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Apical periodontitis associates with
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Eunice Virtanen1* , Tapio Nurmi1, Per-Östen Söder2, Stella Airila-Månsson3, Birgitta Söder2 and Jukka H. Meurman1

Abstract

Background: Periodontal disease associates with systemic diseases but corresponding links regarding apical
periodontitis (AP) are not so clear. Hence our aim was to study association between AP and the prevalence of
systemic diseases in a study population from Sweden.
Methods: The subjects were 150 patients from a randomly selected epidemiological sample of 1676 individuals.
120 accepted to participate and their basic and clinical examination data were available for these secondary
analyses where dental radiographs were used to record signs for endodontic treatments and AP. Periapical Index
and modified Total Dental Index scores were calculated from the x-rays to classify the severity of AP and dental
infection burden, respectively. Demographic and hospital record data were collected from the Swedish National
Statistics Center. T-test, chi-square and univariate analysis of covariance (ANCOVA) and regressions analyses were
used for statistics.
Results: Of the 120 patients 41% had AP and 61% had received endodontic treatments of which 52% were
radiographically unsatisfactory. AP patients were older and half of them were smokers. AP and periodontitis
often appeared in the same patient (32.5%). From all hospital diagnoses, cardiovascular diseases (CVD) were
most common, showing 20.4% prevalence in AP patients. Regression analyses, controlled for age, gender,
income, smoking and periodontitis, showed AP to associate with CVD with odds ratio 3.83 (95% confidence
interval 1.18–12.40; p = 0.025).
Conclusions: The results confirmed our hypothesis by showing that AP statistically associated with cardiovascular
diseases. The finding that subjects with AP also often had periodontitis indicates an increased oral inflammatory burden.
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Background
Apical periodontitis (AP) is an inflammatory disorder
resulting from failed dynamic encounter between micro-
bial infection of endodontic origin and subsequent host
defence response. AP begins as local inflammation in
the pulp and the periodontal ligament and grows into
larger histopathological lesion characterized by destruc-
tion of the periapical tissues [1]. AP represents an infec-
tion burden in the populations that varies largely from
17% to 65% in teeth following unsuccessful endodontic

treatment [2–6]. The condition is often asymptomatic
and its treatment might not always be adequate in elimin-
ating the infection. AP is mainly a radiographic finding. In
2012 a systematic review of cross-sectional studies showed
a very high prevalence of periapical radiolucency (1 per
patient) and also very high prevalence of root canal treat-
ments (2 per patient), meaning that billions of teeth are
kept in the mouth through root canal treatment but with
remaining AP and, thus, presenting a potential dental
source of infection [7].

Bacteraemia of oral origin occurs at daily activities
such as chewing and brushing the teeth; more often so
in patients with gingivitis and periodontitis [8]; after
dental procedures such as tooth extraction, scaling and

* Correspondence: eunice.virtanen@helsinki.fi
1Biomedicum Helsinki, Department of Oral and Maxillofacial Diseases,
University of Helsinki and Helsinki University Hospital, P.O.Box 63,
Haartmaninkatu 8, FIN-00014 Helsinki, Finland
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Virtanen et al. BMC Oral Health  (2017) 17:107 
DOI 10.1186/s12903-017-0401-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-017-0401-6&domain=pdf
http://orcid.org/0000-0002-1584-1369
mailto:eunice.virtanen@helsinki.fi
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


root planning, and by non-surgical root canal treatment.
Bacteraemia can be detected within 15–30 min in pa-
tients who do not have any compromised immune re-
sponse [9]. Whether bacteraemia is more frequent in AP
patients is not known, however.

Periodontitis has been related to a number of different
systemic conditions, such as cardiovascular disease
(CVD), diabetes, pre-term and low-birth-weight infants
[10, 11]. More recently, periodontal disease has been
linked to Alzheimer’s disease [12] and also associated
with cancer [13]. AP has also been related to CVD [14]
and diabetes [15], but data are sparse in this regard.
Some studies show the interactions of cytokines resulting
from AP lesions with proinflammatory and immunoregu-
latory mechanisms [16, 17]. A persistent chronic inflam-
matory condition can influence the cardiovascular system,
leading to CVD.

The present study was based on the hypothesis that
AP poses a threat to systemic health, similarly to peri-
odontal disease. Consequently, our aim was to study the
possible associations between the presence of AP and
the prevalence of systemic diseases in general, as regis-
tered in the national hospital database from Sweden.

Methods
Study population
The baseline 1676 subjects had been selected randomly
from a larger sample of 3273 subjects, and clinically ex-
amined in 1985. In brief, the baseline cohort was se-
lected using the registry file of all inhabitants of the
Stockholm metropolitan area. The subjects were born in
the 20th of any month between the years 1945–1954.
For this cross-sectional study 150 subjects were selected
by a computer program from the original epidemio-
logical sample. Of them 120 were willing to attend giving
a drop-out of 30 subjects. Those attending were divided
into two main groups based on x-ray findings: subjects
with and without AP as shown in Fig. 1.

Full mouth x-rays had been taken using Ekta Speed
periapical radiographs (Ekta Speed Eastman Kodak,
Rochester, NY, USA), an Eggen film-holder and Oralix®
or Gendex® Roentgen apparatus (65kVp/7.5 mA) with a
cone of rectangular section and a film focus distance of
approximately 30 cm [18, 19]. A modified Total Dental
Index (TDI) was calculated by recording all signs of in-
fections from the x-rays [20]. The modified TDI scale is
from 0 to 10 in recording caries lesions, deep vertical
pockets, apical periodontitis, and furcation lesions, re-
spectively; a higher score reflects a greater number of in-
fectious dental diseases and, consequently, a higher total
infection burden of the mouth, see Table 1.

In the teeth with AP, the Periapical Index (PAI) was
calculated to classify the extent and severity of the apical
lesions with the following scale: 1 = normal, 2 = bone

 
Assessed for eligibility in 1985 

In Stockholm County 
(n=105 798) 

 

Clinical examination in 1985 
(n=1676) 

838 women, 838 men 

Clinical examination in 2003 
(n=120) 

63 women, 57 men 

Randomly selected in 2003 
(n=150) 

Apical periodontitis 
(n=49) 

26 women, 23 men 

No apical periodontitis 
(n=71) 

37 women, 34 men 
 

Drop-out 
(n=30) 

Fig. 1 Study population flow-chart

Table 1 Modified Total Dental Index [20]
Type of disease Score

Caries

No caries 0

1–3 carious lesions 1

4–7 carious lesions 2

� 8 carious lesions or infected roots or no teeth 3

Periodontitis

None 0

1–3 deep vertical pockets 1

4–7 deep vertical pockets 2

� 8 deep vertical pockets 3

Apical periodontitis

None 0

1 tooth 1

2 teeth 2

� 3 teeth 3

Furcation lesions

Absent 0

Present 1
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