years of age, with no diagnosed CHD at baseline.  In the men who reported 

pre-existing periodontal disease, those with 10 or fewer teeth were at increased risk of 

CHD compared with men with 25 or more teeth.  No overall association between 
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periodontal disease and CHD were found.  Tooth loss was found to be associated with an 

increased risk of CHD. 

A few cross sectional studies have been performed to look at the association of 

poor oral health and cardiovascular disease.  A significant association exists between 

coronary heart disease and number of missing teeth, salivary levels of Strepococus 

sanguis and complaints of xerostomia.  (Loesche et al., 1998)  There is a significant 

association between periodontal disease and heart attack after multivariable logistic 

regression analysis. (Arbes et al., 1999)  Tooth loss and periodontal disease are associated 

with prevalent CHD, but only when both are present. (Elter et al., 2004) 

 More recently a systematic review and meta-analysis was published in the 

American Heart Journal.  (Bahekar et al., 2007)  Systematic review revealed that 5 

prospective cohort studies, 5 case-control studies, and 5 cross-sectional studies were 

eligible for meta-analysis.  Meta-anaylsis of the cohort study indicated individuals with 

periodontal disease (PD) had a 1.14 times higher risk of developing CHD than the 

controls.  The case-control studies showed an odds ratio of 2.22 with PD and CHD.  The 

prevalence of CHD in the cross-sectional studies was significantly greater in individuals 

with PD (OR 1.59).  The study concluded that both the prevalence and incidence of CHD 

are significantly increased in PD. 

It has been hypothesized that oral microorganisms including periodontal bacterial 

pathogens enter the bloodstream during transient bacteremias where they may play a role 

in the development and progression of atherosclerosis leading to CVD.  In a study by 

Haraszthy et al. 50 human specimens obtained during carotid endarterectomy were 

analyzed for the presence of  4 periodontal pathogens Actinobacillus 
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actinomycetemcomitans, Bacteroides forsythus, Porphyromonas gingivalis, and 

Prevotella intermedia by using PCR.  30% of the specimens were positive for T. 

forsythia, 26% P. gingivalis, 18% for A. actinomycetemcomitans, and 14% for P. 

intermedia.   (Haraszthy et al., 2000)  A similar study by Stelzel et al. looked at 26 

biopsies of aortic tissue and found bacterial DNA in 88.5% of the samples with 4 samples 

positive for P. gingivalis.  (Stelzel et al., 2002) 

Endodontic Disease and Bacteremia 

 In a study by Debelian et al., they looked at 26 teeth with pulpal necrosis and 

asymptomatic apical periodontitis (Debelian et al., 1995).  In 13 patients, root canal 

treatment was performed with instrumentation 2mm beyond the apex.  Blood samples 

were taken from the patients 10 minutes after treatment was completed.  Isolates from the 

root canal and blood had identical profiles which suggests that microorganisms for the 

blood had the root canal as its source.  Savarrio et el. found that in patients undergoing 

root canal therapy, 30% had a detectable bacteremia with conventional culturing.  

(Savarrio et al., 2005) 

Animal Studies 

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, a mouse model was 

used (Apo E -/-) to determine if endodontic pathogens invade periapical 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 
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type mice were included.  Bacterial inoculum consisting of Enterococcus faecalis, 

Porhyromonas gingivalis, Fusobacterium nucleatum and Treponema denticola was used.  

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 facalis or other enterococci were used.  When stained with probes for 

enterococci  10 of 11 specimens were positive in the periapical lesion.  However, only 

two out of 11 specimens were positive for E. faecalis in the lesions (p<0.01).  All 

experimental specimens had periapical lesions that were positive for fluorescence with 

the universal probe.  (Russo-Revand et al., 2009) 

 In another experiment, four 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.  A control Apo E -/- 

group was also included.  Innoculation 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.  Following euthanasia, blood was collected for analysis of C-reactive 

protein and antibodies to the inoculated bacteria.  There was a significant difference 

between the groups for all IgG groups and CRP (P<0.01, ANOVA)�ApoE IV group was 

significantly higher than all other groups in F. nucleatum IgG, P. gingivalis IgG, and S. 

intermedius IgG (P<0.01, Tukey HSD) ApoE IV group and ApoE Endo groups was 
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significantly higher than the ApoE control group in ORO staining (P=0.008, Tukey HSD) 

WT Endo group was significantly lower than the ApoE IV, ApoE Endo and ApoE Endo 

control groups in mean CRP levels. (P<0.04, Tukey HSD) PCR was positive in all groups 

for F. nucleatum and P. gingivalis; positive in all groups except for oral gavage (4/5) for 

S. intermedius; and negative in all groups for E. faecalis  This model shows that 

endodontic infection and infection via an IV route were equally capable of accelerating 

the progression of atherosclerosis. 

Collectively, these studies show that endodontic pathogens can invade the 

periapical tissues and appear in atheromatous plaques, possibly contributing to the 

progression of atherosclerosis.   However, it remains to be determined whether the 

findings in the animal model mimic the clinical situation in patients.  Specifically, it is 

not known whether 1) published studies support a link between endodontic 

pathosis/therapy and CVD; and 2)	bacteria from endodontic pathogens can be located in 

atheromatous plaques in patients with advanced atherosclerosis, such as patients 

undergoing endarterectomies. 
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AIMS 
 

Overall Aim:  To study the association of Endodontic Pathosis and Cardiovascular 

Disease 

Aim 1:  To conduct a systematic review of the literature, to evaluate the association 

between endodontic pathosis and cardiovascular disease 

Aim 2:  To develop the methodology for conducting a feasibility study to determine the 

association of endodontic pathosis and the presence of atherosclerosis leading to 

endarterectomy of the carotid artery 

a) Determine if endodontic pathosis is more prevalent in patients undergoing 

carotid endarterectomy procedures compared with age, gender and race matched 

healthy controls.   

b) Determine if carotid endarterectomy specimens contain a panel of specific 

endodontic bacterial pathogens.   

c) Determine whether atheromas obtained from patients during carotid 

endarterectomy and specimens obtained during endodontic treatment of chronic 

endodontic infections in the same patients may have a similar bacterial profile 
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HYPOTHESES 

Hypothesis	1	

HO: There is no significant association between endodontic pathosis and cardiovascular 

disease 

HA:  There is a significant association between endodontic pathosis and cardiovascular 

disease 

 

 

 

 

 

 

 

 

 

 

 

	
	



	

9	
 

MATERIALS AND METHODS OF SYSTEMATIC REVIEW 

Literature Search 

A computerized literature search was conducted by two investigators (J.S. and J.K.) using 

MEDLINE (1948–2011) via OVID on October 3, 2011.  Studies evaluating the 

association of endodontic pathosis and cardiovascular disease were identified. The 

MEDLINE search was performed using the MeSH terms “Periapical diseases” OR 

“Endodontics”.  A second search used the term “Cardiovascular diseases”.  The final 

search consisted of the articles containing the terms from the first AND second searches. 

Three textbooks including Pathways of the Pulp (Cohen and Hargreaves, 10th ed, 2010), 

Endodontics (Ingle, Bakland, and Baumgartner, 6th ed, 2008), and Dental Management 

of the Medically Compromised Patient (Little, Fallace, Miller and Rhodus, 7th ed, 2008) 

were hand- searched.  All available titles and abstracts were identified.  The reference 

lists from articles selected were also searched for additional relevant articles 

 

Inclusion and Exclusion Criteria 

The inclusion criteria included the following:  

(1) Original human studies evaluating the association of endodontic disease or treatment 

and advanced cardiovascular disease  

(2) Contains clinical and radiographic data  

(3) Studied confounding factors of Age, BMI and Smoking History  

(4) Published between 1948 and October 2011. 

(5) Articles written in English 

Exclusion Criteria: 
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(1) Articles not written English 

(2) Studies that did not study advanced cardiovascular disease 

(3) Studies which did not study all of the confounding factors 

 

Study Selection 
	
The articles were initially evaluated for relevance based on their titles and abstracts by 

two observers independently (J.S. and J.K.). When information from the title and abstract 

were ambiguous, full articles were scrutinized. Final decision about inclusion or 

exclusion was made by mutual agreement.  

 

Study Quality Rating 

All studies selected were assigned a quality rating score according to the Strength of 

Recommendation Taxonomy (SORT) grading system recommended by the Journal of 

Evidence Based Dental Practice.  Studies were rated in 3 categories (Level 1; good-

quality, Level 2; limited-quality, or Level 3; other evidence) on the basis of these criteria. 

 

Data Analysis 

The following data was collected from each of the studies:  name of authors, study 

population, assessment of endodontic pathosis, assessment of cardiovascular disease, and 

the variables controlled for.  The predictor variable was endodontic disease, which 

included both endodontic treatment and periapical lesions.  From each the studies, the 

raw data were obtained in terms of presence of endodontic variable and cardiovascular 
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outcome.  Tables were created combining the raw data from the studies so incidence and 

prevalence could be computed.  Case control studies and cross-sectional studies were 

combined together as were the cohort studies combined separately.  A variety of tables 

were created looking at periapical lesions alone, endodontic treatment alone, or both 

variables combined.  From these tables, graphs were created to show the prevalence and 

incidence of CVD in subpopulations of endodontic outcomes. 

 

The results of this review showed substantial variations in methods and findings, that did 

not allow for a meta-analysis to be performed.   
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STATISTICAL ANALYSIS 

Hypothesis 1: 

Chi-square, odds ratio and relative risk tests were used 
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RESULTS OF SYSTEMATIC REVIEW 

Study	Selection	

Applying the search terms, 190 articles were identified. After applying the 

inclusion and exclusion criteria, 5 articles remained eligible.  All 5 articles studied 

confounding factors of Age, BMI and Smoking History. 

The details of the 5 articles are summarized in Table 1.  The assigned study 

quality scores are also shown in this table.  Table 2 summarizes the conclusion of the 

studies.  Four of the five studies found a significant association between endodontic 

pathosis and cardiovascular disease.  The Frisk study found a similar significant 

association for bivariate but not multivariate analysis. 

Tables 3 and 4 represent combined data from the Frisk 2003 and Caplan 2009 

studies.  Theses tables look at the association of root-filled teeth and cardiovascular 

disease. Tables 5 and 6 represent combined data from the Frisk 2003 and Willershausen 

2009 studies.  These tables look at the association of periapical lesions and cardiovascular 

disease.  Tables 7 and 8 represent combined data from the Frisk 2003, Caplan 2009 and 

Willershausen 2009 studies.  These tables look at the association of endodontic pathosis 

and cardiovascular disease.  Periapical lesions and root-filled teeth are considered an 

exposure to endodontic pathosis.  The Frisk 2003 paper was used multiple times because 

is has data on both root-fillled teeth and periapical lesions.  Table 9 represents combined 

data from the Joshipura 2003 and Caplan 2006 studies.  This table looks at the relative 

risk of endodontic pathosis and cardiovascular disease.   
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Table 1.  Details of Studies Included in Systematic Review 

Reference	 Type	of	
Study	

Study	
Population	

Assessment	
of	
Endodontic	
Pathosis	

Cardiovascular	
Assessment	

Variables	
Controlled	

Study	
Quality	

Frisk	2003	 Cross‐
sectional	

1,056	
Women	
aged	38‐
84	y	

root‐filled	
teeth,	teeth	
with	
periapical	
destruction	

Subjects	with	
CHD	(those	
with	a	history	
of	angina	
pectoris	or	
myocardial	
infarction	

Number	of	teeth,	
Age,	Diabetes,	
Hypertension,	
Serum	cholesterol,	
Serum	
triglyceride,	BMI,	
WHR,	Smoking,	
Alcohol,	Life	
Situation,	Marital	
Status	

Level	2:	
limited‐
quality	

Joshipura	
2006	

Cohort	 34,683	
Male	
health	
profession
als	aged	
40‐75	y	

Number	of	
root	canal	
treated	
teeth	

CHD	(those	
with	nonfatal	
myocardial	
infarction	and	
fatal	coronary	
disease)	

Age,	Smoking,	
Family	history	of	
MI,	Physical	
Activity,	BMI,	
Hypertension,	
Hypercholesterole
mia,	supplement	
use,	Tooth	loss,	
Number	of	carious	
teeth,	Sugar	intake

Level	2:	
limited‐
quality	

Caplan	
2006	

Cohort	 708	Male	
VA	
patients	
aged	31‐
65	y	

Lesion‐
years	

Time	to	First	
Diagnosis	of	
CHD	(acute	
myocardial	
infarction,	
chronic	
ischemic	heart	
disease,	or	
angina	
pectoris)	

Education,	
income,	BMI,	
smoking,	diabetes,	
hypertension,	
triglycerides,	total	
cholesterol,	
number	of	teeth,	
mean	alveolar	
bone	loss	

Level	2:	
limited‐
quality	

Willershau
sen	2009	

Case	
control	

125	men	
and	
women	
aged	50‐
82	y	

Endodontic
ally	treated	
teeth,	apical	
lesions	

Acute	
myocardial	
infarction	

Age,	gender,	BMI,	
coronary	artery	
disease,	smoking,	
diabetes,	number	
of	missing	teeth,	
PSI	

Level	2:	
limited‐
quality	

Caplan	
2009	

Cross‐
sectional	

6,651	men	
and	
women		

Number	of	
root	canal	
treated	
teeth	

CHD Sex,	race,	ARIC	
study	center,	
income,	education,	
usual	source	of	
medical	care,	
usual	medical	care	
payment	
mechanism,	
number	of	teeth,	
carious	coronal		

Level	2:	
limited‐
quality	
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Table 2. Conclusion of studies 

Reference	 Conclusion Association
(Frisk	et	al.,	2003)	 Multivariate	logistic	regression	analysis	did	not	

prove	the	endodontic	variables	to	be	predictive	
of	CHD.		Bivariate	logistic	regression	analysis	
showed	a	positive	significant	association	
between	patients	with	RF	=2	and	CHD	

No	for	multivariate	
analysis	

Yes	for	bivariate	analysis	

(Joshipura	et	al.,	
2006)	

Multivariate	analysis	showed	a	significant	
association	between	history	of	RCT	and	CHD	in	

dentists	only	

Yes,	only	among the	
dentist	subpopulation	

(Caplan	et	al.,	2006)	 Multivariate	Cox	regression	model	showed	an	
association	between	lesion‐years	and	CHD	risk	

among	those	≤	40	years	old	

Yes,	only	among patients
40	years	or	younger	

(Willershausen	et	al.,	
2009)	

Multiple	logistic	regression	analysis	showed	that	
patients	with	AMI	had	a	statistically	higher	
number	of	apical	lesions	compared	to	control	

patients	

Yes	for	apical	lesions

(Caplan	et	al.,	2009)	 Multivarible	regression	models	showed	that	
among	participants	with	25	or	more	teeth,	those	
with	a	greater	self‐reported	history	of	ET	were	

more	likely	to	have	CHD	than	were	those	
reporting	no	history	of	ET	

Yes	among	patients with	
25	or	more	teeth	

 
 
 
 
 
 
 
 
 

and	root	surfaces,	
filled	coronal	and	
root	surfaces,	
periodontal	
attachment	loss	
4mm	or	greater	
and	PD	of	5mm	or	
greater,	BMI,	
diabetes,	
hypertension,	
smoking	history,		
LDL,	HDL,	use	of	
aspirin	or	
cholesterol	
lowering	
medications	

Table 1 (continued).  Details of Studies Included in Systematic Review 
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Table 3: Association between History of Root-filled Teeth and CHD (n=7,486) 
 

No. of root-filled teeth Has CHD Does not have CHD Total 
>2 170 (6.9%) 2,304 (93.1%) 2,474 (100%) 
1 90 (5.9%) 1,436 (94.1%) 1,526 (100%) 

0 (reference) 218 (6.3%) 3,268 (93.7%) 3,486 (100%) 
Total 478 7,008 7,486 

Combined data from (Caplan et al., 2009; Frisk et al., 2003) 
Frequencies and percentages were estimated from the source articles 
Chi-square test = 1.69 (2 degrees of freedom); p-value = 0.43 
Odds ratio estimates = 1.11 (0.90, 1.36) and 0.94 (0.73, 1.21) vs. the reference group 
 

Figure 1:  Odds of having CHD according to Number of Root-filled Teeth 
 

 
 
 

Table 4: Association between History of Root-filled Teeth and CHD 
 

No. of root-filled 
teeth 

Has CHD Does not have CHD Total 

>1 260 (6.5%) 3,740 (93.5%) 4,000 (100%) 
0 (reference) 218 (6.3%) 3,268 (93.7%) 3,486 (100%) 

Total 478 7,008 7,486 
Combined data from (Caplan et al., 2009; Frisk et al., 2003) 
Frequencies and percentages were estimated from the source articles 
Chi-square test = 0.19 (1 degree of freedom); p-value = 0.66 
Odds ratio estimate = 1.04 (0.86, 1.25) vs. the reference group 
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Table 5: Association between History of Periapical Lesions and CHD 

 
No. of periapical 

lesions 
Has CHD Does not have CHD Total 

>3 22 (45.8%) 26 (54.2%) 48 (100%) 
2 31 (32.6%) 64 (67.4%) 95 (100%) 
1 41 (18.1%) 185 (81.9%) 226 (100%) 

0 (reference) 100 (15.0%) 567 (85.0%) 667 (100%) 
Total 194 842 1,036 

Combined data from (Frisk et al., 2003; Willershausen et al., 2009) 
Frequencies and percentages were estimated from the source articles 
Chi-square test = 41.40 (3 degrees of freedom); p-value = <0.001 
Odds ratio estimates = 4.80 (2.61, 8.80) and 2.75 (1.70, 4.43) and 1.26 (0.84, 1.87) vs. the 
reference group 
 

Figure 2:  Odds of Having CHD according to Number of Periapical Lesions 
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Table 6: Association between History of Periapical Lesions and CHD 
 

No. of periapical 
lesions 

Has CHD Does not have CHD Total 

>1 94 (25.5%) 275 (74.5%) 369 (100%) 
0 (reference)  100 (15.0%) 567 (85.0%) 667 (100%) 

Total 194 842 1,036 
Combined data from (Frisk et al., 2003; Willershausen et al., 2009) 
Frequencies and percentages were estimated from the source articles 
Chi-square test = 17.15 (1 degree of freedom); p-value = <0.01 
Odds ratio estimate = 1.93 (1.41, 2.66) vs. the reference group 
 

Table 7: Association between Number of Exposures to Endodontic Pathosis and CHD  
 
No. of exposures to 
endodontic pathosis 

Has CHD Does not have CHD Total 

>2 223 (8.5%) 2394 (91.5%) 2617 (100%) 
1 131 (7.5%) 1621 (92.5%) 1752 (100%) 

0 (reference) 318 (7.7%) 3835 (92.3%) 4153 (100%) 
Total 672 7850 8,522 

Combined data from (Caplan et al., 2009; Frisk et al., 2003; Willershausen et al., 2009) 
Frequencies and percentages were estimated from the source articles 
Chi-square test = 2.16 (2 degrees of freedom); p-value = 0.34 
Odds ratio estimates = 1.12 (0.94, 1.34) and 0.97 (0.79, 1.20) vs. the reference group 
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Figure 3:  Odds of having CHD according to Number of Exposures to Endodontic 
Pathosis 

 

 
 

Table 8: Association Between Number of Exposures to Endodontic Pathosis and CHD 
 

No. of exposures to 
endodontic pathosis 

Has CHD Does not have CHD Total 

>1 354 (8.1%) 4015 (91.9%) 4369 (100%) 
0 (reference) 318 (7.7%) 3835 (92.3%) 4153 (100%) 

Total 672 7850 8,522 
Combined data from (Caplan et al., 2009; Frisk et al., 2003; Willershausen et al., 2009) 
Frequencies and percentages were estimated from the source articles 
Chi-square test = 0.58 (1 degree of freedom); p-value = 0.45 
Odds ratio estimate = 1.06 (0.91, 1.24) vs. the reference group 
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Figure 4:  History of Oral Infection and CHD Prevalence 
	

	
	
	

Table 9: Association between History of Exposure to Endodontic Pathosis and CHD  
 

Incidence 
 

Exposure to 
endodontic pathosis 

Develops CHD Does not develop 
CHD 

Total 

Yes 580 (4.6%) 12164 (95.4%) 12744 (100%) 
No (reference) 861 (3.8%) 21786 (96.2%) 22647 (100%) 

Total 1,441 33,950 35,391 
Combined data from (Caplan et al., 2006; Joshipura et al., 2006) 
Frequencies and percentages were estimated from the source articles 
Chi-square test = 11.72 (1 degree of freedom); p-value = <0.01 
Relative Risk estimate = 1.20 (1.08, 1.33) vs. the reference group 
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DISCUSSION FOR SYSTEMATIC REVIEW AND INTRODUCTION FOR 

FEASIBILITY STUDY 

To our knowledge, this is the first systematic review of the association between 

endodontic pathosis and cardiovascular disease.  The results of the systematic review 

found that there are a limited number of studies in the endodontic literature evaluating the 

association of endodontic pathosis and cardiovascular disease.  All of these studies have 

found some association between endodontic disease/treatment and cardiovascular 

disease.  We are still in a very early stage in our understanding of this relationship and 

further research is necessary.  It is important to recognize that in these studies, a large 

sample size is required to take into account the many variables that may be contributing 

to the disease process. 

The studies found in the systematic review have different definitions of exposure.  

Some studies used history of endodontic therapy as an outcome measure (Caplan et al., 

2009; Frisk et al., 2003; Joshipura et al., 2006) while other studies used periapical lesions 

as an outcome measure. (Caplan et al., 2006; Frisk et al., 2003; Willershausen et al., 

2009)  All of these studies vary considerably in methods and findings which made it not 

possible to perform a meta-analysis. 

 The results from this study did not find a difference in the prevalence of CHD in 

patients with a history of endodontic therapy versus patients with no history of 

endodontic therapy.  When looking at history on a dose response chart, people with 1 RF 

had a lower prevalence of CHD when compared to people with 0 RF.  Using history of 

ET is an imperfect approximation of endodontic disease.  ET is used to treat acute as well 

as chronic infection.  ET is also sometimes performed for restorative rather than 
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endodontic reasons.  Lack of history of ET does not mean the patient never had 

endodontic inflammation as the teeth may have been extracted.  Endodontic therapy 

represents treatment rather than disease and could be associated with elimination or 

persistence of disease. 

 When looking at tables 5 and 6, the prevalence of CHD is higher in patients with 

periapical lesions versus patients with no periapical lesions.  Also, there appears to a dose 

response relationship as the prevalence increases as the number of periapical lesions 

increase.  When looking at the group of 3 or greater periapical lesions, an odds ratio of 

4.80 (2.61, 8.80) was evident.  Periapical lesions are a better endodontic outcome to 

measure when trying to study the association of endodontic pathosis and cardiovascular 

disease.  Periapical lesions represent a chronic inflammatory process from an endodontic 

etiology. 

 The results of this study suggest that there is an association of the cardiovascular 

disease and the periapical lesions in a dose dependent manner.  The results did not find an 

association between cardiovascular disease and the history of endodontic therapy.   

The literature suggests there is an association that should be further investigated. 

This is a topic very important from a public health perspective.  A better understanding of 

the connection between cardiovascular disease risk and endodontic infection is needed.  

Clinical studies at higher levels of evidence should be perfomed.   

We hypothesize that chronic oral infection may be associated with progression 

and development of atherosclerosis.  To further test this hypothesis our group wanted to 

come up with a novel study to further evaluate the association of endodontic pathosis and 

atherosclerosis.  Prior studies suggest that there may be an association but do no address 
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the possibility that endodontic pathogens may be located in atheromatous plaques.  The 

studies from this systematic review use control patients that may not be appropriate.  We 

wanted to have a study that would evaluate the cardiovascular health of the control group 

to see if they have healthy carotid arteries.   

 This review of the literature compelled our group to propose a clinical study to 

evaluate the association of endodontic pathosis and cardiovascular disease.  We decided 

that a clinical study should be performed with the experimental group of patients 

consisting of patients scheduled for a carotid endarterectomy procedure.  These patients 

were chosen because they have advanced cardiovascular disease and the CEA specimens 

obtained could be used for microbial analysis as this has already been performed in the 

periodontal literature (Haraszthy et al., 2000; Stelzel et al., 2002).   

We also determined what would be an appropriate clinic to perform the study in.  

We first choose the university hospital to obtain patients for this study.  After 

collaboration with the vascular surgeon, it was determined that many of these patients 

would be in-patients and there is no dental clinic in the university hospital.  We then 

choose the VA hospital because they have a vascular surgery clinic with patients being 

regularly scheduled for this procedure, and there is a dental clinic present in the VA 

hospital so patients never have to leave the building. 

We then tried to determine what would be an appropriate control group for this 

study.  We first chose age-, race- and gender-matched dental patients.  These patients 

were ruled out because dental patients inherently have a higher incidence of dental 

disease and level of cardiovascular disease is unaccounted for.  We then thought that 

Arrhythmia / Pacemaker patients would be an appropriate control.  These patients were 



	

24	
 

ruled out due to these patients having a high incidence of other serious systemic diseases.  

Aneurysm patients were ruled out because aneurysm patients have a higher incidence of 

periodontal disease.  Congenital heart defect patients were ruled out because these 

patients are mostly younger and would not be in the age range of the experimental group.  

We finally decided that venous disease patients would be an appropriate control group. 

These patients were selected because they fall into the age range of the experimental 

group and are less likely to have atherosclerotic disease. 

The proposed study is a novel study never performed in the endodontic literature.  

It would build on the epidemiological studies which suggest that chronic endodontic 

infections may be associated with cardiovascular disease.  The study would assess 

whether endodontic pathogens are found in endarterectomy specimens.  The hypothesis 

suggested is important, innovative and could significantly impact the endodontic field. 

Our group performed a feasibility to study to determine what sample size would 

be adequately powered to satisfy aim 2a.  Two different power analyses were performed 

for a case-control design to determine the appropriate sample size, one based on a 1:1 and 

one on a 1:5 case:control ratio.  The effect size used was based on epidemiological 

studies showing the association of cardiovascular disease and endodontic pathosis 

(Caplan et al., 2006).  After discussion with the head of vascular surgery, control patients 

are equally as difficult to obtain as controls as we are looking for a very specific type of 

patient.  A 1:1 (case:control) power analysis was selected because of the difficulty in 

locating both cases and controls. The total sample size required would include 1,168 

patients divided evenly between the cases and controls assuming a 1.4 odds ratio, alpha 

0.05 and power of 80%.   The 1.4 odds ratio was chosen as its most similar to the hazard 
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ratio in the Caplan’s 2006 study.  The following protocol is what would be required to 

partake in such a study. 
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MATERIALS AND METHODS OF FEASIBILITY STUDY 

Subject Recruitment and Selection 

Two groups of patients will be recruited in this study:  The first group of patients will 

have a clinical diagnosis of carotid stenosis and are scheduled for carotid endarterectomy 

at the Baltimore VA Hospital.  These patients will be recruited from the vascular clinic.  

They will be informed of the study including its overall objective, purpose, length of 

study, study procedures and risks.  Patients with carotid stenosis who are scheduled for 

CEA are eligible to take part in the study.  After consent and carotid surgery at which 

time an endarterectomy specimen will be removed and stored per protocol instructions 

for bacterial analysis by the dental team, subjects will be scheduled for a dental 

examination to determine whether they have endodontic infections.  The examination will 

involve a clinical examination, panoramic radiograph, and specific periapical radiographs 

and pulp testing of teeth suspected to have infections and/or teeth with previous 

endodontic treatment.  Criteria for which teeth to pulp test include any teeth with 

discoloration of crown, history of trauma, deep isolated probing defect and any tooth with 

was restoration within 3 mm of pulp space, any sinus tracts, pain to percussion or 

palpation and/or swelling consistent with an acute periapical abscess.  We anticipate that 

approximately 30% of patients will have periapical lesions related to at least one tooth.  

(Buckley and Spangberg, 1995) 

The second group of patients is the control group which will also be selected from the 

vascular clinic of the VA hospital, Baltimore.  These subjects however will have normal 

carotid arteries but will have venous disease including DVT and varicose veins.   
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Confounding variables that will be considered when comparing experimental and control 

patients will include:  life situation, marital status, smoking, alcohol habits, body mass 

index, waist-hip ratio, serum cholesterol and triglyceride concentrations, and 

hypertension.  (Frisk et al. 2003) 

 

Screening visit   

Patients with high grade carotid stenosis scheduled for CEA (Carotid endarterectomy) 

and a control group of patients with normal carotid arteries but with venous disease will 

be informed about the study.  If willing to participate, they will be consented into the 

study. 

Patient with carotid stenosis will undergo the CEA surgery at which time a specimen of 

the plaque will be removed and stored per protocol instructions for bacterial analysis by 

the dental team.  Control patients with normal carotid arteries but with venous disease 

will be scheduled for their first dental visit after obtaining their consent.  Control patients 

are worked up in the vascular clinic and different cardiovascular risk markers are 

evaluated (HDL, LDL). 

 

Dental visit(s) 

During the first dental visit, medical history, demographics, oral dental examination, 

panoramic x-rays of the teeth, specific periapical x-rays if needed and pulp testing of 

teeth suspected to have endodontic infections.  If no endodontic infection is found the 

subject will undergo serum sampling and their participation in the study will be complete.  

Serum Sampling is performed to determine if key cultivable microorganisms from 
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endodontic infections in patients with atherosclerosis undergoing endarterectomy have 

systemic antibody levels to these microorganisms that exceed those in control patients.  It 

is also performed to determine if there is a dose response between the number and size of 

periapical lesions and the levels of systemic antibodies to endodontic pathogens, in 

atherosclerotic patients with endodontic infections and control patients.  Serum sampling 

is also performed to determine CRP levels, which is a characteristic blood inflammation 

marker.  HbA1c levels are also obtained to determine if the patient may have diabetes. 

The first visit will take about 1 hour.   

The number of dental visits scheduled for a patient following his Carotid surgery will 

vary from 1-3 visits depending on whether he has been diagnosed with endodontic 

infection.   

If subject has endodontic infection and agrees to receive treatment he will be scheduled 

for two additional dental visits.  At these visits endodontic treatment or retreatment and 

sampling will be performed.  A requirement for inclusion in the sampling group is that 

the endodontic treatment or retreatment is the standard of care for the patients. The 

specimen removed for bacterial analysis is for research study. The second and third 

dental visit will take about one and a half hours each. 

 

Inclusion Criteria 

-  The patient will be middle aged or older adults with atherosclerosis  

-  The group with carotid stenosis will have patients who have undergone an 

endarterectomy procedure within the preceding 2-4 weeks and from whom an 

endarterectomy sample has been obtained 



	

29	
 

-  The control group will have normal renal arteries but will have venous disease 

including DVT or varicose veins 

 

Exclusion Criteria 

-  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 compromises the immune system 

 Smoking will not be an exclusion criteria, but will be registered and quantified for 

all patients 

 Anyone who has been taking antibiotics in the preceding month or require 

prophylactic antibiotics before dental/surgical treatment 

 Women who state that they are pregnant at the time of initial treatment 

 

The proposed study plans for 60 subjects to be screened to obtain 40 subjects divided 

between two groups.  This number was selected due to time constraints and limited 

number of patients that can be evaluated. 
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Periodontal Classification 

Every patient will be defined as having periodontal disease or not having periodontal 

disease.  The classification system is from a paper by L. N. Borell used to classify the 

prevalence and trends of periodontitis in the USA.  A periodontitis case is defined as a 

person who has at least 3 sites with a clinical attachment loss ≥ 4 and at least 2 sites with 

probing depths ≥ 3.  Theses conditions do not need to be present in the same site or tooth.  

(Borrell et al., 2005) 

 

Microorganism selection  

The root canals will be evaluated for the presence of 10 microorganisms that have 

frequently been isolated from root canals with necrotic pulp. Our selection of the bacteria 

is based on the following criteria: organisms that are highly prevalent in root canals with 

necrotic pulp (Fusobacterium nucleatum, Parvimonas micra), organisms that are 

frequently found in patients with symptomatic endodontic infections (Prevotella 

intermedia, Prevotella nigrescens, Porphyromonas gingivalis, and Porphyromonas 

endodontalis), an organism that have been detected in root canals from patients who have 

failed endodontic treatment (Enterococcus faecalis.), and organisms that are prevalent in 

patients with severe periodontitis and that have been identified in root canals by 

molecular techniques (Treponema denticola and Tannerella forsythia).  Chlamydia 

pneumonia will also be investigated as it was shown to be prevalent in atheromatous 

plaque (Nandakumar et al., 2008).  Table 10 shows the bacteria selected with the primers 

for PCR. 
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Table 10 Oligonucleotide primer pairs used with PCR conditions. 

Target Primers (5’ to 3’)*  Annealing 

Temp 

Size (bp) Reference 

Fusobacterium 

nucleatum 

AGA GTT TGA TCC 

TGG CTC AG 

GTC ATC GTG CAC 

ACA GAA TTG CTG 

60˚C  

 

360 (Siqueira and 

Rocas, 2004) 

Parvimonas  

micra 

TCG AAC GTG ATT 

TTT GTG GA 

TCC AGA GTT CCC 

ACC TCT 

55˚C  

 

1074 (Siqueira and 

Rocas, 2004) 

Prevotella 

intermedia 

TTT GTT GGG GAG 

TAA AGC GGG 

TCA ACA TCT CTG 

TAT CCT GCG T 

55˚C 575 (Siqueira and 

Rocas, 2004) 

Prevotella 

nigrescens 

ATG AAA CAA AGG 

TTT TCC GGT AAG 

CCC ACG TCT CTG 

TGG GCT GCG A 

55˚C 804 (Siqueira and 

Rocas, 2004) 

Porphyromonas 

gingivalis 

AGG CAG CTT GCC 

ATA CTG CG 

ACT GTT AGC AAC 

TAC CGA TGT 

60˚C  

 

404 

 

(Siqueira and 

Rocas, 2004) 
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Porphyromonas 

endodontalis 

GCT GCA GCT CAA 

CTG TAG TC 

CCG CTT CAT GTC 

ACC ATG TC 

60˚C  

 

672 (Siqueira and 

Rocas, 2004) 

Enterococcus 

faecalis 

GTT TAT GCC GCA 

TGG CAT AAG AG  

CCG TCA GGG GAC 

GTT CAG  

60°C 310 (Nandakumar 

et al., 2007) 

Treponema 

denticola 

TAA TAC CGA ATG 

TGC TCA TTT ACA T 

TCA AAG AAG CAT 

TCC CTC TTC TTC TTA

60˚C 316 (Siqueira and 

Rocas, 2004) 

Tannerella 

forsythia 

GCG TAT GTA ACC 

TGC CCG CA 

TGC TTC AGT GTC 

AGT TAT ACC T 

60˚C 641 (Siqueira and 

Rocas, 2004) 

Chlamydia 

Pneumonia 

(Nested PCR) 

Outer: 

GAA GGT TGC TCC 

ACT GAT ATG 

AGT GAG TTC TAC 

CAG TTC ATC 

Inner: 

AGA CCA TCA AGC 

52˚C 729 (Nandakumar 

et al., 2008) 

Table 10 (continued) Oligonucleotide primer pairs used with PCR conditions. 
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AGT CAT TAA A 

GTG GAG TTG ATG 

TAT TGA 

*The top primer is the sense primer and the bottom primer is the antisense primer. 

 Atheromatous Plaque Sampling 

1. Pipette 800 ul buffer TBS (Kit 1, D) into a supplied 5 mL Sample Container (Kit 1, E). 

Supply the surgeon with filled containers for tissue samples. The tissue area to be 

analyzed is approximately 2 cm2  cut into 4 equal pieces.  1 piece is sent for immediate 

DNA extraction and the other 3 are saved for storage.   

2. Transfer the specimen into a buffer TSB- filled container from above. 

3. In a Sample Tube (ST, Kit, B) pipette 180 ul of buffer PKB. 

4. Transfer the specimen form the 5 mL container to a sterile support (use a sterile Petri 

Dish). Cut the specimen into small pieces by using a sterile scalpel or preparation 

scissors. 

5. Then transfer the cut specimen to the ST tube with PKB and add 20 ul of Enzyme K 

6. Vortex the ST tube a full speed for 15 seconds and incubate at 56 C and 1,000 rpm for 

10 minutes.  

7. Then transfer original TBS solution for Sample container to ST tube. 

 

Periodontal Sample Collection 

Periodontal samples are to be obtained to determine if pathogens detected in the atheroma 

are possibly of periodontal origin. A sample of the pocket of 3 teeth is collected using a 

sterile paper tip point.  First the cotton pliers were heated under a Bunsen burner.  Then, a 

Table 10 (continued) Oligonucleotide primer pairs used with PCR conditions. 
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sterile paper point was grasped with the cotton pliers.  The paper point tip was inserted 

into the pocket for 10 s, then transferred to a sterile tube.  A combination of supragingival 

and subgingival plaque is collected.  This process was repeated two more times.  Teeth 

with areas of moderate plaque accumulation were selected for sampling.  This usually 

included the lingual of one of the mandibular molars. 

 

Endodontic Sample Collection 

The technique for sample collection was as follows: following isolation of the tooth 

involved with a rubber dam, the field will be disinfected with 30% H2O2 and then 5% 

tincture of iodine. Caries and/or existing restorations, if present, will be removed, and 

then the cavity wiped with a sterile cotton pellet moist with 5.25% NaOCl, with care that 

it does not seep into the canal. The halogen disinfectants are then inactivated with 5% 

sodium thiosulfate. The pulp chamber will then be accessed with a new sterile bur. If 

purulence or serous fluid is present in the canal, this will be directly sampled with three 

size fine paper points. Otherwise, sterile saline will be deposited in the canal, making 

sure that it does not overflow. A size 15 to 30 file (depending on the canal size) will be 

used to negotiate the canal to the estimated length.  If the canal is very calcified, Gates 

Glidden burs sizes 2 and 3 are used so that the paper point could penetrate to a depth 

close to the estimated canal length. Six fine paper points are then used to obtain the 

sample. The last two paper points will be left in the canal for 30 s. In multicanaled teeth, 

two paper point samples will be obtained from each canal unless the canals were very 

calcified, in which case sampling of the canal in the root with the largest periapical lesion 

and the largest canal will be done.   
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DNA extraction 

1. Pipette 250 ul buffer of CM to the ST tube containing the sample. Vortex at full speed 

for 15 seconds then let stand for 5 minutes. 

Buffer CM is a chaotropic buffer that lyses the human cells.  

2. Briefly centrifuge to clear the lid. Pipette 250 ul buffer DB1 to the ST tube. 

3. Then pipette 10 ul of MoIDNase B to the lysate in the ST tube. Vortex immediately for 

15 seconds and let stand for 15 minutes. 

During this step the nucleic acids released from human cells are degraded  

4. Centrifuge the ST tube in a bench top microcentrifuge at 13,200 rpm for 10 minutes. 

Then carefully remove the supernatant by pipetting 

Human cell debris and potentially present pathogen cells are sedimented. 

5. Pipette 1 mL of buffer RS to the sediment and resuspend by vigorous vortexing. 

Depending on the specimen, the sediment may contain residues of solid material, thus 

resupension may take some time. 

6. Centrifuge the ST tube in at 13,200 rpm for 5 minutes. Then carefully remove the 

supernatant by pipetting. 

This washing technique removed any residual MoIDNase B activey, chaotrope and part 

of the PCR inhibitors. 

7.  The sample is then placed in box and label S-B specimen’s steps 1-11. Specimen is 

then placed in -20C freezer until analysis continues. 

8. Pipette 80 ul buffer RL to the ST tube. Resuspend the sediment by vigorous vortexing. 

Briefly centrifuge to clear the lid. 
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9. Pipette 20 ul BugLysis directly into the extract in the ST tube and then add 1.4 ul Beta-

mercaptoethanol. Vortex the tube for 15 sec. and incubate at 37 C and 1,000 rpm for 30 

minutes. Store the used Buglysis vial in -20 C freezer for up to 4 days.  

The cell walls of the potentially present bacteria and fungi are degraded. 

10. Briefly centrifuge ST tube. Add 150 ul buffer RP to the ST tube. Then pipette 20 ul 

Proteinase K directly to the extract in the ST tube. Vortex the ST tube for 15 sec. and 

incubate at 56 C and 1000 rpm for 10 minutes. Store the used Proteinase K vial in -20 C 

freezer for 4 days.  

11. Briefly centrifuge the ST tube and pipette 250 ul CS buffer into it. Vortex tube at full 

speed for 15 sec.  

Cells are lysed and protein is denatured. 

12. Briefly centrifuge the ST tube.  Pipette 250 ul binding buffer AB to the ST tube. 

Vortex the tube at full speed for 15 sec. 

13. Briefly centrifuge the ST tube and transfer the lysate to the Spin Column ( SC; kit 

1,C) pre-assembled in a 2.0 Ml collection tube by pipetting .***Tissue protocol: Do not 

transfer potentially present undigested material. Pulse centrifuge or vortex vigorously, 

then centrifuge at 13,000 rpm for 1 minutes. *** 

At this point nucleic acids bind to the matrix 

14. Remove the closed spin column from the centrifuge. Open the lid and remove the 

spin column and place into a new supplied 2.0 mL collection tube (CT; kit 1, C). Discard 

collection tube containing flow-through. Pipette 400 ul buffer WB to the Spin column. 

Close the lid and centrifuge at 13,000 rpm for 60 sec.  



	

37	
 

15. Remove the closed spin column for the centrifuge. Open the lid, remove the spin 

column and place into a new supplied 2.0 mL collection tube (CT; kit 1, C) Discard the 

collection tube containing the flow-through. Pipette 400 ul of buffer WS to the spin 

column. Close the lid of the spin column and centrifuge at 13,000 rpm for 3 minutes. 

Now all salts are removed and the column matrix is dried.   

16. Carefully remove the close spin column for the centrifuge. Avoid splashing of the 

flow-through to the spin column. Remove the spin column from the collection tube and 

place into a sterile 1.5 mL elution tube (ET; kit 1, c). Discard the collection tube 

containing the flow-through. 

17. Pipette 100 ul of buffer ES heated to 70C. Close the lid of the spin column incubate 

for 1 minute. Thereafter centrifuge at 13,000 rpm for 1 minute to elute the DNA. Finally 

remove the spin column form the elution tube and close the lid. Discard the spin column.  

18. If analyzing same day store at 4 C or at -20C for further use. Make sure to avoid 

frequent thaw-freeze cycles.  

 

PCR amplification of rDNA genes 

Preparation of mastermixes for samples.  

1.  Thaw the vials H2O, 2.5x MA Bac, 2.5x MA Yeasts and DS (DNA staining solution; 

keep in dark) to room temperature. Vortex vials for a few seconds and briefly centrifuge 

to sediment the solution. Place all vials in a cooling rack. Place the MoITaq 16S in the 

rack. **After use, do not freeze DS, store at 4 C in the dark. ** 

2.  Place PCR Tubes into a PCR cooling rack and mark. Per assay, PCRs have to be run 

for each sample and the following controls. 2 PCR positive controls (P1, P2), 1 PCR 
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negative control (NC) and an internal control for the sample eluate (IC) and a reference 

(ICw). This ICw is used as a reference control with DNA-free water instead of eluate 

which is run only once per set of analyses. 

3.  Use a 1.5 mL vial and pipette supplied 2.5x concentrated master mix MA Bac, H2O, 

DS and MolTaq 16S into it. Vortex the tube to mix and briefly centrifuge. Use another 

1.5 mL vial and repeat steps for MA Yeasts if needed.  

4.  Pipette 20 ul each of the PCR-ready mastermix MA Bac into PCR tubes labeled S, P1, 

P2, and NC. Also label tubes IC and ICw to be filled later in the protocol. Also add 5 ul of 

DNA free-water into tube NC. Close all PCR caps and repeat with MA Yeast if 

necessary.  

5.  Place the PCR tubes in another cooling rack and then transport to place where DNA is 

handled.  

Loading of samples  

Open PCR tubes S and IC and pipette 5 ul each of respective eluates of the sample. Close 

the tubes and transport to the UV workstation. 

Preparation of mastermixes MA IC and loading of PCR positive controls. 

1.  Thaw H2O, 2.5x concentrated mastermixes MA IC and DS to room temperature. 

Vortex vials for a few seconds and briefly centrifuge. Place all vials in a cooling rack. 

Place MolTaq 16s in the rack. Again do no freeze DS keep in dark at 4 C. 

2.  Use a 1.5 mL vials and pipette supplied 2.5x concentrated mastermix MA IC, H2O, 

DS and MolTaq 16S into it and then vortex tube and centrifuge to mix.  
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3.  Pipette 20 ul each f the PCR ready mastermix into the tube IC and ICw. Pipette 5 ul 

DNA- free water into the tube ICw. 

4.  Loading of PCR positive controls P1 and P2. Open tube P2 freshly prepared (see 

below on how to do this). Withdraw 5 ul of the solution and close the tube, then pipette 

into PCR tube marked P2 and close the tube. Repeat the procedure with P1. Make sure to 

keep all tube chilled in cooling rack until placing into PCR cycler.  

Prepare the PCR positive controls at a place where DNA is handled. Thaw standard DNA 

P1 and DNA dilution buffer (Kit 4). Vortex the P1 vial and pulse centrifuge. Pipette 998 

ul of DNA dilution buffer into an 1.5 mL eppendorf tube, add 2 ul DNA standard P1 and 

vortex to mix. 

PCR thermocycling:  

Initial denaturation: 94 C for 4 minutes 

Cycling:  40 cycles of 94 C for 5 seconds, 55 C for 5 seconds, 72 C for 25 seconds.  

 

Gel Electrophoresis: 

1.  Prepare a gel in 1X TAE buffer. Place the gel in a tray, transfer into the chamber and 

fill with freshly prepared 1x TAE running buffer as  instructed by the manufacturer. 

2.  Remove 8 ul of the PCR reaction mixture of the assay by pipetting and mix with 2 ul 

of the gel loading solution (LS) in a 1.5 mL vials. Mix by pipetting in and out several 

times.  

3.  Pipette the mixture (10 uL) into an indentation of the gel. Into one lane alongside 

those containing samples and controls (IC,  ICw, P1, P2, NC) load by pipetting 5 ul of 
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supplied SM.  Store the DNA size marker at 4 C in the dark until further use, no re-

freezing.  

4.  Make sure to cover the gel with buffer. Close the chamber and run the gel at 300V for 

approximately 30 to 45 minutes.  

5.  Remover the gel and place under UV lamp to document and photograph.  
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RESULTS OF FEASIBILITY STUDY 

Sample size and amount of time required 

20 patients per group (a total of 40) is expected for the study.   This sample size was 

chosen to complete to study within a reasonable amount of time and would generate pilot 

data to promote a more large scale study.  There are usually 2-4 patients scheduled per 

month for a CEA procedure at the VA.  There are more control patients available then 

experimental patients.  Approximately half of the patients scheduled do not meet the 

inclusion criteria.  Total time required to complete the study would be approximately 15 

months. 

 

Personnel Required 

Vascular Surgeon- Surgeon to perform the CEA. 

Medical Study Coordinator – Person required to inform investigators that a patient is 

ready to be consented into the study.  There are usually few opportunities to obtain 

consent from the experimental patients before the CEA procedure.  This must be done 

before otherwise the CEA specimen may not be obtained.  It is important to have good 

communication 

Phlebotomist- Person required to obtain serum sample which occurs durentc the first 

dental visit  

Figure 5 discusses the timeline of events for experimental patients.  Table 11 shows the 

variables collected for all patients.  Table 12 shows the data collected so far on all 

patients. 
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Figure 5:  Timeline of Events for Experimental Patients 

 

 

 

Table 11:  Variables Collected for all Patients 

Demographic Variables 
Age (in years) Continuous 

Sex 1= Male 
2 = Female 

Race 1 = Caucasion 
2 = African American 

3= Asian 
4 = American Indian or Alaska Native 

5 = Other 
Income 1= >35k 

2= <35k 
Education 1= Some High School 

2 = HS Diploma 
3 = Bachelor’s 

4 = Grad 
Usual Medical Source 1 = Private 

2 = HMO 
3 = Walk-in 
4 = Hospital 

Patient	Scheduled	for	
CEA

Consent	Obtained

CEA	Performed	and	Specimen	obtained

First	Dental	Visit	(Demographics,	Dental	
Exam,	Periodontal	Sample	and	Serum	

Sample)

Additional	Dental	Visits	if	necessary	
(Endodontic	therapy	initiated	and	

endodontic	sample	obtained,	Endodontic	
therapy	completed	next	visit)
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Usual Payment Source 1 = Health Insurance 
2 = Medicare 
3 = Medicaid 

4= VA 
Marital Status 1 = Married 

2 = Single 
3 = Divorced 

Medical History Information 
Body Mass Index (kg/m2) 1 = Height 

2 = Weight 
3 = Waist 

Diabetes 1 = Yes 
2 = No 

Hypertension 1 = Yes 
2 = No 

Use of Aspirin or Cholesterol Meds 1 = Yes 
2 = No 

Smoking History 1 = Current 
2 = 0-5 years ago 

3 = 5-10 years 
4 = >10 years 

Fasting HDL Continuous 
Fasting LDL Continuous 

Triglycerides (mg/dL) Continuous 
CRP Level Continuous 

HbA1c Continuous 

Dental Information 

Cold Test 1 = Normal 
2 = Exaggerated 

3 = Lingering 
4 = No response 

EPT 1= Positive 
2= Negative 

Radiographic Exam Number of PARLS 

Percussion 1 = Positive 
2 = Negative 

Palpation 1 = Positive 
2 = Negative 

Table 11 (continued):  Variables Collected for all Patients 
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Diameter of lesions (mm) Continuous 

Number of remaining teeth Continuous 

Number of previously treated teeth 1 = With PARL 
2 = Without PARL 

Carious and coronal root surfaces Continuous 

Sites of attachment loss >/= 4mm Continuous 

Perio Pocket Depths >/= 5mm Continuous 

 

 

  

Table 11 (continued):  Variables Collected for all Patients 
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Patient CEA # 2 CEA # 4 Cont # 8 Cont # 9 

Age 83 64 54 44 

Sex Male Male Female Male 

Race Caucasian Caucasian Caucasian Caucasian 

Income <35k >35k >35k >35k 

Education HS Diploma HS Diploma Bachelor's Private 

USUAL Medical 
Source Hospital Hospital Hospital Private 

USUAL Payment 
Source VA VA VA Health Insurance 

Marital Status Married Divorced Divorced Widow 

Body Mass Index 
(kg/m2) 26.1 35.31 23.5 33.59 

Diabetes No No No Yes 

Hypertension Yes Yes Yes No 
Use of Aspirin or 

Cholesterol No Yes No No 

Meds >10 years ago Current Never Never 

Fasting LDL 63 21 119 105 

Fasting HDL 50 33 91 28 

Triglycerides 127 353 107 338 

Cold Test All Normal All No Response All Normal All Normal 

EPT All Not Done All Positive All Not Done All Not Done 

Percussion All Negative # 13 and 14 Positive All Negative # 14 and 20 Positive 

Palpation All Negative All Negative All Negative All Negative 
Radiographic 

Exam Absence of PARL Absence of PARL Absence of PARL 3 
Diameter of 

Lesions 0 0 0 16mm 

Number of 
Remaining Teeth 24 18 29 24 

Number of 
Previously Treated 

Endo Teeth 0 0 0 2 With PARL 2 Without PARL 

Carious Coronal 
and Root Surfaces 4 16 0 2 

Filled Coronal and 
Root Surfaces 39 10 0 40 

Sites of 
Attachment loss 

>/= 4 8 35 3 8 
Perio Pocket 

Depths >/= 5 0 10 0 0 

CRP Level 

HbA1c 5.5 5.9 4.9 8.9 
 

	 Table 12 (continued):  Data Collected on Patients 
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Patient CEA # 3 Cont # 5 Cont # 4 Cont # 3 

Age 66 61 41 84 

Sex Male Male Male Male 

Race Caucasian African American African American African American 

Income <35k <35k <35k <35k 

Education HS Diploma HS Diploma Grad 
Some High 

School 

USUAL Medical 
Source Hospital Hospital Hospital Hospital 

USUAL Payment 
Source VA VA VA VA 

Marital Status Divorced Divorced Single Single 
Body Mass Index 

(kg/m2) 21.36 29.52 

Diabetes No Yes No No 

Hypertension Yes Yes No Yes 
Use of Aspirin or 

Cholesterol Yes Yes No Yes 

Meds Current 0-5 years ago Never Current 

Fasting LDL 88 95 85 93 

Fasting HDL 33 44 43 20 

Triglycerides 132 49 60 178 

Cold Test 
# 5 

Exaggerated All Normal # 3 No Response edentulous 

EPT All Positive All Not Done All Not Done edentulous 

Percussion # 5 Positive All Negative # 19 and 20 Positive edentulous 

Palpation All Negative All Negative All Negative edentulous 
Radiographic 

Exam 
Absence of 

PARL Absence of PARL Absence of PARL edentulous 
Diameter of 

Lesions 0 0 0 0 
Number of 

Remaining Teeth 2 19 25 0 

Number of 
Previously 

Treated Endo 
Teeth 0 0 1 Without PARL 0 

Carious Coronal 
and Root 
Surfaces 6 4 2 0 

Filled Coronal 
and Root 
Surfaces 0 18 12 0 

Sites of 
Attachment loss 

>/= 4 0 2 1 0 
Perio Pocket 

Depths >/= 5 0 0 0 0 

CRP Level <5.0 7.3 <5.0 

HbA1c 5.9 6.8 4.5 5.8 

	 Table 12 (continued):  Data Collected on Patients 



	

47	
 

 
Patient CEA # 1 Cont # 1 Cont # 2 

Age 70 42 50 

Sex Male Male Male 

Race Caucasian Caucasian African American 

Income >35k <35k >35k 

Education Grad HS Diploma HS Diploma 

USUAL Medical 
Source Hospital Hospital Hospital 

USUAL Payment 
Source VA VA VA 

Marital Status Divorced Single Married 

Body Mass Index 
(kg/m2) 

Diabetes No No Yes 

Hypertension Yes No Yes 
Use of Aspirin or 

Cholesterol Yes No Yes 

Meds Current Never Never 

Fasting LDL 75 70 170 

Fasting HDL 45 41 39 

Triglycerides 88 49 198 

Cold Test Normal Normal #31 No Response 

EPT 
All Not 
Done All Not Done 

# 31 No 
Response 

Percussion 
All 

Negative All Negative # 31 Positive 

Palpation 
All 

Negative All Negative # 31 Positive 

Radiographic Exam 2 Absence of PARL 2 

Diameter of Lesions 0 

Number of 
Remaining Teeth 30 28 24 

Number of 
Previously Treated 

Endo Teeth 
1 With 
PARL 0 0 

Carious Coronal and 
Root Surfaces 0 3 0 

Filled Coronal and 
Root Surfaces 11 11 8 

Sites of Attachment 
loss >/= 4 23 4 8 

Perio Pocket Depths 
>/= 5 1 0 0 

CRP Level 5 12.2 

HbA1c 6 5.7 9.9 

	 Table 12 (continued):  Data Collected on Patients 
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Summary of Data Collected 

We have collected data on 11 patients as of now (7 control patients and 4 experimental 

patients).  2 patients were excluded from the study:  1 patient for being edentulous and 1 

patient not wanting to consent to the study. 
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DISCUSSION 

The study proposed in aim 2 is a novel and significant proposal never performed 

in endodontics before.  The three aims are related but not dependent on each other.  

Significant time and resources are required to partake in such a study.  Collaboration with 

periodontists and vascular surgeons were required to determine an appropriate control.  

The study in aim 2a would require aid of a dental epidemiologist.  IRB approval is also a 

time consuming process and the VA requires additional approval.  It is important to state 

that this a correlative study and cannot show causation. 

Some of the limitations of this study are it will not detect a statistical difference 

for aim 2a.  PCR only identifies species-specific nucleic acid sequences.  These assays do 

not detect intact bacterial cells from target endodontic pathogens nor do they determine is 

such cells are viable.  It is possible that nucleic acid sequences from degraded bacterial 

cells have non-specifically accumulated in the atheromas occluding these patients’ 

carotid arteries.  So a positive reaction may not indicate that the endodontic pathogens 

contributed. 

Having a sample size of 40 is a reasonable number of patients to have in the 

study.  Obtaining an appropriate number of CEA patients is the limiting factor as there 

are usually 2-3 patients per month.  However, not all patients meet the inclusion criteria.  

The amount of time required to complete the study can take anywhere from 18-24 

months. 

Using varicose veins patients appears to be an appropriate control.  One limitation 

we do run across is that some of these patients have abnormal levels of cardiovascular 

serum markers which indicates the patient may have cardiovascular disease.  One way to 
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control for this is in the analysis.  Another way to control for this is to exclude control 

patients from the study who have these abnormal levels of markers.   

The research proposal would help determine if there is a link between endodontic 

bacterial pathogens and atheromas, which is very important from public and oral health 

perspectives.  It could have a significant impact on our understanding of endodontic 

infections and their potential impact on systemic health. The study would also hopefully 

generate pilot data, which would help encourage a more large-scale study. 
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CONCLUSIONS 

 Based on the current data, the studies appear to be in favor of a positive 

correlation between cardiovascular disease and endodontic pathosis.  Periapical lesions 

are significantly associated with cardiovascular disease with a dose-response effect.  The 

proposed study could help further enhance our knowledge of the association of 

atherosclerosis and endodontic pathosis. 
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