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1 general Introduction

Monolithi beach, Preveza, Greece:
With the eyes to the sea horizon, let the journey begin.
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Apical periodontitis (AP) is an inflammatory response around the root tip of a tooth as a 
result of microbial infection of the pulp space and subsequent pulp necrosis (Kakehashi 
et al. 1965). Apical periodontitis can be characterised as symptomatic or asymptomatic 
depending on the presence or absence of painful symptoms. Another way to classify api-
cal periodontitis depends on the existence of previous root-canal treatment or not AP can 
be characterised as primary, when the involved tooth has not been endodontically treated 
before, or secondary when previous root-canal treatment has taken place.

Usually, caries or a traumatic dental injury cause loss of the hard tissue integrity of a 
tooth, which enables the penetration of microorganisms into the tooth pulp. As a results 
this causes inflammation of the pulp, pulpitis, and if the microbial load is overtaking the 
immune response of the pulp tissue, pulp necrosis occurs (Nair 2004). With the pulp de-
fense gone, the root-canal space facilitates the growth of these microorganisms that form a 
distinctive niche, characterised by the unique ecological conditions in the root-canal space 
(Wong et al. 2021). With the progression of the infection, the bacteria and their by-products 
present at the periapex. In response, the host employs immune response, consisting of sev-
eral levels of cells, intercellular messengers, antibodies, and effector molecules (Nair 2004). 
The result of the microbial factors and the host response encounter is the destruction of the 
bony tissue around the apex and the formation of a lesion in the jaw.

The microbial factors are of major importance, because it is the main etiology of api-
cal periodontitis. This has been long ago established in a classic study of Kakehashi et al., 
exposure of the pulp to the oral environment in germ-free rats did not result in apical 
periodontitis while pulp exposure in conventional rats did (Kakehashi et al. 1965). The 
microbial composition of these bacterial communities evolves over time, influenced by 
the evolving root canal ecology and inter-species interactions (Wong et al. 2021). In the 
beginning information about these bacterial communities were obtained through studies 
employing culturing methods, with the known limitations of selection depending on the 
growth-medium and the conditions. Nowadays, molecular techniques have helped us to 
gain insights into the different species present in the endodontic infection. As the infec-
tion progresses, the bacterial composition of evolves over time. In the beginning, as there 
is abundance of oxygen and nutrients from the oral cavity facultative bacteria are more 
abundant (Fabricius et al. 1982). Later on as the infection gets established, there is less or 
no oxygen abundance and protein rich substrates from pulp tissue remnants plus dead mi-
croorganisms allow proteolytic anaerobes to grow (Wong et al. 2021). Microbial succession 
is a dynamic process and depends on factors like host/microbiome interactions (at the root 
apex) but also changes in the oxygen abundance like for example an iatrogenic intervention 
(van der Waal et al. 2016).Another characteristic of the endodontic microbiome is that 
bacteria are mainly organised in biofilms rather than in a planktonic state, which enhances 
their pathogenicity and makes them less susceptible to antimicrobial treatments (Ricucci & 
Siqueira 2010).
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At the root apex, the host microbiome interaction takes place. Microbial components 
such as lipopolysaccharides or bacteria are recognised by antigen-presenting cells in the 
periapical tissue and induce the production of pro- or anti-inflammatory cytokines (Galler 
et al. 2021). An inflammatory response is initiated with the goal to eliminate the infec-
tion. The difference with a common bacterial infection is that this response is perpetual 
as long as the root-canal system is not decontaminated during root canal treatment or as 
long as the tooth is not extracted. Thus, when the tooth is not treated the root canal system 
remains a reservoir of microorganisms and their by-products. But could there be an effect 
of this continuous exercise on the immune fitness? Several studies have examined and have 
found some correlations of oral diseases and systemic conditions (Li et al. 2000, Sasaki et 
al. 2016). Mainly in the field of periodontology, marginal periodontitis has been associated 
with diabetes, cardiovascular disease, metabolic syndrome (Sasaki et al. 2016) or Alzheimer 
(Dominy et al. 2019). Considering the multifactorial nature of marginal periodontitis and 
the complexity of the immune system, accurate longitudinal studies on inflammatory bur-
den is very difficult to perform. Factors like weight, consumption of sugar and the patients’ 
compliance to oral health instructions might interfere with the outcome. Additionally the 
healing after periodontitis treatment is usually not a straight improving line. On the other 
hand, AP can be alleviated with certainty and does not depend on patients compliance. This 
makes AP a great model to study the systemic burden of oral disease.

The possible systemic consequence of AP has been studied, although not as extensively 
as that of marginal periodontitis. Until now, the results have been inconclusive as discussed 
in the next chapters of this thesis. As a result, at present the decision on treating the infection 
or not does not involve taking into consideration any systemic health risks and is concen-
trated on symptomatology or dental factors. AP has a high prevalence that according to a 
recent systematic review is 50% in the global population among adults (Tiburcio-Machado 
et al. 2021). Considering this, it is very relevant for the prevention of systemic diseases that 
we recognise if AP is actually a risk factor for other conditions. All this information led us 
to formulate the aims of this thesis which are:
1) To study the existing literature on the effect of AP on circulatory inflammatory media-

tors and the role of reactive oxygen species (ROS) therein.
2) To propose a study design that will have an accurate design and will alleviate any previ-

ous inconsistencies on the effect of AP on inflammatory mediators.
3) To study the effect of AP in inflammatory mediators in a prospective longitudinal case-

control study and to explore immunological patterns after its resolution.
4) To study the microbiome of the endodontic infection in the different types of AP and its 

association with immunologic profiles in peripheral blood.




