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Background: Apical periodontitis (AP) is an inflammatory disease affecting periradicular tis-

sues. It is a widespread condition but its etiopathogenetic mechanisms have not been completely 

elucidated and the current treatment options are not always successful.

Purpose: To compare oxidative stress (OxS) levels in the saliva and the endodontium (root 

canal [RC] contents) in patients with different endodontic pathologies and in endodontically 

healthy subjects.

Patients and methods: The study group of this comparison study included 22 subjects 

with primary chronic apical periodontitis (pCAP), 26 with posttreatment or secondary chronic 

apical periodontitis (sCAP), eight with acute periapical abscess, 13 with irreversible pulpitis, 

and 17 healthy controls. Resting saliva samples were collected before clinical treatment. Pulp 

samples (remnants of the pulp, tooth tissue, and/or previous root filling material) were collected 

under strict aseptic conditions using the Hedström file. The samples were frozen to −80°C until 

analysis. OxS markers (myeloperoxidase [MPO], oxidative stress index [OSI], 8-isoprostanes 

[8-EPI]) were detected in the saliva and the endodontium. 

Results: The highest MPO and 8-EPI levels were seen in pCAP and pulpitis, while the highest 

levels of OSI were seen in pCAP and abscess patients, as well as the saliva of sCAP patients. 

Controls showed the lowest OxS levels in both RC contents and saliva. Significant positive 

correlations between OxS markers, periapical index, and pain were revealed. Patients with pain 

had significantly higher OxS levels in both the endodontium (MPO median 27.9 vs 72.6 ng/mg 

protein, p=0.004; OSI 6.0 vs 10.4, p<0.001; 8-EPI 50.0 vs 75.0 pg/mL, p<0.001) and saliva 

(MPO 34.2 vs 117.5 ng/mg protein, p<0.001; 8-EPI 50.0 vs 112.8 pg/mL, p<0.001) compared 

to pain-free subjects. 

Conclusion: OxS is an important pathomechanism in endodontic pathologies that is evident 

at both the local (RC contents) and systemic (saliva) level. OxS is significantly associated with 

dental pain and bone destruction.
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Introduction 
Apical periodontitis (AP) is an inflammatory disease affecting periradicular tissues 

and accruing from bacterial infection of dental pulp. It is the most frequent sequela of 

untreated dental caries and frequently results in tooth loss. AP is a widespread condi-

tion1–3 that has a considerable effect on quality of life and that is a cause of significant 

health-related costs. The principal aim of endodontic treatment is to eliminate microor-

ganisms from the root canal (RC) system before RC filling; however, the total elimination 

of RC biofilm can in some cases be close to impossible. Meanwhile, in some cases, AP 
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is found to heal even in the case of poor quality root canal 

treatment (RCT), while in other cases, signs of persistent AP 

can remain in spite of excellent RCT.4 Thus, the etiopathoge-

netic mechanisms of AP have not been completely elucidated 

and the current treatment options are not always successful.5,6 

Additional research is, therefore, urgently needed.

The generation of reactive oxygen species (ROS) is a 

major pathogenic mechanism for diseases involving phago-

cytic infiltration and bone resorption as host defense mecha-

nisms against the invading pathogen.7 ROS are capable of 

triggering reactions in which radicals react with other organic 

molecules, resulting in oxidative damage. At the same time, 

the human body has developed antioxidant defense mecha-

nisms involving a number of enzymatic and nonenzymatic 

systems, such as the peroxidase system, certain proteins, 

vitamins, uric acid, etc. The latter has been characterized 

as the most important antioxidant molecule found in saliva. 

An imbalance in favor of prooxidants is termed oxidative 

stress (OxS).8,9

Although research on the role of ROS and the protective 

capacity of salivary antioxidants in marginal periodontitis 

has been extensive,10 very few studies have been carried out 

concerning the associations between OxS and AP. These 

studies have described the prooxidant status in apical lesions 

of AP patients7 and influence of endodontic treatment on 

systemic OxS.9 To our knowledge, no studies investigating 

the role of excessive OxS and the salivary antioxidant system 

in the pathogenesis of AP have presented a comparison of 

OxS levels in saliva and the endodontium.

The aim of our comparison study was to collate the OxS 

levels in the saliva and the endodontium (RC contents) in 

patients with different endodontic pathologies and in end-

odontically healthy subjects.

Patients and methods 
Study subjects and clinical examination
One of the authors (VV) recruited randomly patients with 

endodontic pathology and healthy controls between January 

9, 2015 and August 19, 2016 from the Clinic of Stomatology 

at University of Tartu, Estonia and a private dental clinic 

Kaselo Dental Clinic in Põltsamaa, Estonia. There was no 

difference between the patient contingents since adult patients 

have to pay for their dental care in Estonia in both settings. 

In addition, inclusion and exclusion criteria were similar in 

both clinics (Table S1) and all the patients were recruited by 

the same dentist (VV). Altogether, 124 subjects were initially 

recruited. From 86 subjects a sufficient amount of specimens 

for all biochemical studies was available; therefore, the final 

study group included 86 subjects, 69 with and 17 without 

endodontic pathology (Table 1, Figure S1).

Clinical examination of patients was performed as 

described previously.11 Endodontic pathology was diag-

nosed according to the current suggestions.12,13 Using a 

Kodak 2100 Intraoral X-Ray System (Carestream Dental, 

Rochester, NY, USA), an experienced radiologist or dentist 

(VV) took periapical radiographs with a Carestream 6100 

sensor (Carestream Dental), using the long-cone parallel-

ing technique for extension cone paralleling devices (Rinn 

Co, Elgin, IL, USA). Periapical radiographs were analyzed 

using Carestream Dental Imaging Software (Carestream 

Dental). Periapical index (PAI) was determined as described 

previously.14 

Out of 69 patients with endodontic pathology, 22 had AP 

(periapical radiolucency) without previous RCT (primary 

chronic apical periodontitis [pCAP]) in at least one tooth, 

while 26 patients had AP (visible periapical radiolucency) 

with previous RCT done more than 4 years ago (posttreatment 

or secondary chronic apical periodontitis [sCAP]) in at least 

one tooth (the condition termed “sCAP” in this paper and 

in a previous paper11 is elsewhere also called posttreatment 

apical periodontitis15 and persistent apical periodontitis5). 

Acute periapical abscess was diagnosed in eight patients 

and symptomatic irreversible pulpitis with normal periapi-

cal tissues in 13 patients. The 17 control subjects were in 

good general health without any illness, they had intact 

teeth (all teeth were caries free; no sign of pulpitis, apical, 

Table 1 Age and gender distribution of study subjects

Group No of subjects No of men No of women Age (mean ± SD) Age range PAI Pain

pCAP 22 10 (45%) 12 (55%) 48.5±14.9 20–76 4.3±0.78 17 (77%)
sCAP 26 11 (42%) 5 (58%) 38.2±12.9 21–70 3.8±0.96 10 (39%)
Abscess 8 4 (50%) 4 (50%) 41.0±19.9 18–83 5.0±0.00 8 (100%)
Pulpitis 13 5 (38%) 8 (62%) 37.1±9.6 22–48 1.2±0.44 13 (100%)
Control 17 6 (35%) 11 (64%) 28.5±13.1 18–61 1.0±0.00 0 (0%)
Total 86 36 (42%) 50 (58%) 38.7±14.0 18–83 48 (56%)

Note: Pain represent current pain or pain in recent anamnesis.
Abbreviations: pCAP, primary chronic apical periodontitis; sCAP, secondary chronic apical periodontitis; PAI, periapical index; SD, standard deviation.
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or marginal periodontitis was visible), and the analyzed 17 

control teeth were totally intact wisdom or premolar teeth 

that were extracted due to prophylactic or orthodontic indi-

cations (Figure S1). The teeth affected by AP were all intact 

(crown and root[s] still present). All the patients in question 

presented with a single lesion with a radiographic diameter 

of <2 cm that had no effect on anatomical structures, such as 

the maxillary sinus or the inferior alveolar nerve. 

Exclusion criteria included recent (within 3 months) 

systemic or local treatment that could affect the results (eg, 

treatment with anti-inflammatory or antibiotic medicines), 

systemic inflammatory or metabolic diseases, smoking, 

obesity, pregnancy, and poor oral hygiene. 

Ethical considerations
Participation in the study was voluntary. All subjects were 

briefed on the purpose of the study and entered the study after 

signing an ethics committee-approved informed consent form. 

The study was conducted according to the ethical principles 

for medical research involving human subjects set out in the 

Declaration of Helsinki and approved by the Ethics Review 

Committee on Human Research of the University of Tartu (pro-

tocol no 195/T-11). All collected data were coded and isolated; 

personal data and measurement data were kept separately.

Sample collection
Resting saliva samples were collected and handled before 

clinical treatment as described previously.16 All procedures 

related to the collection of saliva specimens were performed 

by the same investigator/dentist. The samples were frozen 

and stored at −80°C until analysis.

Pulp samples were collected under strict aseptic condi-

tions as described previously.11,17 Exactly 6 filing stokes 

from each tooth (RC) were done. If a tooth had more than 

one root, sampling was done from the more diseased root. 

Remnants of the pulp, tooth tissue, and/or previous root filling 

material were collected using the Hedström file (Dentsply/

Maillefer, Ballaigues, Switzerland). The file was advanced 

to the working length –the “0” mark in the electronic apex 

locator (Root ZX; Morita, Osaka, Japan) minus 0.5 mm. The 

file was thereafter inserted into an Eppendorf tube containing 

1 mL of phosphate-buffered saline as a transport medium. 

The tube was then vortexed until all the remnants from the 

file were loose, after which the file was removed from the 

tube. The samples were frozen to −80°C until analysis.

Saliva and pulp samples for the measurement of 8-isopros-

tanes (8-EPI) were stored at −80°C in the presence of 0.005% 

butylated hydroxytoluene (10 μL of 5 mg/mL solution in etha-

nol per 1 mL sample) to avoid auto-oxidation before assay using 

the chosen method (kit no 516351; Cayman Chemical, Ann 

Arbor, MI, USA).18 Samples were thawed before the biochemi-

cal analyses, homogenized, and centrifuged for 15 minutes at 

3000 rpm, and the supernatant removed for immediate analysis.

Oxidative stress index (OSI)
OSI is an indicator of the redox balance between oxidation 

and antioxidation. It is expressed as the ratio of total peroxide 

concentrations (TPX) to total antioxidant capacity (TAC). An 

OxyStat colorimetric assay kit (Biomedica, Wien, Austria; 

cat no BI-5007) was used for measuring TPX as described.19 

TAC was measured using a colorimetric assay20 based on 

the decolorization of 2,2′-azinobis(3-ethylbenzothiazoline 

6-sulfonate) radical action. Decolorization by antioxidants 

according to their concentration and antioxidant capacity is 

measured as the change in absorbance at 660 nm.  The assay 

was calibrated using Trolox (a soluble vitamin E analog). 

TAC values were expressed as an equivalent of the millimolar 

concentration of Trolox solution. 

Myeloperoxidase (MPO)
A commercially available enzyme-linked immunosorbent 

assay kit (Biocheck, Foster City, CA, USA; cat no BC 1129) 

was used to determine MPO as described.21

8-EPI
A commercially available enzyme-linked immunosorbent assay 

(Cayman Chemical; kit no 516351) was used for the measure-

ment of 8-EPI as described.18 The assay used is based on the 

competition between an 8-EPI-acetylcholinesterase (AChE) 

conjugate (8-EPI tracer) and 8-EPI for a limited number of 

8-EPI-specific rabbit antiserum binding sites. The concentration 

of 8-EPI varies while the concentration of 8-EPI tracer is kept 

constant. The amount of 8-EPI tracer capable of binding to the 

rabbit antiserum is inversely proportional to the concentration 

of 8-EPI in the well. The resulting rabbit antiserum-8-EPI 

(either free or tracer) complex binds to the rabbit IgG mouse 

mAb previously attached to the well. The plate is then washed 

to remove any unbound reagents, after which Ellman’s reagent 

(containing the substrate to AChE) is added to the well. The 

product of this enzymatic reaction is yellow in color and absorbs 

strongly at 412 nm. The intensity of this color is proportional 

to the amount of 8-EPI tracer bound to the well.

Statistical analysis
SigmaStat (Systat Software, Chicago, IL, USA) software was 

used for statistical analyses. Differences between the three 
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groups were analyzed using Kruskal–Wallis one way analy-

sis of variance on ranks. Spearman rank order correlation 

analysis was used to find associations between the markers. 

Criteria for significance were set at p<0.05 for all parameters.

Results
The study included a total of 86 subjects, 50 of whom were 

women and 36 men. The mean age of the patients was 

38.7±14.0 years (youngest 18, oldest 83 years). Clinical data 

of the study subjects are presented in Table 1.

OxS levels in the endodontium and saliva were assessed 

using MPO, OSI, and 8-EPI. In total, MPO levels were higher 

in saliva than in the endodontium (median 100.8 vs 55.3, 

p<0.001), while no significant differences between saliva 

and the endodontium were found in OSI and 8-EPI.

The highest MPO and 8-EPI levels were seen in the case 

of pCAP and pulpitis, in both endodontium and saliva, while 

in sCAP and abscess patients these markers tended to display 

lower values (Figure 1). The highest levels of OSI were seen 

in pCAP and abscess patients, in saliva also in sCAP patients. 

The control group showed the lowest levels of all OxS mark-

ers in both the endodontium and saliva.

OxS markers were positively correlated with each other 

both in the endodontium (MPO and OSI: r=0.21, p=0.048; 

MPO and 8-EPI: R=0.28, p=0.008; OSI and 8-EPI: r=0.27, 

p=0.012) and saliva (MPO and OSI: r=0.31, p=0.003; MPO 

and 8-WPI: r=0.33, p=0.002). Positive correlations were also 

seen between MPO detected in saliva and the endodontium 

(r=0.63, p<0.001) and between 8-EPI detected in saliva and 

endodontium (r=0.33, p=0.002).

Figure 1 Box plot illustrating the distribution of oxidative stress parameters in different patient groups. 
Notes: (A) 8-EPI; (B) MPO; (C) OSI. Box plot explanation: upper horizontal line of box, 75th percentile; lower horizontal line of box, 25th percentile; horizontal bar within 
box, median; upper and lower horizontal bars outside box, range. + represents means.  
Abbreviations: 8-EPI, 8-isoprostanes; MPO, myeloperoxidase; OSI, oxidative stress index; pCAP, primary chronic apical periodontitis; sCAP, secondary chronic apical 
periodontitis.
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Positive associations of PAI and pain (current pain or 

pain in recent anamnesis) with OxS markers are shown 

in  Figure 2. PAI and pain were also positively correlated 

(r=0.43, p<0.001). Patients with pain had significantly higher 

OxS levels in both the endodontium and saliva in compari-

son with pain-free subjects (Table 2). Putative associations 

between local and systemic OxS and pain in AP patients are 

shown in Figure 3.

Discussion
Our study revealed that OxS is an important pathogenetic 

mechanism in several endodontic pathologies, such as pri-

mary and secondary AP, periapical abscess, and pulpitis. All 

these patients displayed significantly higher OxS levels, in 

both the endodontium and saliva, than healthy controls. We 

also showed that OxS is significantly associated with some 

clinical markers, such as pain and PAI. To the best of our 

knowledge, this is the first study describing both local and 

systemic OxS levels in different endodontic pathologies.   

AP represents an important host defense response aiming 

to confine RC bacteria and prevent them from spreading into 

adjacent bone and other surrounding tissues. Different inflam-

matory mediators have been associated with this condition. 

Though not always, the lesions can be accompanied by clini-

cal symptoms, such as pain, tenderness, and swelling. Tissue 

destruction in the form of periapical bone resorption occurs as 

a part of the defensive process. When bacteria are eliminated 

by RCT, the active inflammatory lesion gradually reduces in 

size, usually accompanied by bone regeneration.22,23 At the 

same time, the inflammation is always associated with the 

generation of ROS at the cellular level as well as in biofluids. 

A difference between local inflammation and OxS in tissues 

(the endodontium, connective tissue) and systemic OxS in 

saliva can be observed. OxS levels depend on one hand on 

the bacterial infection-related inflammation and on the other 

Figure 2 Correlations between clinical and biochemical markers. 
Notes: Spearman’s rank order correlation was used. Pain refers to the current pain 
or pain in recent anamnesis.
Abbreviations: MPO, myeloperoxidase; OSI, oxidative stress index; 8-EPI, 
8-isoprostanes; PAI, periapical index. 
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Table 2 Oxidative stress parameters and PAI in the presence and absence of pain, median (quartiles)

No pain Pain# p-value*

Endodontium
PAI 2.0 (1.0–4.0) 4.0 (2.0–5.0) <0.001
MPO (ng/mg protein) 27.9 (5.6–100.9) 72.6 (39.2–111.2) 0.004
OSI 6.0 (3.6–8.9) 10.4 (6.6–14.9) <0.001
8-EPI (pg/mL)  50.0 (36.0–67.5) 75.0 (56.1–122.4) <0.001
Saliva
MPO (ng/mg protein) 34.2 (11.1–126.0) 117.5 (76.0–190.9) <0.001
OSI 7.2 (4.1–12.0) 8.0 (3.6–10.6) NS
8-EPI (pg/mL)  50.0 (35.0–55.0) 112.8 (60.3–210.0) <0.001

Notes: *Mann–Whitney rank sum test was used. #Current pain or pain in recent anamnesis.
Abbreviations: MPO, myeloperoxidase; OSI, oxidative stress index; PAI, periapical index; 8-EPI, 8-isoprostanes; NS, not significant.

Figure 3 Putative associations between OxS and pain in apical periodontitis. 
Notes: I: peripheral stimuli – initial pain may lead to spinal and systemic OxS. II: 
spinal OxS (OxS on the level of the spinal cord) is a sufficient cause of pain.37 III: 
spinal OxS contributes to systemic OxS. IV: systemically generated 8-isoprostanes 
could contribute to the periapical OxS as well as bone destruction and pain.23 
Abbreviation: OxS, oxidative stress. 
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hand, the protective power of the antioxidative system. The 

highest MPO and 8-EPI levels in our study were detected in 

the case of pCAP and pulpitis, in both the endodontium and 

saliva, while both markers tended to display lower values 

in sCAP and abscess patients (Figure 1). OSI, the indicator 

of redox balance between oxidation and antioxidation, was 

expressed as the ratio of TPX to TAC. The highest OSI levels 

were seen in the RC of pCAP and abscess patients, as well as 

the saliva of sCAP patients. Free lipid concentrations are low 

in saliva because lipids are bound with proteins, and they are 

even lower in the endodontium, making them the probable 

cause of the variable values between the study groups.24 In 

addition, the TAC value may be compensatorily higher in the 

case of pulpitis,25 leading to lower OSI index values in these 

patients. The control group showed the lowest levels of all 

OxS markers in both the endodontium and saliva.

Prooxidant and antioxidant levels are normally balanced 

in the body, including the oral cavity. Low levels of ROS are 

needed for a number of biological functions, such as intracel-

lular messaging, growth, cellular differentiation, and antibac-

terial activity. At the same time, increased production and/or 

reduced elimination of ROS could result in increased risk of 

oral diseases, while also having systemic implications, such 

as increased cardiovascular and neurodegenerative morbidity, 

as well as depressive symptoms.9,26,27 ROS are implicated in 

cell and tissue damage in various disorders by modifying 

and inactivating proteins, lipids, nucleic acids and inducing 

cellular dysfunctions. Injury and inflammation are associated 

with increased prostanoid synthesis and pain hypersensitiv-

ity. Prostanoids are considered to mediate inflammation and 

immune responses, as their administration produces hyper-

algesia and other major signs of inflammation.28,29

Isoprostanes are stereoisomers of prostaglandins that are 

primarily formed through the nonenzymatic peroxidation of 

arachidonic acid by ROS.30 The half-lives, stability, chemi-

cal properties, and affinity toward prostaglandin receptors 

of isoprostanes can vary, resulting in different bioactivity 

profiles. 8-EPI are relatively stable and are cleared with 

urine and other bioliquids, making them excellent markers 

of systemic OxS. Studies have indicated that electrophilic 

cyclopentenone isoprostane levels may be seven times higher 

than brain 8-EPI levels, but the former are not as chemically 

stable.31 Of lipid peroxidation products (LPP), isoprostanes 

are relevant for pain due to their ability to upregulate nocicep-

tive pathways by stimulating prostanoid receptors.30 Highly 

reactive cyclopentenone  prostaglandins and isoprostanes 

have been proposed as transient receptor potential cation 

channel, subfamily A, member 1 (TRPA1) agonists that can 

react with intracellular thiols including antioxidant glutathi-

one and through cysteine binding.32,33

Studies indicate that a peripheral injury can cause sen-

sitization associated with mitochondria-generated OxS in 

the dorsal horn of the spinal cord.34 Pain signaling begins 

by the activation of cell bodies of primary sensor afferents 

located in the dorsal horn ganglia, with one process reaching 

the periphery and another the spinal cord. Prostaglandins 

(isoprostanes) are likely to act on both terminals of these 

neuronal processes to induce hyperalgesia. This noxious 

stimulus opens the pain sensors coupled to ion channels, 

including TRPA1 and TRPV1, leading to the entrance of 

sodium and calcium into the cell, and following depolarization 

of the primary sensor afferent.35 It leads to the next stage of 

signal transmission – release of glutamate into synapses in 

the dorsal horn of the spinal cord. Neurons of the dorsal horn 

accept the signal by ionotropic glutamate receptors, including 

N-methyl d-aspartate receptor and Ca2+-permeable a-amino-

3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor. The 

latter receptors support the influx of Ca into cells and into 

mitochondria increasing the level of superoxide.36,37 Because 

of the ionic disbalance in the mitochondrion (Ca influx), the 

production of superoxide anions increases, which may gener-

ate dangerous hydroperoxyl radicals, the latter being capable 

of initiating the generation of lipid peroxides and OxS.38 

Peripheral stimuli (initial pain) may thus lead to spinal 

and systemic OxS (Figure 3, path I). Nociceptive primary 

afferents are capable of inducing a state of increased excit-

ability in the dorsal horn neurons of the spinal cord. Increased 

generation of superoxide is a potential common characteristic 

of at least three pathogenetic pathways. Superoxide anion is 

a highly reactive oxygen radical implicated in cell and tissue 

damage related to various disorders, including inflammatory 

diseases. While superoxide production in neutrophils and 

other phagocytic cells is essential for killing microbes, it also 

leads to tissue damage at the inflammation site. Imbalance 

between the production and elimination of oxygen radicals 

in periapical lesions has been proposed as a factor in periapi-

cal damage and bone loss in chronic AP.39 In our study, OSI 

values were statistically significantly higher in pCAP and 

sCAP patients compared to controls, in both the endodontium 

and saliva. OSI also had a strong correlation with inflamma-

tion/bone loss (PAI) in the endodontium. Superoxide anion 

can be produced by osteoclasts and can play a part in bone 

resorption. It may also react with a precursor in plasma, 

resulting in the generation of a factor that is chemotactic for 

neutrophils.39 In addition to host cells, superoxide anion can 

also be produced in bacteria. For example, the production of 
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superoxide by Streptococcus spp. has been shown to be lytic 

for erythrocytes, and extracellular superoxide production has 

been demonstrated to be a common trait for Enterococcus 

faecalis.39,40 Our measurements of total lipid peroxides/TAC 

showed that in the case of pCAP, the above-mentioned ratio 

was significantly higher in both the endodontium and saliva 

compared to controls.

Furthermore, spinal OxS (Figure 3, path II) has been shown 

to be a sufficient cause of pain.41 Spinal OxS can be the key fac-

tor linking pain-producing pathways. Pathway II is the positive 

feedback that may be mediated by electrophilic LPP capable 

of passing through the cell membrane by passive diffusion42 

and therefore it can be a key link in pain-causing pathways. 

Additionally, LPP react with glutathione and if the level of 

the latter is low, electrophilic LPP are more toxic to proteins 

and nucleinic acids. Animal experiments have shown that the 

decrease of glutathione in the spinal cord induces pain.42,43

OxS on the level of the spinal cord contributes to systemic 

OxS in saliva (Figure 3, path III). Pathway III is mediated by 

LPP functioning as ligands of prostanoid receptors. These 

ligands include 8-EPI and prostaglandin F2a (PGF2a). 

Peripheral 8-EPI and spinal PGF2a may lead to sensitization, 

but prostanoid signaling is also a necessary step in convert-

ing short-term signaling to long-term changes in neuronal 

phenotype.44 This mechanism may provide additional support 

to the previously suggested idea that a sensitized state remains 

even after the initiating stimulus is lost.45

It has been suggested23 that systemically generated 8-EPI 

in saliva could contribute to periapical OxS, as well as bone 

destruction and pain (Figure 3, path IV). Therefore, the gen-

eration of 8-EPI due to the chronic AP in saliva and OxS at 

the level of the spinal cord can result in positive feedback by 

irritating the primary afferents of the pulp. This is in line with 

our data where higher values of 8-EPI were seen in patients 

with pain and more severe bone destruction (higher PAI).

The used methodology included three different OxS mark-

ers that were used for both saliva (to reveal systemic OxS) 

and endodontium (to reveal local OxS). OSI is an indicator of 

the redox balance between oxidation and antioxidation being 

expressed as the ratio of TPX to TAC. MPO is a peroxidase 

enzyme stored in azurophilic granules of polymorphonuclear 

neutrophils and macrophages and released into the extracel-

lular fluid in the setting of inflammatory process. It is char-

acterized by powerful pro-oxidative and proinflammatory 

properties and its measurement can be used as an indication 

of neutrophil activation. 8-EPI are the major relatively stable 

end products of ROS-mediated prostanoid oxidation. They 

are released in response to cellular activation, circulate as a 

free form or as esters in phospholipids in plasma, and are 

excreted in urine. 8-EPI is acknowledged by the Society 

of Free Radical Research roundtable sessions as the best 

markers for the assessment of systemic OxS, allowing one 

to establish OxS-driven lipid peroxidation as well as nucleic 

acid damage. Limitations of our study include small sample 

size and the moderate list of biochemical markers. However, 

as this is the first study describing both local and systemic 

OxS levels in the case of different endodontic pathologies 

and as the differences between patients and controls appeared 

to be statistically different, we decided to present our results. 

Further studies are needed to confirm associations between 

OxS and endodontic pathologies.   

In conclusion, OxS is an important pathological mecha-

nism in endodontic diseases including pCAP and sCAP, 

periapical abscess, and pulpitis that is evident at both the local 

(RC contents) and systemic (saliva) level. OxS is significantly 

associated with dental pain and bone destruction.  
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Figure S1 Overview of study subjects.
Abbreviations: pCAP, primary chronic apical periodontitis; sCAP, secondary chronic apical periodontitis.

Table S1 Inclusion and exclusion criteria for study subjects

pCAP group sCAP group Pulpitis group Abscess group Control group

Inclusion criteria
Age at least 10 years Age at least 10 years Age at least 10 years Age at least 10 years Age at least 10 years
Tooth with AP lesion 
without RCF

Tooth with AP lesion with 
RCF

Tooth without AP lesion Tooth with AP lesion Excellent oral health

Objective and subjective 
criteria for AP

Objective and subjective 
criteria for AP

Objective and subjective 
criteria for pulpitis

Objective and subjective 
criteria for abscess of 
endodontic origin

Excellent oral hygiene

Lesion on X-ray with 
PAI >2

Lesion on X-ray with 
PAI >2

No lesion on X-ray 
(PAI<2)

Lesion on X-ray with 
PAI >2

Intact teeth

Excellent general health Excellent general health Excellent general health Good general health Excellent general health
Exclusion criteria
Age <10 years Age <10 years Age <10 years Age <10 years Age <10 years
Diseased primary teeth Diseased primary teeth Diseased primary teeth Diseased primary teeth Bad oral hygiene
Vertical root fracture Vertical root fracture Vertical root fracture Vertical root fracture Any kind of tooth disease
Horizontal root fracture Horizontal root fracture Horizontal root fracture Horizontal root fracture Any kind of gingival or 

periodontal disease
Tooth with endo-perio 
lesion

Tooth with endo-perio 
lesion

Tooth with endo-perio 
lesion

Tooth with endo-perio 
lesion

Restored teeth

Tooth with peri-endo 
lesion

Tooth with peri-endo 
lesion

Tooth with peri-endo 
lesion

Tooth with peri-endo 
lesion

Any kind of general acute 
disease 

Other conditions and 
clinical situations that 
require RCT

Other conditions and 
clinical situations that 
require RCT

Other conditions and 
clinical situations that 
require RCT

Other conditions and 
clinical situations that 
require RCT

Any kind of chronic general 
disease

Tooth with gingival pocket 
>3.5 mm

Tooth with gingival pocket 
>3.5 mm

Tooth with gingival pocket 
>3.5 mm

Tooth with gingival pocket 
>3.5 mm

Any kind of infectious disease 
in present or past history

(Continued)
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pCAP group sCAP group Pulpitis group Abscess group Control group
Unrestorable tooth 
(deeply fractured or highly 
carious tooth which is 
impossible to restore 
and therefore must be 
extracted) 

Unrestorable tooth 
(deeply fractured or highly 
carious tooth which is 
impossible to restore 
and therefore must be 
extracted)

Unrestorable tooth 
(deeply fractured or highly 
carious tooth which is 
impossible to restore 
and therefore must be 
extracted)

Unrestorable tooth 
(deeply fractured or highly 
carious tooth which is 
impossible to restore 
and therefore must be 
extracted)

Tooth that has undergone 
apical surgery with or 
without retrograde filling

Tooth that has undergone 
apical surgery with or 
without retrograde filling

Tooth that has undergone 
apical surgery with or 
without retrograde filling

Any type of smoking or 
tobacco abuse

Any type of smoking or 
tobacco abuse

Any type of smoking or 
tobacco abuse

Any type of smoking or 
tobacco abuse

Any type of smoking or 
tobacco abuse

Antibiotic or any other 
medicament usage in 
previous 3 months

Antibiotic or any other 
medicament usage in 
previous 3 months

Antibiotic or any other 
medicament usage in 
previous 3 months

Antibiotic or any other 
medicament usage in 
previous 3 months

Antibiotic or any other 
medicament usage in previous 
6 months

Diabetes I or II Diabetes I or II Diabetes I or II Diabetes I or II Diabetes I or II
Immune suppressed 
person (HIV, AIDS, 
chemotherapy) 

Immune suppressed 
person (HIV, AIDS, 
chemotherapy)

Immune suppressed 
person (HIV, AIDS, 
chemotherapy)

Immune suppressed person 
(HIV, AIDS, chemotherapy)

Abbreviations: HIV, human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome; pCAP, primary chronic apical periodontitis; sCAP, secondary chronic 
apical periodontitis; AP, apical periodontitis; RCF, root canal filling; RCT, root canal treatment; PAI, periapical index.

Table S1 (Continued)
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