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Abstract 

Title of Thesis: Oxidative Stress Markers in Periodontitis: A Systematic Review 

Sandra Pacios Pujado, Master of Science in Biomedical Science, 2016 

Thesis Directed by: Dr. Mary-Elizabeth Aichelmann-Reidy  

The aim of the present systematic review was to analyze the role of oxidative 

stress markers in patients with periodontal disease. A comprehensive search based on 

predetermined inclusion criteria was performed to identify studies evaluating oxidative 

stress markers in humans with and without periodontitis. The search included all studies 

up to February 2016 in the following databases: Ovid MEDLINE, Scopus, and Cochrane 

Library. The initial search identified 2,523 entries. The final selection consisted of 16 

articles. The characteristics of the studies and the outcomes measures were described. A 

clear relationship is suggested for oxidative stress and periodontitis.  Besides the outcome 

patterns demonstrated, the findings of the present systematic review underline the 

necessity of methodological standardization.  Future research focusing on disease 

susceptibility, predictive, prognostic and therapeutics aims need to be explored. 
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I.   Introduction 

A.   Periodontitis 

The periodontium is a complex set of tissues that comprises alveolar bone, periodontal 

ligament, root cementum and the gingival tissue surrounding the teeth. It is chronically 

exposed to large numbers of bacteria that stimulate an inflammatory response, which can 

induce periodontitis characterized by loss of supporting connective tissue and alveolar 

bone around the teeth.1-2 Periodontitis is one of the most prevalent infectious diseases 

worldwide and the most common cause of inflammatory bone loss. 3-4 Moderate 

periodontal disease occurs in approximately 47% of adults in the United States. 5 

 

B.   Pathophysiology 

Biofilm and host response 

It is believed that the innate and adaptive immune response induced by infection rather 

than the direct pathologic effects of the bacteria, stimulate periodontal tissue destruction. 

6-7 More explicitly, there is increasing evidence showing that the potential mediator of 

periodontitis is oxidative stress, as a result of a loss of homeostatic balance between 

oxidant load and antioxidative capacity. 

 

Oxidative stress 

Organic free radicals were first discovered (in vitro) by Moses Gomberg in 1900. 8  He 

did not find them to be involved in any biological processes. Later, it was not until much 

later in 1950s, free radicals were implicated in aging 9 and in pathological processes. 10 

Since that time, research has been focused on investigating the different roles and 
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implications of free radicals in health and disease and the biologic mechanisms to 

regulate them. 

Free radicals are described as atoms or groups of atoms with unpaired electrons. They are 

very unstable and react quickly with other compounds, trying to capture the needed 

electron to gain stability. Once these highly reactive radicals are formed, they can start a 

chain reaction that can result in the disruption of a living cell. Some free radicals are 

necessary in different biochemical reactions, however if they are found in excess, they 

can be highly toxic and react with a wide variety of biological molecules including lipids, 

proteins, carbohydrates, and DNA. 11  

There are different kinds of radicals, but one of the most common and important are the 

ones derived from molecular oxygen, called reactive oxygen species (ROS). These 

molecules have the potential to cause a number of damaging events. The oxygen 

molecule in the ground state is a bi-radical, containing two unpaired electrons in separate 

orbitals in its outer electron shell. This is an extremely unstable configuration, and 

radicals quickly react with other molecules to achieve stability. Sequential reduction of 

molecular oxygen leads to formation of a group of ROS including superoxide anion, 

peroxide (hydrogen peroxide), hydroxyl radical, and singlet oxygen. 

 

Formation of ROS 

There are different sources of oxygen radicals and ROS formation. It was originally 

thought that only phagocytic cells were responsible for ROS production as they take part 

in host cell defense mechanisms against bacterial pathogens. 12 To date, many sources of 

ROS have been discovered. They can be classified as exogenous or endogenous sourced. 
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Exogenous sources in the oral cavity include heat, trauma, ultrasound, ultraviolet light, 

air pollution, smoking, exhaust fumes, chemicals, toxins, pathogenic microorganism, 

radiation, infection, excessive exercise, therapeutic drugs, fried foods, etc. Endogenous 

sources are as a result of formation in the mitochondria (as oxygen is reduced along the 

electron transport chain), phagocytes, cytochrome P-450 reactions, inflammation, etc. 13-

14  

It has been established that in eukaryotic cells over 90% of ROS are produced by 

mitochondria. 15 Mitochondrial adenosine triphosphate (ATP) production is the main 

energy source for intracellular metabolic pathways. The process, in which ATP is 

produced, called oxidative phosphorylation, involves the transport of protons (hydrogen 

ions) across the inner mitochondrial membrane by means of the electron transport chain 

(ETC). In the ETC, electrons are passed through different carries. These carriers are 

specific; each one accepts electrons from a specific type of carrier or its predecessor. 

Electrons pass from complex I to Conezyme Q, and from Coenzyme Q to complex III. 

From Complex III the pathway is to cytochrome c then to a Complex IV. It is at this site 

that oxygen binds, and using the electron pair and remaining free energy, oxygen is 

reduced to produce water. However, in about 0.1–2% of electrons passing through the 

chain (this percentage is related to studies in isolated mitochondria) escape the ETC and 

interact with molecular oxygen to give the superoxide radical (O-2). Superoxide is not 

extremely reactive by itself, but can inactivate specific enzymes or initiate lipid 

peroxidation in its protonated form, hydroperoxyl HO2. Furthermore, there are minor 

amounts of ROS that are produced by ETC located at the endoplasmatic reticulum (ER), 

plasmatic, and nuclear membranes as well as some oxidases. The production in the ER is 
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through the cytochrome P450 family enzymes, and the production of superoxide occurs 

similarly to that of the mitochondria. 

 

Biological effects of Reactive Oxygen Species 

Recent work has demonstrated that ROS plays a dual role as both damaging and 

beneficial species, since they can be either harmful or beneficial to living systems. 16 Low 

levels of ROS are generated in a number of reactions essential to life. They have a role in 

cell signaling, including; growth arrest and apoptosis; gene expression; cellular 

differentiation; and the activation of cell signaling cascades. It should be noted that ROS 

can serve as both intra- and intercellular messengers16-17  

In normal physiology there is a dynamic equilibrium between ROS activity and 

antioxidant defense capacity. When that balance shifts in favor of ROS, either by a 

deficiency of enzymatic and non-enzymatic antioxidant defenses or an increase in ROS 

production or activity, reactive oxidative stress occurs. An excess of ROS can cause 

result in damage of cellular lipids, proteins, or DNA inhibiting their normal function. 

This delicate equilibrium between favorable and destructive effects of free radicals is an 

essential aspect of living organisms and is accomplished by mechanisms called “redox 

regulation”. Redox reactions, or oxidation-reduction reactions, are a family of reactions 

that are implicated with the exchange of electrons between species. Oxidation refers to 

the loss of electrons, while reduction refers to the gain of electrons. The process of 

“redox regulation” protects the body from various oxidative stresses and maintains 

“redox homeostasis” in the living organism. 18 In oxidative stress, the redox balance 

between oxidants and antioxidants is shifted towards oxidative potential. Different 
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oxidative stress markers include, malondialdehyde (MDA), isoprostanes, 8-

hydroxydeoxyguanosine (8-OHdG), etc. 19 

The elimination of RS by antioxidant defense systems is indispensible for conserving 

health. Anti-oxidants are compounds, which will inhibit the oxidation of other molecules 

while providing electrons to free radicals to neutralize them. The compounds are able to 

accommodate the loss of an electron without becoming reactive. Some examples of these 

anti-oxidants are beta-carotene, Vitamin A, Vitamin E, Vitamin C, and glutathione 

peroxidase, etc. 

 

C.   Role of Oxidative Stress in Periodontal Disease 

Oxidative stress has been associated as a key contributor in the pathogenesis of several 

disease processes, including rheumatoid arthritis 20, chronic obstructive pulmonary 

disease 21 Atherosclerosis 22, fibrosis and obesity 23-24 More recently an emphasis has 

been explored implicating ROS with periodontitis 25-26  

Because neutrophils are the most frequent inflammatory cell found in periodontal tissues 

(gingival connective tissue, pocket epithelium) and within the gingiva crevice, the 

majority of studies have been performed focusing on the possible relations between 

neutrophil function and periodontal disease.  As mentioned before, phagocytes 

(particularly the neutrophil) produce 02- (superoxide) and other reactive oxygen species 

(ROS) during the process of phagocytosis.  

Reactive species present some features that make them challenging to detect, specifically 

their short lifetime and the multiplicity of antioxidants capable of interacting with these 

reactive species. Therefore, most research has focused on measuring the products 
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generated by ROS reacting with lipids, DNA or proteins within the body. There are a 

variety of commonly accepted biomarkers studied in the context of the periodontal 

diseases. 

Lipid peroxidation (LPO) is one of the most important reactions of free radicals species. 

It most often affects the polyunsaturated fatty acids in membranes. The presence of a 

double bond adjacent to a methylene –CH2– groups, which contain hydrogen, makes 

them especially reactive with ROS, and initiates a self-propagating chain reaction. The 

destruction of membrane lipids and the end-products of such lipid peroxidation reactions 

are particularly dangerous for the viability of cells, even tissues. Because LPO is an 

outcome of oxidative stress, numerous products of lipid peroxidation have been used to 

monitor this process: conjugated dienes; lipid peroxides; aldehydes (malondialdehyde 

(MDA)), isoprostanes, acrolein, volatile hydrocarbons, 4-hydroxyalkenals (4-HAD), and 

thiobarbituric acid reactive substances (TBARS), etc.  

TBARS are innately present in biological specimens and include lipid hydroperoxides 

and aldehydes, which increase in concentration as a response to oxidative stress. TBARS 

assay is a well-recognized, established method for quantifying these lipid peroxides, 

although it has been criticized because TBARS lack specificity for ROS activity, being 

formed by mechanisms other than lipid peroxidation. 27 Another marker of lipid 

peroxidation is malondialdehyde (MDA). MDA is one of the final products of 

polyunsaturated fatty acids peroxidation in the cells. An increase in free radicals causes 

overproduction of MDA. It can be measured directly or by high-pressure liquid 

chromatography and it has been reported to be more specific to ROS activity than 

TBARS. 28 Peroxidation of polyunsaturated fatty acids also results in the generation of 
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others bioactive compounds, of which 4-hydroxyalkenals are prominent (4-HAD). 29 

Another product of LPO are the Isoprostanes (IsoP). IsoP are prostaglandin (PG)-like 

compounds formed in vivo via a non-enzymatic mechanism from the peroxidation of 

arachidonic acid. Unlike PGs, they do not require cyclooxygenase for their formation. A 

substantial body of evidence has shown that these compounds are extremely accurate 

measures of lipid peroxidation and have lightened the role of oxidant injury in patients 

with atherosclerosis, Alzheimer’s and other neurodegenerative diseases, rheumatoid 

arthritis, psoriatic arthritis, reactive arthritis, osteoarthritis, systemic sclerosis and 

periodontal disease. 30-33 

Myeloperoxidase (MPO), an abundant enzyme in phagocytes, has the potential to 

produce hypochlorous acid (HOCl) and other ROS, promoting tissue damage. It has been 

used as well to measure the presence of oxidative stress.  

Apart from ROS, reactive nitrogen species such as nitric oxide (NO) also play a complex 

role and is a necessary regulator in different physiologic functions, including blood 

pressure, immune response and neural communication.  NO is a free radical produced 

from L-arginine via isoenzymes named NOS (nitric oxide synthase). There are 3 forms of 

NOS: 1) brain enzyme nitric oxide synthase (bNOS);   2) inducible enzyme nitric oxide 

synthase   (iNOS), found in macrophages;   and 3) endothelial cell enzyme nitric oxide 

synthase (eNOS). 13 The interaction of NO with ROS causes the production of several 

reactive nitrogen species (RNS) that potentiate cellular damage, such as peroxynitrite that 

are implicated in oxidative and nitrosative damage. NO, produced in high concentrations, 

can have different activities such as participating in redox signaling by modifying 
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proteins (via S-nitrosation of cysteine residue) and lipids (via nitration of fatty acid) 34, or 

acting as a cytotoxic molecule and affect within other functions, bone metabolism. 35 

 

D.   Gingival Crevicular fluid (GCF) 

Gingival crevicular fluid (GCF) is an inflammatory exudate that can be collected from 

the gingival crevice surrounding the teeth. The biochemical analysis of the fluid provides 

a potential source of markers of the destruction of periodontal structures and the disease 

activity. The major advantage of GCF is that it can be used as a diagnostic marker with a 

site-specific nature of the sample. This permits establishing a link between clinical 

parameters and laboratory findings of GCF constituents at the site of sample selection.  

 

 

II.   Purpose 

The purpose of this systematic review was to determine if there are changes in local 

markers of oxidative stress in periodontitis when compared to healthy controls. 
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III.   Material and Methods 

A.   Literature Search 

PICO (Population, Intervention, Comparison, and Outcomes) 

In human studies with and without periodontal disease, are levels of oxidative stress 

markers different when comparing both groups? 

 

The search strategy per database was as follows: 

A search was performed for all controlled clinical studies in humans with chronic 

periodontitis evaluating oxidative stress markers. The search included all studies up to 

February 2016 in the following databases: Ovid MEDLINE, Scopus, and Cochrane 

Library. There was no limitation regarding publication date or publication status.  

The Ovid/MEDLINE search 

In the Ovid/MEDLINE search the following strategy was used:  

Oxidative stress markers: 

Field 1: [“exp periodontal diseases/” OR “periodont$.ti,ab.” OR “gingiv$.ti,ab.”]  

AND 

Field 2: [“alveolar bone loss/” OR “exp alveolar process/” OR “alveolar.ti,ab.” OR “exp 

periodontal atrophy/” OR “CAL.ti,ab.” OR “(attachment adj loss).ti,ab.” OR “probing 

depth.mp.” OR “periodontal pocket/” OR “PD.ti,ab.” OR “bleed$3.ti,ab.” OR 

“BOP.ti,ab.” OR “gingival crevicular fluid/” OR “GCF.ti,ab.” OR “(gingival adj 

crevicular adj fluid$).ti,ab.”] 

AND 

Field 3: [“exp reactive oxygen species/” OR “ROS.ti,ab.” OR “(reactive adj oxygen adj 
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species).ti,ab.” OR “Nitric oxide/” OR “(Nitric adj oxide$).ti,ab.” OR “exp nitric oxide 

synthase/“ OR “NOS.ti,ab.” OR “(Oxygen adj radical$).ti,ab.” OR “exp free radicals/” 

OR “(free adj radical$).ti,ab.” OR “Lipid Peroxidation/” OR “(lipid adj peroxida$).ti,ab.” 

Antioxidants markers: 

Field 1: [“exp periodontal diseases/” OR “periodont$.ti,ab.” OR “gingiv$.ti,ab.”]  

AND 

Field 2: [“alveolar bone loss/” OR “exp alveolar process/” OR “alveolar.ti,ab.” OR “exp 

periodontal atrophy/” OR “CAL.ti,ab.” OR “(attachment adj loss).ti,ab.” OR “probing 

depth.mp.” OR “periodontal pocket/” OR “PD.ti,ab.” OR “bleed$3.ti,ab.” OR 

“BOP.ti,ab.” OR “gingival crevicular fluid/” OR “GCF.ti,ab.” OR “(gingival adj 

crevicular adj fluid$).ti,ab.”] 

AND 

Field 3: [“exp antioxidants/” OR “antioxidant$.ti,ab.” OR “superoxide dismutase/” OR 

“(superoxide adj dismutase).ti,ab.” OR “exp peroxidases/” OR “catalase$.ti,ab.” OR 

“peroxidase$.ti,ab.” OR “exp DNA repair enzymes/” OR “(DNA adj repair adj 

enzyme$).ti,ab.” OR “exp Albumins/” OR “albumin$.ti,ab.” OR “lactoferrin$.ti,ab.” OR 

“lactoferrin/” OR “transferrin/* OR “transferrin$.ti,ab.” OR “Haptoglobins/” OR 

“haptoglobin$.ti,ab.” OR “ceruloplasmin/” OR “ceruloplasmin$.ti,ab.” OR “hemopexin/” 

OR “hemopexin$.ti,ab.” OR “exp carotenoids/” OR “carotenoid$.ti,ab.” OR “(ascorbic 

adj acid$).ti,ab.” OR “(beta adj caroten$).ti,ab.” OR “Glutathione Reductase/” OR 

“(glutathione adj reductase$).ti,ab.” OR “Uric Acid/” OR “(uric adj acid).ti,ab.” OR 

“urate$1.ti,ab.” OR “exp Ascorbic Acid/” OR “(vitamin adj c).ti,ab.” exp Cysteine/” OR 

“cysteine$.ti,ab.” OR “Zinc/” OR “zinc.ti,ab.” OR “exp Vitamin E/” OR “(vitamin adj 
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E).ti,ab.” OR “tocophenol$.ti,ab.” OR “exp Bilirubin/” OR “Ubiquinone/” OR 

“ubiquinone$.ti,ab.” ] 

The Scopus search 

In the Scopus search the following keywords were used:  

Oxidative stress markers: 

Field 1: TITLE-ABS-KEY (periodontal disease OR periodont OR gingiv) 

AND 

Field 2: TITLE-ABS-KEY (alveolar bone loss OR alveolar process OR alveolar OR 

periodontal atrophy OR cal OR attachment OR probing OR pd OR periodontal pocket 

OR bleed OR bop OR gingival crevicular fluid OR gcf)) 

AND 

Field 3: TITLE-ABS-KEY (reactive oxygen species OR ros OR oxygen species OR nitric 

oxide OR nos OR oxygen radical OR free radical OR lipid peroxida) 

Antioxidants markers: 

Field 1: TITLE-ABS-KEY (periodontal disease OR periodont OR gingiv) 

AND 

Field 2: TITLE-ABS-KEY (alveolar bone loss OR alveolar process OR alveolar OR 

periodontal atrophy OR cal OR attachment OR probing OR pd OR periodontal pocket 

OR bleed OR bop OR gingival crevicular fluid OR gcf)) 

AND 

Field 3: TITLE-ABS-KEY (antioxidant OR superoxide dismutase OR peroxidase OR 

catalase OR DNA repair enzyme OR albumin OR lactoferrin OR transferrin OR 

haptoglobin OR ceruloplasmin OR hemopexin OR carotenoid OR ascorbic acid OR beta 
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carotene OR glutathione reductase OR uric acid OR cysteine OR zinc OR vitamin E OR 

tocophenol OR bilirubin OR ubiquinone) 

The Cochrane Library Search 

In the Cochrane library search the following strategy was used:  

Oxidative stress markers: 

Field 1: MeSH descriptor “[Periodontal Diseases]” OR “periodont*” OR “gingiv*”  

AND 

Field 2: “MeSH descriptor: [Alveolar Bone Loss]” OR “MeSH descriptor: [Alveolar 

Process]” OR “alveolar” OR “MeSH descriptor: [Periodontal Atrophy]” OR “CAL” OR 

“attachment” OR “probing” OR “PD” OR “MeSH descriptor: [Periodontal Pocket]” OR 

“bleed*” OR “BOP” OR “MeSH descriptor: [Gingival Crevicular Fluid]” OR “gcf” 

AND 

Field 3: “MeSH descriptor: [Reactive Oxygen Species]” OR “ROS” OR “MeSH 

descriptor: [Nitric Oxide]” OR “MeSH descriptor: [Nitric Oxide Synthase]” OR “NOS” 

OR “Oxygen radical*” OR “MeSH descriptor: [Free Radicals]” OR “MeSH descriptor: 

[Lipid Peroxidation]” 

Antioxidants markers: 

Field 1: MeSH descriptor “[Periodontal Diseases]” OR “periodont*” OR “gingiv*”  

AND 

Field 2: “MeSH descriptor: [Alveolar Bone Loss]” OR “MeSH descriptor: [Alveolar 

Process]” OR “alveolar” OR “MeSH descriptor: [Periodontal Atrophy]” OR “CAL” OR 

“attachment” OR “probing” OR “PD” OR “MeSH descriptor: [Periodontal Pocket]” OR 

“bleed*” OR “BOP” OR “MeSH descriptor: [Gingival Crevicular Fluid]” OR “gcf”  
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AND 

Field 3: “MeSH descriptor: [Antioxidants]” OR “MeSH descriptor: [Superoxide 

Dismutase]” OR “MeSH descriptor: [Peroxidase]” OR “MeSH descriptor: [Catalase]” 

OR “MeSH descriptor: [Lactoferrin]” OR “MeSH descriptor: [Transferrin]” OR “MeSH 

descriptor: [Carotenoids]” OR “MeSH descriptor: [Ascorbic Acid]” OR “MeSH 

descriptor: [beta Carotene]” OR “vitamin C” OR “MeSH descriptor: [Uric Acid]” OR 

“urate*” OR “MeSH descriptor: [Cysteine]” OR “MeSH descriptor: [Zinc]” OR “MeSH 

descriptor: [Vitamin E]” OR “tocophenol*” OR “alpha-tocophenol” 

 

B.   Selection Criteria 

The selection criteria for the included studies for this review are described below: 

Inclusion criteria: 1) human clinical evaluation studies of subjects with chronic 

periodontitis 2) in the English language 3) quantification of ROS markers in gingival 

crevicular fluid (GCF) and/or histochemistry /assays of tissue biopsies 4) controlled 

clinical trials, case series and cohort studies with periodontal disease and healthy control 

subjects.  

Exclusion criteria: 1) poster presentations 2) animal studies 3) in-vitro studies 4) studies 

looking at salivary markers and serum markers only 5) studies including patients with 

systemic diseases without systemically healthy controls 6) studies including patients with 

aggressive and refractory periodontitis 7) studies of peri-implantitis 8) studies without 

quantification of antioxidant markers in healthy controls. 
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C.   Final Article Selection and Data Collection  

Three reviewers conducted the search and independently read the title and abstract from 

the combined search of the three electronic databases.  The articles that met the eligibility 

criteria were then sorted according to their relevance to oxidative stress and periodontal 

disease, antioxidants and periodontal disease, or periodontal treatment and its effect on 

local oxidative stress markers. After further review, any issue with articles that were 

included but in disagreement was resolved by a discussion between reviewers. 

Once a final selection was conducted, data extraction involved tabulating information that 

included: 1) Author and year of publication 2) unit of measure (site or patient) 3) sample 

collection method (GCF, saliva, blood collection, tissue biopsy) C 4) periodontal 

parameters 5) health parameters 6) clinical parameters measured 7) oxidative stress 

marker evaluated and 8) systemic health status. (Table 1) A separate data table included 

clinical parameters values (Table 2) and another table included oxidative stress markers 

values in health and disease. (Table 3) 
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Table 1. Characteristics of the Reviewed Studies 
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Table 1. (Continued) Characteristics of the Reviewed Studies 
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Table 1. (Continued) Characteristics of the Reviewed Studies 
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Table 1. (Continued) Characteristics of the Reviewed Studies 
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Table 2. Clinical Parameters 
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Table 2. (Continued) Clinical Parameters 
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Table 2. (Continued) Clinical Parameters 
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Table 3. Oxidative Stress Markers 
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Table 3. (Continued) Oxidative Stress Markers 
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Table 3. (Continued) Oxidative Stress Markers 
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IV.   Results 

A.   Results of Literature Selection Process. 

The original search populated 2,523 articles of the three combined databases. After 

eliminating duplicate articles and those that did not meet the eligibility criteria, the total 

numbers of articles selected were 245 articles. After reviewing titles and abstracts, 218 

articles were excluded for not meeting the criteria. Of the remaining 27 articles, 11 

articles were excluded after full-text review for the following reasons: 1) review articles 

28, 36-41 2) when the clinical parameters of periodontal disease were not well defined 42-43 

3) if the control group included patients with gingivitis 44 or 4) the results were given in 

graphs, without the numerical results (the author could not be reached to get the data).45 

(Figure 1) 

Sixteen articles remained and were included for analysis. Of these articles, one of them 

reported myeloperoxidase level and nitric oxide levels of implants and teeth. The data 

from the implant evaluation section was not included since it was an exclusion criteria. 46 

Three articles included a third group that was not clearly defined as periodontitis or 

healthy patients, therefore this third group was excluded from the analysis. 47, 48-49 One 

article presented two studies, one part of the study was included since periodontitis and 

healthy patients were present, the other part of the study was excluded since there were 

no control patients. 50  
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Figure 1. Data Flowchart Presenting the Search Process and Article Selection 
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B.   Characteristics of the Studies 

Study Population 

A summary of the inclusion criteria and selection of the participants of the selected 

articles is described below.  

All the participants included were divided into two groups, healthy and periodontitis 

patients. The sample sizes ranged from 1 to 78 patients. Except for six articles, all the 

other articles acknowledged age and gender of the participants 35, 50-51  Sample age ranged 

from 14 to 78 years. All of the articles included males and females, except one that 

studied only a male population.52 Most of the studies reported absence of systemic 

disease within the population analyzed, 11, 50, 52-5346, 48-49, 54-57 except five of them where 

presence or absence of systemic disease was not mentioned. 35, 47, 51, 58-59 When describing 

the population, nine studies did not mention if smokers were included, 35, 46-47, 49, 51, 55-56, 58-

59 six studies did not include smokers, 48, 55-56, 58-59 and one study included smokers within 

the healthy and periodontal groups. In this last article, a total of 4 were smokers amongst 

the healthy individuals (n=9), and within the periodontitis group (n=8), 5 were smokers. 

Although the effect of the smoking status was not evaluated, they reported that all study 

groups showed no indication of being altered regarding these parameters. 54 

Furthermore, all the studies included did not mention having any treatment performed 

before GCF collection. 11, 50, 53 46-49, 55-56, 58-59 On the other hand, when tissue biopsies 

were collected, it was done at time of periodontal surgery. Two of them did not specify if 

Phase I therapy was performed previously,35, 52 but one did.57 

Other exclusion criteria reported an absence of antibiotics, anti-inflammatory or other 

drugs in the last 3 to 6 months, 11, 52-53 57 48-49, 54, 56, 58-59 50 46 and exclusion of pregnancy or 
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lactating women at the time of the study 11, 50, 52 58 57  

 

Unit of measure 

A total of 8 studies measured patients as a unit 11, 52-53 47, 55-56 35, 57 and a total of 7 studies 

measured sites were the reported unit of measure. 46 51 48-49, 54, 58-59 One study measured 

both, patients and sites. 50 

When patients were reported, the sample sites ranged from 20-78 participants. In all  

studies they separated periodontitis and healthy patients. When sites were used as a 

measurement, the range was between 8 sites to 103 sites. On these studies, 5 studies46 51 

49, 58-59 took the disease and healthy samples from the same patients; on two studies they 

separate the samples between healthy and disease patients, meaning that they only took 

the periodontal disease samples from periodontitis patients, whereas all the control 

samples from the healthy control subjects. 48, 54 There was one study that did not specify 

if samples were taken from the disease patients or from both disease and healthy patients 

50 (see Table 1) 

 

Samples 

Most of the samples included in the study evaluated oxidative stress markers trough GCF 

collection. 11, 50-51, 53 46-49, 54-56, 58-59 GCF was collected by means of a paper strip inserted 

into each sulcus/pocket and volume was measured with a specific calibrated equipment 

(Periotron). The collection time varied from one study to another, between 5 seconds to 3 

minutes depending on the study (see Table 1). 47 11, 50 46, 48-49, 54, 56, 58 51 55 59 

Tissue biopsies were harvested in three studies from healthy and periodontitis subjects. 
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Disease samples were collected via standard surgical procedure at the time of periodontal 

surgery. 52 57 35 In contrast, healthy samples were harvested via standard surgical 

procedure, 52 at the time of crown lengthening/esthetic surgery, 57 or for orthodontics 

reasons. 35 (see Table 1) 

 

Periodontal and health parameters 

In the studies included, periodontitis and health were defined in the materials and 

methods. 11, 50-53 46-49, 54-56, 58-59 35, 57Most subjects were radiographically evaluated. 11, 50, 53 

46-47, 49, 54-56, 58-59 35 Four studies did not mentioned any radiographical evaluation 51-52 57 48  

Periodontitis 

The clinical parameters that determined periodontitis were differently defined in each 

study.  

Some studies defined periodontitis as probing depths (PD) being greater than 5 mm,57  

greater or equal than 5 mm, 11, 53 54 4 mm or greater 51 47, 56, 60 greater than 3.5 mm, 52 

greater than 3 mm; 48, 59 or 3 mm or greater. 50, 61  

For clinical attachment loss (CAL) , some studies described in periodontitis groups CAL 

being greater than 5 mm ,57 greater or equal than 4 mm, 51 greater than 3 mm, 48 3 mm or 

greater, 53-54, 60 greater or equal than 2 mm 50, 61 or simply described as being present. 47, 57, 

59 One study CAL was described as having gingival recession grade III. 52  

Some studies used Gingival Indices (GI) 11, 50, 52-53 46-49, 54-55, 58-59and bleeding 11, 51, 57 to 

define their periodontal population. The values varied from different studies. (see Table 

1). 
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In summary, radiographic examination and clinical parameters (PD, CAL, presence of 

BOP and gingival indices) were used to define the periodontitis group. 

Control group  

Healthy subjects were described as follows: PD were less than 3 mm,54, 57 or equal or less 

than 3 mm.11, 51 47-48, 50, 53, 59-61 CAL was less than 3 mm for one article 57, 1 mm or less in 

four articles, 11, 48, 50, 61 and other authors did not clearly define CAL for the controls. 

They simply stated minimal CAL 47 or no CAL. 51, 53-54 Gingival inflammation was not 

present, 11, 46, 50-51, 53-54, 62 except in four articles, where GI was less or equal than 1 mm 47 

59-61 or was present in less than 20% of the sites. 57 

 

Clinical parameters  

Different clinical parameters were analyzed to compare periodontal health and disease 

status. With three exceptions  35, 50, 57, PD were measured in all the studies. 11, 51-53 46 47-49, 

54-56, 58-59 CAL was screened in 10 studies. 11, 50-51, 53 47-49, 54-55, 58-59 Gingival index (GI) 

was reported in 10 studies. 11, 50, 53 47-49, 55-56, 58-59 Presence or absence of bleeding on 

probing was described in 2 papers, 51 55 and 1 paper, 55 respectively. The presence of 

gingival bleeding was evaluated by the gingival bleeding index (GBI) in 4 articles. 11 46, 

56, 58 Plaque index (PI) was describe in 9 papers. 11, 50 46, 48-49, 55-56, 58-59 11 studies reported 

GCF volume. 11, 50, 53 46-49, 55-56, 58-59  (see Table 2) 

 

Characteristics of Outcomes Measures 

When comparing clinical parameters within the same groups, there was a variability on 

the sites where they were measured. For example, some of them reported measuring PD 
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on 6 sites on the same tooth, and other studies did not mention where the measurements 

were done (see Table 1). When comparing clinical parameters within the same group, 

there was a variability as well on the values. PD on controls ranged from 1.18 to  2.75 

mm and from 3.67 to 7.38 mm on disease subjects/sites 11, 50-51, 53 46-49, 54-56, 58-59. When 

CAL was measured, controls ranged from 0.07 to 2.5mm. In disease subjects/sites this 

range was between 2.63 to 5.75 mm. GI in health was minimal or absent in all the studies 

11, 50, 5347-49, 55-56, 58-59 and ranged from 1.4 to 2.57 on disease subjects/sites. Similarly, GBI 

was minimal on healthy subjects/sites and ranged 1.57 to 2.16 in periodontits 

subjects/sites. 11, 46, 56, 58 PI ranged from 0 to 1.85 in control subjects/sites and 1 to 2.66 in 

disease subjects/sites. 11, 5046, 48-49, 55-56, 58-59 BOP was measured in 2 studies. 51, 55 In one 

study, BOP was measured as percentage and was not present in healthy sites, however it 

was present in 100% of disease sites. 51 In the other study, BOP was reported as a mean. 

It was almost absent in healthy patients and higher in diseased patients. The opposite was 

was seen for no BOP in the same study for health and disease. 51 GCF varied as well 

between healthy and disease groups. GCF volume on healthy patients/sites was less 

compared to periodontits patients/sites. It ranged from 0.16 to 2.64 µl in controls and 

from 0.52 to 4.01 µl in periodontitis patients/sites. 11, 50, 53, 46-49, 55-56, 58-59  On one study, 

instead reporting a volume, they reported in U; there was 2 times greater U in disease 

when compared to health. 58  

Overall, clinical parameter values were greater in the periodontitis group compared to the 

control group. 
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Oxidative stress markers 

Oxidative stress markers in the studies included were measured as follows (see Table 3): 

Lipid Peroxidation: 

A variability of materials and methods were used to measure different markers of lipid 

peroxidation. In summary, four techniques were used: high-performance liquid 

chromatography (HLPC), the Lysophosphatidic Acid assay, TBARS assay and enzyme-

linked immunosorbent assays (ELISA) assay. 

Briefly, MDA levels in GCF were determined through HLPC. This method consists of 

measuring the aldehyde MDA, which is formed by the breakdown of lipid hydroperoxide. 

In the assay, samples are reacted with thiobarbituric acid (TBA) by heating under acidic 

conditions. Pre-formed MDA in the sample reacts with TBA to form a TBA–MDA 

adduct consisting of two molecules of TBA and one of MDA. Results were given as µM 

± standard deviation (s.d.) 11, 51 and as uM/30 s ± s.d.  of GCF sample. 11 (see Table 3). 

Measurement of MDA and 4-HAD was determined by the LPA assay. LPA assay 

consists of the reaction of a chromogenic reagent R1 (N-methyl-2-phenylindole) with 

MDA and 4-HAD at 45°C. Results were expressed as uM ± s.d. and pmol/site ± s.d. 50 

TBARS released from endogenous lipoperoxides were assayed colorimetrically in the 

gingival tissues as described by Ohkawa et al. Results of TBARS in gingival tissues were 

expressed as n mol/mg ± s.d. 52, 63 Enzyme-linked immunosorbent assays (ELISA) assay 

was performed to identify 8-IsoP. The total 8-IsoP was determined in picograms (pg), 

and the calculation of the concentration in each sample was performed by dividing the 

amount of 8-IsoP by the volume of sample ± s.d. (pg/ml). 
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Characteristics of Outcomes Measures 

Overall, lipid peroxidation levels were greater in disease subjects when compared to 

controls. When comparing both groups the range was 31 to 998% greater in disease 

versus healthy sites. However, further comparison could not be made, since different 

biomarkers were analyzed in the 5 studies. 

Akalin et al. 11 and Bastos et al. 51 presented with 31 and 111% significantly greater 

MDA values in the chronic periodontitis groups compared to the control group (p<0.05). 

The GCF MDA/30 s value was also significantly greater (98%) in the periodontitis 

group compared to the control group (p<0.05) 11. According to Tsai et al. the 

concentration of lipid peroxidation was 212% greater in disease sites and 200% greater 

in diseased subjects compared to healthy sites and healthy subjects respectively 

(p<0.0001) (p<0.005). When total amount of lipid peroxidation was evaluated, lipid 

peroxidation was 998% significantly higher (p<0.0001) in diseases sites and 926% 

significantly higher (p<0.0005) in diseased subjects compared to healthy sites and 

healthy subjects respectively. 50 Panjamurthy et al. described the level of TBARS being 

30% greater in gingival tissues of periodontitis subjects relative to the levels for healthy 

subjects (p<0.001). 52 Finally, Pradeep et al. mean 8-IsoP concentration in GCF was 

326% higher for CP group compared to the healthy group (p<0.001) 53  

 

MPO 

MPO was measured in the included studies with two different methods: the 

spectrophotometric MPO assay and the ELISA assay. 

MPO was measured using the spectrophotometric MPO Assay. MPO in the presence of 
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H202 and CL- generates hypochlorite ions (OCl-). OCl- converts monochlorodimedon (1,1 

–dimethyl-4-chloro-3,5.cyclohexenadone) resulting in decreased absorption at 278 nm. 

MPO assay was varied by the protocol among the different studies. 46, 49, 59, 46, 56, 61 Unit of 

MPO was defined as the optical density (OD) decrease equivalent to the conversion of 

1uM of monochlorodimedon to dichlorimedon per min, 49, 59 or as the amount of enzyme 

producing 1 absorbance change under assay conditions. 46, 56 The enzyme activity was 

calculated as units/site ± s.d. 49, 59 as units/ul GCF ± s.d. 46, 49, 56, , as unit/mg ± s.d. 55 and 

total enzyme activity 46, 56  

 ELISA assay was performed according to manufacturer’s recommendations. Levels were 

obtained from a standard curve and expressed per ml of eluted GCF. Results were given 

as frequencies of positive site-specific GCF biomarker detection, 54 as MPO ng ± 

standard error (s.e.), 47 as MPO ng/30 sec ± s.d. 58 and as ng/ul ± s.d. and ng/site ± s.d. 47-

48, 54, 58 

 

Characteristics of Outcomes Measures 

With the exception of 3 studies, 46, 48, 55 all the studies had significantly higher MPO 

levels in disease subjects compared to control patients 11, 35, 46-49, 50-53, 54-56, 57, 58-59 

According to Cao et al., 117% and 267 % greater levels of total MPO and MPO 

concentration respectively, were present at periodontitis sites compared to healthy sites 

(p<0.05). 49 Leppilahti et al. showed as well a tendency for MPO to increase from healthy 

to chronic periodontitis, 217% higher in periodontitis in comparison to healthy sites (p = 

0.0001). 54 Smith et al found MPO in GCF 683% higher in periodontitis versus control 

patients. 47 Wolff et al found statistical significant difference by 679% and 33% in part I 
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and part II respectively (p≤0.05). 59 Another study by the same authors reported a 

significant difference by 59% (p ≤ 0.005). 58 Yamalik et al. found similar results. When 

the mean MPO concentrations and total MPO activity were analyzed, consistent results 

were obtained. Total MPO activity was 329% and 1550% higher in the disease group 

compared to the healthy group (p=0.006 and p=0.00001 respectively). 56  

Despite GCF total MPO levels at periodontitis sites being 256% higher compared to 

healthy sites (p < 0.0001) in Tozum et al. and 108% higher in Wei et al. (p<0.05), such a 

difference was not observed for GCF MPO concentration (p>0.05). 46, 48 Over et al., 

reported that the difference in GCF MPO activity (U/mg) between the periodontitis and 

control group was also not significant (p>0.05). 55 

 

Nitric Oxide synthase and Nitrite 

Immunohistochemical staining of NOS 1, NOS 3 57 and iNOS 35 was performed. In the 

analysis by Artese et al. 57 each specimen was divided into three areas 1) the sulcular 

epithelium, 2) the middle area (lamina propria), and 3) the oral gingival epithelium. A 

quantitative analysis was performed for NOS 1 and 3. A yellow intensity corresponded to 

low-expression fields, and red intensity corresponded to high-expression fields. The value 

was considered low when >50% of the selected area was yellow and high when >50% 

was red. The evaluations were carried out using a light microscope connected to a video 

camera. This system was linked to a software package with an image-capturing capacity. 

Results were expressed as mean range ± s.d. In the analysis by Batista, 35 the number of 

positively stained cells and the total number of inflammatory cells were enumerated per 

10 consecutive microscopic high power fields (x800). Results were expressed as mean ± 
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s.d. of n observations, per mm2. The cell proportion was expressed in percentage iNOS+  

PMN (mean ± s.d.). All counts were performed in two examinations.  

Extraction of nitrite was performed by Tozum et al. 46 Nitrite levels were determined by 

the absorbance of each sample in microplate wells at 540nm. A standard curve was 

prepared using sodium nitrite to calculate nitrite concentration in GCF.  Results were 

expressed as nmol/uL± s.d. and nmol± s.d. 

 

Characteristics of Outcomes Measures 

Generally, the mean NOS expression was greater in periodontitis groups than in control 

groups, but nitrite values were found to be greater in the control group. 

The quantitative expression of NOS 1 and NOS 3 in cells was between 81-107% higher 

in disease patients versus healthy controls (p<0.05). 57 When iNOS+ was observed, there 

was a 400% statistical difference between groups (p <0.00005) 35  

Despite a trend of increase in clinical parameters and the severity of inflammation at 

periodontal disease sites, GCF total nitrite levels remained stable and were not influenced 

by the severity of clinical inflammation. GCF nitrite concentration decreased with the 

increased severity of inflammation compared to healthy sites and presence of periodontal 

breakdown (P < .005) 46  

 

Quality of Evidence 

The JEBDT guidelines have provided a simple method for classifying the strength and 

quality of evidence. They offer a system to rate the strength of recommendation based on: 

quality of evidence, quantity of evidence and consistency of evidence. 64 
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Strength of recommendation is assigned as A, B or C rating. A is based in a consistent, 

quality patient oriented evidence; B is inconsistent or limited quality patient oriented 

evidence; and C denotes oriented evidence, usual practice, expert opinion or case series.  

When evaluating the quality of evidence, the JEBDT guidelines divide the evidence into 

level 1, 2 or 3 and distinguish the nature of the study: if it is a diagnostic study, 

treatment/prevention/screening study, or a prognosis study. The requirements to be 

classified for each study are seen in Figure 2 and 3. 

All selected studies were grade 2C- cross-sectional studies using disease-oriented 

evidence. Disease-oriented evidence measures intermediate, physiologic, or surrogate end 

points that may or may not reflect improvements in patient outcomes (e.g., physiologic 

function, pathologic findings). 11, 46, 48, 50-53, 
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Figure 2. The Basis For Strength of Recommendation 64 
 

 

 

 

 

Figure 3. The Basis for Grading The Quality of Evidence 64 
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V.   Discussion 

ROS has become a major area of investigation over the last decade. It has been linked 

with aging and the pathogenesis of a variety of inflammatory diseases such as diabetes.  

In aging, the oxidative stress theory is the most popular explanation of how it appears at 

the molecular level. 9 It is speculated that cumulative damage to mitochondria and 

mitochondrial DNA (mtDNA) caused by reactive oxygen species (ROS) occurs. 

Oxidative damage affects replication and transcription of mtDNA and causes 

deterioration in mitochondrial function, leading to enhanced ROS production and further 

damage to mtDNA. 65 Increased oxidative stress is also widely accepted participant in the 

development and progression of diabetes and its complications. 66 Hence, it may not be 

surprising that diabetic subjects tend to have more oxidative stress in both insulin and 

non-insulin diabetic patients and organism environments than healthy subjects 67-69. 

Particularly, hyperglycemia results in glucose auto-oxidation, nonenzymatic glycation 

and monocyte dysfunction, which causes increased production of free radicals.70 

Moreover, diabetic patients present a decrease in antioxidant defenses, which further 

enhances oxidative stress. 71 Recently oxidative stress induced bone loss has been 

associated with periodontitis. The significance of periodontal disease has raised possible 

bidirectional relationships with systemic diseases such as diabetes, metabolic syndrome 

and cardiovascular disease.  

Since ROS has a very short life cycle, it is not easy to detect its presence. Therefore, 

ROS-related tissue damage has been measured by the level of the substances that they 

interact with or by their final products. Several studies have indicated the increase of 

nitric oxide synthesis, 35, 57 lipid peroxidation levels 11, 53 and myeloperoxidase activity 54, 
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56 in the inflamed periodontium. 50 This systematic review summarized the results of 16 

independent reports where the oxidative stress markers were analyzed in periodontal 

disease and healthy human controls.  

In the field of periodontal diagnosis, different methods to evaluate periodontitis have 

been developed. Saliva, blood, GCF and tissue biopsies are some examples of the current 

diagnostic markers in use. Saliva and blood contain an abundance of protein and nucleic 

acid molecules that reflect the systemic physiological status and clearly provide different 

diagnostic information than GCF or tissue samples. In this systematic review, only GCF 

samples and tissue biopsies were included, since they can be used as diagnostic markers 

with a site-specific nature of the sample. This suggests a link between clinical parameters 

and laboratory findings of GCF or tissue biopsy constituents at the site of the sample 

selection. 72 

Overall, these studies reported increased levels of oxidative stress when periodontal 

disease was present. LPO products and MPO levels were always significantly increased 

in the presence of disease except in 3 studies 46, 48, 55. Over et al. reported higher values 

when evaluating GCF MPO in adult periodontitis versus control subjects, however, the 

values were not statistically significant. This could have been due to an insufficient 

sample size to demonstrate the difference. 55 Wei et al. and Tozum et al, found 

significantly increased levels of MPO when the total amount of MPO 48and total enzyme 

activity 46 were measured against control sites. When concentration was reported, there 

was not a statistical difference between the two groups. This could be due to the small 

GCF volume in the periodontally healthy sites as reported by Yamalik et al. 73 NOS 

values were always increased when tissue biopsies 35, 57 were evaluated by 
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immunohistochemical analysis. However, one of the studies not utilizing 

immunochemistry and instead using nitrile extraction reported the total amount of nitrite 

oxide and nitrite oxide concentration. The total amount of nitrite oxide did not 

demonstrate a significant difference between both groups and nitrite oxide concentration 

was found to be significantly increased at healthy sites. Therefore, nitrite does not appear 

to be a good marker of the inflammatory process. 46 Nevertheless, the same authors 

recently found higher GCF nitrite levels (nmol) in periodontitis versus control groups 

(p<0.05) in another report. 74  

Even though this systematic review provides evidence for the relationship between 

available biomarkers of oxidative stress and chronic periodontitis from gingival 

crevicular fluid samples and tissue biopsy samples, there are limitations to the studies. 

These include the study heterogeneity, such as designs, unit of measurement, and 

methods of biomarker measurement. There was significant variability among the selected 

studies considering the types of oxidative stress biomarkers. In total, more than 8 

different biomarkers were reported in the selected studies of oxidative stress markers. On 

the other hand, diverse measurement methods were used in different studies even for the 

same oxidative stress biomarker; the biomarker levels were in different orders of 

magnitude or presented with different units between studies. Furthermore, the time of 

GCF sampling varied among the studies. Most of them reported 30 seconds or less, 

however, Over et al. inserted the paper strip for 3 minutes. This could have induced the 

samples in both groups to be saturated and therefore could be an explanation of why this 

is the only study in the MPO group that did not report a statistically significant 

difference. 55 Moreover, Artese et al. reported that the tissue biopsy collection was 
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performed at the time of periodontal surgery, which had followed non-surgical therapy. 

Even though these tissues still presented with periodontitis, it is a factor to take into 

account since it was compared to patients in studies who did not receive initial 

periodontal therapy. 57 The heterogeneity may also be attributable to a discrepancy in the 

definition of chronic periodontitis and health. Another variable is the unit of 

measurement for analysis; by site in some studies 46, 48-49, 50, 51, 54, 58-59 or by patients in 

others. 11, 35, 47, 50, 52-53, 55-56, 57 Fleiss et al reported that there is more of a correlation 

between sites within the same patient than there is between different patients, therefore, 

using the patient as the unit of statistical analysis is more accurate than using the site. 75 

Another factor that could have influenced the variability of the studies is the presence of 

smokers. Even though some studies reported no smokers, 11, 48, 50, 52-53, 57 some of them did 

not specify the presence or absence of smoking in the study population 35, 46-47, 49, 51, 55-56, 58-

59 and one of them included smokers. 54 In this last paper, the author reported that smoking 

showed no evidence of altering any clinical parameter. However, in accordance with 

other studies, smoking has been reported to enhance oxidative stress. 76, 77  
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VI.   Conclusion 

There is increasing evidence showing that the potential mediator of periodontitis is 

oxidative stress, as a result of a loss of the homeostatic balance between oxidant load and 

antioxidative capacity. On the basis of the reviewed evidence, the following conclusions 

can be drawn: 1) Oxidative stress can be measured by different oxidative stress 

biomarkers showing similar outcome patterns in periodontal disease 2) Oxidative 

biomarkers LPO, MPO and NOS levels from gingival crevicular fluid and tissue biopsies 

were significantly increased in periodontitis patients compared to healthy subjects; and 3) 

Nitrite was found to be higher in healthy sites versus disease sites, but this result is 

controversial with a more recent  report finding the opposite. 

In summary, this indicates that a significant oxidative stress may occur and play an 

important role in the pathology of periodontitis and the associated tissue damage. Besides 

the outcome patterns demonstrated, the findings of the present systematic review 

underline the necessity of methodological standardization.  Future research focusing on 

disease susceptibility, predictive, prognostic and therapeutic aims needs to be explored. 
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