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Abstract 
Title of Thesis: The Effect of Non-Surgical Therapy on the Markers of Oxidative Stress 
in Patients with Chronic Periodontitis 
 
Sheema S. Akhtar, Master of Science in Biomedical Science, 2016 
 
Thesis Directed by: Dr. Mary Elizabeth Aichelmann-Reidy 
 
Chronic inflammation may be associated with increased markers of oxidative stress and 
reduced antioxidant defenses, which has been shown to return to baseline with non-
surgical therapy. This systematic review focused on the effect of non-surgical periodontal 
therapy on markers of oxidative stress in periodontitis patients.    
 
An electronic search was conducted to identify clinical trials that evaluated oxidative 
stress biomarkers in patients pre- and post-treatment and clinical parameters of disease. 
Eligibility criteria were applied to determine the final selection for full text review.  
 
The final selection consisted of 13 articles. A statistically significant reduction of OSM 
was reported in 8 studies. 5 studies were used to calculate the unweighted and weighted 
percent change, which was 48.74% and 57.83%, respectively.  
 
There is high variability in the OSM concentrations in periodontitis patients.  OSM 
decreased following non-surgical therapy.  More longitudinal, randomized clinical 
controlled trials are required to understand the modulation of OSM following periodontal 
treatment.  
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The Effect of Non-Surgical Therapy on the Markers of Oxidative Stress in Patients with 
Chronic Periodontitis 
 
 
Background and Definition: 

 

Periodontitis is a form of periodontal disease where by the inflammatory response to the 

microbial biofilm extends into and leads to irreversible destruction of the attachment 

apparatus of teeth.  Clinically, there is loss of attachment associated with the continuous 

and chronic progression of the inflammatory response to dental plaque; the interplay 

between the pathogenic microflora and host response leads to alveolar bone and 

periodontal ligament destruction (Newman, Takei, & Carranza, 2012). Clinical 

parameters used to characterize patterns and severity of periodontal disease include: 

probing depth (PD), clinical attachment level (CAL), bleeding on probing (BOP), plaque 

and gingival indices.  Plaque levels and signs of inflammation are evaluated during 

periodontal therapy as outcome measures but are also important measures for clinical and 

epidemiologic studies of periodontal disease (Loe, 1967). These clinical parameters, 

along with radiographic assessment of bone height determine the extent and severity of 

periodontal disease. Furthermore, a significant portion of periodontal literature has 

focused on understanding the disease process as it pertains to its microbiological milieu; 

bacterial by-products, the host response to pathologic insult and its by-products that can 

help the clinician understand and treat periodontal disease effectively. 
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Prevalence of Periodontal Disease: 

 

The prevalence of periodontal disease and its severity in the U.S. adult population was 

recently revised when reviewing combined data from the 2009-2010 and 2011-2012 

cycles of NHANES of U.S. civilian, non-institutionalized dentate adult population age 30 

and greater. (Eke et al., 2015). Periodontitis affects a significant portion of the US 

population, 46% of US adults, representing 64.7 million people, with moderate 

periodontitis and 8.9% having severe periodontitis. Furthermore, periodontitis prevalence 

was positively associated with increasing age and was greater in males.  It was highest in   

Hispanics (63.5%) and non-Hispanic blacks (59.1%), followed by non-Hispanic Asian 

Americans (50.0%) and lowest in non-Hispanic whites (40.8%) (Eke et al., 2015). 

 

Pathophysiology: 

Plaque Biofilm, the Host Response, and the Role of Oxidative Stress 

 

Plaque accumulation begins as an acquired pedicle is formed on teeth, allowing for a 

microbial community to form and build. With the succession of bacteria and bacterial by-

products, increasingly pathogenic microbial species can flourish and elicit a significant 

host inflammatory response. Neutrophils play a critical role in this response, and along 

with macrophages and other cells present in the gingival crevice, they link the innate and 

adaptive immune response thereby either promoting the inflammatory resolution or, in 

cases of hyperactivity, prolonging the inflammatory response (Scott & Krauss, 2012). 

Through its secretory functions, neutrophils help to mount bacteria defense via generation 
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of superoxide, reactive oxygen species (ROS) and proteolyic and lysosomal enzymes. 

After neutrophils react to a pathogenic stimulus and during the processes of phagocytosis 

and respiratory burst, free radicals and reactive species by-products are generated and 

contribute to local tissue destruction (Grant, Brock, Matthews, & Chapple, 2010). 

Evidence for this destruction includes protein denaturation, enzyme oxidation, DNA 

damage, pro-inflammatory cytokines, and lipid peroxidation (Dede, Özden, & Avci, 

2013).   

It is important to understand that chronic inflammatory periodontal disease is a multi-

factorial process; not only bacterial-induced infection and inflammation, but there are 

genetic, epigenetic and environmental influences modifying the disease (Bartold & Van 

Dyke, 2013). This can result in a host response that is hyper-responsive and tissue 

destructive, with elevated markers of oxidative stress and disruption of local tissue 

homeostasis. Bartold and Van Dyke discussed the concept of dysbiosis and a microbial 

shift contributing to a pathogenic state as only one part of the disease. They hypothesize 

that an understanding of the host response and “host-mediated disruption of microbial 

homeostasis” are critical determinants of disease manifestation (Bartold & Van Dyke, 

2013). This represents a change in our understanding of the ability of the host and 

immune response and related factors including oxidative stress to transform the disease 

process. The destructive effects of oxidative stress are far-reaching demonstrating the 

need for further investigation of its role.  
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Smoking and Oxidative Stress: 

 

The harmful effects of cigarette smoking have been well investigated. In the periodontal 

literature, smoking has been shown to impair chemotaxis and phagocytosis by decreasing 

the viability of neutrophils (Kenney, Kraal, Saxe, & Jones, 1977). Smoking has the 

ability to modify cytokine and inflammatory mediator release and in addition, smoking 

has been shown to be a source of ROS. A study by Palmer et al. found that smoking 

increases the levels of free radicals in periodontal tissues and is itself a significant 

instigator of oxidative stress (Palmer, Wilson, Hasan, & Scott, 2005).  Moreover, 

smokers with periodontitis have decreased antioxidant levels in blood, gingival tissue, 

saliva and gingival crevicular fluid (GCF) (Akpinar, Toker, Ozdemir, Bostanci, & Aydin, 

2013; Palmer et al., 2005; Ryder, Fujitaki, Johnson, & Hyun, 1998). Chandra and co-

workers in a comparison of smokers versus non-smokers  demonstrated a decrease in 

serum antioxidant concentration in smokers, tipping the balance in favor of oxidative 

stress in these patients and discussed how the effects of ROS can be counteracted by a 

complex antioxidant network including glutathione, vitamin C, vitamin E, as well as 

enzymes including catalase, superoxide dismutase (SOD) and peroxidases (Chandra et 

al., 2012). 

 

Markers of Interest in Oxidative Stress: 

 

Several markers of oxidative stress can be identified and measured to provide 

investigators with an understanding of the local changes associated with health versus a 
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disease state. As previously discussed, reactive oxygen species cause tissue damage 

through a variety of mechanisms including DNA damage, lipid peroxidation, protein 

damage, oxidation of enzymes, and stimulation of cytokines (Tsai et al., 2005). This 

allows certain markers of oxidative stress or certain products of oxidative damage of 

lipids, proteins, and DNA to be measured and to ascertain the level of oxidative stress. In 

addition to the clinical parameters and radiographic examination of patients with 

periodontitis, GCF levels of certain markers of oxidative stress can be correlated to 

disease activity at the local level and is very commonly used in research studies because 

of its ease of collection and potential for predicting subclinical changes before the 

changes are clinically apparent. Because it is a source of biomarkers including cytokines 

and enzymes, GCF is advantageous for investigators to analyze the local biochemical 

changes in health versus inflammation versus a resolution of the inflammation.  Page et 

al. concluded that sampling GCF has greater promise than blood serum or cells as a 

source of factors for use in testing periodontal disease activity (Page, 1992). 

 

a. Lipid Peroxidation (LPO) 

Lipid peroxidation is the process by which lipids are degraded by reactive oxygen 

species. Because poly-unsaturated fatty acids are highly susceptible targets for ROS, lipid 

peroxidation is a common marker of oxidative stress. Local GCF levels of lipid 

peroxidation may provide insight to the inflammatory disease state and the possible 

effects of periodontal treatment in resolving the disease and modifying oxidative stress 

(Tsai et al., 2005). 

b. Thiobarbituric acid reactive substances (TBARS) 
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TBARS test is the most commonly applied test for measurement of malondialdehyde 

(MDA) (Kurtiş et al., 2007). It is used as a marker of oxidative stress in a publication by 

Kurtiş et al. to demonstrate the degree to which lipid hydroperoxides are broken down to 

form cyclic peroxides and endoperoxides in the presence of iron or other metals to form 

aldehydes like MDA. The authors describe that TBARS allows for the analysis of lipid 

peroxidation status by measuring the end or intermediate products of lipid peroxidation 

(Kurtiş et al., 2007). 

c. Myeloperoxidase (MPO) 

Myeloperoxidase is an enzyme found in the primary azurophilic granules from 

neutrophils to aid in microbial killing by generating ROS. Local GCF levels of MPO 

have been shown to be associated with the severity of periodontitis (Hernandez et al., 

2010). In addition, in-vitro studies have shown MPO to oxidatively activate matrix 

metalloproteinases (MMPs), particularly MMP-8 and MMP-9, which are known to cause 

tissue damage in periodontitis. 

d. Lactoferrin 
 

Lactoferrin is an iron-binding protein of the transferrin family and is present in the 

secondary granules from neutrophils. It is secreted into the GCF, plays a role in the 

inflammatory response and has been suggested as a marker for neutrophil activation. It 

is important in the host defense against pathogenic bacteria by acting bacteriostatically 

and bactericidally. Because of its high affinity for iron, it can cause iron depletion that 

will decrease bacterial cell division rate and can also bind to bacteria causing their lysis. 

It aids in phagocytosis by preventing bacterial adherence and enhancing neutrophil 
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chemotaxis. Thus, lactoferrin is an important factor in the host defense and reflects the 

severity of the local inflammatory response and the role of oxidative stress (Yadav et al., 

2014). 

e. 8-OHdG 

8-OHdG is a biomarker of oxidative stress in inflammatory diseases, including 

periodontitis. It is the most common, stable product of oxidative DNA damage caused by 

ROS (Dede et al., 2013).  An increase in levels of 8-OHdG can be considered a result of 

periodontal destruction and a decrease in these levels can signify periodontal health 

(Chandra et al., 2012). 

f. GSH:GSSG 

The ratio of GSH:GSSG has proven to be advantageous in determining cellular survival 

and the degree of efficiency in recovering from oxidative stress (Grant et al., 2010). GSH, 

an intracellular antioxidant and redox regulator, is tri-peptide thiol-reduced glutathione, 

and once oxidized it becomes GSSG (Grant et al., 2010). The ratio of GSH:GSSG thus 

symbolizes the balance of antioxidant to marker of oxidative stress in health versus 

disease or in the resolution of inflammation. 

g. GPx 

The antioxidants, glutathione (GSH), and glutathione peroxidase (GPx), are important to 

ROS detoxification (Tsai et al., 2005). GPx is not only important in antioxidant defense 

against oxidative stress, but it is also reported to be upregulated by hydrogen peroxide 

and other reactive oxygen species (Patel, Pradeep, & Chowdhry, 2009). A study by Patel 

focused on GPx concentration within the GCF and hypothesized that it was positively 
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correlated with the severity of periodontal disease and that treatment could modify its 

levels (Patel et al., 2009). 

 

h. NO/NOS 

Nitric oxide synthase (NOS) produces nitric oxide (NO), a free radical, from L-arginine. 

Arginase can be a competitor for L-arginine and thereby reduce NO production by NOS 

(Güllü, Ozmeric, Tokman, Elgün, & Balos, 2005). This is important because in response 

to inflammatory stimuli, inducible NOS (iNOS) is expressed by many cells, including 

macrophages, to produce NO, which is toxic and may play a significant role in the 

pathogenesis of inflammatory disease (Pârvu, Alb, Crăciun, & Taulescu, 2013). In 

situations of high NO production, reactive nitrogen oxide species (RNS) are formed by 

reactions with ROS, resulting in nitrosative or oxidative stress (Pârvu et al., 2013). 

i. TOS, TAS 

Periodontal disease is associated with a reduction of total antioxidant status (TAS), which 

may reflect increased oxidative damage and ROS activity (Akpinar et al., 2013). 

Comparing TOS and TAS changes in pathology may provide a target for therapeutic 

measures in periodontal disease.  To determine TOS and TAS, Erel’s colorimetric 

method could be used. For TOS, oxidants present in a sample of GCF would oxidize the 

ferrous ion-o-dianisidine complex to ferric ion. The color intensity as measured 

spectrophotometrically can be related to the total amount of oxidant molecules present 

(Akpinar et al., 2013; Toker, Akpinar, Aydin, & Poyraz, 2012). To determine TAS, 

antioxidants can be isolated based on the bleaching characteristic color of a more stable 

sulfonic acid radical cation (Akpinar et al., 2013; Toker et al., 2012). 
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Non-Surgical Periodontal Therapy and the Importance of GCF content 

 

In addition to controlling the bacterial etiology of periodontal disease through oral 

hygiene and non-surgical as well as surgical periodontal treatment, oxidative stress may 

serve as an important and modifiable component in the pathogenesis of periodontal 

disease. Chapple and co-workers suggest that periodontitis can be associated with 

reduced local antioxidant defense and an increase in oxygen radical activity, which has 

the ability to be restored to the level of control subjects by non-surgical periodontal 

therapy (Akpinar et al., 2013; Chapple & Matthews, 2007).  Chandra et al. also discussed 

the important role of nonsurgical periodontal therapy in restoring antioxidant levels 

through the local and systemic modification of mediators of oxidative damage, namely 

malondialdehyde (MDA) and superoxide dismutase (SOD) (Chandra et al., 2012). Patel 

et al. agreed that local antioxidant defenses are compromised in patients with 

periodontitis, but stated it is unclear whether this is a predisposition to the disease or a 

result from the local inflammatory lesion.  

GCF and its diagnostic potential coupled with clinical periodontal parameters prove to be 

a useful adjunctive measure in understanding site-specific disease activity or inactivity. 

At times of resolution of the inflammatory process, neutrophils can synthesize 

proresolving molecules, which includes lipoxins, resolvins and protectins and are critical 

mediators of inflammation resolution (Bartold & Van Dyke, 2013). This state can be 

characterized by the release of cytokines that inhibit neutrophil migration to the site of 

inflammation, the enhancement of phagocytosis of bacteria and apoptotic cells, and the 

synthesis of antimicrobial agents (Bartold & Van Dyke, 2013).  Longitudinal studies 
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focusing on the local effects of periodontal therapy within the GCF can help to come to 

an understanding (Patel, Rao, & Pradeep, 2012). Aiming therapy at the resolution of the 

host response by modifying it in the inflammatory state, in addition to controlling the 

bacterial infection, may prove to be a worthwhile endeavor (Bartold & Van Dyke, 2013).  

 

Purpose: 

 

Markers of oxidative stress appear to be elevated in periodontal disease and may play a 

significant role in its pathophysiology. Treatment of periodontal disease should thereby 

result in a reduction of local and systemic markers of oxidative stress. The purpose of this 

paper, therefore, is to explore whether or not successful periodontal treatment can modify 

oxidative stress as determined by a reduction of local oxidative stress markers. 

 
 
Materials and Methods 
Literature Search 
 
 
A systematic review of the literature will be performed to ascertain the level of evidence 

for the resolution to inflammation following periodontal therapy and its effect on 

oxidative stress markers. 

Three electronic databases were searched for publications within the scope of this 

systematic review, which included Ovid MEDLINE, Scopus, and Cochrane Library. The 

search of all available clinical trials was performed through mid-February 2016.  The 

search was limited to humans and reports in the English language.  The searches and 

search terms are defined as follows.  
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The Ovid/MEDLINE Search: 
 
   [“exp periodontal diseases/” OR “periodont$.ti,ab.” OR “gingiv$.ti,ab.”]  
AND  

[“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  
[“exp reactive oxygen species/” OR “ROS.ti,ab.” OR “(reactive adj 

oxygen adj 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.”] 
 
[“exp periodontal diseases/” OR “periodont$.ti,ab.” OR “gingiv$.ti,ab.”]  

AND 
[“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  
 [“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 E).ti,ab.” OR “tocophenol$.ti,ab.” OR “exp 
Bilirubin/” OR “Ubiquinone/” OR “ubiquinone$.ti,ab.”] 

 
 
 
 
 
 

Disease 

Disease 
Parameters 

Oxidative 
Stress 
Markers 

Disease 

Disease 
Parameters 

Antioxidant 
Markers 
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The Cochrane Library Search: 
 
    (MeSH descriptor “[Periodontal Diseases]”  OR “periodont*” OR “gingiv*”) 
 AND 

(“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 
(“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]”) 

 
     (MeSH descriptor “[Periodontal Diseases]”  OR “periodont*” OR “gingiv*”) 
 AND 

(“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 
(“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”) 

 
 
The Scopus Search: 

 
   (TITLE-ABS-KEY (periodontal disease OR periodont OR gingiv) 

AND 
      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) 

AND  
        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)) 
 

Disease 

Disease 
Parameters 

Oxidative 
Stress 
Markers 

Disease 

Disease 
Parameters 

Antioxidant 
Markers 

Disease 

Disease 
Parameters 

Oxidative 
Stress 
Markers 
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           (TITLE-ABS-KEY (periodontal disease OR periodont OR gingiv) 
       AND 

 
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 carotene OR glutathione reductase 
OR uric acid OR cysteine OR zinc OR vitamin E OR tocophenol OR 
bilirubin OR ubiquinone) 

AND  
   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)) 

 

Article selection criteria were based upon the inclusion and exclusion criteria below. 

Inclusion criteria: 1) human controlled clinical trials reported in the English language 

2) controlled clinical trials with pre-treatment and post-treatment measure of 

oxidative stress markers in periodontitis patients 3) oxidative stress markers measured 

in the gingival crevicular fluid (GCF) and/or tissue biopsies 4) controlled clinical 

trials and cohort studies 5) non-surgical and surgical periodontal treatment 6) 

quantification of oxidative stress markers with error terms 7) periodontitis must be 

defined and clinical measures of disease reported 

Exclusion criteria: 1) case reports and poster presentations 2) animal studies 3) in-

vitro studies 4) clinical trials focused on 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 involving dental implants and not periodontally involved teeth 8) treatment of 

gingivitis 9) periodontitis is poorly defined and/or no clinical parameters of disease 

recorded. 

Disease 

Disease 
Parameters 

Antioxidant 
Markers 
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Final Article Selection and Data Extraction 
 
 

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

the combined search of the three electronic databases (Ovid/MEDLINE, Cochrane and 

Scopus).  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 disagreement with article selection was resolved with a discussion 

between reviewers.  The final publications were chosen for full-text review based on their 

inclusion of non-surgical periodontal therapy of patients with periodontitis and an 

analysis of local markers of oxidative stress. Once the final selection was conducted, data 

extraction involved tabulating information that included: 1) Author and year of 

publication 2) study design 3) unit of analysis 4) unit of measure 5) smoking status 6) 

systemic health status 7) periodontitis diagnosis parameters 8) periodontally healthy 

parameters 9) intervention 10) oxidative stress marker 11) clinical parameters evaluated 

12) GCF collection method when applicable 13) Blood/serum collection method when 

applicable 14) gingival biopsy samples when applicable 15) primary outcomes if stated 

16) secondary outcomes if stated. Other tables of data extraction included the baseline 

and post-therapy results of clinical parameters and the specific oxidative marker studied, 

and level of significance.  

 
Results 
 
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 
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number of articles that were selected for the periodontal treatment group after reviewing 

title and abstract included 239 articles. Articles were further excluded if 1) antioxidant 

therapy was the treatment for periodontal disease without looking at or measuring 

differences in oxidative stress markers (n =64) 2) treated gingivitis only (n=4) 3) had no 

true control group (n = 12) 4) evaluated serum inflammatory markers only (n=43) 5) 

evaluated plasma or salivary markers only (n=15).  Due to the variety of periodontal 

treatment intervention methods (i.e. laser therapy, systemic or locally delivered 

antibiotics, systemic or locally delivered non-steroidal anti-inflammatory drugs), a 

decision was made to further limit the search to non-surgical periodontal intervention 

consisting of scaling and root planing regardless of the oxidative marker used for analysis 

(n=20).  Full-text review yielded a final selection of 13 articles. Figure 1 represents the 

flowchart of the search and selection protocol. 
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Figure 1: Method for article selection based on the eligibility criteria 

Search	and	Selection	Protocol	
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Study Characteristics 
 

After full-text review, 13 clinical studies were classified based on their study design, unit 

of analysis, unit of measure, smoking status, periodontal treatment, marker of oxidative 

stress evaluated and the medium used to obtain the sample and measurement (Table 1). 

All of the studies evaluated patients with periodontal disease before and after non-

surgical therapy that involved scaling and root planing with or without oral hygiene 

instructions. However, some included adjunctive therapies, such as systemic NSAIDs or 

locally delivered antibiotics or antioxidants. For example, Kurtiş et al. studied non-

surgical therapy in conjunction with flurbiprofen tablets versus placebo and Pârvu et al. 

had patients take a sub-antimicrobial dose of doxycycline versus placebo along with non-

surgical therapy (Kurtiş et al., 2007; Pârvu et al., 2013). Chandra et al. used a locally 

delivered antioxidant, lycopene, in gel form versus a placebo gel in patients receiving 

non-surgical periodontal treatment (Chandra et al., 2012). Güllü and co-workers 

compared surgical therapy (Modified Widman flap treatment) and non-surgical treatment 

when looking at levels of NOS and specific arginase activity (Güllü et al., 2005).  

 

Variability in Study Design and Follow-up Periods 

 

Only two of the 13 studies stated randomization and were blinded, which included the 

lycopene gel intervention study by Chandra et al. and the sub-antimicrobial dose of 

doxycycline intervention as the comparison arm in the clinical trial by Pârvu et al. 

(Chandra et al., 2012; Pârvu et al., 2013). Three studies had a split-mouth design, which 

included works by Hernandez and co-workers who looked at active and inactive sites of 
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subjects with periodontitis and the effect of non-surgical treatment on GCF levels of 

MPO; Güllü et al., who investigated the effect of surgical versus non-surgical therapy and 

markers of oxidative stress in gingival biopsy samples; and Chandra et al. using lycopene 

gel versus a placebo gel (Chandra et al., 2012; Güllü et al., 2005; Hernandez et al., 2010). 

Most of the clinical controlled trials used the patient as their unit of analysis; however, 

three did not and instead used the disease or active sites as their unit of analysis. These 

included works by Dede et al., Hernandez et al., and Tsai et al. (Dede et al., 2013; 

Hernandez et al., 2010; Tsai et al., 2005). The follow-up period designated in each 

studied varied from 10 days at a minimum (Kurtiş et al.) to 6 months at a maximum 

(Chandra et al.), with a majority having 6 weeks to 3-month follow-up values reported 

(Chandra et al., 2012; Kurtiş et al., 2007). The study by Hernandez et al. was the only 

publication that did not specify the smoking status of the subjects (Hernandez et al., 

2010). The remaining clinical trials specified whether or not the study population 

included smokers, and further, if they did include smokers, then the authors specified 

how much the patients smoked on a daily basis and included a group of patients with 

periodontal disease who did not smoke. This group of authors included Akpinar et al., 

Chandra et al., Kurtiş et al., and Toker et al. (Akpinar et al., 2013; Chandra et al., 2012; 

Kurtiş et al., 2007; Toker et al., 2012). 

 

Variability in Markers of Oxidative Stress 

 

It was clear that many of the authors chose different markers of oxidative stress in the 

clinical controlled trials and only a few investigated the same or similar markers. For 
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instance, while Akpinar et al. and Toker et al. studied changes in levels of TOS and TAS 

instead of specific markers, Chandra et al. and Dede et al. measured levels of 8-OHdG, 

the most common product of oxidative DNA damage caused by ROS (Akpinar et al., 

2013; Chandra et al., 2012; Dede et al., 2013; Toker et al., 2012). Grant et al. used the 

ratio GSH:GSSG in their analysis to understand changes in redox balance in health 

versus periodontal disease, as well as before and after non-surgical therapy, while Tsai et 

al. investigated levels of LPO, GSH and GPx (Grant et al., 2010; Tsai et al., 2005). Patel 

et al. also looked at the marker of oxidative stress, GPx (Patel et al., 2009; Patel et al., 

2012). The clinical controlled trial by Yadav et al. was the only one to investigate GCF 

levels of lactoferrin pre and post non-surgical periodontal therapy (Yadav et al., 2014).  

Güllü et al. used gingival biopsy samples to examine levels of iNOS and specific arginase 

activity, and Pârvu also used gingival biopsy samples specifically to measure markers of 

nitrosative and oxidative stress (NO, NOS and 3NT) (Güllü et al., 2005; Pârvu et al., 

2013). Hernandez et al. analyzed matrix metalloproteinases (MMP-8, MMP-14) and 

myeloperoxidase (MPO) in the GCF of patients with progressive periodontitis 

(Hernandez et al., 2010). Kurtiş et al. measured levels of the inflammatory mediator, 

PGE2, and levels of TBARS in their clinical trial (Kurtiş et al., 2007). Despite this 

variability, most of the investigators chose gingival crevicular fluid as their medium for 

sample collection in one of two ways. Most authors used paper strips for 30 seconds for 

GCF collection before taking clinical measurements, and the remaining three papers used 

micropipettes for collection of GCF (Patel et al., 2009; Patel et al., 2012; Yadav et al., 

2014). In addition to levels within GCF, two studies also looked at unstimulated whole 

saliva, which included Tsai et al. and Dede et al., and two studies looked at blood from 
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the antecubital vein, which included Akpinar et al. and Patel et al. (Akpinar et al., 2013; 

Dede et al., 2013; Patel et al., 2012; Tsai et al., 2005). Only two studies did not look at 

GCF at all, but instead took gingival biopsies before and after treatment. This included 

the study by Güllü et al. and one by Pârvu et al. who also compared the gingival biopsies 

to whole blood samples (Güllü et al., 2005; Pârvu et al., 2013). With regard to the clinical 

parameters evaluated, the only study of the thirteen that did not evaluate clinical 

attachment levels pre or post-treatment was the study by Grant et al., who instead 

measured probing depths and bleeding on probing only (Grant et al., 2010). In addition to 

this, the method that was used to report data varied from mean ± standard deviation, to 

median and range, or 25% and 75% quartiles. The unit of concentration also varied from 

nanograms per microliter, to micromolars and microliters. Table 1 outlines the study 

characteristics of the 13 clinical trials analyzed, and Table 2 delineates the marker, 

smoking status and follow-up period used by each study. 
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Change in Clinical Parameters Before and After Non-surgical Therapy 
 

Diagnosis of periodontal disease is partly based on the clinical parameters of the disease. 

Namely, probing depth, clinical attachment levels, percent of bleeding on probing, and 

indices used to determine the amount of etiology (plaque) and the conditions or quality of 

the tissues (i.e. gingival index). Also, it has also been reported that qualitative and 

quantitative changes occur within the GCF before manifestation of the clinical changes of 

the disease. All except two of the studies provided values for the clinical parameters used 

at baseline and then at the follow-up visit. While Tsai et al. and Yadav et al. mentioned 

the parameters they used, Tsai et al. only provided baseline values without follow up data 

and Yadav et al. described the data according to correlations instead of numerical data 

(Tsai et al., 2005; Yadav et al., 2014). All of the studies evaluated probing depth and 

BOP, and all except one evaluated clinical attachment levels. In the work by Grant et al., 

probing depth, BOP, and GCF volume was evaluated, but not clinical attachment levels 

before and after therapy (Grant et al., 2010). Most of the clinical controlled trials used the 

plaque index and/or gingival index developed by Loe and Silness (Loe, 1967). Chandra et 

al. used the modified gingival index, and studies by Dede et al., Grant et al., Kurtiş et al., 

and Tsai et al. evaluated gingival crevicular fluid volume in disease before and after 

treatment while the remaining studies did not take this measurement (Chandra et al., 

2012; Dede et al., 2013; Grant et al., 2010; Kurtiş et al., 2007; Tsai et al., 2005). Table 3 

Table 2: The variability of the marker of oxidative stress evaluated (color 
coded), the status of smoking in the study population, and the follow-up period 
for re-evaluation after therapy was performed is categorized above. 
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outlines the disease parameters measured at baseline and then at the follow-up time point 

set by each study and the level of significance.  

Table 3: Change in clinical parameters measured at baseline and at follow-up visit 
*Statistical significance at p<0.05 
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Table 3: (Continued) Change in clinical parameters measured at baseline and at follow-up 
visit 
*Statistical significance at p<0.05 
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Table 3: (Continued) Change in clinical parameters measured at baseline and at follow-up 
visit 
*Statistical significance at p<0.05 
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Table 3: (Continued) Change in clinical parameters measured at baseline and at follow-
up visit 
*Statistical significance at p<0.05 
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Akpinar, A. 2013 and Toker, H. 2012 
 

Akpinar et al. and Toker et al. evaluated probing depth, clinical attachment levels, % 

BOP, plaque index and gingival index in smokers and non-smokers and found all values 

following non-surgical intervention at six weeks to be statistically significant from 

baseline (Akpinar et al., 2013; Toker et al., 2012). Toker et al. also found no statistical 

significance of PD, CAL, %BOP, PI, or GI between smokers and non-smokers at six 

weeks after periodontal treatment (Toker et al., 2012). However, Akpinar et al. found 

statistically significant differences in PD values only between smokers and non-smokers 

at six weeks after therapy (Akpinar et al., 2013). Both these reports seem to be of similar 

subject population. 

 

Chandra, R.V. 2012 
 

Chandra et al. evaluated PD, CAL, PI and MGI before and six months after therapy and 

also reported a statistically significant difference in probing depths and clinical 

attachment levels at 6 months, except for the smokers with periodontal disease receiving 

the placebo gel for intervention with SRP. The plaque index was statistically significant 

from baseline and 6 months, but the modified gingival index was only statistically 

significant for the smokers with periodontitis receiving either the placebo or the lycopene 

gel (Chandra et al., 2012).  

Dede, F.Ö. 2013 
 

Dede and co-workers measured PD, CAL, % BOP, PI, GI, and GCF volume at diseased 

sites at baseline, compared these to healthy sites within the same mouth, as well as a 
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periodontally healthy control measurement, and then took the measurements 3 months 

after non-surgical treatment for the diseased sites only. In their findings for the diseased 

sites, there was a statistically significant reduction of %BOP, GI and PI from baseline to 

after therapy, but PD and CAL were not significant. There was a statistically significant 

reduction in GCF volume in the diseased sites following periodontal treatment (Dede et 

al., 2013).  

 

Grant, M.M. 2010 
 

Grant et al. also found a statistical significant decrease in GCF fluid volume at baseline 

and 3 months after non-surgical therapy in diseased patients. Baseline values were 

statistically different from baseline values of the periodontally healthy control. In this 

study, the authors found statistical significant decrease in %BOP, number of sites with 

BOP, and PD measurements in periodontitis patients 3 months after periodontal 

treatment, demonstrating successful resolution of inflammation at the recall visit (Grant 

et al., 2010).  

 

Kurtiş, B. 2007 
 

Kurtiş et al. presented their data according to median and 25% to 75% quartiles, and 

measured PD, PI, GI, CAL, and GCF volume. In their results, no statistical significant 

differences were found for PD or CAL in all of the 4 groups (non-smokers versus 

smokers with either placebo tablets or flurbiprofen tablets). However, all of the groups 

had a statistically significant reduction in PI and GI. With regard to GCF volume, there 
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was a statistically significant decrease for smokers with periodontitis after having been 

treated with non-surgical therapy and were either taking flurbiprofen tablets or placebo 

tablets. This was not found for the non-smoker groups (Kurtiş et al., 2007).  

 

Tsai, C.C. 2005 
 

In the clinical controlled trial by Tsai et al., numerical values were not given and instead 

correlations were discussed. This study evaluated PD, CAL, PI, GI, and GCF volume and 

found that at baseline, the total amount of GCF lipid peroxidation was positively 

correlated with the four clinical parameters with a p value <0.0001. The authors noted 

that lipid peroxidation concentration, however, was only correlated with GI, PD, and 

CAL. In the untreated sites, a significant correlation was found between CAL and LPO 

concentration, and a significant difference in concentration and total amount of LPO 

between periodontally diseased sites before and after therapy was also found (Tsai et al., 

2005).  

 

Yadav, N. 2014 
 

Yadav et al. also only reported correlations and did not provide numerical data. In their 

study, the authors reported that the Spearman rank correlation noted a positive correlation 

between clinical parameters and lactoferrin levels in GCF before and after therapy. They 

further note that the higher measurement of clinical parameters correlated with higher 

GCF levels of LF before and after therapy, and that a gain in CAL was seen after 

periodontal treatment at their 1 month recall (Yadav et al., 2014). 
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Güllü, C. 2005 
 

In a study by Güllü et al., the clinical parameters, PD, CAL, GBI, PI and GI were 

evaluated in patients with periodontal disease that either underwent non-surgical therapy 

(SRP) or non-surgical and surgical therapy (SRP + MWF). In their results, no numerical 

data was presented and instead, ordinal data was used to demonstrate their findings.  

Statistically significant differences were found for PI in both sites treated with non-

surgical or non-surgical and surgical therapy at baseline and 2 month follow-up. The 

mean CAL was statistically significant higher after non-surgical treatment versus the 

MWF group. No statistical significant differences were found for GI or GBI of the 

sampled sites in either group (Güllü et al., 2005). 

Hernandez, M. 2010 
 

Hernandez and co-workers evaluated PD, CAL, %BOP, and PI values before and 2 

months after in patients with chronic periodontitis and used a split-mouth design. In their 

analysis, they noted that at baseline, all clinical parameters showed no statistically 

significant differences between the active and inactive sites. After non-surgical 

periodontal treatment, the active and inactive sites had significant improvements in PD, 

CAL, %BOP and PI (Hernandez et al., 2010). 

 

Pârvu, A.E. 2013 
 

Pârvu and co-workers evaluated three parameters, PD, CAL and %BOP, at baseline and 3 

months after treatment that either consisted of SRP and placebo or SRP and sub-

antimicrobial doxycline. At 3 months, they noted a statistically significant decrease in 
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PD, &BOP, and CAL and made note that at baseline, there were no statistically 

significant differences between the two groups used in their analysis (Pârvu et al., 2013). 

 

Patel, S.P. 2009 and Patel, S.P. 2012 
 
Patel and co-workers evaluated a group of periodontitis patients at baseline and 6-8 

weeks after non-surgical periodontal therapy, and compared them to a group of healthy 

patients and a group of patients with gingivitis. All of the clinical parameters had reduced 

at 6-8 weeks after non-surgical periodontal treatment. In their work from 2009, using 

Spearman’s rank correlation test, they discovered a positive correlation between GCF 

levels of GPx concentration and the clinical parameters, PD, CAL, and GI (Patel et al., 

2009). In their work from 2012, the authors reported a non-significant, yet positive, 

correlation between eGPx concentration in the GCF and serum and the clinical 

parameters, PD, CAL, and GI (Patel et al., 2012). 

 

Change in Concentrations of Markers of Oxidative Stress Before and After Non-surgical 

Therapy 

 

Chronic inflammatory disease may be associated with an imbalance of increased markers 

of oxidative stress and reduced antioxidant defenses, which has been shown to return to 

normal levels with successful non-surgical therapy (Chapple, Brock, Milward, Ling, & 

Matthews, 2007). In this review, clinical controlled trials were selected and analyzed to 

determine the effect of non-surgical periodontal therapy on markers of oxidative stress in 

patients with periodontal disease. Because the specific oxidative stress marker varied 
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amongst all of the studies (Table 2), frequency data distribution tables were made, a 

quality assessment was performed, and unweighted and weighted percent changes were 

calculated (Table 4). For each oxidative stress marker, the percentage of change of the 

pre-treatment diseased sites and the post-treatment diseased sites was calculated based on 

their change in concentration in the GCF, the change in the ratio of the antioxidant and its 

oxidized form in the GCF, or the amount of cell intensity within gingival biopsies. These 

data were further stratified to identify the study population as either smoker or non-

smoker as different values were reported for each group. Frequency data distribution 

tables could not be calculated for the clinical controlled trials by Kurtiş et al. and Güllü et 

al. because only ordinal data was presented (Güllü et al., 2005; Kurtiş et al., 2007). 

Further, Hernandez et al. did not provide post-treatment concentration values of the 

oxidative stress marker, MPO, used in their study (Hernandez et al., 2010). Eight of the 

13 clinical controlled trials in this review showed decreases in the concentrations of the 

oxidative stress markers evaluated. This included Tsai et al. who looked at LPO, Yadav 

et al. who evaluated LF, Chandra et al. and Dede et al. who evaluated 8-OHdG, Patel et 

al. in 2009 and 2012 who investigated concentrations of eGPx, Pârvu et al. who looked at 

iNOS and 3NT in different cell populations obtained by gingival biopsy, and Grant et al. 

who showed an increase in the ratio of GSH:GSSG, which demonstrates an increase in 

the redox balance favoring the antioxidant, GSH (Chandra et al., 2012; Dede et al., 2013; 

Grant et al., 2010; Patel et al., 2009; Patel et al., 2012; Tsai et al., 2005; Yadav et al., 

2014). Grant et al. stated that the post-treatment value of GSH:GSSG was not 

significantly different from that found for the GCF from the matched control group; thus, 

there was a rebalancing of the ratio after treatment and because GSH levels were not 
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significantly changed by treatment, GSSG, the oxidized marker, was significantly 

reduced (Grant et al., 2010). The unweighted average of the % change was calculated to 

be 48.74%, and the weighted % change was calculated to be 57.83% for the works by 

Yadav et al., Chandra et al. and both studies by Patel et al. because of their similar study 

designs, unit of analysis and concentration values reported, though the marker evaluated 

per study varied (Chandra et al., 2012; Patel et al., 2009; Patel et al., 2012; Yadav et al., 

2014). This provides an indication of the relative significance of the clinical impact of 

treatment on the levels of oxidative stress marker, which is reported here as an 

approximate 50% reduction from baseline to post-treatment concentration values. 

Minimal percentage change was noted in the GCF concentrations of TOS and TAS in 

both smokers and non-smokers in the clinical controlled trial by Akpinar et al. and Toker 

et al. also had minimal percentage change in TOS in both groups (Akpinar et al., 2013; 

Toker et al., 2012). However, Toker et al. showed a percentage increase in TAS in both 

groups, though this was shown to be non-significant (Toker et al., 2012).  

Quality assessment was performed using the published criteria as defined  by the from the 

Journal of Evidence Based Dentistry (Table 5).  Each study was evaluated and graded A, 

B or C and at different levels (1, 2 or 3). Grade A was given to those works that reported 

consistent data, and had good-quality patient-oriented evidence. Level 1 was assigned to 

those high quality works with consistent findings and good follow-up. Chandra et al. 

stated randomization and blinding, was a multi-center study and had the longest at 6 

months; thus, it was ranked Level 1 Grade A (Table 4)(Chandra et al., 2012). All of the 

other studies were categorized as Level 2 because of limited quality patient-oriented 

evidence, or reported lower quality or inconsistent findings.  
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Table 4: Change in Concentrations of Marker of Oxidative Stress (color coded) as 
measured at baseline and at follow-up visit  
* Median value 
** Sites used 
*** See table 5 
NS = Not significant change 
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Table 4: Change in Concentrations of Marker of Oxidative Stress (color coded) as 
measured at baseline and at follow-up visit  (Continued) 
*p<0.05 
~Median value 
** Sites used 
*** See table 5 
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Table 5: Description of Quality Assessment used in Table 4 
Source: Journal of Evidence-Based Dental Practice 
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Discussion 
 
 
In this systematic review, we searched three electronic databases using key words that 

pertain specifically to periodontal disease and its clinical parameters, in addition to 

several common markers of oxidative stress and antioxidants. After the final full-text 

review, 13 articles were chosen based on the eligibility criteria and relevance. Data 

extraction involved classification of the study design, unit of analysis, unit of measure, 

smoking status, clinical parameters evaluated before and after non-surgical periodontal 

treatment, and oxidative stress marker evaluated either in GCF or from gingival biopsy 

samples. Variability in study design and follow up periods existed amongst the 13 articles 

reviewed. For example, Kurtiş et al. had the shortest recall interval at 10 days and could 

have contributed to their finding of non-significant changes in probing depths and clinical 

attachment levels in their study population. The authors also reported the data in medians 

and 25% to 75% quartiles (Kurtiş et al., 2007).  Akpinar et al. also reported the medians, 

as well as the ranges and not the means or standard deviations of the numerical data 

collected (Akpinar et al., 2013). By using the median values of TOS and TAS 

concentrations in GCF presented in this study, there was minimal percentage change of 

the markers calculated pre and post successful non-surgical therapy (Table 4). The works 

by Tsai et al., Yadav et al., and Güllü et al. did not present numerical data in their results; 

rather, ordinal data or statistical correlations were presented. Tsai et al. and Yadav et al., 

however, did report numerical values for the change in concentrations of the oxidative 

stress markers while Gullu et al. did not (Güllü et al., 2005; Tsai et al., 2005; Yadav et 

al., 2014). These variations make it difficult to know if the study population with 

periodontitis was successfully treated at the recall period and if the concentrations of the 
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oxidative stress markers were truly statistically significant pre- and post-periodontal 

treatment. Further, some authors used disease or healthy sites as their unit of analysis 

rather than the patient. This included the clinical controlled trials by Dede et al., 

Hernandez et al., and Tsai et al. (Dede et al., 2013; Hernandez et al., 2010; Tsai et al., 

2005). This is important because Fleiss et al. reported that presuming virtual 

independence between sites within an individual is incorrect because of the “sizable 

within-mouth correlations” as presented in their work. The authors state further that those 

studies in which sites are used in the statistical analysis may be invalid (Fleiss, Park, & 

Chilton, 1987). This may help to explain why in the work by Dede et al., non-significant 

differences of the sites were found in the clinical parameters of PD and CAL before and 3 

months after therapy (Dede et al., 2013). Moreover, smoking could be a source of bias 

and could contribute to an increased level of oxidative stress. While most of the authors 

acknowledged this and included matched controls within their study, Hernandez et al. did 

not state whether the study population consisted of smokers or those who had a history of 

smoking (Hernandez et al., 2010). Gender was often reported in the study samples, 

however, Chandra et al. was the only study to investigate males exclusively. They explain 

that women were not investigated because “estrogen-induced proinflammatory cytokines, 

such as interleukin 1β and tumor necrosis factor α can also generate ROS during 

menstruation and at menopause, thus affecting 8-OHdG levels” (Chandra et al., 2012). 

The majority of the authors included females and most stated that women were only 

excluded if they were pregnant without mentioning menstruation or menopause. While 

many of the clinical controlled trials used clinical attachment levels in their assessment of 

pre-treatment and post-treatment groups, Grant et al. did not use this essential clinical 
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parameter, and instead looked at PD and % BOP in their diagnosis of periodontitis and in 

the determination of the resolution of inflammation after therapy (Grant et al., 2010). 

This could portray an inaccurate picture of the disease in its different levels of activity. 

As previously discussed, mostly different markers were used for analysis in the clinical 

controlled trials as there is currently no homogeneity or consensus as to which marker of 

oxidative stress is the most significant. This resulted in a variability of methods to obtain 

the concentrations of the markers and in the units of measure used (Table 4). Of the 13 

articles selected, only two stated randomization in the case control study design. In terms 

of the quality of data available, more longitudinal, randomized, case-controlled clinical 

trials are required that can be stratified on one or a set of markers of oxidative stress in 

GCF to be evaluated before and after successful periodontal treatment.  It is also 

important to note that some articles cited in the clinical controlled trials selected for this 

review could have been used in this analysis, but did not appear in the original search of 

the three databases. 

 

Conclusion 

 

Oxidative stress has been shown to be an important component in the pathophysiology of 

periodontitis. While a variety of inflammatory mediators and risk factors, including 

smoking and systemic conditions, contribute to the pathogenesis of periodontal disease, 

recently, evidence has mounted to show a role of oxidative stress in its progression 

(Chapple et al., 2007). Therefore, this systematic review was designed to evaluate the 

effect of non-surgical periodontal therapy on markers of oxidative stress in patients with 
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periodontitis. Several conclusions can be drawn as a result of the analysis. First, in 

patients with periodontitis, the concentrations of markers of oxidative stress in the GCF 

can be increased in disease and reduced by approximately 50% after periodontal therapy. 

Second, this reduction in the concentration of markers of oxidative stress may allow for 

an oxidative – antioxidant balance to result that is similar to that seen in healthy controls. 

It is important to note that the quality of the evidence can be improved with more 

longitudinal, randomized, controlled clinical trials, as well as a better understanding of 

which specific markers of oxidative stress are significant in the pathogenesis of chronic 

inflammatory disease. 
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