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3 reactive oxygen species can
be traced locally and systemically 
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AbStrACt

objectives: The aim of this systematic review was to summarise the existing evidence on 
the local production and systemic traces of reactive oxygen species (ROS) in apical peri-
odontitis (AP).

design: A search of MEDLINE-PubMed and EMBASE was conducted up to January 12 of 
2021 to identify studies in 6 different languages. Eligibility was evaluated and data were ex-
tracted from the eligible studies following the predefined objective. The Newcastle-Ottawa 
Scale was used for quality assessment of the included studies.

results: After screening, 21 papers met the inclusion criteria. Six studies were about sys-
temic oxidative stress, 14 studies examined local production of reactive oxygen species and 
one studied both. ROS modulate cell signalling and cause oxidant imbalance locally at the 
site of AP. Cell signalling leads to a pro-inflammatory response, activation of MMPs and 
formation and progression of the AP lesion. Simultaneously, these oxidative stress biomark-
ers are also found in blood and saliva of subjects with AP.

Conclusions: Understanding the mechanism of ROS generation, involved in chronic 
inflammation, can provide us with important information to enhance local and systemic 
healing and possibly improve diagnostic tools. Future research considerations would be to 
use antioxidants to accelerate the return to oxidative balance.
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IntroduCtIon

Reactive oxygen species (ROS) are highly reactive by-products of oxygen metabolism and 
they play an important role in various cellular processes as signalling molecules. ROS 
include oxygen-derived free radicals and non-radicals that are converted into radicals. As 
a host defence mechanism against bacterial pathogens, the production of ROS performed 
by NADPH oxidase is essential in diseases associated with phagocytic infiltration. NADPH 
oxidase is a multi-subunit enzyme comprising membrane and cytosolic components, which 
actively communicates during the host responses with a wide variety of stimuli, including 
viral and bacterial infections (Panday et al. 2015). The changes in oxidative metabolism 
are generally known as the “respiratory burst” and are characterised by the generation of 
numerous oxidizing molecules by the phagocyte created phagolysosome (Babior 1984). 
These oxidising molecules eliminate the microorganisms in the phagolysosome. The pri-
mary products of this reaction are superoxide ions, which can be converted by superoxide 
dismutase (SOD) into H2O2 by combining the superoxide ions with hydrogen ions (Bogdan 
et al. 2000). A higher concentration and long-time exposure of human cells to ROS have 
the potential to cause significant collateral damage by the impairment of a wide variety 
of biologic molecules, including lipids, proteins, enzymes and DNA, resulting in systemic 
damage (Chapple 1997). Oxidative stress is implicated in a wide variety of chronic inflam-
matory diseases, including rheumatoid arthritis, cancer, diabetes, and atherosclerosis (Hal-
liwell 1991). The mechanism of ROS in exacerbating inflammation involves multifaceted, 
interrelated factors including direct biomolecule damage, upregulation of nuclear factor 
κ-light-chain-enhancer of activated B cells (NF-κB) signalling, and cell death (DeJulius et 
al. 2021).

ROS have a short half-life, are highly reactive and can cause substantial tissue damage 
through initiating chain reactions caused by the free radicals. The body has an innate system 
of antioxidants that can extinguish the ROS when they are made or repair the damage that 
has been caused by ROS (Chapple 1997). Antioxidants may be regarded as “those substances 
which when present at low concentrations, compared to those of an oxidisable substrate, 
will significantly delay or inhibit oxidation of that substrate” (Halliwell et al. 1992). In the 
body there is a balance between oxidants and antioxidants that helps maintain homeostasis. 
When there is inflammation, there is overproduction of ROS and the available antioxidants 
fail to retain this balance causing oxidative stress.

Apical periodontitis (AP) is the inflammatory response to an insult around the root tip. 
It is usually caused by the irreversible infection of the pulp by different microorganisms that 
lead to pulp necrosis. At the root tip, the breakdown of the involved tissues (periodontal 
ligament, cementum and bone) takes place, in the attempt of the host’s immune defence to 
localise the infection and stop the spreading. Apical periodontitis is quite a common oral 
disease, considering that a systematic review concluded that the prevalence of teeth with 
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periapical radiolucency was very high; approximately 5% of all teeth, broadly equivalent 
to 1 radiolucency per patient (Pak et al. 2012). A new systematic review comparing stud-
ies from 2012 until 2020 has found that there is an increased AP prevalence in the adult 
general population compared with data from 2012 (6.3% versus 5.4%) in both endodonti-
cally treated (41.3% versus 35.9%) and untreated teeth (3.5% versus 2.1%) (Jakovljevic et 
al. 2020). Considering the high prevalence, it is of great interest to investigate the local 
effects of AP, besides the overt clinical signs such as pain, discomfort and maybe swelling, 
as well as the systemic effects. Indeed, recently there have been some studies published 
about increased inflammatory mediators in blood of subjects with AP (Georgiou et al. 
2019). All these inflammatory mediators are activated by ROS, as they have a signalling 
role in the innate immune response. Over the last decades, evidence has become available 
that there is an association between free radicals and various human diseases, including 
neurodegenerative (like Alzheimer), vascular (like atherosclerosis), and rheumatic diseases 
as well as possibly cancer (Palmieri & Sblendorio 2007a). In the case of AP, the patient 
should be informed about the emerging data and these data should be considered when 
decisions about the treatment are made. Maybe the “wait and see” tactics that were followed 
when asymptomatic teeth would not be involved in a prosthetic treatment plan should be 
reconsidered (Rajagopal & Kelly 2020).

Thus, understanding the local mechanism of ROS generation, and possibly whether 
there is a different magnitude in ROS levels produced in different clinical conditions (symp-
tomatic/asymptomatic) or different histological specimens of AP (cysts/granuloma) will 
give us better understanding of whether AP causes systemic oxidative stress. This leads us 
to the aim of this systematic review which was to explore the local production and systemic 
traces of ROS in AP. To our knowledge there has not been any systematic review undertaken 
on this subject yet.

MAterIAlS And MethodS

A detailed protocol agreed by all authors was developed before the initiation of this review. 
The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) state-
ment (Moher et al. 2009) as well as the Cochrane handbook (Higgins & Green 2011) were 
followed.

Focused question
Is there local production and systemic presence of ROS in subjects with apical periodontitis, 
that are otherwise healthy?
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PICO
Population: Systemically healthy individuals, Exposure: Apical periodontitis in one or more 
teeth, Comparison: To healthy tissue (locally)/subjects with no apical periodontitis (sys-
temically) or the same subjects after treatment. Outcome: The concentration of any ROS, 
anti-oxidant or oxidation product in tissue or body fluid.

Inclusion and exclusion criteria
Inclusion criteria
All prospective clinical trials, case-control studies, cross-sectional or cohort studies assess-
ing symptomatic or asymptomatic AP were included. Studies comparing subjects with AP 
before and after any treatment or comparing subjects with AP with subjects without AP 
were reviewed. All studies must had been conducted on systemically healthy adults and the 
reactive oxygen species in body liquids/tissues locally or systemically quantified. Articles 
written in English, Dutch, Spanish, German, French or Greek language were considered, 
being these the language skills the authors have.

Exclusion criteria
In vitro studies on cell cultures, animals studies and studies involving subjects with peri-
odontitis or medically compromised individuals were excluded.

Search strategy
A thorough search of electronic literature databases, supplemented by checking bibliogra-
phies of review articles, was performed by two independent reviewers (A.G. and P.C.). A 
search of MEDLINE-PubMed, EMBASE and Cochrane was conducted on 12th of January 
2021. All articles that were available at that date have been retrieved. The search strategy 
combined MeSH terms and text words, which can be found in the supplementary informa-
tion. An extensive hand search was also performed through the reference list of the selected 
studies.

Screening and selection
A three-stage screening was performed. Prior to that two reviewers (A.G. and P.C.) were 
calibrated for the identification of the eligible studies by a third reviewer (S.W.) through 
successive stages of independent screening among randomly selected titles and abstracts 
until a complete intra-examiner agreement was obtained. All stages (titles, abstracts and full 
text) were carried out in duplicate and independently by 2 reviewers (A.G. and P.C.). When 
a disagreement was raised, it was resolved by discussion and if consensus was not reached, 
a third reviewer (S.W.) was consulted. The papers that fulfilled all criteria after reading 
full-text were selected for detailed data processing.
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Quality assessment
The methodological quality assessment of included studies was performed independently 
and in duplicate by 2 reviewers (A.G. and P.C.) and was carried out based on the established 
criteria of the Newcastle-Ottawa Scale (NOS) (Wells et al.). According to the manual pro-
vided by NOS and after calibration, the quality tables were filled in by the two independent 
reviewers every time (A.G, P.C. and G.K.). Any differences were resolved after discussion 
with a third author (S.W.).

Statistical analysis and assessment of heterogeneity
The data of the included studies, such as study design, population, intervention and out-
come were summarised in data extraction tables. Similarities and variations were assessed 
by descriptive analysis. The studies assessing the same inflammatory mediators and with a 
similar design sufficiently homogeneous in terms of participants, methods and interven-
tions were grouped and it was assessed if meta-analysis could be performed.

reSultS

The initial literature search resulted in 415 unique papers (Figure 1). At the level of full-text 
evaluation one paper was excluded because it was a review (Jakovljevic et al. 2016) and one 
because it included subjects with marginal periodontitis (Malik et al. 2020). Finally, 21 pa-
pers met the inclusion criteria. All papers included were in the English language. Six studies 
were about systemic oxidative stress (Cotti et al. 2015, Giebułtowicz et al. 2011, Gomes et al. 
2018, Inchingolo et al. 2014, Minczykowski et al. 2001, Shetty & Kumari 2012), 14 studies 
examined local production of reactive oxygen species (Cassanta et al. 2017, Dezerega et al. 
2012, Hama et al. 2006, Hama et al. 2007, Jakovljevic et al. 2018, Kabashima et al. 1998, 
Márton et al. 1993, Matsumoto & Ribeiro 2007, Shimauchi et al. 2001, Suzuki et al. 2002, 
Swetha et al. 2014, Takeichi et al. 1999, Takeichi et al. 1998a, Takeichi et al. 1998b) and one 
study examined both local and systemic oxidative stress in AP (Vengerfeldt et al. 2017). All 
the data were extracted and analysed descriptively in Tables 1 and 2. Meta-analysis was not 
possible because of large heterogeneity between the studies in terms of design and the ROS 
biomarker examined.

Characteristics of the included studies
Twelve of the included studies were case-control studies; assessing peripheral blood con-
centrations of inflammatory mediators in AP subjects in comparison with control subjects 
or AP tissue with healthy tissue (Tables 1 and 2). Two were interventional studies, assessing 
ROS before and after treatment. The treatments were root-canal treatment (Inchingolo et 
al. 2014) or tooth extraction (Minczykowski et al. 2001). Finally, seven studies were cohort 
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studies where samples were acquired from endodontic surgeries. Th e quality (Tables 3, 4 
and 5) of the included studies also varied, and was rated from three to eight stars according 
to the NOS criteria.

description of study population
Of the 21 studies included, four investigated subjects with asymptomatic AP, fi ve symptom-
atic AP, four both symptomatic and asymptomatic and eight did not report on the type of 
AP. Th e periodontal status of the subjects was examined and characterised as ‘healthy’ in six 
studies while for 15 nothing was reported on the periodontal status. Five studies included 
only non-smokers, 14 studies did not report on smoking habits of the participants and two 
studies included smokers.
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table 1 | Included studies addressing apical periodontitis and systemic ROS.
Reference Study 

design
Population Type of AP/

Type of 
sample

Periodontal 
and smoking 
status

Follow-
up 
period

Intervention ROS markers/
method

Main results Observations

Cotti et al.
(2015)

CC Case: 41 (20 F; 21 M)
Age: 31±5.71

Control: 40 (20 F; 20 M)
Age: 31±5.71

NR/
Blood

Periodontally 
healthy/
Non-smokers

None None FORT AP may cause early endothelial dysfunction.
In men, AP may influence the metabolism of NOS 
while in women apparently implicates a more 
detrimental mechanism.

Giebultowicz 
et al. (2011)

CC Case: 45 (14 F; 31 M)
Age: 41±18

Control: 30 (18 F; 12 M)
Age: 45±19

OC/
Saliva

NR/
Smokers and 
non-smokers

None None SOD
SPO
UA

Statistically significant difference between SOD and 
SPO activity as well as UA concentration in saliva of 
patients with OC compared to controls.
A decrease in concentration of major antioxidants in 
saliva of patients with cysts might increase the risk of 
neoplastic transformation, especially in advanced age.

Gomes et al. 
(2018)

CC Depression: 24
No depression: 23
(With AP or without)

A/
Blood

NR/
Smokers and 
non-smokers

None Extraction NOx Elevated levels of root canal LPS in AP are associated 
with depression and lowered quality of life, increased 
NOx and hypernitrosylation.
Attributable association between depression and AP.

Results were analysed according to 
LPS levels rather than cases versus 
controls.

Inchingolo et 
al. (2014)

I Case: 33 (12 F; 21 M)
Age: 30-68

Control: 103 (45 F; 58 M)
Age: 30-68

A/
Blood

Periodontally 
healthy/
Non-smokers

0, 30, 90 
days

Endodontic 
treatment

d-ROMs test kit
BAP test kit

Higher d-ROMs and lower BAP test values at baseline 
in AP subjects.
Significantly lower BAP test values in subjects with 
AP compared to controls before and 30 days after 
treatment.
BAP increase after treatment whereas d-ROMs decrease
There is a relationship between AP and oxidative stress.

Minczykowski 
et al. (2001)

I Case: 20 (8 F; 12 M)
Age: 19-49; mean 33.8

Control: 20
Sex and age matched

A, S/
Blood

NR/
NR

0, 14 Extraction H2O2 and O2- 
production by 
stimulated and 
unstimulated 
PMNs

Increased production of H2O2 and O2- in AP samples at 
baseline compared to controls.
Significant decrease in H2O2 and O2- production by 
unstimulated PMNs after treatment.

PMNs were stimulated in vitro.
This study followed only 2 subjects 
after intervention

Shetty et al. 
(2012)

CC Case: 20 (5 F; 15 M)
Age: NR

Control: 20 (gender NR)
Age: age matched

NR/
Blood

NR/
NR

None None SOD, MPO, 
Vitamin C 
concentration
Total antioxidant

Highly significant differences between AP cases 
and controls regarding SOD, Vitamin C and total 
antioxidant status.
No significant differences between AP and controls 
regarding myeloperoxidase levels.

Recruitment and demographics of 
the participants are missing.
Poor statistics and analysis.
Reported values are inconsistent 
through the publication.

Vengerfeldt et 
al. (2017)

CC Primary AP: 22 (12 F; 10 M)
Age: 48.5±14.9
Secondary AP: 26 (5 F; 11 M)
Age: 38.2±12.9
Abscess: 8 (4 F; 4 M)
Age: 41±19.9

Control group: 17 (11 F; 6 M)
Age: 28.5±13.1

A, S/
Saliva

Periodontally 
healthy/
Non-smokers

None None OxS markers: 
MPO, OSI, 
8-isoprostanes

OxS is an important pathological mechanism in 
endodontic diseases that is evident at both local (root 
canal contents) and systemic levels.

A= asymptomatic; AP= apical periodontitis; BAP= biological antioxidant potential; CC= Case-Control; d-ROMs= Derivatives 
of reactive oxygen metabolites; F= female; FORT= free oxygen radicals test; I= interventional study; M= male; MPO= myelo-
peroxidase; NA= not applicable; NOx= NADPH oxidases ;OC= odontogenic cyst; OSI= oxidative stress index; OxS= oxidative 
stress ;S= symptomatic; SOD= superoxide dismutase; SPO= salivary peroxidase; UA= uric acid
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Intervention ROS markers/
method

Main results Observations

Cotti et al.
(2015)

CC Case: 41 (20 F; 21 M)
Age: 31±5.71

Control: 40 (20 F; 20 M)
Age: 31±5.71

NR/
Blood

Periodontally 
healthy/
Non-smokers

None None FORT AP may cause early endothelial dysfunction.
In men, AP may influence the metabolism of NOS 
while in women apparently implicates a more 
detrimental mechanism.

Giebultowicz 
et al. (2011)

CC Case: 45 (14 F; 31 M)
Age: 41±18

Control: 30 (18 F; 12 M)
Age: 45±19

OC/
Saliva

NR/
Smokers and 
non-smokers

None None SOD
SPO
UA

Statistically significant difference between SOD and 
SPO activity as well as UA concentration in saliva of 
patients with OC compared to controls.
A decrease in concentration of major antioxidants in 
saliva of patients with cysts might increase the risk of 
neoplastic transformation, especially in advanced age.

Gomes et al. 
(2018)

CC Depression: 24
No depression: 23
(With AP or without)

A/
Blood

NR/
Smokers and 
non-smokers

None Extraction NOx Elevated levels of root canal LPS in AP are associated 
with depression and lowered quality of life, increased 
NOx and hypernitrosylation.
Attributable association between depression and AP.

Results were analysed according to 
LPS levels rather than cases versus 
controls.

Inchingolo et 
al. (2014)

I Case: 33 (12 F; 21 M)
Age: 30-68

Control: 103 (45 F; 58 M)
Age: 30-68

A/
Blood

Periodontally 
healthy/
Non-smokers

0, 30, 90 
days

Endodontic 
treatment

d-ROMs test kit
BAP test kit

Higher d-ROMs and lower BAP test values at baseline 
in AP subjects.
Significantly lower BAP test values in subjects with 
AP compared to controls before and 30 days after 
treatment.
BAP increase after treatment whereas d-ROMs decrease
There is a relationship between AP and oxidative stress.

Minczykowski 
et al. (2001)

I Case: 20 (8 F; 12 M)
Age: 19-49; mean 33.8

Control: 20
Sex and age matched

A, S/
Blood

NR/
NR

0, 14 Extraction H2O2 and O2- 
production by 
stimulated and 
unstimulated 
PMNs

Increased production of H2O2 and O2- in AP samples at 
baseline compared to controls.
Significant decrease in H2O2 and O2- production by 
unstimulated PMNs after treatment.

PMNs were stimulated in vitro.
This study followed only 2 subjects 
after intervention

Shetty et al. 
(2012)

CC Case: 20 (5 F; 15 M)
Age: NR

Control: 20 (gender NR)
Age: age matched

NR/
Blood

NR/
NR

None None SOD, MPO, 
Vitamin C 
concentration
Total antioxidant

Highly significant differences between AP cases 
and controls regarding SOD, Vitamin C and total 
antioxidant status.
No significant differences between AP and controls 
regarding myeloperoxidase levels.

Recruitment and demographics of 
the participants are missing.
Poor statistics and analysis.
Reported values are inconsistent 
through the publication.

Vengerfeldt et 
al. (2017)

CC Primary AP: 22 (12 F; 10 M)
Age: 48.5±14.9
Secondary AP: 26 (5 F; 11 M)
Age: 38.2±12.9
Abscess: 8 (4 F; 4 M)
Age: 41±19.9

Control group: 17 (11 F; 6 M)
Age: 28.5±13.1

A, S/
Saliva

Periodontally 
healthy/
Non-smokers

None None OxS markers: 
MPO, OSI, 
8-isoprostanes

OxS is an important pathological mechanism in 
endodontic diseases that is evident at both local (root 
canal contents) and systemic levels.

A= asymptomatic; AP= apical periodontitis; BAP= biological antioxidant potential; CC= Case-Control; d-ROMs= Derivatives 
of reactive oxygen metabolites; F= female; FORT= free oxygen radicals test; I= interventional study; M= male; MPO= myelo-
peroxidase; NA= not applicable; NOx= NADPH oxidases ;OC= odontogenic cyst; OSI= oxidative stress index; OxS= oxidative 
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table 2 | Included studies addressing apical periodontitis and local ROS.
Reference Study 

design
Population Type of AP/ 

Type of sample
Periodontal 
and smoking 
status

Follow-up 
period

Intervention ROS 
markers

Method Main results Observations

Cassanta et 
al. (2017)

CC 41 subjects (24 F; 15 M)
Cysts: 16
Granulomas: 15

Control: 10

Age: 10-64; mean 35.07

A, S/
Periapical 
lesion
Healthy dental 
pulps (control 
group)

NR/
NR

None None iNOS IHC The expression of iNOS was significantly higher in cyst and 
granuloma cases compared to controls.
iNOS production by macrophages may contribute to 
the elimination of bacteria on site to maintain infection 
homeostasis in the lesion.

Dezerega et 
al. (2012)

CC Apical lesions: 10 (5 F; 5 M)
Age: 50.1±17.5
GCF: 16 (12 F; 4 M)
Age: mean 39.5

Control: 13 (8 F; 5 M)
Age: 23.2±3.8

A/
Periapical 
lesions
GCF
Healthy PDL 
(control group)

Periodontally 
healthy/
Non-smokers

Baseline 
and one 
week after 
completing 
RCT

RCT for 
Case group 2 
(GCF)

Oxidant 
balance

IHC GCF showed significantly lower levels of total antioxidant 
status in diseased teeth at baseline compared to controls and 
endodontically-treated group.
Inflammatory apical lesions were characterised by pro-
oxidant status.

GCF is 
measured 
longitudinally.

Hama et al. 
(2006)

Cohort 31 patients (15 F; 16 M)
Age: 19-79

S/
Periapical 
granulomas

NR/
NR

None Apicoectomy iNOS IHC Macrophages, polymorphonuclear leucocytes, lymphocytes, 
and fibroblasts exhibited iNOS production which could 
increase the functions of endothelial cells.
Nitric oxide plays a pivotal role in regulating inflammatory 
reaction in periapical lesions with the association of 
cytokines.

Hama et al. 
(2007)

Cohort 37 patients (19 F; 18 M)
Age: 19-79

S/
Periapical 
granulomas

NR/
NR

None Apicoectomy iNOS IHC RAGE-expressing cells infiltrate around iNOS-producing 
cells. These findings suggest that the balance between RAGE 
and iNOS regulation may be maintained by macrophages and 
endothelial cells, and it may be involved in tissue injuries and 
bone destruction of periapical granulomas.

Jakovljevic 
et al. (2018)

CC EBV-positive: 30 (16 F; 
14 M)
Age: 34.4±14.4
EBV-negative: 30 (17 F; 
13 M)
Age: 35.6±11.7

Control: 20 (10 F; 10 M)
Age: mean 21.2

NR/
Periapical tissue
Pulpal tissue 
(control group)

Periodontally 
healthy/
NR

None Apicoectomy 8‐OHdG 
and 
GSSG

ELISA This study suggests that apical periodontitis is characterised 
by increased levels of OS biomarkers.
There were no significant differences in 8‐OhdG and GSSG 
values between EBV‐positive and EBV‐negative periapical 
lesions.

Kabashima 
et al. (1998)

CC Case: 8 (3 F; 5 M)
Age: 32-64; mean 46

Control: 2 (gender NR)
Age: NR

NR/
Periapical 
granulomas
Healthy PDL 
(control group)

NR/
NR

None Apicoectomy iNOS IHC iNOS-positive cells might modulate the natural homeostatic 
mechanism in local inflammation sites, such as in periapical 
granulomas.
iNOS-positive cells might play a critical role in the activation 
of macrophages through the induction of NO and might 
modulate the degree of inflammation.
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EBV-negative: 30 (17 F; 
13 M)
Age: 35.6±11.7

Control: 20 (10 F; 10 M)
Age: mean 21.2

NR/
Periapical tissue
Pulpal tissue 
(control group)

Periodontally 
healthy/
NR

None Apicoectomy 8‐OHdG 
and 
GSSG

ELISA This study suggests that apical periodontitis is characterised 
by increased levels of OS biomarkers.
There were no significant differences in 8‐OhdG and GSSG 
values between EBV‐positive and EBV‐negative periapical 
lesions.

Kabashima 
et al. (1998)

CC Case: 8 (3 F; 5 M)
Age: 32-64; mean 46

Control: 2 (gender NR)
Age: NR

NR/
Periapical 
granulomas
Healthy PDL 
(control group)

NR/
NR

None Apicoectomy iNOS IHC iNOS-positive cells might modulate the natural homeostatic 
mechanism in local inflammation sites, such as in periapical 
granulomas.
iNOS-positive cells might play a critical role in the activation 
of macrophages through the induction of NO and might 
modulate the degree of inflammation.
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table 2 | Included studies addressing apical periodontitis and local ROS. (continued)
Reference Study 

design
Population Type of AP/ 

Type of sample
Periodontal 
and smoking 
status

Follow-up 
period

Intervention ROS 
markers

Method Main results Observations

Márton et 
al. (1993)

CC Case: 22 (14 F; 8 M)
Age: mean 25 (F); mean 
29 (M)

Control: 8 (3 F; 5 M)
Age: mean 24 (F); mean 
29 (M)

NR/
Periapical 
granulomas
Healthy 
gingival tissue 
(control group)

NR/NR None Apicoectomy/ 
extraction

MDA
SOD
GSH-PX

Chemiluminescence 
measurements

There is an altered balance between the production and 
elimination of reactive oxidants in periapical granuloma 
specimens.
Results suggest that ROIs produced by activated phagocytic 
cells -which homogenously infiltrate the granulomatous 
type of chronic apical periodontitis, may contribute to 
periapical tissue damage and bone resorption, as well as to 
the propagation and maintenance of chronic inflammation in 
this disease.

Matsumoto 
et al. (2007)

Cohort 30 patients (9 F; 20 M)
Age: 22-58

NR/
Periapical cysts 
(Inflammation 
degree: 4 mild, 
9 moderate and 
17 severe)

NR/
NR

None Cyst 
enucleation

iNOS IHC Results indicate that immunoreactivity of iNOS is expressed 
in several cellular types present in periapical cysts, positively 
correlating to the level of inflammation.
iNOS expression plays an important role in the pathogenesis 
of periapical cysts.

Shimauchi 
et al. (2001)

CC Case: 27 teeth (gender NR)
Age: NR

A, S/
PE from 
periapical 
lesions

Periodontally 
healthy/
NR

None RCT NO level ELISA for assessing 
IL-8.
Nitrite content of 
PE using the Griess 
reagent

There was no significant association between NO production 
and clinical signs of AP.
Positive correlation of the levels of IL-8 and NO suggests an 
involvement of neutrophil-derived NO in the pathogenesis 
of AP.

Suzuki et al. 
(2002)

CC Apical granuloma: 15 (11 
F; 4 M)
Age: 39.6±12.2
Radicular cyst: 16 (6 F; 
10 M)
Age: 43.2±13.9
Residual radicular cyst: 10 
(2 F; 8 M)
Age: 49.8±18.4

Control: 7 (5 F; 2 M)
Age: 19.3±4.0

NR/
Periapical 
inflammatory 
lesions
Malassez 
epithelial rests 
(control group)

NR/NR None NR iNOS IHC The differences in iNOS expression among Malassez epithelial 
rests and the lining epithelium of periapical inflammatory 
lesions suggested that iNOS expression in periapical epithelial 
cells was involved in inflammatory processes and might 
participate in the proliferation of these cells.

Swetha et 
al. (2014)

Cohort OKC: 10
DC: 10
RCy: 10 NR

Gender and age NR

NR/
Odontogenic 
cysts

NR/
NR

None NR iNOS IHC iNOS was over expressed in OKCs when compared with 
DC and RC suggesting that iNOS may contribute to 
the aggressive behaviour of OKC. This also justifies that 
iNOS plays an important role in the pathology of both 
inflammatory and developmental lesions.

Takeichi et 
al. (1999)

Cohort 29 patients (12 F; 17 M)
Age: 26-62

S/
Periapical 
granulomas

NR/
NR

None Apicoectomy iNOS IHC In periapical inflamed tissues, epithelial cells, endothelial 
cells and fibroblasts were significantly stained with iNOS 
antibodies.
In human radicular cysts, iNOS-producing cells are localised 
adjacent to IFN-γ-producing cells. Some of iNOS-producing 
cells coproduced IFN- γ, whereas less iNOS-producing cells 
were present in the absence of IFN-γ-producing cells.

Takeichi et 
al. (1998a)

Cohort 15 patients (gender NR)
Age: NR

S/
Radicular cysts

NR/
NR

None Apicoectomy iNOS IHC Stimulation of inflammatory cytokines derived from 
mononuclear cells. PMNs can spontaneously produce NO at 
the site of chronic infection. NO-producing cells may play a 
pivotal role in chronic inflammation.



3

Reactive oxygen species and AP 53

table 2 | Included studies addressing apical periodontitis and local ROS. (continued)
Reference Study 

design
Population Type of AP/ 

Type of sample
Periodontal 
and smoking 
status

Follow-up 
period

Intervention ROS 
markers

Method Main results Observations

Márton et 
al. (1993)

CC Case: 22 (14 F; 8 M)
Age: mean 25 (F); mean 
29 (M)

Control: 8 (3 F; 5 M)
Age: mean 24 (F); mean 
29 (M)

NR/
Periapical 
granulomas
Healthy 
gingival tissue 
(control group)

NR/NR None Apicoectomy/ 
extraction

MDA
SOD
GSH-PX

Chemiluminescence 
measurements

There is an altered balance between the production and 
elimination of reactive oxidants in periapical granuloma 
specimens.
Results suggest that ROIs produced by activated phagocytic 
cells -which homogenously infiltrate the granulomatous 
type of chronic apical periodontitis, may contribute to 
periapical tissue damage and bone resorption, as well as to 
the propagation and maintenance of chronic inflammation in 
this disease.

Matsumoto 
et al. (2007)

Cohort 30 patients (9 F; 20 M)
Age: 22-58

NR/
Periapical cysts 
(Inflammation 
degree: 4 mild, 
9 moderate and 
17 severe)

NR/
NR

None Cyst 
enucleation

iNOS IHC Results indicate that immunoreactivity of iNOS is expressed 
in several cellular types present in periapical cysts, positively 
correlating to the level of inflammation.
iNOS expression plays an important role in the pathogenesis 
of periapical cysts.

Shimauchi 
et al. (2001)

CC Case: 27 teeth (gender NR)
Age: NR

A, S/
PE from 
periapical 
lesions

Periodontally 
healthy/
NR

None RCT NO level ELISA for assessing 
IL-8.
Nitrite content of 
PE using the Griess 
reagent

There was no significant association between NO production 
and clinical signs of AP.
Positive correlation of the levels of IL-8 and NO suggests an 
involvement of neutrophil-derived NO in the pathogenesis 
of AP.

Suzuki et al. 
(2002)

CC Apical granuloma: 15 (11 
F; 4 M)
Age: 39.6±12.2
Radicular cyst: 16 (6 F; 
10 M)
Age: 43.2±13.9
Residual radicular cyst: 10 
(2 F; 8 M)
Age: 49.8±18.4

Control: 7 (5 F; 2 M)
Age: 19.3±4.0

NR/
Periapical 
inflammatory 
lesions
Malassez 
epithelial rests 
(control group)

NR/NR None NR iNOS IHC The differences in iNOS expression among Malassez epithelial 
rests and the lining epithelium of periapical inflammatory 
lesions suggested that iNOS expression in periapical epithelial 
cells was involved in inflammatory processes and might 
participate in the proliferation of these cells.

Swetha et 
al. (2014)

Cohort OKC: 10
DC: 10
RCy: 10 NR

Gender and age NR

NR/
Odontogenic 
cysts

NR/
NR

None NR iNOS IHC iNOS was over expressed in OKCs when compared with 
DC and RC suggesting that iNOS may contribute to 
the aggressive behaviour of OKC. This also justifies that 
iNOS plays an important role in the pathology of both 
inflammatory and developmental lesions.

Takeichi et 
al. (1999)

Cohort 29 patients (12 F; 17 M)
Age: 26-62

S/
Periapical 
granulomas

NR/
NR

None Apicoectomy iNOS IHC In periapical inflamed tissues, epithelial cells, endothelial 
cells and fibroblasts were significantly stained with iNOS 
antibodies.
In human radicular cysts, iNOS-producing cells are localised 
adjacent to IFN-γ-producing cells. Some of iNOS-producing 
cells coproduced IFN- γ, whereas less iNOS-producing cells 
were present in the absence of IFN-γ-producing cells.

Takeichi et 
al. (1998a)

Cohort 15 patients (gender NR)
Age: NR

S/
Radicular cysts

NR/
NR

None Apicoectomy iNOS IHC Stimulation of inflammatory cytokines derived from 
mononuclear cells. PMNs can spontaneously produce NO at 
the site of chronic infection. NO-producing cells may play a 
pivotal role in chronic inflammation.
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Characteristics of the samples examined for roS
Different kinds of samples were taken in order to assess the oxidative stress systemically or 
locally. Systemically, five studies assessed the oxidative stress markers in blood (Cotti et al. 
2015, Gomes et al. 2018, Inchingolo et al. 2014, Minczykowski et al. 2001, Shetty & Kumari 
2012) while two studies used saliva (Giebułtowicz et al. 2011, Vengerfeldt et al. 2017) (Table 
1). At a local level, only one study examined both gingival crevicular fluid (Dezerega et al. 
2012) and AP tissue. One study examined root canal contents (Vengerfeldt et al. 2017) and 
the remainder of the studies were all conducted on AP tissue acquired after endodontic 
surgeries or extractions (Table 2).

Primary outcomes of local cytokine-inducible nitric oxide synthase (inoS)
In six studies, iNOS positive cells were localised in AP whereas the negative controls did not 
show positive staining (Hama et al. 2006, Hama et al. 2007, Kabashima et al. 1998, Takeichi 
et al. 1999, Takeichi et al. 1998a, Takeichi et al. 1998b). In four studies a statistically sig-

table 2 | Included studies addressing apical periodontitis and local ROS. (continued)
Reference Study 

design
Population Type of AP/ 

Type of sample
Periodontal 
and smoking 
status

Follow-up 
period

Intervention ROS 
markers

Method Main results Observations

Takeichi et 
al. (1998b)

Cohort 30 patients (13 F; 17 M)
Age: 28-56

S/
PE
Periapical 
lesion sampling

NR/NR None 20 RCT
10 
apicoectomy

iNOS IHC iNOS-positive cells were significantly present around blood 
vessels, and cells residing further away of blood vessels 
showed weak to no iNOS production, suggesting that only 
cells around blood vessels could be stimulated for iNOS 
synthesis.
In the presence of iNOS, NO can be produced spontaneously 
in periapical lesions and may play a crucial role in the 
regulation of chronic infection.

Vengerfeldt 
et al. (2017)

CC pCAP: 22 (12 F; 10 M)
Age: 48.5±14.9
sCAP: 26 (15 F; 11 M)
Age: 38.2±12.9
APA: 8 (4 F; 4 M)
Age: 41.0±19.9
IP: 13 (8 F; 5 M)
Age: 37.1±9.6

Controls: 17 (11 F; 6 M)
Age: 28.5±13.1

A, S/
Resting saliva 
samples
RC contents

Periodontally 
healthy/ non 
smokers

None RCT TPX, 
MPO, 
8-EPI

OxyStat colorimetric 
assay for TPX
ELISA for MPO and 
8-EPI

OxS is an important pathomechanism in endodontic 
pathologies that is evident at both local (RC contents) and 
systemic (saliva) level. OxS is significantly associated with 
dental pain and bone destruction.

A= symptomatic; AP= apical periodontitis; APA= Acute periapical abscess; DC= dentigerous cyst; EBV= Epstein–Barr virus; 
ELISA= enzyme-linked immunosorbent assay; GSSG= oxidised gluthatione ;I= intervention; IHC= Immunohistochemistry; 
IL-8= interleukine-8; iNOS= inducible nitric oxide synthase; IP= irreversible pulpitis; GCF= gingival crevicular fluid; GSH-
PX= glutathione peroxidase; GSSG= glutathione disulfide; OKC= odontogenic keratocyst; MDA= malondialdehyde; MPO= 
myeloperoxidase; OSI= colorimetric assay kit; NO= nitric oxide; NR= not reported; pCAP= primary chronic apical periodonti-
tis; PDL= periodontal ligament; PE= periapical exudate; PMNs= polymorphonuclear leukocytes ;RAGE= receptor for advanced 
glycation end products; RC= root canal; RCT= root canal treatment; RCy: radicular cyst; ROI= reactive oxygen intermediates; 
S= symptomatic; sCAP= secondary chronic apical periodontitis; SOD= superoxide dismutase; TPX= total peroxide concentra-
tions; 8-EPI= 8-isoprostanes ; 8-OHdG= 8-hydroxydeoxyguanosine
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nificant increase of iNOS expression was observed in AP (Cassanta et al. 2017, Matsumoto 
& Ribeiro 2007, Suzuki et al. 2002, Swetha et al. 2014). Two studies showed an increase of 
oxidative stress markers in AP compared to healthy controls without AP (Jakovljevic et al. 
2018, Vengerfeldt et al. 2017).

In the study of Swetha et al. (2014) the staining intensity among different kinds of cysts 
was examined. There was a statistically significant difference in iNOS expressions within the 
odontogenic keratocyst and dentigenous cyst (p < 0.01) and among odontogenic keratocyst 
and radicular cyst (p < 0.01) whereas there was no statistically significant difference between 
dentigenous cyst and radicular cyst (p  <  0.01). More iNOS was detected in odontogenic 
keratocysts compared with dentigenous cyst or radicular cyst (Swetha et al. 2014).

Depending on whether the tooth has been already treated or not AP is characterised as 
primary (untreated) or secondary (treated). The highest levels of oxidative stress markers 
were observed in the case of primary chronic AP and pulpitis, in both the endodontium, 
that is the root-canal contents, and saliva. Secondary chronic AP and abscess cases exhibited 
lower values of oxidative stress markers. The highest levels of oxidative stress index in the 
endodontium were seen in subjects with primary chronic AP and abscesses (Vengerfeldt et 
al. 2017). Oxidative stress index is a ratio percentage of total peroxide to the total anti-oxidant 
potential, and is an indication of disruption of oxidative balance (Vengerfeldt et al. 2017).

table 2 | Included studies addressing apical periodontitis and local ROS. (continued)
Reference Study 

design
Population Type of AP/ 

Type of sample
Periodontal 
and smoking 
status

Follow-up 
period

Intervention ROS 
markers

Method Main results Observations

Takeichi et 
al. (1998b)

Cohort 30 patients (13 F; 17 M)
Age: 28-56

S/
PE
Periapical 
lesion sampling

NR/NR None 20 RCT
10 
apicoectomy

iNOS IHC iNOS-positive cells were significantly present around blood 
vessels, and cells residing further away of blood vessels 
showed weak to no iNOS production, suggesting that only 
cells around blood vessels could be stimulated for iNOS 
synthesis.
In the presence of iNOS, NO can be produced spontaneously 
in periapical lesions and may play a crucial role in the 
regulation of chronic infection.

Vengerfeldt 
et al. (2017)

CC pCAP: 22 (12 F; 10 M)
Age: 48.5±14.9
sCAP: 26 (15 F; 11 M)
Age: 38.2±12.9
APA: 8 (4 F; 4 M)
Age: 41.0±19.9
IP: 13 (8 F; 5 M)
Age: 37.1±9.6

Controls: 17 (11 F; 6 M)
Age: 28.5±13.1

A, S/
Resting saliva 
samples
RC contents

Periodontally 
healthy/ non 
smokers

None RCT TPX, 
MPO, 
8-EPI

OxyStat colorimetric 
assay for TPX
ELISA for MPO and 
8-EPI

OxS is an important pathomechanism in endodontic 
pathologies that is evident at both local (RC contents) and 
systemic (saliva) level. OxS is significantly associated with 
dental pain and bone destruction.

A= symptomatic; AP= apical periodontitis; APA= Acute periapical abscess; DC= dentigerous cyst; EBV= Epstein–Barr virus; 
ELISA= enzyme-linked immunosorbent assay; GSSG= oxidised gluthatione ;I= intervention; IHC= Immunohistochemistry; 
IL-8= interleukine-8; iNOS= inducible nitric oxide synthase; IP= irreversible pulpitis; GCF= gingival crevicular fluid; GSH-
PX= glutathione peroxidase; GSSG= glutathione disulfide; OKC= odontogenic keratocyst; MDA= malondialdehyde; MPO= 
myeloperoxidase; OSI= colorimetric assay kit; NO= nitric oxide; NR= not reported; pCAP= primary chronic apical periodonti-
tis; PDL= periodontal ligament; PE= periapical exudate; PMNs= polymorphonuclear leukocytes ;RAGE= receptor for advanced 
glycation end products; RC= root canal; RCT= root canal treatment; RCy: radicular cyst; ROI= reactive oxygen intermediates; 
S= symptomatic; sCAP= secondary chronic apical periodontitis; SOD= superoxide dismutase; TPX= total peroxide concentra-
tions; 8-EPI= 8-isoprostanes ; 8-OHdG= 8-hydroxydeoxyguanosine
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table 3 | Methodologic Quality Assessment of Case-control and Cross-sectional Studies in local and systemic 
ROS.
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Selection Is the case definition 
adequate

* * * * * * * * * * * - * *

Representativeness of 
the cases

* * * * * * - * * * * - * *

Selection of controls * * * * * * - * * - - - - *

Definition of controls * * * * * - - * * * - - - *

Comparability Comparability of 
cases and controls 
on the basis of the 
design or analysis

** ** ** * ** * * * ** ** * * - *

outcome Ascertainment of 
exposure

* * * * * * * * * * * * * *

Same method of 
ascertainment for 
cases and controls

* * - * * - * * * * * * * *

Nonresponse rate NA NA NA NA NA NA NA NA NA NA NA NA NA NA

total awarded 
stars

8 8 7 7 8 5 4 7 8 7 5 3 4 7

NA; not applicable.

table 4 | Methodologic Quality Assessment of Cohort and Interventional Studies in systemic ROS.
Minczykowski 

et al. 2001
Inchingolo et 

al. 2014

Selection Representativeness of the exposed cohort - -

Selection of the non-exposed cohort - *

Ascertainment of exposure * *

Demonstration that outcome of interest was not present at start 
of study

* *

Comparability Comparability of cohorts on the basis of the design or analysis * **

outcome Assessment of outcome * *

Was follow-up long enough for outcomes to occur * *

Adequacy of follow-up of cohorts (<20%) * *

total awarded stars 6 8
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outcomes local oxidant balance
The sample types for measuring the oxidant balance varies in the selected studies. In the 
study of Dezerega et al. (2012), gingival crevicular fluid showed significantly lower levels 
of total antioxidant status in teeth with AP at baseline in comparison with endodontically-
treated teeth and subjects without AP. The inflammatory apical lesions were characterised 
by pro-oxidant status (Dezerega et al. 2012).

Márton et al. (1993) concluded that there is a diversified balance between the produc-
tion and destruction of reactive oxidants in apical periodontitis specimens. The level of 
malondialdehyde, a marker of oxidative stress, was significantly higher in AP than in control 
samples. The activity of glutathione peroxidase, an antioxidant, was decreased in AP samples 
compared with this antioxidant activity in healthy control tissue. The activity of SOD was 
similar both in AP and in control samples (Márton et al. 1993). In the study of Shetty and 
Kumari (2012), there was a highly significant decrease in serum SOD, total myeloperoxidase 
and antioxidant levels in diseased subjects when compared to subjects without periapical 
inflammation, whereas an increase in serum vitamin-C level was detected in subjects with 
AP in comparison with healthy individuals.

outcomes systemic oxidative stress
Different oxidative stress markers were examined in blood or saliva. Markers examining 
the oxidant status were found significantly higher in the blood of AP subjects than in 
control groups in five studies (Cotti et al. 2015, Giebułtowicz et al. 2011, Minczykowski et 

table 5 | Newcastle-Ottawa Scale Criteria Methodologic Quality Assessment of Cohort and Interventional 
Studies in local ROS
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Selection Is the case definition adequate * * * * * * *

Representativeness of the cases * * - * * * *

Selection of controls * * * * * * *

Definition of controls * * * * * * *

Comparability Comparability of cases and controls on the basis of the design 
or analysis

** ** ** * ** * **

outcome Ascertainment of exposure * ** ** * * * *

Same method of ascertainment for cases and controls * - - - - - -

Nonresponse rate - - - - - - -

total awarded 
stars

8 8 7 6 7 6 7
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al. 2001, Shetty & Kumari 2012). Markers examining the antioxidant status in blood were, 
on the contrary, found to be significantly lower in the blood of AP subjects than in healthy 
control group (Shetty & Kumari 2012). Inchingolo et al. (2014) found an increase in ROS 
concentration and low antioxidants in blood before the treatment compared to after. After 
the treatment the concentrations of ROS went down while the antioxidants increased. Also 
the two studies examining oxidative stress in saliva (Giebułtowicz et al. 2011, Vengerfeldt 
et al. 2017) noticed an increased concentration of ROS in AP subjects in comparison with 
AP-free controls.

dISCuSSIon

This systematic review was conducted to answer the focussed question: Is there local 
production and systemic presence of ROS in subjects with apical periodontitis, who are 
otherwise healthy? After a systematic search, 21 studies met the inclusion criteria and data 
from these studies were extracted. It was found that AP induces local ROS production 
and that there is evidence of increased systemic oxidative stress in subjects with AP. No 
meta-analyses could be undertaken because of the large heterogeneity of included studies 
regarding design, sample type and examined ROS. Further, only one study was found that 
examined both the local and systemic presence of ROS at the same time 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). Without treatment, asymptomatic AP can exist un-
noticed for years. This implicates an increase of local ROS production and oxidative stress 
for years. Considering the consequences of long-lasting oxidative stress for the systemic 
health and to avoid long-term collateral damage, this suggests a new more active approach 
to asymptomatic AP rather than ‘monitoring’. Limitations of this study are, the heteroge-
neity in design and variables of included studies which did not permit us to perform a 
meta-analysis. The Newcastle-Ottawa Scale was used to assess the methodologic quality of 
the included studies. The assessment of the quality of observational studies is more difficult 
than the assessment of the quality of randomised clinical trials and other experimental 
studies. Appraising observational studies with checklists/scales designed for randomised 
clinical trials may not be appropriate. Moreover, this scale is recommended by the Cochrane 
Non-Randomized Studies Methods Working Group (Higgins & Green 2011). Although, 
the Newcastle-Ottawa Scale Criteria for assessing the quality of nonrandomised studies is 
quite comprehensive, some of its weaknesses have been discussed (Stang 2010). Factors like 
random selection processes, calibration, sample size calculations, matching/randomisation, 
blinding, adjustment for confounders are not assessed in this checklist. This may result in 
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bias, affect the validity of the included studies and should be taken into consideration when 
assessing the results of this review.

All these facts underline the important role of ROS in the cascade of immunologic 
response and that its production is key to the initiation and maintenance of the inflam-
matory response. Reactive oxygen species (ROS) produced by phagocytic cells in response 
to bacterial pathogens are an important host defense mechanism (Hernández-Ríos et al. 
2017). In several included studies, the authors suggested that iNOS production could 
augment the functions of endothelial cells which results in the initiation of inflammatory 
response (Cassanta et al. 2017, Hama et al. 2006, Hama et al. 2007, Kabashima et al. 1998, 
Matsumoto & Ribeiro 2007, Shimauchi et al. 2001, Suzuki et al. 2002, Takeichi et al. 1998a). 
We can conclude that nitric oxide plays a pivotal role in regulating inflammatory reaction 
in periapical lesions with the association of cytokines. The permeability of the endothelial 
monolayer to fluid, inflammatory cells and macromolecules, and inflammatory cells in a 
state of oxidative stress is increased (McQuaid & Keenan 1997). Another important col-
lateral damage feature of the function of ROS, specifically of nitric oxide (NO), is affecting 
host‐induced tissue destruction which is established by the production of pro‐inflammatory 
cytokines and prostaglandins (Kendall et al. 2001). When a macrophage comes in contact 
with Gram-negative bacteria, it becomes activated by the lipopolysaccharides (LPS) of the 
bacterial outer membrane. The stimulated macrophages then release NO which induces 
apoptosis in macrophages and osteoblasts. These series of events promote the progression 
of the periapical lesion (Lin et al. 2007).

In the oral cavity, oxidative stress is driven by individual-specific bacterial communities 
(Džunková et al. 2018). Apical periodontitis also has a microbial etiology including viruses 
(Kakehashi et al. 1965). Some endodontic pathogens, such as E. faecalis and Epstein-Barr 
virus, are known to induce production of ROS (Jakovljevic et al. 2018) plus some microor-
ganisms are known to also produce ROS (Huang et al. 2018). Therefore, locally produced 
ROS in AP can be of human or microbial source. At present however, it is not possible to 
distinguish between the origins of ROS. One included study (Jakovljevic et al. 2018) exam-
ined if the presence of Epstein-Barr virus would increase the concentration of ROS in the 
lesion, however, there were no significant differences in ROS values between EBV‐positive 
and EBV‐negative periapical lesions. It is plausible to assume that the root-canal infection 
contributes in more than one way to both local periodontal destruction and systemic oxida-
tive stress.

The odontogenic keratocyst (OKC) arises from the remnants of the dental lamina and 
basal cells of the oral epithelium (Shastry et al. 2020). OKC was designated by the World 
Health Organization (WHO) as a keratocystic odontogenic tumour (KCOT) reclassifying 
this into developmental odontogenic neoplasia in 2005, reflecting its aggressive clinical 
behaviour (Thompson 2006). In the study of Swetha et al. (2014), iNOS was overexpressed 
in odontogenic keratocysts when compared with dentigenous cysts or/and radicular cysts 
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(RC), suggesting that iNOS may contribute to the aggressive behaviour of odontogenic 
keratocysts (Swetha et al. 2014). This suggestion corresponds with the findings of another 
study where the percentage of iNOS-positive cells were remarkably high in OKCs (57.1%) 
when compared to RCs (28.6%) and dentigenous cysts (14.3%) (Akshatha et al. 2017). 
Based on these results, it can be stated that iNOS may be an important marker involved 
in the biological behaviour of OKC (H et al. 2014). It would also be very interesting to 
explore if the presence of certain ROS producing bacteria in the infected root-canal system, 
associated with AP, would further stimulate the formation of OKC.

Oxidative stress has also been significantly associated with pain (Vengerfeldt et al. 2017). 
Reactive oxygen species play a great role in collateral cell and tissue damage and can cause 
as such pain through increased prostanoid synthesis. Prostanoids are considered to mediate 
inflammation and immune responses, as their administration produces hyperalgesia and 
other major signs of inflammation. A peripheral injury can cause sensitization associated 
with mitochondria-generated oxidating species in the dorsal horn of the spinal cord (spinal 
oxidative stress) (Vengerfeldt et al. 2017). More specifically, one study (Vengerfeldt et al. 
2017) reported about how AP may lead to spinal and systemic oxidative stress (Schwartz 
et al. 2009). Systemically generated 8-isoprotamins could contribute to periapical oxida-
tive stress as well as bone destruction and pain. In three included studies examining the 
antioxidants of AP subjects, significantly lower concentration of antioxidants was found in 
the blood (Inchingolo et al. 2014, Shetty & Kumari 2012) or saliva (Giebułtowicz et al. 2011) 
compared to controls or to after the treatment. A solution to break that “circle” would be 
the administration of antioxidants as systemic treatment. From animal studies, there is evi-
dence that systemic administration of antioxidants, like vitamin C, reduce injury induced 
oxidative stress (Guo et al. 2018). Furthermore, antioxidants, except for pain reduction, 
can also be used for improvement/acceleration of resolution of the inflammatory response. 
Once the microbial infection of the root-canal space is gone, and in order to encourage the 
resolution of AP, administration of antioxidants might help. There are studies in the field 
of periodontology that were summarised in a systematic review (Muniz et al. 2015). These 
show an improvement in periodontal parameters after administration of lycopene and vita-
min E complementary to normal periodontal treatment of chronic periodontitis. Consider-
ing the affinity of the immunologic response of chronic apical and marginal periodontitis, 
the administration of antioxidants as such might be also beneficial in the resolution of AP. 
To date and to our knowledge, there has been no clinical or animal study examining the 
benefits of antioxidants while recovering from AP or to reduce pain that is caused by AP.

In dental practice, there is need for a more accurate or at least an additional biomarker 
that indicates the presence of apical periodontitis pre- and postoperatively. Currently, there 
is no method to directly assess the presence/absence of AP. The AP-lesion is hidden in bone 
and after performing an endodontic treatment, the only information about its effectiveness 
is derived from clinical examination and intra-oral radiographs. All current methods can 
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have a low sensitivity (Patel et al. 2012). Moreover, resolution of AP after root-canal treat-
ment takes to up to a year to be visible on a radiograph. Since, oxidative stress has also been 
associated with periapical bone loss which occurs in the inflammatory cascade to create 
space for inflammatory cells, perhaps the presence/absence of local oxidative stress can be 
a tool to monitor resolution of oral conditions and AP in particular after treatment. At 
present however, there is a lack of consensus concerning the validation, standardization, 
and reproducibility of methods for the measurement of the following: (1) ROS in leukocytes 
and platelets by flow cytometry, (2) markers based on ROS-induced modifications of lipids, 
DNA, and proteins, (3) enzymatic players of redox status, and (4) total antioxidant capac-
ity of human body fluids. Possibly the bias of each method could be overcome by using 
an combination of methods creating an overall index of redox status in patients with AP 
(Marrocco et al. 2017). Future research should aim to establish these thresholds for clinical 
applications such as the diagnosis and treatment of AP.

In the existing literature the presence of ROS in periapical lesions has been established 
(Cassanta et al. 2017, Hama et al. 2006, Hama et al. 2007, Kabashima et al. 1998, Matsumoto 
& Ribeiro 2007, Shimauchi et al. 2001, Suzuki et al. 2002, Takeichi et al. 1998a, Vengerfeldt 
et al. 2017). Also all the included studies examining systemic oxidative stress in saliva or 
blood (Cotti et al. 2015, Giebułtowicz et al. 2011, Gomes et al. 2018, Inchingolo et al. 2014, 
Minczykowski et al. 2001, Shetty & Kumari 2012, Vengerfeldt et al. 2017) have found an 
increased ROS concentration, and/or decreased anti-oxidant concentration, in AP subjects 
concluding that there might be also a systemic burden of AP. Only one study examined 
both local and systemic levels (Vengerfeldt et al. 2017). To understand the possible systemic 
burden ROS and antioxidants are proposed to be measured both locally and systemically 
in longitudinal studies with several time points before and after the treatment of AP (Geor-
giou et al. 2019). Additionally, in the same population, blood, saliva and GCF and/or tissue 
should be sampled with information about the clinical symptoms and the size of the lesion. 
In that way, we can form a more robust conclusion while considering random fluctuations 
that might attributed to external factors, like diet.

ConCluSIonS

To sum up, in general inflammation is always associated with the generation of ROS at cellu-
lar levels and in bio fluids. AP, an inflammatory response to microbial infection, is therefore 
also known for the production of ROS locally at the root tip. These ROS modulate cell sig-
nalling and cause oxidant imbalance. Cell signalling leads to a pro-inflammatory response, 
activation of MMPs and formation and progression of the AP lesion. Simultaneously, these 
oxidative stress biomarkers are found in blood and saliva of subjects with AP underlying 
the importance of treatment. Understanding the mechanism of ROS production, involved 
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in chronic inflammation, can provide us with important tools to enhance local and systemic 
healing. Specifically, this knowledge can in the future enhance our diagnostic capacity by 
controlling the ROS levels locally in GCF or saliva. Future research considerations would 
be to use antioxidants, like over the counter vitamins, to accelerate the return to oxidative 
balance. Finally, chemicals with antioxidant capacity, could be used to diminish pain and 
encourage resolution of AP after root-canal treatment.
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