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An infection focus is defined as a pathological
process showing the potential of exerting a patho-

logical effect on regions beyond its immediate envi-
ronment (Berger, 1997; Meurman, 1997). Both inflow

of bacteria and their toxins into the circulation and al-
lergic reactions or vegetative disorders have been dis-
cussed as pathogenetic mechanisms (Gill and Scully,
1990; De Nardin, 2001; Gilon et al, 2002). Differenti-
ation can be made between different foci according to
their potential risk for bacteraemia. In dentistry, dif-
ferentiation is possible between a potential focus such
as a periapical granuloma, an apical periodontal cyst
and a retained root and facultative foci such as devi-
talised teeth and marginal periodontopathy (Bottomly
et al, 1972; Chow et al, 1987; Gill and Scully, 1990;
Gilon et al, 2002).

The problem of dentogenic focus identification and
treatment prior to scheduled organ transplant proce-
dures has been discussed controversially in the litera-
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Purpose: Odontogenic infection sources represent a predisposing risk factor for patients with cardiac valvular disease (CVD)
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Study design: The incidence and quality of odontogenic infection sources (foci) were evaluated on 152 consecutive patients
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Discussion: Although the overall incidence of odontogenic infection sources did not differ between the patients with and with-
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with MVR and with the healthy CG. Cardiologists and cardiac surgeons play an important role in organising oral rehabilitation
of patients scheduled for valve replacement.
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ture. Some authors recommend a radical approach
with extraction of all devitalised teeth (Kirkpatrick and
Morton, 1971; Eigner et al, 1986), with the most ex-
treme approach proposed by Bottomly and colleagues
(1972), who suggest removal of all teeth even in 
cases lacking oral hygiene. In obvious contrast, Eigner
et al (1986) only recommend removal of those teeth
showing definite periapical foci or cyst-like lesions.

Disseminated dentogenic foci are considered as in-
fection sources and may contribute to inflammatory
valvular heart disease (Chow et al, 1987; Gill and Scul-
ly, 1990; Waal, 1994; Terezhalmy et al, 1997). The
well-known antibiotic screening of patients with car-
diac defects undergoing treatment of dentogenic dis-
orders is of similar importance (Thornton and Alves,
1981; Nissen et al, 1992; Fang et al, 1993; Bauern-
schmitt et al, 1998; Dyson et al, 1999; Meurman et al,
2003). Thus, routine dentogenic focus detection has
become an established procedure in surgical depart-
ments involved in valve replacement surgery in order
to eliminate any potential infection foci prior to the
scheduled valve replacement (Zuckermann et al,
2002; Lassnig et al, 2004). Detection and treatment
of foci in oral dentistry is part of the evaluation pro-
gramme intended to avoid post-operative complica-
tions. Chronic oral infections have been suggested,
contributing to the pathogenesis of artherosclerosis
and consequently to coronary heart disease (Beck,
1998; Janket et al, 2003, 2004). Although several in-
vestigations have documented a relationship between
oral status and coronary heart disease, there is pauci-
ty in the literature reporting on the oral status and car-
diac valve diseases (Beck, 1998; Janket et al, 2004;
Khader et al, 2004).

The present study was intended to evaluate the in-
cidence of potential (high risk factors) or facultative
(possible risk factors) odontogenic infection sources
as well as the presence of periodontal disease (PD) in
patients scheduled for cardiac valve replacement. In
addition, the study was to assess any differences in
the incidence rates of dentogenic infection foci and PD
between non-cardiac patients and with patients sched-
uled for cardiac valve replacement.

Particular interest was focused on the incidence of
odontogenic infection sources of patients awaiting dif-
ferent types of valve replacement surgery, aortic or mi-
tral valve replacement. Based on the incidence found
and the quantitative and qualitative type of oral surgi-
cal interventions performed, the importance of inter-
disciplinary responsibility in oral rehabilitation was
evaluated. For this purpose, the importance of early
evaluation of dentogenic treatment options was also
discussed.

MATERIALS AND METHODS

This study included 152 consecutive patients (study
group, SG) who were scheduled for cardiac valve 
replacement at the Department of Surgery I (Cardio-
thoracic Surgery), General Hospital Wels, Austria. The
patients (91 male, 61 female) were additionally sub-
divided into an aortic valve replacement (AVR) group
and a mitral valve replacement (MVR) group. Patients
with dual valve replacement group (AVR+MVR) or tri-
cuspidal or pulmonal valve replacement were exclud-
ed due to the small number of patients. In addition,
150 age- and gender-matched patients (control group,
CG) from the same catchment area and with no evi-
dence of heart valve disease, who were admitted to
the same hospital, were recruited. All patients includ-
ed in study gave informed consent. The study design
was approved by the ethics commitee of the General
Medical Hospital, Wels, Austria.

For all patients (302) the following general data
were collected: age, gender, number of teeth, and car-
diovascular risk factors, such as history of smoking
and diabetes mellitus. All patients were also admitted
to the Department of Oral Surgery for pre-operative
screening for oral pathological risk factors/dental in-
fection sources (foci).

Oral pathological risk factors were evaluated using
a maxillofacial radiological and a specific clinical in-
vestigation. For detecting gross pathologic processes
such as cysts, retained teeth, retained roots and peri-
apical granuloma, the orthopantomogram (OPT) was
usually sufficient for a basic radiographic examination
(Flint et al, 1998). Although OPT (Orthophos, Siemens,
Erlangen, Germany) was primarily used for detecting
foci in this study, additional detailed dental films were
also taken in special or doubtful cases.

Clinical oral assessment included the quantitative
evaluation of presence of teeth, dental infection
sources (foci) as well as the presence of periodontal
disease. In general, dental foci were grouped into po-
tential foci (high risk sources with potential infection)
and facultative foci (possible risk factors but not evi-
dent). Potential foci included clinical and/or radi-
ographical discernable acute/chronic apical peri-
odontitis as well as cysts and retained roots. Faculta-
tive foci included any devitalised teeth with asympto-
matically sufficient or insufficient endodontic treat-
ment, or asymptomatic impacted teeth.

The incidence of dentogenic infection sources (num-
ber of potential and facultative foci) was evaluated
and compared between the SG and the CG. The inci-
dence of dentogenic infection sources was additional-
ly compared between the CG and the subsets of the SG
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(AVR and MVR groups).
Simple periodontal parameters (plaque index, pock-

et depth, bleeding index, bleeding on probing) (Löe
and Silness, 1963; Mombelli et al, 1987) were mea-
sured to evaluate the presence of PD. The summari-
sation of the obtained parameters assessed the sever-
ity of the PD using a simple grading scale from 0–3 (O
= absent PD, 1 = mild PD, 2 = moderate PD, 3 = se-
vere PD). The severity of PD was compared between
the SG and the CG. Additionally PD was compared be-
tween the CG and the patient’s subsets with different
heart valve diseases (AVR and MVR).

In cases of oral surgical interventions, surgical tooth
or root removal was distinguished from root resection,
removal of retained/impacted teeth and maxillary si-
nus endoscopy. PD treatment included simple oral hy-
giene instructions and performance as well as ad-
vanced treatment modalities such as root scaling and
open flap debridement (OFD). Post-operative follow-up
also included evaluation of post-operative complica-
tions such as bleeding and wound infection.

All data collected were tabulated and summarised
with means and standard deviations. The Student 
t-test was used to compare the means. Non-paramet-
ric data were analysed for statistical significance using
the chi-square test. A p-value of <0.05 was taken as
the level of statistical significance.

RESULTS

General characteristics of the SG (heart valve disease)
and the CG (non-heart valve disease) are listed in Table
1a. The groups were well matched with respect to age,
gender and socioeconomic risk factors. However, the
heart valve disease group had, on average, fewer teeth,
and also the proportion of diabetic subjects and the in-
cidence of nicotine abuse were higher than in the CG.

The subdivision of the SG presented 108 patients
with isolated AVRs and 44 patients with isolated
MVRs. The average age of the patients with AVR was
63.2 ± 10.7 years (41–77 years), while the patients
with MVR were younger [53.5 ± 8.9 years; 43–64
years, not significant (NS)]. Regarding their oral status,
the patients with scheduled MVR showed a signifi-
cantly higher number of teeth than the patients with
AVR (15.3 ± 6.2 vs. 13.6 ± 6.9 teeth/patient respec-
tively; p<0.05, Table 1b).

Table 2a shows the overall incidence of potential
and facultative dentogenic foci in the SG and CG (NS).
In total, 218 potential dentogenic infection sources
(foci) were identified in 87/152 (57%) of valve re-
placement patients (76 AVR, 11 MVR) and 151 poten-
tial foci were seen in 72/150 (48%) non-cardiac 
patients (NS, Table 2a). The incidence of facultative 
foci and of PD did not differ between the SG and CG
(Table 2a).

Table 2b shows the details of AVR and MVR 
patients. Overall, 218 potential foci were found in 87
patients having isolated AVR and MVR. The incidence
of potential foci/patients was significantly higher in 
patients with AVR (70.4%) than in patients without
heart valve disease (CG 48%) and among patients with
MVR (25.0%, p<0.05, Tables 2a and 2b).

In the group of aortic valve recipients (n = 108), 185
out of 218 potential foci were counted in a total of 76
patients, representing an average frequency of 1.7
teeth with periapical pathology per valve recipient 
patient (Table 2b). In contrast, the mitral valve recipi-
ents (n = 44) included only 11 patients with an overall
33 foci, representing an overall number of 0.8 teeth
with chronic periapical periodontitis per patient (Table
2b).

The poor oral health of the patients with AVR was
best reflected by the ‘number of infection sources 
(foci) per cardiac valve’ (1.7 vs. 0.8 for MVR) (Table 2b).
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Table 1a  General characteristics of the study and 
control group

Table 1b Patient data evaluated for patients (n = 152)
scheduled for cardiac valve replacement [aortic valve
replacement (AVR) or mitral valve replacement (MVR)]

Study group Control group

Patients (n) 160 150
Age (years) 57.2 ± 8.9 59.5 ± 10.2
Men, n (%) 91 (57%) 94 (63%)
Women, n (%) 69 (43%) 56 (37%)
Dentition (n) 14.8 ± 6.7 16.3 ± 5.2
Nicotine abuse 64 (45.3%) 53 (29.5%)
Diabetes mellitus 25 (20.3%) 18 (6.8%)

AVR MVR

Patients (n) 108 44
Age (years) 63.2 ± 10.7 53.5 ± 8.9
Men, n (%) 68 (63%) 23 (52%)
Female, n (%) 40 (37%) 21 (48%)
Dentition (n) 13.6 ± 6.9 15.3 ± 6.2
Nicotine abuse 49 (45.3%) 13 (29.5%)
Diabetes mellitus 22 (20.3%) 3 (6.8%)
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The reduced oral status of patients with AVR is also
supported by the increased number of oral risk factors
such as smoking and diabetes (Table 1a).

Fig 1 shows the quantitative distribution of potential
dentogenic foci relative to the isolated valve replace-
ments (AVR and MVR) performed.

The incidence rate (n = 116) of facultative sources
of infection was also significantly different between re-
cipients of aortic valve group (60.2%) and the control
group (40.6%) as well as between aortic valve (60.2%)
and mitral valve groups (31.8%; p <0.05, Tables 2a
and 2b). However, when evaluated on an individual ba-
sis, patients with aortic valve replacement (0.8 facul-
tative foci/cardiac valve) showed no increased fre-

quency of facultative infection foci as compared with
patients with mitral valve replacement (0.6 facultative
foci/cardiac valve) (Table 2b). The incidence of pres-
ence of PD differed significantly between AVR (60.2%)
and MVR (31.8%, p<0.01) and between AVR and pa-
tients without heart valve disease  (60.2% vs. 39.3%,
p<0.05). The severity of the PD was not different be-
tween the two subgroups of the study group (AVR score
1.7 ± 0.6, vs. MVR score 1.6 ± 0.5)

Overall, the 152 patients with AVR and MVR had
268 oral surgical interventions including 135 
removals of a tooth or root remnants and 46 removals
of a retained/impacted tooth. In 74 and 12 cases re-
spectively, apicoectomy and maxillary sinus en-
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Table 2a  Incidence of dentogenic infection sources in the study (AVR, MVR
heart valve disease) and control group (non-heart valve disease)

Study group Control group
(n = 152) (n = 150)

Potential foci 218 151
Patients with potential foci 87 (57.2%) 72 (48%)
Potential foci/patient 1.4 1.0
Facultative foci 116 83
Patients with facultative foci 79 (51.9%) 61 (40.6%)
Facultative foci/patients 0.8 0.6
Devitalised teeth per patient 2.2 ± 1.6 1.7 ± 1.9
Incomplete root treatment per

patient (without any clinical and 
radiological findings) 1.9 ± 0.7 1.7 ± 1.1

PD (incidence) 79 (51.9%) 59 (39.3%)
PD (severity: 0–3) 1.7 ± 0.6 1.6 ± 0.6

Table 2b  Incidence of dentogenic infection sources in patients with scheduled
cardiac valve surgery [aortic (AVR) and mitral valve (MVR) replacement]

AVR (n =108) MVR (n = 44)

Patients with potential foci (n = 87) 76/108 (70.4%) 11/44 (25.0%)       p < 0.01
Number of potential foci (n = 218) 185 33
Potential foci/cardiac valve 1.7 0.8
Potential foci/cardiac valve with 

potentials focus 2.4 3.3
Patients with facultative foci (n = 79) 65/108 (60.2%) 14/44 (31.8%)       p < 0.05

Number of facultative foci (n = 116) 89 27
Facultative foci/cardiac valve 0.8 0.6
Facultative foci/cardiac valve with 

facultative focus 1.4 1.9
Devitalised teeth per patient 2.4 ± 1.6 2.1 ± 1.5
Incomplete root treatment per patient 1.9 ± 0.7 1.7 ± 0.9

(without any clinical and radiological 
findings)

PD (incidence) 65 (60.2%) 14 (31.8%)
PD (severity: 0–3) 1.7 ± 0.6 1.6 ± 0.5
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doscopy was performed. Periodontal disease was
treated as follows: oral hygiene instructions and per-
formance - 68 cases, deep scaling - 34 cases, OFD - 16
cases. All interventions were without complications
and no wound infection and/or serious secondary
bleeding was seen.

DISCUSSION

Degenerative cardiac valve changes necessitating
valve replacement may be the result of various under-
lying cardiovascular conditions. Sclerotic deformation
of the valve system has replaced disorders of inflam-
matory and post-infection genesis as the primary rea-
son for valve replacement (Poggianti et al, 2003). How-
ever, colonisation of the endocardium in the course of
a bacteraemia originating from infections in oro-
pharynx, gastroduodenal or genitourinary tract is still
considered as a valid pathogenetic infection scenario
(Wahl, 1995; Berger, 1997; Meurman, 1997). Sterile
puncture of dentogenic infection sources presenting
as dentogenic infections in active form predominantly
reveals the presence of streptococci (Thornton and
Alves, 1981; Chow et al, 1987; Gill and Scully, 1990).
Streptococci-induced endocarditis is known to repre-
sent the major part of the infectious genesis. Thus the
conclusion that dentogenic infection sources are in-
volved in the pathogenesis of endocarditis is still valid
and supports the role and importance of detection of
dentogenic foci (Nissen et al, 1992; Fang et al, 1993;
Waal, 1994; Bauernschmitt et al, 1998; Dyson et al,
1999).

It is especially following cardiac valve replacement
that existing foci may show a remote bacteriological ef-
fect and colonise the new valve as locus minor re-
sistentiae (Nissen et al, 1992; Fang et al, 1993; Dyson
et al, 1999; Meurman et al, 2003). Thus in order to
minimise the risk of a graft endocarditis with poor prog-
nosis, the search for dentogenic foci has been includ-
ed in the evaluation programme for patients undergo-
ing cardiac valve replacement (Zuckermann et al,
2002; Lassnig et al, 2004). Such evaluation will pre-
dominantly involve assessment of patients by OPT and
dental radiographic films for detecting potential and
facultative foci, subsequently treated by dental or oral
surgical intervention (Flint et al, 1998). 

The present study shows the incidence as well as
the quality and quantity of treatment of dentogenic in-
fection sources in patients scheduled for cardiac valve
replacement. Interestingly, almost two thirds of all car-
diac valve patients showed dentogenic infection
sources requiring treatment. Patients scheduled to un-

dergo aortic valve replacement showed a significantly
higher number of potential and facultative dentogenic
foci, as well as a higher incidence of periodontal dis-
ease, than patients scheduled for mitral valve re-
placement and patients without cardiac valve disease.
This significant difference is considered to be due to
the higher age of the patients and the reduced oral hy-
giene status due to the increased incidence of cardiac
risk factors – predominantly a higher frequency of
smokers among patients with aortic valve replacement
(Papantonopoulos, 2004; Paulander et al, 2004). In
smokers, deterioration of periodontal status is primar-
ily due to the reduced oral hygiene, with nicotine con-
sumption also being a factor predisposing for gingivi-
tis (Johnson and Hill, 2004). Contraction of peripheral
vessels induced by nicotine not only is a cause of car-
diovascular disease but also causes changes in the
perfusion of the oral mucosa with periodontal disor-
ders, degeneration of alveolar bone and other exacer-
bations of dentogenic infections as possible conse-
quences (Bauernschmitt et al, 1998; Poggianti et al,
2003; Johnson and Hill, 2004).

The difference in the incidence of odontogenic in-
fection sources between aortic and mitral valve re-
placement could also be founded on the different
pathogenesis of the valve degeneration. Aortic valve
disease, especially aortic valve stenosis, is the result
of sclerotic degeneration, while mitral valve insuffi-
ciency is usually the result of myocardial degeneration.
Some studies have reported that periodontal disease
might contribute to the generation of inflammatory me-
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Fig 1 Distribution of frequency of potential dentogenic foci 
(n = 218) by type of isolated valve replacement performed
[aortic valve replacement (AVR) or mitral valve replacement
(MVR)].
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diators, and in a meta-analysis of five cohort studies,
an increased relative risk of coronary heart disease
was reported, and dental disease was considered to
be a cause similar to socioeconomic and behavioural
risk factors for coronary heart disease (Beck, 1998;
Janket et al, 2003, 2004; Khader et al, 2004). Be-
cause atherosclerotic aortic valve disease is similar to
coronary heart disease, the inflammatory pathogene-
sis can be a relative risk for several types of aortic
valve diseases (Beck, 1998; Janket et al, 2004; Khad-
er et al, 2004). Therefore detection of dentogenic in-
fection foci may have an impact on the inflammatory
pathogeneses of sclerotic valve diseases and may 
also influence the peri- and post-operative care after
valve replacement procedures, by excluding potential
risk factors for the valve prosthesis.

In the patients with dentogenic infection sources an
average of 2.4 ± 1.9 teeth required treatment. Thus
with the patients showing a dentition with a mean
number of 14 teeth, almost one fifth of all teeth re-
quired intervention. Apart from primary extractions or
apicoectomies, such interventions also include the
subsequent fabrication of a partial or full denture. In
the present study, interventions for treatment were
limited to the absolute minimum necessary and only
potential foci were removed. In our opinion, devitalised
teeth treated by regular root treatment present no risk
(Bottomly et al, 1972; Dyson et al, 1999). Radical treat-
ment measures, on the other hand, are associated
with the problem of prosthetic treatment, which may
subsequently also involve a social problem. As a posi-
tive finding and in contrast to treatment of patients
scheduled for renal transplantation, none of the 
patients with cardiac valve replacement showed any
post-operative complications such as bleeding (Bot-
tomly et al, 1972; Eigner et al, 1986).

Frequently, just a single tooth extraction may affect
aesthetics and thus also the psychosocial behaviour of
the patient (McMillan and Wong, 2004). In view of the
impending and prolonged rehabilitation for up to sev-
eral weeks following the valve replacement procedure,
the psychosocial component after dental interventions
must also be considered. The coincidence of the con-
siderable number of dental interventions required and
their unproblematic performance therefore supports
the stipulation that dental/oral surgical measures are
done early or at least in due time ahead of the sched-
uled cardiac surgery. As anticoagulant therapy fre-
quently will be initiated following valvular surgery, oral
surgical measures will certainly be more difficult dur-
ing this time (Bodner et al, 1998; Blinder et al, 1999).

It is beyond doubt that scheduling patients for den-
tal and oral evaluation in due time will allow for ade-

quate prosthetic and conservative dental treatment.
Initiation of timely oral rehabilitation will also ensure
that patients’ accustomed oral/dentogenic situation is
maintained and their usual daily activities are not es-
sentially disrupted following the cardiac surgery (Wahl,
1995; Zuckermann et al, 2002; Johnson and Hill,
2004; Lassnig et al, 2004). By initiating referral to the
dentist or oral surgeon, the cardiologist and/or cardiac
surgeon will play an important role in oral rehabilita-
tion. If dentogenic treatment measures are considered
several weeks ahead of the cardiac surgery, patients
with scheduled valve replacement surgery may cer-
tainly undergo appropriate treatment within due time
and thus the associated psychological and social prob-
lems may be reduced to a minimum.
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