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7 general discussion

Lake Kawaguchi, Fujikawaguchiko, Japan:
Th e sun is shining aft er the rain under the Fuji mountain.

Similarly, aft er several PhD research years,
the discussion and fi nal conclusions seem like sunshine aft er rain.
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In the dental practice there is a need for an evidence-based guideline on how to deal with 
asymptomatic AP or AP with minor symptoms. At present, the policy and thus the advice 
to the patients depends strongly on the opinion of the practitioner and the difficulty and 
prognosis of the treatment (Wesselink 2014). From the data of this study we can give a more 
substantiated advice on our policy, as dental professionals, in the event of AP.

The connection between oral pathology and systemic disease has been a subject of study 
since many years. In the field of periodontology extensive studies have been performed. 
In the field of endodontology, studies that refer to the effect of apical periodontitis in the 
circulating inflammatory markers of inflammation were less abundant. In 2013 a systematic 
review on that subject was conducted (Gomes et al. 2013). Although the authors concluded 
that inflammatory mediators including immunoglobulins, cytokines and asymmetric di-
methylarginine (ADMA) were increased in humans with AP compared with controls, their 
meta-analyses results supported the above conclusion only with regards to serum levels of 
IgA, IgG, and IgM, presumably because of inadequate number of studies on other mediators 
(i.e. CRP) available for meta-analysis. Additionally the above mentioned systematic review 
failed to establish a change in the concentration of inflammatory mediators that correspond 
with the resolution of AP after therapy.

In chapter 2 of this thesis, we decided to update and summarise again the information 
published about the potential relationship of inflammatory mediators in relation to api-
cal periodontitis. In that respect, we conducted a systematic search of the literature that 
included an additional series of articles that were not identified in the previous search, in 
addition to the older articles already used in the previous review. This made possible to 
perform a meta-analysis of the levels of CRP, IL-6 and ADMA between AP patients and 
controls and showed differences between the groups. Additionally, C3 concentrations in 
interventional studies differed significantly between baseline and follow up. Besides the 
results of the meta-analyses, other levels of inflammatory mediators (IL-2, CIC, TNF-α, dif-
ferent oxidative stress markers) in subjects with AP were elevated in untreated AP cases. It 
is worth noticing that the recent studies were also of a higher methodological quality, which 
allows us to interpret these results with more confidence. However, we concluded that there 
was great heterogeneity between the studies concerning the population, treatment regimes, 
number of teeth involved and the extend of the inflammation.

Chapter 2 showed us also the importance of the role of reactive oxygen species to sys-
temic inflammation. We decided therefore to explore the literature for studies examining 
the local and the systemic effect of apical periodontitis in chapter 3. Reactive oxygen species 
(ROS) produced by phagocytic cells in response to bacterial pathogens are an important 
host defense mechanism (Hernández-Ríos et al. 2017). It was found that AP induces lo-
cal ROS production and that there is evidence of increased systemic oxidative stress in 
subjects with AP (Inchingolo et al. 2014, Vengerfeldt et al. 2017). No meta-analyses could be 
undertaken because of the large heterogeneity of included studies regarding design, sample 
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type and examined ROS. Further, only one study was found that examined both the local 
and systemic presence of ROS at the same time (Vengerfeldt et al. 2017) and we propose that 
more studies examining both should be undertaken. The highest levels of oxidative stress 
index in the endodontium were seen in subjects with primary chronic apical periodontitis 
and abscesses (Vengerfeldt et al. 2017). As asymptomatic AP can exist unnoticed for years, 
this can result in a chronic increase of local ROS production and oxidative stress. The 
understanding of how ROS is involved in the inflammatory process could also also initiate 
ideas on how to employ them to our advantage, for example by using antioxidants after 
root-canal treatment in order to enhance/accelerate the healing process.

With all the information taken into consideration, in chapter 4, we decided to design 
a study that will account for the previously encountered problems and will explore the 
minimum burden that apical periodontitis could have expressed in circulating inflamma-
tory markers (IMs). If there is a causal connection: namely that AP causes the increase or 
decrease in systemic IMs, then it is expected to find a change in pro-inflammatory media-
tors after resolution of AP. However, the currently available literature had not revealed such 
a change in IMs after treatment of AP (except for complement factor C3 in two studies). 
Great variation in study designs may explain the lack of a unanimous answer to the question 
of whether AP treatment reduces the systemic inflammatory burden. For instance, in the 
current literature the treatments of AP vary from tooth extraction, root canal treatment 
to antibiotics and abscess incisions. Furthermore, great variation in follow-up time points 
had been reported. This variation in all the studies creates the luck of clarity of whether 
the treatment had actually removed the infection and consequently the inflammation on 
histological level is resolved since the effectiveness is questionable. Realistically, the only 
treatment that leads to a certain resolution of inflammation is the extraction of the involved 
tooth where the infection is eliminated with removal of the tooth. We designed a study in 
which we follow the individuals for 6 time points, 3 before and 3 after the extraction of the 
involved tooth. Also a group of controls matched for age, sex and season were included and 
followed for 6 time points. The ultimate goal was to investigate if there is a causal relation-
ship between AP and systemic inflammation. Moreover, to gain insight into biomarkers of 
inflammation which can be used as a future diagnostic tool for the presence of AP and its 
resolution after root canal treatment and finally, the possible relation of the microbiome of 
endodontic infection to the severity of inflammation.

In chapter 5, the results of our study on blood markers are presented. It was shown 
that at baseline, G-CSF, IL-1β and IL-4 were significantly lower in AP subjects than in 
controls. Comparison of the differences between baseline and the last visit, that is three 
months after the tooth extraction, showed a significant reduction in IL-10 and IL-12p70. At 
visit 3, the tooth extraction took place, and at that visit some changes in the inflammatory 
markers were observed within the AP subjects. Tooth extraction implies trauma to tooth-
surrounding tissues and its healing also had an effect on the fluctuation of inflammatory 
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mediators. Even though the concentrations of the inflammatory mediators in AP subjects 
were the highest after tooth extraction, they were still lower than those in the control group. 
This series of results can be explained by compensatory immunosuppression, whereby a 
chronic inflammatory state, such as AP evokes immunosuppression, which inhibits pro-
inflammatory processes by impairing the functions of some immune cells (Ahn et al. 2017). 
Additionally, a side finding was that TNF-α levels were significantly lower at the third visit, 
the visit when the tooth extraction took place. The reason for this is possibly the psychologi-
cal stress of the tooth extraction, as reported before in animal studies (Connor et al. 2005). 
These findings may also explain a common clinical observation, also reported in literature 
yet never proven: Patients with an acute periapical inflammation, that has been non-painful 
chronically, frequently state that their pain started when they had the flu or went through a 
phase of stress at work or at home (Zehnder & Belibasakis 2015). This loss of balance from 
external factors triggers a change in the immune response and results also in the expression 
of different/more inflammatory mediators at the apex and initiation of pain symptoms.

Lastly in chapter 6, the microbiome of the endodontic infection was explored, namely 
the aetiology of the systemic immune response that was examined in chapter 5. Differ-
ences in the abundant zOTUs were observed between the symptomatic and asymptomatic 
cases. The comparison between primary and secondary AP cases revealed also differences 
as it had been reported in previous studies (Manoil et al. 2020). The next step would be 
to investigate if also the immunologic response would have been different and namely if 
AP would have different influence on the inflammatory circulatory markers depending 
on the microbiome. There were differences in the systemic concentration of inflammatory 
markers, namely RANKL, IL-8, IL-10, TNF-α and IL-12p70, depending on the existence 
of pain. We conclude that symptomatic and asymptomatic AP have a different effect on 
the immune response Asymptomatic AP results in the state of immunosuppression that 
was observed in the previous chapter while symptomatic AP shows values resembling that 
of the control group. Of course the small sample size is a limitation of these outcomes, 
but considering the exploratory nature of this study, it is a good basis for future research. 
In a recent study examining the systemic and extraradicular bacterial translocation of AP, 
concludes that bacteria and in particular Porphyromonas endodontalis DNA were detected 
in peripheral blood mononuclear cells, supporting that bacteria may actually leave the AP 
site and be transferred in circulation (Bordagaray et al. 2021). The constant presence of 
a great variety of bacteria at the root tip and their possible transfer in blood circulation 
could explain our current results. The variation of bacteria involved and their pathogenicity 
in different types of AP would also therefore otherwise influence the immune response. 
When trying to correlate the bacterial species to the inflammatory response, we found 
indeed a difference between symptomatic and asymptomatic cases. The concentration of 
the immunological markers are positively correlated with the higher abundance of zOTUs 
of Prevotella, Fusobacterium, Peptostreptococcus and Actinomyces in asymptomatic AP. This 
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data may imply that an asymptomatic infection that includes these bacteria has a greater 
impact on the immune system.

Sometimes the actual presence of AP is difficult to be identified in simple intra-oral 
radiographs. The sensitivity of intra-oral radiographs is about 65% which entails that a 
great deal of pathology is missed (Bohay 2000). Some studies assessing the outcome of the 
endodontic treatment are concentrating on the presence or not of an enlarged lamina dura 
(Ng et al. 2011) and some which are patient centered assessing the improvement of symp-
toms and of the functionality of the tooth (Bender et al. 1966). Instead of looking into the 
imaging of the inflammation, it would be interesting to detect ongoing biologic activities 
in order to characterise a treatment as effective or not. This would give us more insight in 
the ongoing procedures, rather than the outcome of it, i.e. formation of bone. After all, after 
resolution new tissue may come in different types, varying from connective tissue to bone.

Future perspectives
In science, some questions are answered but whilst researching, other new questions 

arise. With our clinical study we observed the effect of the minimum burden, one tooth with 
apical periodontitis, in blood mediators. It would be interesting to know what happens if 
there are more than one tooth involved, with more extensive or more lesions. Moreover, one 
of our goals was to create a future diagnostic tool for the presence of AP and its resolution 
after root canal treatment and finally, the possible relation of the microbiome of endodontic 
infection to the severity of inflammation. Considering the results of our study, at present it 
is quite unlikely to be able to diagnose the resolution of AP after treatment, as several fac-
tors, like psychological stress may have an effect on the levels of the inflammatory markers. 
Furthermore, our results indicate a state of immunosuppression which may conceal the 
presence and the resolution of the lesion. Possibly this might have been the case, if subjects 
with more than one AP would have been included as we assume, and there is some recent 
evidence (Sirin et al. 2021), that the greater the inflammatory area, the higher the concen-
trations of inflammatory mediators will be. It would then also be more feasible to identify 
a biomarker based on results from local immunologic markers, for example by measuring 
their concentration in gingival crevicular fluid. Lastly, as apical periodontitis is a two-way 
interaction between microorganisms and the host’s immune system. Polymorphisms in 
genes encoding inflammatory cytokines associated with host immune response to microbial 
agents have been proposed as potential genetic markers of AP (Kuchler et al. 2018). This 
mostly refers to functional polymorphisms that alter the quantity or the structure of the 
encoded proteins and, therefore, presumably modulate an individual’s susceptibility to AP. 
It would be therefore interesting to also investigate the possible genetic predisposition of 
subjects in combination with the inflammatory markers and the microbiome of endodontic 
infection.
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Conclusions of this thesis and their clinical implications
The existing literature, up to 2019, indicated that AP added on to systemic inflamma-

tion by elevating C-reactive protein, interleukin 6, asymmetric dimethylarginine, and C3 
levels, in individuals with big periapical lesions or/and several lesion. A great heterogeneity 
in several aspects of the included studies were observed. Reactive oxygen species play a 
very important role and can provide us with important information to enhance local and 
systemic healing, for example by use of antioxidants. The proper design to study the effect 
of AP in systemic health involves longitudinal studies with an intervention and a control 
group with very uniform groups for example in terms of symptomatology. The immuno-
logic profile of chronic apical periodontitis in one tooth and its resolution profile revealed a 
systemic low-grade inflammation through compensatory immunosuppression. This finding 
should be taken into consideration by dental professionals in future treatment planning. 
The etiology of AP, the microbiome of endodontic infection was different depending on the 
existence of pain or on whether the infection was primary or secondary. Asymptomatic AP 
had a greater impact on circulating inflammatory markers. Finally, the fingerprint of the as-
sociations between the immunological and microbiological variables was different between 
asymptomatic and symptomatic patients. Apical periodontitis should be considered as a 
health risk factor and some treatment options should be opted for, especially in patients 
with burdened medical history.


