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ABSTRACT

COENZYME Q10 SUPPLEMENTATION AS AN ADJUNCT TO NON-
SURGICAL PERIODONTAL TREATMENT

BILGIN, Berkay Ali

PhD, Department of Periodontology, Altinbas University

Supervisor: Prof. Dr. Sebnem Dirikan IPCI
Co-Supervisor: Asst. Prof. Dr. Ilknur OZENCI
Date: 06/2025

Pages: 116

OBJECTIVE: The aim of this study was to clinically and biochemically evaluate the efficacy
of coenzyme Q10 (CoQ10) to be used in addition to non-surgical periodontal treatment
(NSPT) with full mouth disinfection (FMD) method in patients diagnosed with Stage | and

Il periodontitis.

MATERIALS AND METHODS: 28 patients, with periodontitis stage 1 or 2 were randomly
assigned into two groups. FMD was applied to both groups. The test group received CoQ10
(Ocean® CoQ10, 100mg, Turkiye) supplement in addition to the FMD. Probing pocket
depth (PPD), clinical attachment level (CAL), gingival index (GlI), plaque index (PI) and
bleeding on probing (BoP), were measured before the start of treatment and at the first,
second and third month. For biochemical analysis, gingival crevicular fluid (GCF) samples
were collected from two different teeth with the deepest pockets using special filter papers
(Periopaper™). GCF samples were collected before the start and after the end of treatment.

GCF samples were examined with ELISA to evaluate superoxide dismutase (SOD) levels.

RESULTS: Both groups have significant reductions in PI, GI, BoP, PPD and CAL from
beginning to third month (p<0.05). According to intergroup comparisons, PPD reduction
was significantly higher in test group than in control group (p=0,001; p<0,01). Also, CAL
found significantly higher at control group than test group (p=0,001: p<0,001). BoP and Gl
scores found significantly higher at control group than test group (p=0,001: p<0,01). Also,

Pl scores are significantly higher at control group than in test group (p=0,003: p<0,01). No
vii



significant difference was observed between the GCF volume, SOD concentration, and total

SOD content of the groups when comparing baseline and endpoint values (p>0,05).

CONCLUSION: Within the limits of this study, adjunctive use of CoQ10 to NSPT revealed
positively influenced periodontal outcomes in stage 1 and stage 2 periodontitis patients.
These results suggest stage 1 and stage 2 periodontitis patients might benefit from CoQ10
usage. Further studies are warranted to define prolonged effect of CoQ10 in periodontitis
patients.

Key Words: Full Mouth Disinfection, Coenzyme Q10, Periodontitis, Superoxide

Dismutase, Micronutrients.
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1. INTRODUCTION

Periodontitis is a chronic, complex inflammatory condition. Dysbiotic biofilm causes
progressive breakdown of the tooth-supporting apparatus (Papapanou et al., 2018). A.
actinomycetemcomitans, T. forsythia, P. gingivalis are the most common species in
periodontal diseases. P. intermedia, C. rectus, P. micros, F. nucleatum were also identified

as effective in periodontal diseases (Haffajee & Socransky, 1994).

Periodontal disease commences with dysbiosis of the oral microbiome, leading to
inflammation. Untreated gingivitis results in the progression to periodontitis (Kinane et al.,
2017). Colonization of microorganisms leads to inflammation of periodontal tissues and
destruction of tissues due to the inflammatory process (Lamster & Novak, 1992). A critical
role in the beginning and advancement of periodontal diseases is played by the host response
(Lamont et al., 2018). Periodontitis is purportedly begun by pathogenic microbes, whereas
the resultant loss of periodontal tissue to the host's immune response (Mark Bartold & Van
Dyke, 2013). This establishes a complicated bi-directional series of host-microbial
interactions that encompass cellular and humoral components. A disruption at the
homeostatic equilibrium between proteolytic enzymes and their inhibitors, as well as
between reactive oxygen species (ROS) and antioxidant defense mechanisms that safeguard
and restore essential tissue, cellular, and molecular elements, is thought to be the underlying
cause. The foundation for this dysregulation is partially hereditary and partially attributable
to environmental influences (Chapple & Matthews, 2007; Michalowicz et al., 1991; Palmer
et al., 2005).

Recently, periodontitis is classified using a stage and grade system (Papapanou et al., 2018).
The stage of periodontitis is assessed based on its severity and complexity, while the grade
is evaluated according to the pace of advancement. In assessing the stage of periodontitis,
clinical attachment, radiographic bone loss, and any tooth loss are evaluated. Moreover,
horizontal and vertical bone loss, together with potential pocket depth, are parameters
considered in the diagnosis of stage. The advancement rate of periodontal disease is dictated
by the grading methodology considering the presence of radiographic bone loss over a five-
year period, contingent upon the availability of prior radiographs or the ratio of bone loss to

age is utilized, categorized as grade A if it is below 0.25, grade B if it ranges from 0.25 to 1,



and grade C if it exceeds. Factors for modification are also considered throughout the grading
process. The variables include diabetes (HbA1C level) and smoking (cigarettes per day)
(Nikalus P. Lang & Jan Lindhe, 2015). Approximately 11% of the global population may
suffer from severe periodontitis, impacting 743 million individuals. A substantial body of
studies has identified potential correlations between periodontitis and specific non-
communicable chronic diseases. Consequently, it is crucial to manage the early stages of
periodontitis to avoid afterwards damage and disease development (Frencken et al., 2017).

Different non-surgical and surgical periodontal therapy modalities have been established to
inhibit the advancement of periodontal disease, hence enhancing the prognosis of the teeth
and the patient’s quality of life (Graziani et al., 2017). Periodontitis is linked to the existence
of bacterial biofilm and calculus on root surfaces. The objective of pocket/root
instrumentation in NSPT is to eliminate microbial deposits and calculus from the tooth root
surface. NSPT is conducted via curettes and/or sonic or ultrasonic tools (Armitage, 1999).
The conventional NSPT therapy method is scaling and root planing (SRP) conducted across
several sessions, segmenting the jaw into quadrants or sextants based on the degree and

extent of the disease (Armitage, 1999).

Standard therapy is conducted in several weeks, targeting a distinct region (or ‘quadrant’) of
the mouth at each session. This procedure has conventionally been referred to as SRP. An
alternate method involves addressing the entire oral cavity within 24 hours during one or
two sessions, referred to as full-mouth scaling. The incorporation of an antiseptic agent, such
as chlorhexidine, into full mouth scaling is referred to as FMD. The justification for applying
these full-mouth methodologies is to diminish the probability of re-infection in previously

treated areas (Jervge-Storm et al., 2022).

Success in NSPT is contingent upon several aspects, including the unique host response and
mechanical debridement (Silva et al., 2015). Therefore, the utilization of pharmacological
medications as a complement to nonsurgical periodontal therapy is frequently examined to
enhance treatment efficacy (Grellmann et al., 2016; Scopp et al., 1980). Antimicrobial
medications, including antibiotics and antiseptics like chlorhexidine, are utilized to diminish
biofilm presence (Hope & Wilson, 2004). The clinical efficacy of antimicrobial agents
remains under examination due to minimal differences in outcomes, potential side effects,

and the risk of antibiotic resistance (Merle et al., 2023).
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Various dietary supportive agents are currently undergoing increased scientific investigation
to improve patient’s overall and periodontal health (Najeeb et al., 2016). Consuming dietary
components is necessary for survival since they supply a crucial source of energy
(macronutrients) and important cofactors that are necessary for the proper functioning of
enzymes, structural components, and transport (micronutrients). Malnutrition can occur at
either the macronutrient or the micronutrient level, depending on whether these nutrients are
depleted or absent. They both pose a threat to periodontal health as well as the general health
of the individual. One of these micronutrients is known as CoQ10 (Dommisch et al., 2018).

CoQ10 is a recognized antioxidant that aids in replenishing other antioxidants, promoting
cellular proliferation, and preventing apoptosis (Hans et al., 2012). CoQ10 facilitates the
dismutation of superoxide anion (O2) into hydrogen peroxide and molecular oxygen, hence
rendering the potentially toxic superoxide anion less hazardous (Linnane et al., 2007). Its
insufficiency may correlate with periodontal disease (Prakash et al., 2010). The systemic
delivery of CoQ10 in periodontal disease therapy can decrease GCF flow, probing depths,
and enhance clinical attachment (Barbari & Hussein, 2022). SOD in the GCF serves as a
primary antioxidant defense enzyme and is a significant marker of periodontal disease
activity. Research has indicated a reduction in SOD levels after initial periodontal therapy
(Karim et al., 2012).

Likewise, another study attempted to assess the impact of CoQ10 dietary supplementation
on the treatment outcomes of CP patients following phase 1 periodontal therapy. The authors
determined that prolonged regular consumption of the nutritional supplement CoQ10 is more

advantageous for nonsurgical treatment outcomes of periodontal disease (Saini, 2014).

A recent clinical trial assessed the efficacy of CoQ10 supplementation (120mg, twice for
three months) as an adjunct to SRP in thirty subjects exhibiting plaque-induced gingival
inflammation and possessing at least three nonadjacent interproximal sites with a probing
pocket (PPD) depth of > Smm. This brief study with a limited sample size shown a
substantial decrease in inflammation of the gingival tissue when CoQ10 oral supplements

were utilized in conjunction with SRP, compared to SRP alone (Manthena et al., 2015).

Another recent study evaluated the effect of CoQ10 supplementation (30mg, twice daily for

three months) as an adjunct to SRP in thirty-two individuals with Stage Il Grade B



periodontitis. At the end of the study, both groups exhibited a notable enhancement in
clinical parameters, evidenced by a reduction in PPD and an increase in CAL, with a
statistically significant difference favoring the test group (Barbari & Hussein, 2022).

The effectiveness of CoQ10 gel (2Ml) as a adjunctive treatment to NSPT as well as its impact
on SOD levels in GCF among periodontitis patients were assessed. The authors determined
that the supplementary application of CoQ10 alongside SRP can enhance antioxidant levels,
although it is not more effective than SRP in the management of CP (Pranam et al., 2020).

Another study compared CoQ10 efficacy with and without sub-antimicrobial dose
doxycycline (CoQ10 30 mg, sub-antimicrobial dose doxycycline 20mg, twice a day for 3
months). 40 patients were involved in study, equally divided into 4 groups. First group
received sub-antimicrobial dose doxycycline with NSPT, the second group used CoQ10 in
addition to NSPT, third group received both CoQ10 and sub-antimicrobial dose doxycycline
in addition to NSPT, and the fourth group received NSPT only. The study's findings indicates
that the combination of sub-antimicrobial dose doxycycline and CoQ10 exhibited the most
effective treatment outcome relative to other groups. Treatment with sub-antimicrobial
dosage doxycycline or CoQ10 significantly enhanced clinical metrics compared to NSPT
alone (Darweesh, 2015).

Another study assessed the efficacy of CoQ10 supplementation (100 mg, once daily for 30
days) alongside NSPT in individuals with chronic periodontitis (CP) and diabetes. The
scientists determined that the supplementary usage of CoQ10 to NSPT promotes the
therapeutic response in CP patients with controlled diabetes and considerably reduces pocket
depths (Ghasemi et al., 2022).

Due to its antioxidant properties, CoQ10 has generated significant research interest in
literature in recent years. CoQ10, once seen as an alternative treatment, is utilized both
topically and systemically in periodontology. A deficit of CoQ10 has been observed in the
gingiva of individuals with periodontal disease (Littarru et al., 1971; Nakamura et al., 1973).
Gingival samples from patients with inflammatory periodontal tissues demonstrated a deficit
of CoQ10, unlike those with normal periodontal tissues. A multitude of clinical trials

administering CoQ10 orally to individuals with periodontal problems have been done



(Ghasemi et al., 2022; Pranam et al., 2020; Saini, 2014). The findings indicate that oral
administration of CoQ10 elevates CoQ10 levels in unhealthy gingiva and successfully
minimizes periodontal inflammation and microorganisms (Hanioka et al., 1994; Prakash et
al., 2010).

The primary intracellular enzymes that preserve cells and tissues from oxygen-derived free
radicals are SOD, glutathione peroxidase, and catalase. SOD represents the first line of
antioxidant defense mechanisms. It facilitates the dismutation of two superoxide molecules
(02) into hydrogen peroxide and molecular oxygen, thereby diminishing potential threat of
the superoxide anion (Ighodaro & Akinloye, 2018).

SOD, as the primary element of the antioxidant system, functions as a significant biological
marker for evaluating treatment effectiveness, and these subjects warrants additional
research. Previous studies conducted with CoQ10 by various authors did not use any
biochemical parameter to assess its efficacy and the results were assessed by the clinical
parameters alone (Prakash et al., 2010). Only one study evaluated the effect of CoQ10 in

terms of SOD levels (Pranam et al., 2020). The subject warrants further investigation.

This research will clinically and biochemically examine the effectiveness of CoQ10 as an

adjuvant to the FMD protocole in individuals with stage one and two periodontitis.



2. LITERATURE REVIEW

2.1 PERIODONTAL DISEASES

Periodontal disorders are pathological conditions affecting the periodontium, defined as the
supporting structures around the tooth, which encompass the gingiva, alveolar bone,
cementum, and periodontal ligament. Gingivitis represents the least severe kind of
periodontal disease, affecting as much as 90% of the population. This word refers to the
inflammation of the gingiva caused by dental plaque. Gingivitis is a reversible condition that
responds well to enhanced oral hygiene practices. Periodontitis occurs when the periodontal
condition advances beyond gingivitis into a chronic, damaging, and irreversible
inflammatory disease state. Periodontitis represents the subsequent phase of gingivitis. When
bacteria entrenched in the gingiva penetrate deeper tissues, the host reaction is initiated. The
host’s response to eliminate the invading bacteria simultaneously inflicts harm on the
periodontium. Initially, there is detachment, succeeded by osseous loss, and in the advanced
stages, the loss of the afflicted tooth occurs (Highfield, 2009; Pihlstrom et al., 2005).

2.1.1 Periodontitis

Periodontitis is characterized by the apical migration of the junctional epithelium and the
presence of gingivitis in regions exhibiting radiographic evidence of bone loss (Dyke, 2008).
Periodontal pathogens, particularly Gram-negative anaerobic bacteria referred to as the red
complex, induce microbial infection within the subgingival dental biofilm, resulting in
chronic inflammation (Socransky & Haffajee, 2005). The activation of defense cells is
marked by the release of inflammatory mediators, including proteases, acidic metabolites,
cytokines, interleukins (IL), and chemokines, which damage tissue and ultimately lead to

bone resorption (Gasmi Benahmed et al., 2024).

Periodontitis is a common chronic inflammatory condition. This condition impacts about
two thirds of the adult population, with severe periodontal disease affecting around 19%,
equating to over one billion individuals globally (Botelho et al., 2022; Trindade et al., 2023).
The World Health Organization has recognized severe periodontal disease as a significant

public health concern due to its high prevalence, and its associations with



systemic conditions for instance diabetes mellitus and cardiovascular disease (Abbafati et
al., 2020; Darveau, 2010; Hajishengallis, 2015). The progression of periodontal disease is
generally influenced by microbial dysbiosis and an abnormal host cellular and
immunological response in the gingival and subgingival areas, resulting in gradual
destruction if untreated (Abusleme et al., 2021; Darveau, 2010; Hajishengallis, 2015).
Recognizing how complicated host—microbe interactions in periodontal disease is important.
This offers profound insights into the complicated relationship between the host and
microbiome, essential for both periodontal and systemic health (Makkar & Sriram, 2025).

In periodontitis, infections stimulate innate immune leukocytes to generate pro-
inflammatory mediators such as cytokines, which substantially facilitate the advancement of
CP. While infection is necessary for periodontitis, it is insufficient on its own for disease
progression. Pathogens activate the acquired immune system, worsening the evolution of
inflammatory conditions and causing significant damage to both soft and hard periodontal
tissues. Individual susceptibility, exclusively linked to immune and inflammatory responses
of the organism, is considered vital, as the majority of signaling pathways and cellular
processes associated with these diseases may be traced to shared molecular origins
(Martinez-Garcia & Hernandez-Lemus, 2024).

2.2 2017 PERIODONTAL CLASSIFICATION

A classification scheme for periodontal and peri-implant diseases and conditions is essential
for clinicians to accurately diagnose and treat patients, as well as for researchers to
investigate etiology, pathogenesis, natural history, and treatment of these diseases and
conditions (G. Caton et al., 2018). Since the 1999 workshop, substantial new insights have
been acquired through evidence from population surveys, fundamental scientific research,
and studies monitoring environmental and systemic risk variables. The analysis of this
evidence has prompted researchers to establish a new classification for periodontal disease

(Papapanou et al., 2018).

Consequently, the World Workshop on the Classification of Periodontal and Peri-implant
Diseases and Conditions was convened in 2017. The classification has undergone multiple
revisions in the past 30 years to align with new scientific evidence, and it has been

determined that the updated classification should be defined by a multidimensional staging
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and grading system that can be adjusted as further evidence arises (Figure 2.1) (Tonetti et
al., 2018).

CLASSIFICATION OF PERIODONTAL AND PERI-IMPLANT DISEASES AND CONDITIONS 2017

Periodontal Diseases and Conditions

Periodontal Health, Gingival Periodontitis Other Conditions Affecting the Periodontium
Diseases and Conditions

Periodontal |  Gingivitis: | Gingival Necrotizing Periodontitis Systemic Periodantal
Health and Dental Diseases: Periodontal isa dis Alstasass
. - . . conditions and Mucogingival Traumatic Tooth and
Gingival Biofilm- | Non- Dental Diseases Periodontitis  |Manifestation affecting Endodontic Deformities Occlusal Prosthesis
Health Induced Biofilm- of Systemic the - and Conditions Forces Related
N periodontal Periodontal Factors
Induced Disease supporting Lesions
tissues
Peri-Implant Diseases and Conditions
Peri-Implant Health Peri-Implant Mucositis Peri-Implantitis Peri-Implant Soft and
Hard Tissue Deficiencies

Figure 2.1: Classification of Periodontal and Peri-implant Diseases and Conditions 2017.
2.2.1 Staging and Grading of Periodontitis

The staging process can be evaluated along two dimensions: severity and complexity. The
severity score is predominantly determined by the degree of interdental clinical attachment,
acknowledging the low specificity of both pocket and marginal bone loss, with marginal
bone loss also included as an extra descriptor. This adheres to the established framework of
prior severity-based indices and is predicated on the most adversely impacted tooth within

the dentition. Only attachment loss resulting from periodontitis is utilized for the score.

Recently, it was observed that there is no evidence indicating that various forms of
periodontitis possess a distinct pathophysiology; instead, the periodontitis phenotype in these
patients may be elucidated by the intricate interplay of risk factors within a multifactorial
disease model. In this context, it appears beneficial to provide a system for assessing the
biological grade of periodontitis (risk or actual advancement). Periodontal grading is
categorized into three levels: A, B, and C. Clinicians may initiate grading by presuming a
moderate advancement rate (grade B), subsequently evaluating direct and indirect evidence

or risk factors that could alter the prognosis and adjust the grade



accordingly. If the patient possesses risk characteristics linked to increased illness
progression or diminished responsiveness to bacterial reduction therapy, this information

can be utilized to adjust the forecast of the patient’s future disease trajectory (Figure 2.2)

(Tonetti et al., 2018).

Periodontal | Stage I Stage I1 Stage II1 Stage IV
Stage
Severity Greatest 1-2 mm 3-4 mm >5 mm
interdental
clinical
attachment loss
Percent bone Coronal third (>15%) Coronal third Middle third or apical third
loss (15% - 33%)
Teeth lost to No tooth loss <4 teeth > 5 teeth
periodontitis
Complexity e Probing e Probing e Probing In addition to Stage
depths < 4mm depths depths > 6mm | IIT complexity:
e  Mostly <5mm e  Vertical bone e Need for
horizontal e Mostly loss >3 mm rehabilitatio
bone loss horizon e (ClassIIor n
tal bone Class III e Masticatory
loss furcation dysfunction
e Tooth
mobility >2
e <20
remaining
teeth
Extent o Localized (<30% of teeth involved)
o Generalized (>30% teeth involved)
e  Molar/incisor pattern

Figure 2.2: Staging and Grading According to 2017 Periodontal Classification.
2.2.2 Pathogenesis of Periodontitis and Destruction of Periodontal Tissues

The connective epithelium establishes a distinct barrier between the root surface and the
gingiva, primarily serving as a shield the underlying tissues from persistent exposure to oral
microorganisms and their by-products. A variety of molecular variables associated with
adhesion, cell-cell interactions, chemotaxis, proinflammatory cytokines, epithelial
development, matrix metalloproteinase activation, and antimicrobial peptide generation
influence the functionality of the junctional epithelium. This highly adapted defense
mechanism, bacterial virulence factors, and chronic inflammation (clinically manifested as

gingival hemorrhage and alterations in soft tissue morphology and pigmentation), result in



the apical migration of the attachment epithelium on the root surface and the activation of
collagen degradation, ultimately culminating in the formation of periodontal pockets
(Bosshardt & Lang, 2005).

Neutrophils, serving as the initial defense, traverse from blood vessels to tissue in response
to chemokine stimulation. Neutrophils, macrophages, lymphocytes, plasma cells, and mast
cells are present in the connective tissue, and complement proteins are activated. Clinical
manifestations of gingival inflammation, including hemorrhage and elevated GCF,
commence to manifest. Thereafter, the innate immune response transitions to an acquired
immune response, commencing the established lesion phase. At this juncture, macrophages,
plasma cells, and T and B lymphocytes emerge as the primary cell types. Collagenolytic
activity escalates with an elevation in macrophage and tissue-derived matrix
metalloproteinases. Nevertheless, there is a decline in tissue perfusion. This stage is
clinically marked by significant gingivitis, exhibiting hemorrhaging gingiva along with
alterations in color and texture. The subsequent phase is the established lesion stage,
characterized histologically and clinically by irreversible attachment and bone loss,
culminating in periodontitis (Newman et al., 2019). Antigens produced by bacteria,
including lipopolysaccharides (LPS) and peptidoglycans, are detected by toll-like receptors
(TLRs) on the surface of host cells, thereby initiating the inflammatory response
(Mahanonda & Pichyangkul, 2007). Resident cells in the gingiva release pro-inflammatory
cytokines, including TNF-a, IL-1, IL-6, and IL-8. Vasoactive amines and TNF-a released
from mast cells enhance vascular permeability, leading to the accumulation of neutrophils
in the affected area. Lysosomal enzymes released by neutrophils and matrix
metalloproteinases activated by inflammatory mediators (Figure 2.3) contribute to the
destruction of periodontal tissues (Ohlrich et al., 2009). In chronic inflammation, bacterial
antigens are recognized by antigen-presenting dendritic cells, macrophages, and B
lymphocytes. Thelper0 (Th) cells engage with antigen-presenting cells and differentiate into
Thl, Th2, Th17, and regulatory Th cells. Thl cells play a crucial role in cellular immunity
by secreting interferon-y (IFN-y), transforming growth factor-beta (TGF-p), and IL-2. Th2
cells initiate humoral immunity through the secretion of cytokines IL-4, IL-5, IL-6, IL-10,
and IL-13. Cytokines and prostaglandin e2 induce osteoclast formation and activation
through modulation of RANKL and osteoprotegerin expression (Yucel-Lindberg & Bage,
2013).
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Figure 2.3: Inflammatory Mediators in Pathogenesis of Periodontitis (Tawfig, 2016).

2.3 THE CORRELATION BETWEEN OXIDATIVE STRESS AND

PERIODONTITIS

During periodontal inflammation, periodontal infections induce the synthesis of
proinflammatory cytokines that attract polymorphonuclear leukocytes (PMNL) to the
affected region. PMNLSs significantly contribute to the pathophysiology of periodontal

disorders through the production of substantial quantities of proteolytic enzymes and ROS

that facilitate tissue degradation (Graves, 1999).

Oral tissues, comprising the oral cavity and periodontal tissues, are physiologically sensitive
to ROS. Alongside their physiological presence, the generation of ROS in tissues is

augmented by pathogens infiltrating periodontal tissues (Vo et al., 2020).

ROS encompasses a category of oxygen-derived free radicals, including superoxide radical,

hydroxyl radical, and nitric oxide, as well as oxygen-derived non-radical compounds such
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as hydrogen peroxide and hypochlorous acid (Chapple, 1997; Waddington et al., 2000). ROS
are physiologically generated inside the respiratory chain and during enzymatic reactions
(Genestra, 2007). They are crucial for numerous biological functions, including cellular
transduction signaling and regulation of gene expression. At elevated concentrations,
ROS generation can induce tissue damage by many mechanisms, including protein and DNA
impairment, lipid peroxidation, enzymatic oxidation, and the synthesis of proinflammatory
cytokines (Chapple & Matthews, 2007).

The correlation between oxidative stress (OS) and periodontitis is attracting the attention of
professionals (Qu, 2023). Elevated ROS levels or diminished antioxidant capability can
disturb homeostasis and lead to OS (Battino et al., 1999). OS is an inflammatory
phenomenon resulting from an imbalance between ROS and antioxidant mechanisms,
leading to an oxidative condition that can harm cellular and extracellular structures. This has
been linked to systemic disorders including cardiovascular disease, arthritis, and diabetes,
indicating that OS may play a role in the etiology of periodontal disease (Chapple, 1997,
Phull et al., 2018; Siti et al., 2015).

2.3.1 Free Radicals and Reactive Oxygen Species

An atom, ion, or molecule possessing an unpaired or absent electron in its outermost orbital
is referred to as a free radical. Due to their instability, free radicals tend to react with other
chemicals to achieve stability in biological systems, superoxide radicals, peroxyl radicals,
lipid peroxyl radicals, alkoxyl radicals, and hydroxyl radicals are classified as ROS
(Baltacioglu et al., 2014). Free radicals may arise from oxygen or nitrogen. Oxygen-derived
free radicals are referred to as ROS, while nitrogen-derived free radicals are termed reactive

nitrogen species (Valko et al., 2007).

Cellular metabolism encompasses the uptake of oxygen and its processing through
glycolysis to generate pyruvate in the mitochondria. The amino acid cycle occurs, resulting
in ATP production. Nonetheless, electrons migrate from their carriers at a steady rate,
converting oxygen into the superoxide anion. The incomplete reduction of oxygen is
believed to be 1-3% of absorbed oxygen, occurring at a pace that surpasses the capacity of
mitochondrial antioxidants to eliminate superoxide (Cadenas, 1989; Nohl & Hegner, 1978).

The inadequate reduction leads to mitochondrial DNA damage caused by ROS and reactive
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nitrogen species, a process considered significant in specific chronic diseases and aging
(Shigenaga et al., 1994). Mitochondria are a significant source of metabolism-derived ROS
in vivo, and mitochondrial DNA seems to sustain damage more easily than nuclear DNA
due to its proximity to the created ROS (Cuzzocrea et al., 2001).

2.3.2 Antioxidants

Antioxidants (Figure 2.4) are chemicals that inhibit oxidation caused by free radicals and
traps, stabilize, and mitigate their effects. They also fulfill various critical functions,
including the prevention, reduction, delay, or elimination of oxidative damage induced by
ROS (Guitteridge & Halliwell, 2010; Wei et al., 2010).

Endogenous Antioxidants Exogenous Antioxidants
Enzymatic Non-Enzymatic Non-Enzymatic
Catalase (CAT) Myoglobin Vitamins
Superoxide dismutase (SOD) Ferritin Vitamin C (ascorbic acid)
Glutathione peroxidases (GPxs) Metallothioneins Vitamin E (tocopherols)
Glutathione reductases (GRs) Transferrin Vitamin K
IGlutathione-S-transferases (GSTs) Lactoferrin Mineral elements
Phospholipase A2 Albumin Selenium
Ceruloplasmin Zinc
Glutathione Manganese
Coenzyme Q10 Copper
X\ Uric acid Nutritional
Bilirubin Carotenoids
Melatonin Phytonutrients
Vitamin A (retinol) Supplements
Lipoic acid
Polyphenol
D-Methionine
Carnosine
Omega-3 fatty acids
Acetyl L-carnitine

Figure 2.4: Antioxidant List (Chakraborty, 2023).
2.3.3 Superoxide Dismutase

SOD is the enzyme that facilitates the transformation of the superoxide radical (O2-) into
hydrogen peroxide (H202) (Halliwell et al., 2000; Nguyen et al., 2020). SOD is located in
the periodontal ligament and functions as an essential barrier against superoxide production

in gingival fibroblasts (Agnihotri et al., 2009).

SOD has anti-inflammatory properties by modulating OS, averting lipid peroxidation, and
obstructing the adherence of inflammatory cells to endothelium monolayers, thereby

facilitating less inflammation in diverse pathological processes (Islam et al., 2022).
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SOD is regarded as a principal antioxidant, which accounts for its substantial research
in periodontitis patients. SOD, found in all tissues and active in bodily fluids such as blood
plasma, exhibits altered activity in many diseases (Fei et al., 2021; Reddy et al., 2004). SOD
may serve as a crucial protective mechanism for gingiva against superoxide emission
(Jacoby & Davis, 1991). Numerous research have investigated the correlation between SOD
levels and periodontitis, SOD levels were assessed in serum, saliva, gingiva, and GCF in
some instances (Na et al., 2006; Novakovic et al., 2014; Pranam et al., 2020; Ramesh et al.,
2019; Sukhtankar et al., 2013; Wei et al., 2010).

In aresearch, the effect of NSPT on SOD levels in serum, saliva, and GCF samples collected
from 48 patients with CP and 35 healthy control subjects were evaluated both before and 16
weeks after NSPT. Results show that NSPT appears to restore and regulate the antioxidant
capacity of the patients by both local and systemic modifications of SOD levels (Wei et al.,
2010).

In another study, A total of 26 individuals with CP and 18 control subjects were examined.
In patients, teeth exhibiting moderate-to-severe periodontitis with pockets measuring >5 mm
that necessitated full-thickness flap surgery in the right or left maxillary quadrant were
examined, while in controls, teeth designated for extraction due to orthodontic
considerations were analyzed. Following the clinical assessments (PD, CAL, GlI, BoP, PI),
GCF samples were obtained. Tissue samples were collected from the same teeth during flap
surgery in patients and shortly following tooth extraction in controls. The activities of SOD
were assessed using spectrophotometry. The gingival SOD activity was markedly elevated
in the CP group compared to the control group (p<0.05). No substantial difference was
observed in GCF SOD activity among the groups (p>0.05). The correlations between
gingival and GCF SOD activity were not statistically significant in the CP and control groups
(p>0.05). The researchers concluded that SOD activities in gingiva and GCF are
independent, or that SOD activity in gingiva does not entirely transfer to GCF (Akalin et al.,
2005).

A recent study included one hundred thirty-five people aged 20 to 55 years, consisting of 45
light smokers, 45 heavy smokers, and 45 nonsmokers. The documented clinical parameters
were PI, PPD, and CAL. GCF and saliva samples were obtained, thereafter analyzed for

SOD levels utilizing a spectrophotometric technique. The study results demonstrate that
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smokers displayed markedly reduced mean SOD levels in both GCF and saliva relative to
the control group. Analyses performed intra- and inter-group revealed that heavy smokers
demonstrated markedly lower levels of SOD in GCF and saliva compared to light smokers
and control participants. The authors highlighted a gradual decline in SOD levels from
healthy nonsmokers to light smokers and then to heavy smokers in both saliva and GCF,
indicating that a reduction in smoking exposure may enhance antioxidant levels (Ramesh et
al., 2019).

Another study evaluated sixteen patients, aged 30 to 50 years, with mild to moderate CP of
both sexes, exhibiting pocket depths of 5 to 7 mm in four nonadjacent interproximal sites.
The sites were randomized and allocated into treatment and control groups. CoQ10 (PerioQ
Gel) was administered at the treatment site, while a placebo gel was applied at the control
site, both at baseline and following NSPT. The results indicated no statistically significant
difference in clinical parameters between the two groups at any time interval; however, there
was a significant increase in SOD levels in the test group compared to the control group at
the end of 3-months. The study determined that the supplementary application of CoQ10
with SRP can enhance antioxidant levels; however, it does not surpass SRP in ameliorating

clinical parameters after treatment of CP patients (Pranam et al., 2020).

These studies indicate that SOD levels can be assessed from samples obtained from blood
serum, saliva, and GCF. These SOD values provide comprehensive insights about the
condition of periodontitis (Akalin et al., 2005; Prakash et al., 2010; Pranam et al., 2020; Wei
et al., 2010).

2.3.4 Gingival Crevicular Fluid (GCF)

GCEF is a biological fluid derived from blood plasma, exhibiting varying compositions in the
gingival groove, and possesses exudate characteristics that influence the ecology of the
gingival groove. This fluid was initially reported to result from enhanced permeability of the
arteries in the junctional and sulcular epithelium (Darveau et al., 1997; Page, 1992).

Desquamated epithelial cells, erythrocytes, migrating leukocytes, electrolytes like
potassium, sodium, and calcium, bacterial metabolites like lactic acid, urea, endotoxins, and
cytotoxic substances, carbohydrates, proteins, and host and bacterial enzymes like acid

phosphatase, alkaline phosphatase, SOD, cytokines, and immunoglobulins are among the
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cellular components found in GCF (Delima & Van Dyke, 2003). While the volume of GCF
iIs minimal in healthy gingival tissue, it increases in response to inflammation and
significantly decreases following periodontal treatment (Gomes et al., 2009).Several factors
influencing GCF volume include systemic diseases, pharmacological treatments, hormonal
fluctuations, circadian rhythms, psychological stress, smoking, periodontal therapy, and the
severity of inflammation (Deinzer et al., 2000). To analyze the biochemical mediators in
GCF, a variety of techniques have been used, including hybridization, flow cytometry,
polymerase chain reaction, and enzyme-linked immunosorbent assay (Delima & Van Dyke,
2003).

The significance and diagnostic value of GCF in the pathophysiology of periodontal disease
have been the subject of numerous investigations (Griffiths, 2003). At least 90 distinct
components in GCF samples have been assessed as possible biomarkers for the identification
and prognosis of periodontal disease (Buduneli, 2019).

From a conventional perspective, potential biomarkers can be assessed within three primary
categories aligned with the three stages of periodontitis; inflammation, connective tissue
deterioration, and bone resorption. Point-of-care diagnostics utilizing GCF biomarkers could
offer immediate information into disease and susceptibility status, facilitating the monitoring
of periodontal health (Buduneli et al., 2024).

A meta-analysis indicated that saliva and GCF concentrations of malondialdehyde, which is
an indicator of OS, were considerably higher in GCF samples from periodontitis patients.
The authors stated that the elevated GCF malonaldehyde levels may be attributed to
superoxide anion generation, due to bacterial challenges or as a by-product of neutrophil
interactions (M. Chen et al., 2019).

SOD is a crucial antioxidant present in mammalian tissues. The litreature presents
inconsistent results concerning SOD levels in GCF samples (Buduneli et al., 2024).

A study evaluated SOD activity among GCF and gingival tissues of patients with CP and
periodontally healthy individuals. The activity of gingival SOD was considerably elevated
in patients with CP compared to healthy controls, but no variations in GCF SOD activity

were seen across the research groups (Akalin et al., 2005).
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Also, evaluation of biomarkers of GCF can be used to analyze and consolidate the effects of
periodontal treatment. Furthermore, changes in the concentration of specific molecules
derived from the host tissue response within GCF, including both increases and decreases,
have been assessed as potential indicators of periodontal disease (Heasman et al., 1993).

2.4 TREATMENT OF PERIODONTITIS

The primary objective of periodontal treatment is to eradicate gingival inflammation, halt
tissue deterioration, and avert disease recurrence (Lowenguth & Greenstein, 1995). Given
that microbial dental plaque is the principal etiological factor in gingivitis and periodontitis,
the management of plaque is essential for the prevention and treatment of these diseases.
Bacteria within the periodontal pocket are structured in a biofilm layer that adheres to the
root surface. Bacterial endotoxins and other antigenic substances provoke a tissue reaction
that frequently results in inflammation and tissue damage. Consequently, the primary
objective in the management of inflammatory periodontal disorders should be the
elimination of subgingival plaque. Multiple studies indicate that plaque removal alleviates
inflammation and halts tissue degradation (Brochut et al., 2005; Christgau et al., 2006; Kim
et al., 2007). The primary approach to periodontal therapy is eliminating all local irritants
that may induce gingival inflammation and educating the patient to enhance plaque control.
The initial treatment constitutes the fundamental technique in all phases of periodontal
therapy. Clinical studies indicate that the enduring efficacy of periodontal treatment is
contingent upon the success of the first intervention (Nikalus P. Lang & Jan Lindhe, 2015).
The management of periodontitis, resulting from a disparity between microbial aggression
and host defenses, seeks to reestablish equilibrium by diminishing microbial assault.
Maintaining low levels of microbial invasion by daily oral hygiene and consistent
professional periodontal care can often stabilize the periodontal state (Van Der Weijden &

Timmerman, 2002).

CAL, PPD measurements, and GI, which signifies the occurrence of BoP, are frequently

utilized to evaluate and track periodontal health. The objective of periodontal treatment is to

decrease probing depth, sustain or enhance CAL, and minimize the occurrence of BoP.

Periodontitis can be effectively managed with NSPT, then when necessary surgical treatment

approach followed by supportive periodontal therapy (SPT) (Heitz-Mayfield et al., 2002).

The crucial factor in successful periodontal treatment is NSPT and the patient's level of oral
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hygiene. In this context, strong data supports that NSPT is a crucial and successful element
in the treatment of inflammatory periodontal disease (Van Der Weijden & Timmerman,
2002).

2.4.1 Non-Surgical Periodontal Treatment

Periodontal treatment relies on a variety of treatment methods, including behavioral-change
techniques such as personalized oral hygiene instructions, smoking cessation support, dietary
modifications, subgingival instrumentation for plaque and calculus removal, local and
systemic pharmacotherapy, and various surgical procedures. The management of persistent
periodontal disease necessitates a variety of strategies and a lifelong dedication to periodontal
self-care (Graziani et al., 2017).

NSPT is the crucial part and cornerstone of periodontal treatment. The primary aim of NSPT
is to manage microbiological periodontal infection by eliminating bacterial biofilm, calculus,
and toxins from periodontally compromised root surfaces both supra and subgingivally,
without necessitating surgical excision of adjacent soft tissues (Adriaens & Adriaens, 2004;
Aimetti, 2014).

The clinical guidelines issued by the EFP state that the therapy of periodontitis should
advance stepwise. Consequently, the initial step in treatment is to augment the patient’s
motivation for oral hygiene, address their modifiable risk factors, and facilitate behavioral
change. The subsequent step includes professional measures designed to remove supra- and
subgingival calculus. After the re-evaluation phase, the next step is to start the periodontal
treatments necessary to address subgingival infections that lead to pathological lesions in the

supporting tissues of the teeth (Graziani et al., 2017).

During the 1970s and 1980s, manual instruments including dental curettes and scalers were
considered the gold standard for periodontal care. Beginning in the 1990s, the utilization of
sonic and ultrasonic scalers has emerged as a widely recognized alternative to manual
instruments (Heitz-Mayfield & Lang, 2013). In most periodontitis cases, comparable
outcomes were attained with both techniques, suggesting that either ultrasonics or hand
instruments may be utilized based on the clinician’s preference (Albeshri & Greenstein,
2022). Recent studies have shown that both manual tools and powered devices, as well as
their combination, significantly enhance periodontal conditions and clinical parameters after
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NSPT, with no indication that one type of instrument is preferable to the other (Suvan et al.,
2020).

According to recent studies, the management of patients with stage 1 and stage 2
periodontitis is conducted in steps. The initial phase of therapy focuses on facilitating
behavioral modification by encouraging the patient to effectively eliminate supragingival
dental biofilm and manage risk factors. The second step of therapy focuses on managing the
subgingival biofilm and calculus. Furthermore, subsequent interventions may be included.
The third step of therapy focuses on focusing on the areas of the dentition that do not respond
sufficiently to the second step, with the objective of facilitating subgingival instrumentation
or targeting the regeneration or resection of lesions that complicate the management of
periodontitis. In the end, SPT aims to preserve periodontal stability in treated periodontitis
patients by combining the preventative and therapeutic interventions described in the initial
two phases of therapy, depending upon the gingival and periodontal condition of the patient’s
dentition (Sanz et al., 2020).

2.4.2 Full Mouth Disinfection

FMD is another approach used in the management of patients with stage 1 and stage 2
periodontitis. The oral cavity provides many niches for the survival of periodontopathogens,
including the mucosa, tongue, tonsils, saliva, and all oral hard surfaces such as teeth,
dentures, and implants. Bacteria can migrate between different niches. Saliva is crucial for
this transfer, as all species exist within it. This transmission may also occur via oral hygiene
tools and/or dental instruments. If intraoral bacterial translocation transpires at an elevated
rate, a deep pocket that has undergone SRP may be recolonized from residual untreated
pockets or other intraoral niches prior to the establishment of a less pathogenic ecosystem,
as it provides an optimal setting for the proliferation of pathogenic species. This may
compromise the results of periodontal therapy (Quirynen et al., 1995; van Winkelhof et al.,
1988). The FMD procedure entails SRP of all teeth and the cleaning of all oral niches with
chlorhexidine throughout two sessions within a 24-hour period (Quirynen et al., 1995; Van
Winkelhoff et al., 1988).

Chlorhexidine, utilized in the FMD approach, was invented by Loe in 1969. Chlorhexidine

is a cationic agent derived from phenylguanidine. It is a broad-spectrum antiseptic effective
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against gram-positive and gram-negative bacteria, dermatophytes, and certain lipophilic
viruses (Quirynen et al., 2002). Its principal action is to compromise the cell membrane,
exhibiting either bactericidal or bacteriostatic properties contingent upon the dose.
Additionally, it is effective by suppressing proteolytic and glycosidic enzymes. It clings to
the mouth mucosa and dental surfaces. This characteristic diminishes pellicle formation and
enables prolonged environmental presence through controlled release from the surface. The
objective of the FMD technique is to eliminate or at least diminish all periodontal infections
not just from periodontal pockets but also from the entire oropharyngeal region (including
mucous membranes, tongue, tonsils, and saliva) in a brief period using antimicrobial
chlorhexidine. This inhibits bacterial translocation, known as cross-contamination, and
provides time for periodontal repair prior to bacterial colonization (Loos et al., 1988;
Mousquéegs et al., 1980).

The persistence of bacteria post-treatment in the junctional epithelium, pocket epithelium,
and/or dentinal tubules is regarded as the primary factor for subgingival recolonization
(Adriaens et al., 1988; Giuliana et al., 1997; Lamont & Yilmaz, 2002; Petersilka et al., 2002).
Similarly, microorganisms in the oropharyngeal region may affect the subgingival
recolonization of pockets following periodontal therapy. The recolonization is contingent
upon the standard of oral hygiene, the efficacy of subgingival debridement, and the residual
probing depth (Magnusson et al., 1984; Pedrazzoli et al., 1991; Petersilka et al., 2002;
Sbordone et al., 1990; van Winkelhof et al., 1988). Two investigations have demonstrated
that the microbial load in saliva is markedly decreased following therapy in patients with
periodontitis (Dahlén et al., 1992; Rowshani et al., 2004).

In 1995, Quirynen et al. conducted a comparison between FMD and conventional therapy.
Ten patients with advanced CP were randomly assigned to experimental and control groups.
The experimental group participated in FMD. In the experimental group, subgingival
irrigation utilizing 1% chlorhexidine gel was conducted twice in each pocket with 6 to 8 mm
calibrated syringes for three sessions, each lasting 10 minutes per visit. The gel application
was reiterated in all pockets on the eighth day post-treatment. Oral rinsing was conducted
twice for one minute each with 10 ml of 0.2% chlorhexidine mouthwash, with the final 10
seconds targeting the tonsil region. The tongue was coated with 1% chlorhexidine gel for 1

minute. The patient was instructed to gargle with 10 ml of CHX 0.2% for 1 minute twice
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daily at home for over 2 weeks. The patient received instruction on oral hygiene. Patients in
the control group receive conventional therapy. Patients in the test group had a notable
reduction in PPD relative to those in the control group. The culture results indicated a
markedly reduced presence of harmful microorganisms in the research group throughout the
initial month. In the following month, beneficial bacteria were observed to be significantly
more prevalent in the identical regions. The findings indicated that microbiologically and
clinically significant enhancements in treatment outcomes can be attained with FMD
(Quirynen et al., 1995).

The FMD offers numerous economic benefits for both clinicians and patients. It entails fewer
sessions (two rather than four appointments), necessitates reduced travel, and is more
comprehensible for the patient. The operator may engage with the same patient for two hours
while minimizing the pauses between patients. This enhances the efficiency of chair time

and reduces the frequency of instrument replacement (Teughels et al., 2009).

Vandekerckhove conducted 8-month follow-up research in the group of patients published
by Quirynen et al. Pockets measuring 7 mm or greater showed a statistically significant
reduction with FMD (4 mm) compared to normal therapy (3 mm). The Gl and bleeding
propensity exhibited comparable enhancement. After 8 months, FMD exhibited a lesser
amount of gingival recession and a greater gain in attachment level (3.7 mm vs to 1.9 mm).
This study indicates that a FMD yields superior clinical results in CP vs to quadrant treatment
(Vandekerckhove et al., 1996).

In a study, the authors evaluated 25 patients with generalized CP, categorizing them into
three groups: quadrant-by-quadrant scaling at one-week intervals, a FMD group with
chlorhexidine, and a FMD-only group. Initially, the FMD demonstrated a greater reduction
in PPD and BoP after one and two months; however, all three treatment modalities provided
improvements in clinical and microbiological indicators without significant intergroup

differences after eight months (Sagar, 2014).

According to another study, FMD, full mouth scaling, and quadrant SRP are all efficacious
treatments for adult CP, and they do not result in significant discomfort for patients. The
comparison of FMD to quadrant SRP indicated that FMD provided moderate additional

clinical advantages in PPD reduction and CAL gain. Moreover, from a realistic standpoint,
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a single visit necessitated less time to complete treatment than multiple encounters.
Nonetheless, due to the restricted number of studies available for comparison, additional
research is required (Fang et al., 2016).

Alongside its benefits, review of literature indicates no distinction between FMD and
intermittent treatment. A 2008 Cochrane analysis indicates that there is no substantial
difference in periodontal clinical outcome measures between conventional standard
treatment and a full mouth approach. The limited number of studies renders the evidence in
this domain unclear, necessitating further research to establish the optimal treatment for CP
(Sagar, 2014).

2.4.3 The Role of Antioxidants in Periodontitis

Research indicates that oral bacteria and their byproducts diminish the antioxidant defenses
of the gingiva (Tsai et al., 2005). Numerous studies indicate that localized antioxidant
application can modify the periodontal microenvironment and mitigate the pathological
progression of periodontal inflammation. Oxidative modulation has emerged in recent years
as a promising approach for treating severe periodontitis (E. Chen et al., 2023). It has been
asserted that organisms can maintain consistent OS levels irrespective of supplementation,
and that the efficacy of antioxidant supplementation has been demonstrated in instances
where initial OS exceeds typical levels or beyond the individual’s stabilization capacity

(Pisoschi & Pop, 2015).

The importance of ROS in the genesis of numerous diseases has fostered the belief that their
elimination would be advantageous in all such cases. This perspective posits that
reestablishing equilibrium between ROS and antioxidants would substantially impact OS.
To examine the advantageous effects of antioxidants, test tube experiments assessing their
reactivity against ROS were deemed elucidative. Animal and cell culture studies have proven
that antioxidant therapy can mitigate oxidative damage. Consequently, antioxidant
supplements have been integrated into several health-related and advantageous applications
(Lamprecht, 2014).

Host modulation therapy with antioxidant compounds helps to regulate excessive activity of

the immune system, and numerous research has explored the advantages of antioxidant-

targeted supplements in the context of periodontitis (Sulijaya et al., 2019). Antioxidants used
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during periodontal care have been demonstrated to markedly reduce periodontal disease
indicators in individuals with type 2 diabetes (Mizutani et al., 2021). Recent research
demonstrates substantial positive impacts of antioxidants in the management of periodontitis
(Castro et al., 2019; Chapple & Matthews, 2007).

A recent systematic analysis, informed by clinical studies, indicated that antioxidants such
as CoQ10, lycopene, and green tea serve as effective adjuvants in periodontal therapy,
reducing OS, in the periodontium during periodontitis (Castro et al., 2019). Consequently,
antioxidant therapy may facilitate the preservation of periodontal health and reduction of
inflammatory markers, including enhancements in PI, GI, BOP, and CAL. Additional
longitudinal investigations to elucidate the processes underlying the reduction of

inflammation are strongly advised (Castro et al., 2019).

2.4.4 Coenzyme Q10

CoQ10 (2,3-dimethoxy-5-methyl-6-decaprenyl benzoquinone) was initially extracted from
bovine heart mitochondria during oxidation-reduction reactions (Crane et al., 1957). CoQ10
is a lipid-soluble micronutrient that is synthesized in both mammals and plants. The structure
comprises two functional groups: a benzoquinone, referred to as the head group, and an
isoprene side chain, designated as the tail group. The lipid-soluble side chain comprises ten
isoprene units, totaling 50 carbon atoms (Acosta et al., 2016). CoQ10 can be synthesized
endogenously or sourced from dietary options, including fish and meat, with the highest
concentrations found in tissues characterized by elevated energy turnover, such as the heart,
brain, liver, and kidneys (Tran et al., 2001). Its lipophilic nature results in infrequent
absorption in the intestine. After it is partially absorbed from the intestine, it transports
through the lymphatic system before entering the bloodstream (Palamakula et al., 2005).
CoQ10, present in both oxidized (ubiquinone) and reduced (ubiquinol) forms, serves as a
significant antioxidant and is crucial for mitochondrial adenosine triphosphate production,
acting as a primary carrier for electron transfer in aerobic respiration (Aberg et al., 1992;
Crane, 2001; Ernster & Dallner, 1995; Okamoto et al., 1989). Besides its intercellular
antioxidant capabilities, it is acknowledged to influence gene expression, thereby affecting
overall tissue metabolism (Groneberg et al., 2005; Schmelzer et al., 2008). For more than
twenty years, CoQ10 has been extensively utilized as a dietary supplement to promote bodily
health. Numerous disorders have been linked to CoQ10 deficiency and demonstrated
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improvement with CoQ10 treatment. Primary and secondary CoQ10 deficiencies have been
recognized in individuals with mitochondrial disorders, fibromyalgia, cardiovascular
conditions, neurological disorders, cancer, diabetes mellitus, and male infertility (Garrido-
Maraver et al., 2014). There is little evidence supporting a potential correlation between
periodontal disease and CoQ10 deficiency (Prakash et al., 2010). During periodontitis,
periodontal infections can trigger excessive formation of ROS; antioxidants such as CoQ10
can reduce this ROS generation and diminish the degeneration of periodontal tissues.
Inadequate CoQ10 levels were identified in approximately 80% of gingival biopsies from
patients with periodontitis (Soni et al., 2012).

In a rat model of aging, systemic CoQ10 treatment was found to mitigate age-related alveolar
bone loss linked to a prolonged n-6 polyunsaturated fatty acid diet deficient in CoQ10.
Moreover, genetic studies revealed that CoQ10 supplementation restored biogenesis and
reduced age-related elevations in some mitochondrial components in gingival cells, possibly
due to improved oxidative and respiratory balance (Varela-Lopez et al., 2016).

The antioxidant effects of CoQ10 in nicotine use were examined in vitro in periosteal
fibroblasts and osteoblasts from patients with periodontal disease. The incubation phase of
periosteal fibroblasts and osteoblasts with CoQ10, pycnogenol, or phytoestrogens
significantly enhanced the production of physiologically active steroid metabolites, even in
the presence of nicotine, unlike incubation with the toxin alone. Consequently, CoQ10,
pycnogenol, or phytoestrogens seem to provide protective cellular antioxidative actions by
counteracting the degenerative effects of nicotine (Figuero et al., 2006).

The precise optimal dosage of CoQ10 remains undetermined, yet it might vary based on the
severity of the issue being managed (Gaby, 1996). CoQ10 is offered as a dietary supplement
in dosages typically between 15 and 100 mg. CoQ10 demonstrates a commendable safety
profile. The safety of high dosages of orally administered CoQ10 for extended durations is
well established in individuals and verified by chronic toxicity investigations in animals. The
side effects documented in human trials are predominantly limited to moderate
gastrointestinal symptoms, including nausea and stomach discomfort, observed in a
restricted proportion of participants. No adverse effects were noted with daily dosages
between 600 and 1200 mg in two studies concerning Huntington’s and Parkinson’s

disorders. Recent studies demonstrate the safety and tolerability of CoQ10 at doses up to

24



3000 mg per day in individuals with Parkinson’s disease and amyotrophic lateral sclerosis
(Bhagavan & Chopra, 2006).

The therapeutic impact of CoQ10 on periodontal healing has primarily been examined within
the framework of non-surgical management of CP. The subgingival application of CoQ10,
in conjunction with SRP, demonstrated substantial improvements in the BoP, PI, PPD, and
CAL gains at 3 and 6 months post-treatment, relative to SRP alone (Barakat & Attia, 2019;
Chatterjee et al., 2012; Hanioka et al., 1994; Hans et al., 2012; Raut et al., 2019; Raut &
Sethi, 2016; Sale et al., 2014; Shaheen et al., 2020). The discrepancies in results can be
attributed to variations in trial designs, including split-mouth and parallel group studies,
patient numbers, statistical power, sample size, carrier type, treatment duration, and
concentrations of CoQ10 evaluated. Systemic administration of CoQ10 demonstrated
enhancements in periodontal clinical parameters in periodontitis patients at dosages of 30
mg twice a day for 3 months or 120 mg daily for 3 months (ElIBarbary et al., 2022; Manthena
et al., 2015). Studies assessing the impact of systemic CoQ10 at a dosage of 30 mg twice a
day for three months or 100 mg daily for one month in type 2 diabetic individuals with
moderate to severe CP demonstrated significant enhancements in clinical parameters and
reduced levels of inflammatory cytokines (Ghasemi et al., 2022; Youssef et al., 2019).

CoQ10 aids in preserving cell membrane integrity by regulating elevated levels of ROS.
Moreover, it extracts electrons from radicalized vitamins and stabilizes them, so averting
cellular harm. The cell membranes, DNA, and LPS generated by periodontal infections elicit
the recruitment of PMNLs to the area. Concurrently, pro-inflammatory cytokines are
released by periodontal ligament cells and epithelial tissue. All these occurrences induce OS
in the area. OS causes damage to periodontal tissues. CoQ10, owing to its antioxidant
characteristics, mitigates OS by altering the free radical/antioxidant ratio in favor of
antioxidants, hence it is believed to diminish periodontal damage (Gumus et al., 2016).

A new systematic review, including only randomized controlled trials of SRP with or without
adjunct use of the antioxidant CoQ10 in adults with periodontitis, claims that, based on low-
quality evidence, that the topical and localized application of CoQ10 in conjunction with
NSPT does not provide any further clinical benefit in reducing periodontal disease or
improving CAL. Conversely, although relying on low-quality evidence, oral

supplementation for 3 months with 120 mg of CoQ10 capsules in conjunction with SRP may
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potentially diminish PD and enhance CAL in individuals suffering from periodontitis
(Fernandez et al., 2025).

CoQ10 is a recognized antioxidant that aids in replenishing other antioxidants, promoting
cell proliferation, and preventing cell apoptosis (Hans et al., 2012). Facilitates the breakdown
of superoxide anion (O2) into hydrogen peroxide and molecular oxygen, hence rendering
the potentially toxic superoxide anion less hazardous. A deficit may be linked to periodontal
disease. The systemic delivery of CoQ10 in periodontal disease treatment can decrease GCF
flow, probing depths, and enhance clinical attachment (Karim et al., 2012).

As the primary protective antioxidant enzyme, SOD in GCF serves as a significant predictor
of periodontal disease activity. Research has indicated a reduction in SOD levels subsequent
to first periodontal therapy (Karim et al., 2012).

SOD, as the first step of the antioxidant mechanism, can be considered as a useful biological
indicator in evaluating the effectiveness of the treatment and this issue is open to research.
When the relevant literature was evaluated, it was found that the clinical and biochemical
efficacy of CoQ10 used in addition to the FMD protocol in stage I-11 periodontitis patients
had not been investigated before. In the light of this information, this study will clinically
and biochemically evaluate the efficacy of CoQ10 used as an adjunct to the FMD protocol

in stage I-1l periodontitis patients.
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3. MATERIALS AND METHODS

3.1 STUDY POPULATION

This research was structured as a single center, randomized controlled trial. The subjects
involved in this study were individuals who sought treatment at the Department of
Periodontology, Altinbas University Faculty of Dentistry. All operations, including their
associated hazards and benefits, were elucidated by the volunteers, who granted informed
permission by signing the consent forms. The study received ethical approval from the ethics
committee, designated by protocol number 2024-196.

The total sample size determined by using the G-POWER algorithm, with an effect size of
0.97, 80% power, and a 0.50% margin of error, is n=28. The sample size was established
using the Independent Sample T-test method, as the study will involve two groups based on
the calculation. This study ensured that each group had an identical sample size. In this study,
the sample size for each group was n=14, resulting in a total sample size of n=28 (Manthena
et al., 2015; Pranam et al., 2020).

The study involved participants diagnosed with stage | and stage Il periodontitis. The sample
size was determined to be 28. Fourteen of the chosen volunteers received treatment with
FMD and placebo (Control Group). The remaining fourteen volunteers received CoQ10
alongside FMD (Test Group). Patients were allocated to treatment groups using random

computer assignments.
3.2 PATIENT SELECTION

Inclusion criteria were:

Systemically healthy

o &

Volunteer for participation in the study

Non-Smoker

o o

Periodontitis Stage I-11 according to 2018 Periodontal and Peri-implant Disease
Classification

e. Patients who did not undergo periodontal therapy within the past six months
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f. Patients who have not utilized antibiotics or anti-inflammatory medications and
antioxidants for any purpose in the past three months

g. At least two non-adjacent interproximal pockets with a PPD of >4 mm

Exclusion criteria were:

a. Patients with systemical disease

b. Patients who are lactating

o

Pregnant individuals and those with suspected pregnancy

e

Patients who decline to participate in the research study will be excluded from research.
3.3 STUDY DESIGN

The periodontal diagnosis was established through clinical and radiographic evaluations
performed during the patients’ initial clinic appointment (Figure 3.1). PI, GI, BoP, PPD and
CAL were recorded. Measurements were performed with a Hu Friedy ® UNC 15 probe.
Periodontal pockets, designated for the collection of GCF, have been identified. GCF

samples were collected. Intraoral clinical photographs were captured.
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Evaluation of Inclusion
Criteria

Clinical Recordings
GCF Collection

Full Mouth Disinfection
Coenzyme Q10 and Placebo
Administration

Oral Hygiene Instructions

Supportive Periodontal
Treatment (All Groups)
Coenzyme Q10 and Placebo
Administration

Second Clinical
Measurements

Supportive Periodontal
Treatment (All Groups)
Coenzyme Q10 and Placebo
Administration

Last Clinical Recordings
GCF Collection
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Figure 3.1: Study Design Schema.
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In the second session, SRP, and polishing were performed over two consecutive days with

ultrasonic instruments and Gracey curettes, in compliance with FMD (Figure 3.2).
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Figure 3.2: Instruments for SRP.

Periodontal pockets were irrigated with a solution of 0.12% chlorhexidine and 0.05%
cetylpyridinium chloride (CPC) (PERIO-AID® Intensive Care, Spain) (Figure 3.3). The
surface of the tongue was cleansed with a sponge saturated in the identical solution. The
patient was also directed to gargle with the 0.12% chlorhexidine and 0.05% CPC (PERIO-
AID® Intensive Care, Spain) solution for one minute. Patients received a prescription for
0.12% chlorhexidine and 0.05% CPC (PERIO-AID® Intensive Care, Spain) for a duration
of 14 days. Patients were provided with comprehensive oral hygiene instructions,
encompassing the non-traumatic modified Bass approach. It is advised to brush teeth twice
a day with a medium toothbrush and to utilize an interdental brush. Patients were scheduled

for visits one month later.
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Figure 3.3: PERIO-AID® Intensive Care (CHX 0.12% + CPC 0.05%), Spain.

After one month, a comprehensive examination of the entire oral cavity is conducted. An
evaluation is conducted to determine the necessity of SPT. SRP is administered to the patient
if required. Clinical assessments of the patient are conducted. The test group is allocated an
additional box of CoQ10. The control group is administered a placebo.

During the second monthly examination, the identical procedures are repeated as in the initial
month.

Clinical measurements were conducted again in the third month. GCF was reobtained from
the pockets of the previously collected teeth. For biochemical examination, paper strips were

placed in tubes and stored at -80 degrees. Intraoral photos were captured. The final visit was
conducted in this manner.

3.4 CLINICAL PARAMETERS AND MEASUREMENTS

All clinical measurements were conducted by the same investigator at baseline, as well as
throughout the first, second, and third months. Measurements from six locations
(distobuccal, midbuccal, mesiobuccal, mesiopalatinal, midpalatinal, and distopalatinal) of

all teeth. All measurements were conducted with a 15 mm periodontal probe (UNC 15, Hu-
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Friedy®, United States) and documented on personal data sheets (Figure 3.4). The recorded

measurements have been listed below:

Figure 3.4: Data Sheet.

Date:
ALTINBAS UNIVERSITY
Fagulty of Dentistry
Department of Periodontology
Data Sheet

18 17 16 15 1 13 12 1 i a2 3 P 25 26 7 8

Probing Depth

Ginical Atachment level
Bleeding on Prabing
Ginghal ndeks

Plague ngels,

Buccal

Probing Depth

Clinical Atachment level
Bleeding on Prabing
Singival \ndks

Pacue iels

Palatal

Probing Depth
Clinical Atachment level
Bleeding on Prabing
Gingival lndeks
Plague Indeks,

Buccal

Probing Depth

Clinical Atachment level
Bleeding on Probing
Gingva ks

Pacue piets

Lingual

Mame: Sex:

Date of birth:

Periodontal diagnosis:

Group:

3.4.1 Plague Index

The Loe and Sillness Pl was used to determine the extent of plague formation and
accumulation in the oral cavity. The periodontal probe was positioned parallel to the tooth
surface within the gingival crevice adjacent to the gingival margin, and the quantity of

accumulated plaque was assessed and graded.

0: Absence of plague in the gingival margin.
1: Exclusively plaque adhering to the free gingival margin and the adjacent tooth region. The
presence of plaque on the surface is identifiable with a probe.
2: Visible plague in the gingival margin, along the gingival margin, and/or on the adjacent
tooth surface, indicating a substantial deposit of soft plaque.
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3: Significant plague accumulation in the gingival pocket and/or on the gingival margin and
neighboring tooth surface, characterized by the presence of soft plaque.

3.4.2 Gingival Index

The periodontal probe was positioned perpendicular to the tooth’s long axis and maneuvered
along the gingival margin, with scoring conducted on a scale of 0-3 based on bleeding and
gingival surface characteristics:

0: Healthy gingiva.

1: Gingiva exhibiting minor irritation, slight redness, minimal edema, and no BoP.

2: Moderate inflammation; gingiva is bright red and edematous. Bleeding is observed upon

probing.

3: There is significant inflammation, pronounced erythema, and edema. Susceptible to

ulcerations and spontaneous bleeding.

3.4.3 Bleeding on Probing

The detection of blood in the gingival sulcus upon probing with the probe’s weight was
classified as positive (+), whilst negative (-) values were assessed for six locations of each
tooth. The percentage of bleeding during comprehensive oral probing was determined using
the data.

3.4.4 Probing Pocket Depth

All teeth were assessed using a periodontal probe (UNC 15, Hu-Friedy®, United States)
across six surfaces: mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and
disto-lingual. During the measurement, the probe was aligned parallel to the long axis of the
tooth, based just on its weight without generating pressure. Measurements were documented
in millimeters. The average PPD values for each patient were determined by dividing the
entire sum of the PPD values across all teeth by the product of the total number of teeth and

the number of indexed tooth surfaces (6).
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3.4.5 Clinical Attachment Level

The CAL was defined as the distance between the cementoenamel junction and the bottom
of the gingival pocket, measured with a periodontal probe. CAL measurements were taken
in designated research locations. The periodontal probe was utilized for measurements. CAL
was measured in millimeters from the base of the pocket to the edge of the gingiva.

3.4.6 Gingival Crevicular Fluid Collection

GCF was collected from pockets above 4 mm identified during the initial session. Collection
of GCF was performed using specialized papers (Periopaper strips, OraFlow, Amityville,
NY). Before the collection of GCF, supragingival plaque were eliminated from the tooth
surfaces, which were subsequently air-dried and isolated using cotton pellets. GCF samples
were collected using paper strips. The GCF collection is a non-invasive method that does not
require anesthesia. Specialized paper strips were delicately applied to the gingiva and
maintained for 30 seconds. Paper strips contaminated with blood or saliva were excluded.
For biochemical examination, paper strips were placed in eppendorf tubes and stored at -80

degrees celcius
3.5 BIOCHEMICAL ANALYSES

GCF obtained from patients using periostrips were tested with the sandwich ELISA
method at the biochemistry laboratory at Altinbas University. The samples were stored at 80
°C until the day of analysis. On the day of analysis, the samples were kept in the room
temperature for 30 minutes according to the manufacturer’s manual. Phosphate buffered
saline solution with the volume of 200 pL was added into the eppendorf tubes and vortexed
for the dissolution of the GCF.

3.5.1 Assessment of Superoxide Dismutase Levels in Gingival Crevicular Fluid

The Bioscience (SOD-1) ELISA kit was used to analyze the SOD biomarker (Figure 3.5).
50uL of standards and 50uL of Streptavidin-HRP were added to the control wells of 96-well
pre-coated plate. GCF samples of 40uL, 10uL of SOD antibody, and 50uL of Streptavidin-
HRP were added to the test wells. No solution was introduced to the blank wells. The wells

were incubated at 37°C for 60 minutes. Subsequently, the plate was washed five times.
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Following the washing procedure, chromogen solution-A and chromogen solution-B were
added to each well. The plate was thereafter incubated at 37°C for 10 minutes in the absence
of light. Following incubation, the stop solution was added to all wells. The absorbance at
450 nm was measured spectrophotometrically with the ELISA reader (BioTek Synergy H1
Microplate Reader, Winusky, VT, USA) (Figure 3.6). The results were expressed as

nanograms, and concentrations as ng/pL.

Figure 3.5: Elisa Kit.
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Figure 3.6: Spectrophotometry with Elisa Reader.

3.6 NON-SURGICAL PERIODONTAL THERAPHY
3.6.1 Full Mouth Disinfection

NSPT constitutes the initial phase of gingival treatment. The objective is to eradicate the
etiological factors of periodontal disease and minimize the depth of periodontal pockets to
the maximum extent achievable. Following the removal of calculus and plaque, the
practitioner administers oral hygiene instruction to the patient and recommends regular
check-ups, which substantially enhances the patient’s gingival health. In our research, FMD
was favored and utilized as a technique for NSPT. Patients were randomly assigned to
groups. FMD treatment was provided in two sessions within a 24-hour interval. The patient
was informed about the treatment to be provided in each session. Infiltrative anesthesia was
administered utilizing a local anesthetic comprising articaine hydrochloride and epinephrine
hydrochloride (Ultracain D-S Fort — 40 mg/MI + 12 mcg/MI). SRP were conducted utilizing
ultrasonic equipment and region-specific Gracey curettes (No. 5-6, 11-12, 13-14),

subsequently followed by polishing. The patient was directed to clean their teeth twice a
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day with a medium-firm toothbrush, using the modified Bass technique, and to utilize an
interdental brush of the specified dimensions. Following SRP, periodontal pockets were
irrigated with a solution of 0.12% chlorhexidine and 0.05% cetylpyridinium chloride
(PERIO-AID® Intensive Care (CHX 0.12% + CPC 0.05%), Spain). The surface of the
tongue was cleansed with a toothbrush or sponge saturated with the identical solution. The
patient was also directed to rinse with the 0.12% chlorhexidine and 0.05% CPC (PERIO
AID® Intensive Care (CHX 0.12% + CPC 0.05%), Spain) solution for one minute. Patients
received a prescription for 0.12% chlorhexidine and 0.05% CPC (PERIO-AID® Intensive
Care (CHX 0.12% + CPC 0.05%), Spain) to be administered twice a day for a duration of
14 days.

3.6.2 Supportive Periodontal Therapy

SPT is an essential element in the management of chronic periodontal disorders,
emphasizing the sustained preservation of periodontal health after active treatment. It
underscores the necessity of routine follow-up appointments to oversee and regulate the
condition, thereby diminishing the likelihood of disease recurrence and tooth loss. The
combination of both active and supportive therapy is crucial for optimal outcomes, as it
facilitates the ongoing evaluation and reinforcement of oral hygiene routines (OJHA et al.,
2024; Sharma, 2023).

SPT aids in preserving CAL and averting the recurrence of periodontal disease. Early
diagnosis using SPT can avert reinfection of previously treated regions and the advancement

of periodontal degradation (Lang & Tonetti, 2003).

After therapies, all patients were arranged for monthly follow-up sessions over a period of 3
months to assess their periodontal condition. During each appointment, supragingival plaque

was eliminated, polishing was conducted, and dental hygiene education was repeated.
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3.6.3 Clinical Cases

3.6.3.1 Test group clinical case

One representative case from Test Group (Figure 3.7- 3.12).

Figure 3.7: Test Group Baseline Clinical View.

Figure 3.8: Test Group Baseline GCF Sample Figure 3.9: Test Group Baseline PPD

Collecting. Measurement.
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Figure 3.11: Test Group Final GCF Sample Figure 3.12: Test Group Final PPD Measurement.
Collecting.
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3.6.3.2 Control Group Clinical Cases

One representative case from Control Group (Figure 3.13-3.18).

Figure 3.14: Control Group Baseline GCF Figure 3.15: Control Group Baseline PPD
Sample Collecting. Measurement.
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Figure 3.17: Control Group Final GCF Figure 3.18: Control Group Final PPD

Sample Collecting. Measurement.

3.6.4 Statistical Analysis

The statistical analyses were conducted using SPSS (Statistical Package Social Sciences)
version 24.0. Descriptive statistical techniques (Mean, Standard Deviation, Median,
Minimum, Maximum, Percentage) were employed to analyze the study data. The
Independent Samples T-Test was employed for group comparisons. The Repeated Measures
Test was employed to assess follow-up measurements. Significance was assessed at p<0.01
and p<0.05 thresholds.
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4. RESULTS
4.1 STUDY POPULATION, DEMOGRAPHIC DATA

A total of 28 patients, comprising 20 women (71.4%) and 8 men (28.6%) aged between 19
and 79 years were included. The patients were randomly allocated to either test group
(Coenzyme Q10 (120mg 1x1, 90 days) + NSPT) (n=14, test group), or control group
(placebo + NSPT) (n=14, control group). All participants completed the study. There was no
statistical difference observed in mean age and gender between test and control group (Table
4.1).

Table 4.1 Demographic Data.

Test Group Control Group
Mean+Sd Mean#Sd p
Age 50.93+12.39 46.64+13.77 10.394
Gender; n (%)
Female 11 (78.6) 9 (64.3) 20.403
Male 3(21.49) 5 (35.7)
'Independent Sample T Test ZPearson Chi-Square Test  **p<0.01, *p<0.05

4.2 INTRA-GROUP AND INTER-GROUP COMPARISONS OF PROBING
POCKET DEPTH

No statistical difference was observed in the mean PPD between groups at baseline (p>0,05).
At first (p=0,020; p<0,01), second (p=0,003; p<0,01) and third month (p=0,001; p<0,01)
significant difference observed in the mean PPD between groups. Deeper periodontal

pockets measured in Control Group than Test Group (Table 4.2).
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Table 4.2 Intra-Group and Inter-Group Comparisons of PPD.

Test Group Control Group

PPD (mm) Mean+Sd (median) Mean+Sd (median) p
Baseline (T0) 2.44+0.34 (2.42) 2.69+0.48 (2.59) 0.136
18 month (T1) 1.76+0.39 (1.67) 2.14+0.41 (2.21) 0.020*
2" months (T2) 1.55+0.34 (1.46) 2.01+0.41 (1.87) 0.003**
3Ymonths (T3)  1.53+0.33 (1.4) 2.08+0.34 (2.11) 0.001%*
p 0.001* 0.001*
TO-T1 % p=0.001** p=0.001**
T0-T2%p p=0.001** p=0.001**
TO-T3 % p=0.001** p=0.001**
T1-T2?p p>0.05 p>0.05
T1-T3% p>0.05 p>0.05
T2-T3% p>0.05 p>0.05

'Independent Sample T Test Repeated Measures Test  **p<0.01, *p<0.05

The reduction in the PPD measurement in Test Group during the third month, relative to the
baseline PPD measurement, was statistically significant (p=0.001; p<0.01). The pairwise
comparisons indicate that the reductions in PPD during the 1st month (p=0.001), 2nd month
(p=0.001), and 3rd month (p=0.001) relative to the baseline were statistically significant
(p<0.01). The alterations observed in the other months were considered insignificant
(p>0.05).

The reduction in the PPD measurement in Control Group the third month relative to the
baseline was statistically significant (p=0.001; p<0.01). The pairwise comparisons indicate
that the reductions in PPD measurements during the 1st month (p=0.001), 2nd month
(p=0.001), and 3rd month (p=0.001) relative to baseline were statistically significant
(p<0.01). The changes observed in the other months were not statistically significant
(p>0.05) (Chart 4.1).
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Chart 4.1: Intergroup Comparisons of PPD.

Intergroup Comparisons of PPD
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4.3 INTRA-GROUP AND INTER-GROUP COMPARISONS OF CLINICAL
ATTACHMENT LEVEL

No statistical difference was observed in the mean CAL between groups at baseline (p>0.05).
At first (p=0.029; p<0.05), second (p=0.012; p<0.05) and third month (p=0.001; p<0.01)
significant difference observed in the mean CAL between groups. More clinical attachment

loss observed in Control Group than Test Group (Table 4.3).

Table 4.3 Intra-Group and Inter-Group Comparisons of CAL.

Test Group Control Group
CAL (mm) MeanxSd (median) MeanzSd (median) p
Baseline (T0) 2.62+0.4 (2.58) 2.83+0.45 (2.75) 0.221
1% month (T1) 1.97+0.42 (1.76) 2.31+0.37 (2.37) 0.029*
2" months (T2) 1.8+0.38 (1.68) 2.21+0.41 (2.15) 0,012*
3" months (T3) 1.75+0.39 (1.77) 2.27+0.36 (2.34) 0.001**
p 0.001* 0.001*
TO-T1 % p=0.001** p=0.001**
TO-T2 % p=0.001** p=0.001**
TO-T3 % p=0.001** p=0.001**
T1-T2?%p p>0.05 p>0.05
T1-T3%p p>0.05 p>0.05
T2-T3%p p>0.05 p>0.05

Independent Sample T Test
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The reduction observed in Test Group the third month CAL measurement compared to the
baseline CAL measurement was statistically significant (p=0.001; p<0.01). The pairwise
comparisons indicated that the reductions in CAL measures during the 1st month (p=0.001),
2nd month (p=0.001), and 3rd month (p=0.001) relative to the baseline were statistically
significant (p<0.01). The alterations seen in the other months were deemed statistically
insignificant (p>0.05).

The reduction observed in Control Group the third month CAL measurement relative to the
baseline CAL measurement was statistically significant (p=0.001; p<0.01). The pairwise
comparisons indicate that the reductions in CAL measurements during the 1st month
(p=0.001), 2nd month (p=0.001), and 3rd month (p=0.001) relative to baseline were
statistically significant (p<0.01). The variation observed in the other months was not
statistically significant (p>0.05) (Ctlart 4.2).

* *k

Chart 4.2: Intergroup Comparisons of CAL.
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4.4 INTRA-GROUP AND INTER-GROUP COMPARISONS OF PLAQUE INDEX

No statistical difference was observed in the mean Pl between groups at baseline (p>0,05).
At first (p=0.038; p<0.05) second (p=0.001; p<0.01) and third month (p=0.003; p<0.01)
significant difference observed in the mean PI between groups. Mean Pl measured more at

Control Group than Test Group at these months (Table 4.4).

45



Table 4.4 Intra-Group and Inter-Group Comparisons of PI.

Test Group Control Group
PI Mean+Sd (median) Mean+Sd (median) p
Baseline (T0) 0.58+0.22 (0.5) 0.69+0.19 (0.7) 0.177
1*month (T1) 0.38+0.15 (0.33) 0.54+0.22 (0.49) 0.038*
2" months (T2) 0.36+0.17 (0.31) 0.54+0.17 (0.46) 0.001**
3" months (T3) 0.35+0.15 (0.36) 0.55+0.17 (0.51) 0.003**
p 0.001* 0.001*
TO-T1 % p=0.001** p=0.001**
TO-T2 % p=0.001** p=0.001**
TO-T3?%p p=0.001** p=0.001**
T1-T2%p p>0.05 p>0.05
T1-T3% p>0.05 p>0.05
T2-T3% p>0.05 p>0.05

'Independent Sample T Test Repeated Measures Test  **p<0.01, *p<0.05

The alteration seen in Test Group the third-month Pl measurement relative to the baseline
measurement was statistically significant (p=0.001; p<0.01). The pairwise comparisons
indicate that the alterations observed in the 1st month (p=0.001), 2nd month (p=0.001), and
3rd month (p=0.001) readings relative to the baseline Pl measurement were statistically
significant (p<0.01). The alterations observed in the subsequent months have been

considered statistically insignificant (p>0.05).

The reduction in Control Group the third month Pl measurement relative to the baseline PI
measurement was statistically significant (p=0.001; p<0.01). The pairwise comparisons
indicate that the reductions in Pl measurements during the 1st month (p=0.001), 2nd month
(p=0.001), and 3rd month (p=0.001) relative to baseline were statistically significant
(p<0.01). The changes observed in the other months were not statistically significant
(p>0.05) (Chart 4.3).
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Chart 4.3: Intergroup Comparisons of PI.
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4.5 INTRA-GROUP AND INTER-GROUP COMPARISONS OF BLEEDING ON
PROBING

No statistical difference was observed in the mean BoP between groups at baseline. At first
(p=0.001; p<0.01), second (p=0.001; p<0.01) and third month (p=0.001; p<0.01) significant
difference observed in the mean BoP between groups. Mean BoP measured more at Control

Group than Test Group in these months (Table 4.5).

Table 4.5 Intra-Group and Inter-Group Comparisons of BoP.

Test Group Control Group
BoP Mean+Sd (median) MeanxSd (median) p
Baseline (T0) 24.39+11.49 (25.11) 26.34+7.87 (26.36) 0.606
1 month (T1) 6.53+5.14 (6.03) 15.12+7.25 (12.66) 0.001**
2"months (T2)  3.66+5.48 (1.24) 13.21+8 (11.63) 0,001**
3" months (T3) 2.64+3.79 (0) 12.0546.17 (11.43) 0.001**
p 0.001* 0.001*
TO-T1 % p=0.001** p=0.001**
TO-T2 % p=0.001** p=0.001**
TO-T3 % p=0.001** p=0.001**
T1-T2?%p p>0.05 p>0.05
T1-T3%p p>0.05 p>0.05
T2-T3p p>0.05 p>0.05
Independent Sample T Test Repeated Measures Test **p<0.01, *p<0.05
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The alteration seen in Test Group the third month BoP measurement relative to the baseline
BoP measurement was statistically significant (p=0.001; p<0.01). The pairwise comparisons
indicated that the alterations observed in the 1st month (p=0.001), 2nd month (p=0.001), and
3rd month (p=0.001) readings relative to the baseline BoP assessment were statistically
significant (p<0.01). The alterations noted in the subsequent months were not statistically
significant(p>0.05).

The alteration in Control Group the third month BoP measurement relative to the baseline
BOP measurement was statistically significant (p=0.001; p<0.01). The pairwise comparisons
indicate that the reductions in BoP measurements during the 1st month (p=0.001), 2nd month
(p=0.001), and 3rd month (p=0.001) relative to baseline were statistically significant
(p<0.01). The changes noted in the other months were not statistically significant (p>0.05)
(Chart 4.4).

Chart 4.4: Intergroup Comparisons of BoP.
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4.6 INTRA-GROUP AND INTER-GROUP COMPARISONS OF GINGIVAL
INDEX

No statistical difference was observed in the mean GI between groups at baseline. At first
(p=0.001; p<0.01), second (p=0.001; p<0.01) and third month (p=0.001; p<0.01) significant
difference observed in the mean Gl between groups. Except baseline, at all control points,

Gl scores of Control Group is, significantly higher than Test Group (Table 4.6).
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Table 4.6 Intra-Group and Inter-Group Comparisons of Gl.

Test Group Control Group
Gl MeanzSd (median) MeanzSd (median) p
Baseline (T0) 0.6+0.17 (0.58) 0.69+0.18 (0.67) 0.182
1% month (T1) 0.25+0.14 (0.22) 0.44+0.12 (0.41) 0.001**
2" months (T2) 0.17+0.13 (0.11) 0.43+0.16 (0.45) 0,001**
3" months (T3) 0.16+0.14 (0.12) 0.45+0.07 (0.44) 0.001**
p 0.001* 0.001*
TO-T1 % p=0.001** p=0.001**
T0-T2 % p=0.001** p=0.001**
TO-T3 % p=0.001** p=0.001**
T1-T2%p p>0.05 p>0.05
T1-T3% p>0.05 p>0.05
T2-T3% p>0.05 p>0.05

'Independent Sample T Test Repeated Measures Test  **p<0.01, *p<0.05

The reduction in Test Group the third month GI measurement relative to the baseline Gl
measurement was statistically significant (p=0.001; p<0.01). The pairwise comparisons
indicated that the reductions in measures during the 1st month (p=0.001), 2nd month
(p=0.001), and 3rd month (p=0.001) relative to the baseline Gl measurement were
statistically significant (p<0.01). The alterations observed in the subsequent months were

determined to be statistically insignificant (p>0.05).

The reduction in Control Group the GI measurement during the third month relative to the
baseline was statistically significant (p=0.001; p<0.01). The pairwise comparisons indicate
that the reductions in measurements during the 1st month (p=0.001), 2nd month (p=0.001),
and 3rd month (p=0.001) relative to the baseline Gl measurement were statistically
significant (p<0.01). The changes observed in the other months were not statistically
significant (p>0.05) (Chart 4.5).
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Chart 4.5: Intergroup Comparisons of Gl.
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4.7 INTER-GROUP COMPARISONS OF SITE LEVEL PROBING DEPTH (PPDS)

Regional measurements were conducted and compared between the groups in pockets with

a depth equal and above 4 millimeters. No significant difference was discovered as a result

of these comparisons. (p>0.05) (Table 4.7) (Chart 4.6).

Table 4.7 Inter-Group Comparisons of PPDsO0.

Test Group Control Group

PPDs Mean£Sd (median) Mean£Sd (median)

Baseline (T0) 4.78+0.2 (4.78) 4.69+0.26 (4.72)

1

p

0.338

'Independent Sample T Test **p<0.01, *p<0.05

Chart 4.6: Intergroup Comparisons of PPDs0.
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4.8 INTER-GROUP COMPARISONS OF SITE LEVEL CLINICAL
ATTACHMENT LEVEL (CALYS)

Regional CAL measurements were conducted and compared between the groups in pockets
with a depth equal and above 4 millimeters. No statistical difference found between mean
CALSsO at baseline (p>0.05) (Table 4.8) (Chart 4.7).

Table 4.8 Inter-Group Comparisons of CALSO.

Test Group Control Group
CALsO Mean£Sd (median) Mean£Sd (median) o)
“Baseline (T0)  5.15:034(5.13)  502£0.37 4.97) 0347
'Independent Sample T Test **p<0.01, *p<0.05

Chart 4.7: Intergroup Comparisons of CALSO0.
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4.9 INTRA-GROUP AND INTER-GROUP COMPARISONS OF GINGIVAL
CREVICULAR FLUID VOLUME

No statistical difference is found between mean GCF volume at baseline and third month
(p>0.05) (Table 4.9).

Table 4.9 Intra-Group and Inter-Group Comparisons of GCF Volume.

Test Group Control Group

GCF Volume MeanzSd (median) MeanzSd (median) p

Baseline (T0) 0.98+0.35 (0.93) 0.92+0.29 (0.89) 0.619
3¥months (T3)  0.73%0.29 (0.63) 0.67+0.31 (0.57) 0.584

p 0.001* 0.001*

TO-T3 % p=0.048* p=0.023*

'Independent Sample T Test Repeated Measures Test  **p<0.01, *p<0.05

The decrease in, GCF volume at Test Group the third month compared to baseline GCF
volume was statistically significant (p=0.048; p<0.05). The decrease in GCF volume at
Control Group, the third month compared to baseline GCF volume was statistically
significant (p=0.023; p<0.05) (Chart 4.8).

Chart 4.8: Intergroup Comparisons of GCF Volume.
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4.10 INTRA-GROUP AND INTER-GROUP COMPARISONS OF SOD
CONCENTRATION

No statistical difference was found between mean SOD concentration at baseline and third
month (p>0.05) (Table 4.10).

Table 4.10 Intra-Group and Inter-Group Comparisons of SOD Concentration.

Test Group Control Group
SOD Concentration Mean£Sd (median) Mean£Sd (median) p
Baseline (T0) 9.68+1.84 (9.95) 9.19+2.99 (8.97) 0.607
3" months (T3) 8.01+2.47 (8.56) 8.93+1.97 (8.76) 0.281
p 0.001* 0.001*
TO-T3 % p=0.101 p=0.805
'Independent Sample T Test Repeated Measures Test **p<0.01, *p<0.05

The change in SOD concentration in Test Group the third month according to baseline SOD
concentration measurement was not statistically significant (p>0.05).
The change in SOD concentration in Control Group the third month according to the baseline

SOD concentration measurement was not statistically significant (p>0.05) (Chart 4.9).

Chart 4.9: Intergroup Comparisons of SOD Concentration.
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4.11 INTRA-GROUP AND INTER-GROUP COMPARISONS OF TOTAL SOD
AMOUNT

No statistical difference is found between the mean total SOD amount at baseline and third
month (p>0.05) (Table 4.11).

Table 4.11 Intra-Group and Inter-Group Comparisons of SOD Total Amount.

Test Group Control Group
SOD Total Amount Mean£Sd (median) Mean£Sd (median) p
Baseline (T0) 1.94+0.37 (1.99) 1.84+0.6 (1.79) 0.607
3" months (T3) 1.6+0.49 (1.71) 1.7940.39 (1.75) 0.281
p 0.001* 0.001*
TO-T3 % p=0.108 p=0.800
'Independent Sample T Test Repeated Measures Test  **p<0.01, *p<0.05

The change seen in the Test Group, third month SOD total amount according to the baseline
SOD total amount was not statistically significant (p>0.05).
The change seen in the Control Group, third month SOD total amount according to the

baseline SOD total amount was not statistically significant (p>0.05) (Chart 4.10).

Chart 4.10: Intergroup Comparisons of Total SOD Amount.
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5. DISCUSSION AND CONCLUSION

Periodontitis is a chronic infectious disease marked by alternating active and inactive phases,
during which the supporting tissues of the teeth are compromised, leading to alveolar bone
destruction, the formation of periodontal pockets, and tooth loss due to destructive
inflammatory processes (Chapple et al., 2007). The principal etiological factor in the
pathophysiology of periodontitis is biofilm. The onset and progression of periodontitis are
influenced by systemic immune response, genetic predispositions, and environmental
variables (Genco, 1996; Kinane et al., 2017). NSPT is essential for establishing and
maintaining periodontal health. The historical significance of NSPT has been extensively
highlighted, with many procedures created and assessed to improve treatment results.
Studies demonstrate that NSPT, in conjunction with oral hygiene instruction, significantly
diminishes PPD, reduces biofilm accumulation and BoP, and improves overall periodontal
health (Badersten et al., 1984; Van der Weijden et al., 2019). Changes in PPD, CAL, PI, and
BoP have been recognized as critical parameters for assessing therapy efficacy in patients
with periodontitis (Van Der Weijden & Timmerman, 2002). Therefore, in this study, we
aimed to evaluate the efficacy of CoQ10 supplementation to NSPT in terms of PPD, CAL,
Pl, Gl and BoP.

The recruitment of neutrophils to the gingival region and the secretion of proteolytic
enzymes and ROS are the two primary elements of the host response to bacterial stimulation
(D’Aiuto et al., 2010). OS is caused by an imbalance between the production of free oxygen
radicals and their neutralization by the antioxidant defense system, leading to damage to
various cellular and extracellular components (Sies, 1991). The harmful consequences of
elevated OS, known as oxidative damage, arise from increased levels of ROS and/or
diminished antioxidant defenses against ROS. OS is an important risk factor to the onset of
more than one hundred illnesses, including periodontitis (Canakgi et al., 2005). The
destruction of tissue in periodontal disease is directly associated with the host's immuno-
inflammatory response, and research aimed at understanding the disease's pathophysiology
is becoming increasingly important. GCF, salivary, and serum complement are elements of
the host defense system. The utilization of GCF samples aims to establish a precise, sensitive,
and reproducible technique for detecting periodontal disease and predicting the possibility

of subsequent periodontal destruction. GCF samples can be obtained by many
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methods. Methods include micropipettes, crevicular washing, and paper points. Among
these methods, the most suitable and precise for collecting GCF is the utilization of paper
points (Majeed et al., 2016).

Clinical inspections are used to determine periodontal condition, and the combination of
clinical and radiographic evaluations is regarded as the benchmark for diagnosing
periodontitis. Clinical measurements used in the diagnosis of periodontal diseases reveal
insights into the severity of the circumstances, although they are inadequate for assessing
disease activity. To determine the activation of periodontal disease, it is essential to evaluate
the host tissue response (Champagne et al., 2003; Chatzopoulos et al., 2019; Ertugrul et al.,
2013).

The excess abundance of free radicals due to OS or a lack of antioxidants has been associated
with periodontal disease, as explained above (Téthova & Celec, 2017). The antioxidant
defense system may decrease and/or diminish the damage inflicted by the harmful effects of
free radicals or nonradical reactive species. The antioxidant defense system can mitigate
and/or diminish the damage inflicted by harmful free radicals or nonradical reactive species.
Antioxidants are presently utilized in several adjunctive therapies for cardiovascular
diseases, respiratory disorders, aging, and atherosclerosis. These medical conditions have
physiological connections to periodontal diseases, suggesting that possible benefits may also
be detected with these therapy (Castro et al., 2019).

The administration of non-enzymatic or enzymatic antioxidants may enhance clinical
outcomes in periodontal patients (Gomes Muniz et al., 2015). CoQ10 warrants special
attention. CoQ10 serves a crucial physiological function in the electron transport chain,
preserving cells from damage caused by free radicals and ROS (Arenas-Jal et al., 2020).
Additionally, CoQ10 may serve as an essential cofactor in the mitochondrial electron
transport chain, functioning as an antioxidant in lipid membranes and affecting gene
expression modulation (Groneberg et al., 2005). Its application also entails the promotion of

cellular proliferation and the suppression of apoptosis (Papucci et al., 2003).

CoQ10 facilitates the breakdown of superoxide anion (O2) into hydrogen peroxide and
molecular oxygen, hence rendering the potentially toxic superoxide anion less hazardous. A

deficit may be linked to periodontal disease. The systemic delivery of CoQ210 in periodontal
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disease treatment can decrease GCF flow, probing depths, and enhance clinical attachment
(Karim et al., 2012).

In our study, adjunctive CoQ10 (100 mg/day for 3 months) with NSPT led to significantly
greater PPD reduction and CAL gain compared to therapy alone. This outcome aligns with
ElBarbary et al. (2022), who treated 32 periodontitis patients with NSPT plus systemic
CoQ10 (60 mg/day for 3 months) versus NSPT alone. They reported significant additional
PPD reduction and attachment gain in the CoQZ10 group, affirming that CoQ10 may provide
an added benefit to periodontal healing (Barbari & Hussein, 2022). Similarly, Darweesh et
al. (2015) found that CP patients receiving NSPT with CoQ10 (60 mg/day for 3 months)
showed greater improvements in PPD reduction and CAL gain than those with NSPT alone.
Notably, Darweesh’s study also tested CoQ10 combined with doxycycline and observed the
greatest PPD reduction/CAL gain improvements with the combination, but CoQ10 alone
still produced significant gains over control (Darweesh, 2015). In contrast, one study by
Manthena et al. (15 patients per group, 120 mg/day CoQ10, for 3 months) reported no
significant inter-group difference in PPD reduction despite marked intra-group
improvements (Manthena et al., 2015) . This discrepancy may stem from their sample size
or study design, as both groups in that study had substantial NSPT-induced PPD reductions,
potentially masking CoQ10’s effect. Importantly, our findings are supported by a recent
systematic review and meta-analysis (Fernandez et al., 2025), which concluded that daily
oral CoQ10 (~120 mg for ~12 weeks) yields an additional mean PPD reduction of ~0.4 mm
and a CAL gain of ~0.5 mm compared to NSPT alone (Fernandez et al., 2025). This modest
but significant improvement in soft-tissue outcomes with CoQ10 is consistent with the
~0.5 mm greater CAL gain we observed in our test group. On the other hand, some studies
have reported minimal clinical benefit. For example, Chug and Shukla (2020) observed no
additional PPD improvement with CoQ10 supplementation, concluding that CoQ10 had no
appreciable role in further reducing deep pockets (Chug & Shukla, 2020). Such divergent
results underscore that CoQ10’s impact on pocket depth may depend on patient factors and
study protocols. In systemic conditions that exacerbate periodontal breakdown, CoQ10
seems more impactful: Youssef et al. (2019) studied periodontitis in type Il diabetics and
found the CoQ10 (60 mg/day) group had significantly greater PPD reduction at 3 and 6
months, whereas the control group’s initial improvements plateaued or even regressed by 6
months (Youssef et al., 2019). This sustained PPD reduction with CoQ10 in diabetics
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suggests that the antioxidant adjunct can counteract the chronic inflammatory stress in such
high-risk patients, helping maintain pocket reduction over time. Overall, the literature
concurs with our thesis that systemic CoQ10 adjunctive therapy leads to greater pocket depth
reduction and attachment level gains, though the magnitude can vary. Differences in dosage
(typically 60—120 mg/day), duration, and population (healthy vs. diabetic) may explain some
conflicting outcomes, but the trend favors CoQ10 as a beneficial adjunct for improving PPD
and CAL.

Our study demonstrated a pronounced reduction in gingival inflammation and bleeding (Gl
and BoP) in the CoQ10 group compared to control group by 3 months. At the end of our
study, the mean GI and BoP percentages were significantly lower with CoQ10, indicating
superior resolution of gingival inflammation. This finding is strongly emphasized by
multiple studies. Manthena et al. (15 patients per group, 120 mg/day CoQ10, for 3 months)
specifically found that while Pl and PPD outcomes were similar between groups, Gl scores
were significantly better in the CoQ210 adjunct group at 1 and 3 months. They concluded that
oral CoQ10 yielded a notable reduction in gingival inflammation beyond NSPT alone
(Manthena et al., 2015). EIBarbary et al. also indirectly support this; although they only
measured PPD/CAL and biochemical markers, their CoQ10 group had greater improvement
in those parameters alongside reduced crevicular MMP-9 levels (Barbari & Hussein, 2022).
Given MMP-9 associated with gingival inflammation, its suppression with CoQ10
corresponds to an anti-inflammatory effect that likely manifested as lower Gl and BoP in the
test group. Darweesh et al. (2015) explicitly measured bleeding index and reported
significantly lower bleeding scores in the CoQ10-treated group than control group. In their
study, mean bleeding index at 3 months was 0.10 with CoQ10 versus 0.26 in controls, a
significant difference (Darweesh, 2015) . This aligns closely with our observations that
CoQ10 adjunct markedly reduces bleeding tendency, reflecting improved gingival health.
Moreover, Youssef et al. found persistent gingival inflammation in diabetic periodontitis was
better controlled with CoQ10: by 6 months the test group had significantly lower scores of Gl
and BoP than the control group, which had worsened after initial improvement. They noted
that the CoQ10-supplemented patients sustained continuous reduction in inflammation up to
6 months, whereas controls experienced a rebound in gingival indices after 3 months. This
divergence was attributed to CoQ10’s antioxidant action helping to stabilize periodontal
inflammation in a high OS (Youssef et al., 2019) . On the other hand, a few studies did not
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observe significant adjunctive effects on gingival indices. Chug & Shukla reported no
meaningful difference in clinical bleeding outcomes with CoQ10 usage, corroborating
findings from a similar study by Pranam et al. (2020) that CoQ10 was not superior to NSPT
in improving GI or bleeding despite boosting antioxidant levels (Chug & Shukla, 2020;
Pranam et al., 2020). Such results may be related to short follow-up or split-mouth designs
that are less sensitive to mild inflammation differences. Nevertheless, the superiority of
evidence, including our study, indicates that CoQ10 adjunctively yields greater reductions

in gingival inflammation and BoP.

All patients in our study received thorough oral hygiene instruction and FMD, resulting in
significant PI reductions in both groups. However, by 3 months the test group showed lower
mean Pl score than control group, and this difference was statistically significant. This
suggests CoQ10 might have indirectly supported plaque control, possibly by improving
patient comfort or gingival condition (less bleeding/pain can facilitate better brushing). The
literature on Pl outcomes with CoQ10 is mixed. Manthena et al. observed no significant
difference in Pl between CoQ10 and placebo groups at 1 or 3 months — both groups’ PI
dropped from ~2.5 at baseline to ~0.5 at 3 months due to NSPT and improved oral hygiene,
with virtually identical results (Manthena et al., 2015). This indicates that NSPT and oral
hygiene education were the dominant factors in plaque reduction, and any adjunct
antioxidant effect on plaque accumulation was minimal. Darweesh et al. reported a little bit
lower final PI in their CoQ10 group than control group. After 3 months, the mean Pl was
0.22 in the CoQ10-only group compared to 0.46 in the NSPT-only (control) group,
suggesting a significant adjunctive improvement. Their combination therapy group (CoQ10
+ doxycycline) had an even lower Pl (~0.27) than either alone, hinting that host modulation
might positively influence plaque scores by altering the gingival condition (Darweesh,
2015). Overall, most studies, including ours, found substantial plaque reduction in both test
and control groups due to the efficacy of NSPT and patient compliance with oral hygiene
instructions. CoQ10 by itself is not antiplaque, so it is expected that Pl improvements will
come primarily due to increased oral hygiene of patients. The slight improvements in plaque
scores observed in some CoQ10 groups could be secondary effects of reduced gingival
inflammation — healthier, less sensitive gingiva enable patients to brush more effectively,
resulting in marginally lower plaque levels. Indeed, no study reported CoQ10 worsening
plaque indices; at worst it has no effect on plague, and at best it may aid patients in
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maintaining plaque control by improving periodontal well-being. Therefore, our finding of
a marginally lower Pl with CoQ10 is in line with the notion that while CoQ10 does not
replace mechanical cleaning, it can support the periodontal environment conducive to better

oral hygiene maintenance.

Review of literature reveals that dose and duration of CoQ10 application also varied (Barbari
& Hussein, 2022; Chug & Shukla, 2020; Darweesh, 2015; Manthena et al., 2015; Pranam et
al., 2020; Youssef et al., 2019). Most studies administered 60 mg/day (often as 30 mg twice
daily) for 3 months, however in our study the dose was defined as 100 mg/day for 3 months
(Barbari & Hussein, 2022; Darweesh, 2015; Youssef et al., 2019). Manthena et al. used a
higher dose (120 mg/day) yet saw limited group differences in some parameters. (Manthena
et al., 2015). These findings suggest that prolonged administration (at least 3 months) may
be necessary for CoQ10 to manifest clinically detectable benefits, and that doses in the 60—
120 mg range are effective. Notably, the recent meta-analysis by Fernandez et al. restricted
analysis to ~12-week outcomes and still found a significant advantage to daily ~120 mg
CoQ10, supporting our 3-month regimen (Fernandez et al., 2025). Moreover, the application
method is also important: our study and the cited studies all used systemic CoQ10
supplementation. By contrast, some research has investigated local CoQ10 delivery into
periodontal pockets. For instance, Pranam et al. applied CoQ10 gel subgingivally in a split-
mouth design and observed improved SOD levels but no superior clinical improvement
compared to NSPT alone (Chug & Shukla, 2020; Pranam et al., 2020). In line with that, a
systematic review concluded that locally delivered CoQ10 (topical or intra-pocket) had no
significant effect on PPD/CAL, whereas systemic CoQ10 did yield measurable clinical
benefits (Fernandez et al., 2025). This suggests that systemic CoQ10 is likely more effective,
perhaps because it improves the overall redox status and reaches the periodontal tissues via
the bloodstream continuously, unlike a one-time local application (Fernandez et al., 2025).
Our systemic administration approach is therefore validated by literature as the more reliable

route to achieve adjunctive benefits.

It is also instructive to compare biomarker outcomes across these studies, as CoQ10’s
mechanism of action is largely attributed to its antioxidant and anti-inflammatory properties.
Our study measured SOD levels in GCF and found decrease in SOD after treatment,

alongside a significant decrease in GCF volume. GCF volume is known to rise in the
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presence of inflammation (as an inflammatory exudate), so the reduction in GCF flow in our
CoQ10 group is a positive indicator correlating with reduced periodontal inflammation. This
finding is consistent with other studies that measured inflammatory mediators in GCF.
ElBarbary et al. and Youssef et al. both focused on matrix metalloproteinases: ElBarbary’s
trial noted that GCF MMP-9 levels dropped significantly from baseline in both SRP-only
and SRP + CoQ10 groups, but the CoQ10 group achieved a greater reduction by 3 months.
Likewise, Youssef et al. analyzed GCF MMP-8 in diabetic patients and found a continual
decrease in MMP-8 levels up to 3 months in the CoQ10-supplemented group, whereas the
control group’s MMP-8 levels showed a plateau or slight rebound after initial improvement.
These MMP findings suggest that adjunctive CoQ10 can suppress tissue-destructive
enzymes in the periodontal environment, likely by mitigating OS and inflammation
(ElBarbary et al., 2022; Youssef et al., 2019). In another biochemical study, Mamdouh et al.
evaluated cytokine profiles with local CoQ10 application (0.2 ml of 1% CoQZ10 gel delivered
into pockets after SRP). They observed that after therapy, the CoQ10 group had significantly
lower GCF IL-1pB and higher IL-10 compared to controls, indicating a shift toward a less
inflammatory, more protective cytokine profile. Although Mamdouh et al.’s investigation
was on local application of CoQ10, it reinforces the notion that CoQ10 adjuncts (whether
systemic or local) can favorably modulate the biochemical environment of periodontal sites
by downregulating pro-inflammatory mediators and upregulating anti-inflammatory
mediators (Mamdoubh et al., 2024). The decreased GCF volume in our study is harmonious

with such anti-inflammatory effects.

Against this backdrop of anti-inflammatory benefits, our finding of decreased SOD levels
post-treatment stands out. Typically, one might expect CoQI10’s antioxidant action to
increase antioxidant enzyme activity or levels. In fact, a study has reported that CoQ10
adjuncts lead to elevated SOD in GCF or serum as the body’s oxidative balance improves.
For example, a recent trial by Pranam et al. found that adjunctive CoQ10 (used in a gel form
after SRP) led to a significant rise in crevicular SOD levels at 3 months relative to SRP alone
(Pranam et al., 2020). That and similar reports imply CoQ10 can support the antioxidant
defense system. In contrast, our patients showed a drop in GCF SOD concentration after
3 months of CoQ10. One hypothesis for this paradoxical result is that, at baseline, SOD was
elevated in response to the high OS of active periodontitis — essentially a compensatory
upregulation. As treatment reduced the bacterial load and inflammation (and CoQZ10 directly
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scavenged free radicals), the stimulus for SOD production may have diminished, leading to
a normalization or reduction of SOD levels. In other words, SOD in GCF could be consumed
or downregulated once the redox imbalance is corrected. Another possibility is a negative
feedback mechanism: exogenous CoQ10 might fulfill some of the antioxidant needs, so the
body produces less SOD during the healing phase. It is also important to consider the
compartment of measurement — GCF SOD might behave differently than systemic SOD.
Regardless of the exact cause, this finding underscores that antioxidant biomarkers can
respond in complex ways to therapy. Our results diverge from most studies on this point, and
thus prompt further investigation. It would be worthwhile in future studies to measure
additional OS markers (e.g., malondialdehyde, total antioxidant capacity) alongside SOD to
get a more complete picture of how CoQ10 influences the periodontal oxidative
environment. Our observation does not contradict the clinical improvements seen — on the
contrary, clinical outcomes were positive — but it suggests that SOD levels may not need to
increase for periodontal healing to occur, so long as OS is overall reduced. This nuance could
be mentioned as a novel insight of our work, especially since many previous studies simply

assumed increased antioxidant enzyme levels equate to better outcomes.

Finally, it is useful to place our findings in context of the latest evidence syntheses. A recent
systematic review by Fernandez et al. consolidated data from 10 RCTs of CoQ10 as an
adjunct in periodontitis (6 systemic supplementation studies and 4 local delivery studies).
The review concluded that locally delivered CoQ10 (gels or solutions placed in pockets) did
not yield statistically significant improvements in PPD or CAL overall, whereas systemic
CoQ10 supplementation (at ~120 mg/day for ~12 weeks in most trials) was associated with
an additional mean PPD reduction of 0.4 mm and CAL gain of 0.5 mm compared to control.
These effect sizes are modest but clinically meaningful when considering population
averages (Fernandez et al., 2025). Our study’s clinical improvements fall in line with this
magnitude of benefit — we observed roughly half-millimeter greater PPD/CAL changes in
the CoQ10 group versus control, reinforcing the review’s findings. It should be noted that
Fernandez et al. rated the evidence as “very low certainty,” citing the small sample sizes and
heterogeneity across studies. Indeed, the CoQ10 studies to date vary in dosage (30 mg up to
150 mg daily), formulations (capsules, gels, topical rinses), and study populations (e.g.
smokers, diabetics, various severity of periodontitis). Our study contributes to this body of
evidence by adding a well-controlled trial with a 100 mg/day dose, a middle-ground regimen
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that had not been as extensively studied as 60 mg or 120 mg in prior trials. The consistency
between our results and the meta-analysis increases confidence that CoQ10’s adjunctive
effect on periodontal clinical parameters is real, even if not dramatic. However, the low
certainty of evidence also implies that larger, multi-center trials are needed. Many authors
have pointed out the need for larger sample sizes and longer follow-ups to validate the long-
term benefits of CoQ10 and to determine optimal dosing strategies. Future research should
also stratify outcomes by patient subsets — for instance, those with systemic conditions like
diabetes or smokers with high OS might derive differing levels of benefit from CoQ10.

In summary, our discussion of results considering these studies indicates a broad agreement
that systemic CoQ10 supplementation can positively influence periodontal therapy
outcomes. CoQ10 at doses ranging from 60 mg to 120 mg daily for about 3 months has
shown improvements in inflammation (reduced GI, BoP) and, in most studies including ours,
modest yet significant gains in CAL and deeper PPD reduction beyond what mechanical
therapy alone achieves. Key methodological differences (like use of placebos, sample health
status, adjuncts combination) likely account for some variability in findings. Importantly,
our study is one of the few to report a decrease in SOD after therapy, contrary to the increased
SOD reported elsewhere — a finding that provides new insight into the complex OS dynamics
during periodontal healing. Altogether, the evidence suggests that CoQ10’s benefits are
consistent with its role as a mitigator of oxidative tissue damage and inflammation in

periodontitis.

This study strengthens the growing consensus that CoQ10 can be a valuable adjunct in
periodontal therapy. Adjunctive systemic CoQ10 (100 mg daily for 3 months) combined
with NSPT produced better clinical outcomes than NSPT alone, including greater PPD
reduction, improved attachment levels, and reduced gingival inflammation. These
improvements were accompanied by biochemical signs of reduced periodontal inflammation
(lower GCF volume and inflammatory mediator levels), highlighting CoQ10’s potential to
modulate the host response. Notably, we observed a unique reduction in SOD levels post-
treatment, suggesting that CoQ10’s antioxidant effect may alleviate OS without
necessitating an upregulation of endogenous SOD — an interesting finding that warrants
further research. Clinically, the adjunctive use of CoQ10 appears safe and may enhance

periodontal healing, which could be especially beneficial for patients with heightened OS
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(such as those with diabetes or smoking history). The practical implications are that CoQ10,
as an over-the-counter nutraceutical, could be integrated into periodontal maintenance
regimens to possibly improve outcomes and stabilize disease. However, given the relatively
modest improvements (on the order of a few tenths of a millimeter in PD/CAL) and the
variability across studies, CoQ10 should be viewed as a supportive adjunct rather than a
standalone therapy. The potential of CoQ10 in periodontal care is promising, but larger long-
term studies and meta-analyses are needed to confirm optimal dosage, treatment duration,
and specific patient populations that may benefit the most. In conclusion, our findings
underscore the therapeutic promise of CoQ10 in periodontitis management and add impetus
to the idea of host modulation therapy using antioxidants. Integrating CoQ10
supplementation into periodontal treatment could become a cost-effective strategy to
augment clinical outcomes, provided future research continues to affirm its benefits and

clarifies its role in the complex pathogenesis of periodontal disease.
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Ik Uvgunluk Basvarusu:
Uygun B

Yukanda bilgileri verilen bagvuru dosyas ile ilgili belgeler aragtirmamn/galiymanin gerekge, amag,
yakiagim ve yontemleri dikkate alinarak Incelenmiy ve uygun bulunmug olup aragtirmanin/cahymanin
bagvuru desyasinda belirtilen merkezlerde gergeldegtirilmesinde etik ve bilimsel sakinca bulunmadifina
toplantiys katilan etik kurul liye tam saywinin salt gofunlugu le karar verilmigtir.

O Uygun bulunan aragtirmanm 27M2023MNJHOJMMNGMM&MMMW%
giren Begeri Tibbi Urinlerin Klintk Aragtirmalars Hakkinda Yonetmelik kapsammda yer almas: nedeni ile
aragtirmanin baglatilabilmest igin Tiirkiye flog ve Tibbi Cihaz Kurumu 'ndan izin almmas: gerekmektedir.

O Uygun bulunan aragtirmanin 02.06.2021 tarikli ve 31499 sayut Resmi Gazete' de yayimlanan Tibbi Cihaz
Yanetmeligi kapsammda CE isareti tagimayan tibbi cihaz ile yapilan Tibbi Cihaz Klinik Aragtirmas: olmast
nedeniyle aragtiirmanm baglatdabilmest igin etik kurul onay: almdiktan sonra Tirkiye flag ve Tibbi Cihax
Kurumu'ndan tzin alinmas:.

O Uygun butunan aragirmanm/caligmann 02.06.2021 tarikli ve 31499 sayili Resmi Gazete' de yaymmianan
Tibbi Cihaz Yonetmeligi kapsammda CE isareti tagiyan ve teknik dokiimantasyonunda belirtilen kullanum
amacima uygun olarak kullamian ubbi cihazia yapian Tibbi Cihas Kiintk Arastirmas: ve Tibbi Cihazlar ile
Yaritalen Piyasaya Arz Sonras: Caligma olmasi neden ile aragtirmamm/caligmanin baglatilabilmesi icin etik
kurul onayr alindiktan sonra quwmcmxmnammmm.gmmw.

DWWMMO).MMIWWJN”MMMIGM'&WM& Vitro Tamt
Amacl Tibbi Cihaz Yonetmeligi kapsamindaki In Vitro Tam Amagh Tibbi Cihaziar fle Yaratulen:
-MWWWHMdmnaMMandmmm
Performans Degerlendirme Caligmas,
-waﬂmﬂMWMvacrkhMmﬂubdem
Degerlendirme Caligmasi,
-Twmwlwmmhmmmwwuhk}dw'oumw"m&mumw
Performans Degerlendirme Caligmas:,
abmmdnﬁﬂc;dwmba:lddcbﬂmﬂlchcﬂkkmdomdmmmnlhpw Tbbi Cihaz
Kuirumu'ndan izin almmas gerekmektedir,

O Uygun buluman caligmanm 02,06.2021 tarikli ve 31499 sayily Resmi Gazete' de yayumianan In Vitro Tan:
Amagl Tibbi Cihaz Yowetmeligt kapsamundaki;

-oeuaumcmmmm&mmmmrmamcw
* Teknik dokimantasyonunda bellriiien kullanim amacina uygun olarak kullaniian ve goniltiderin ilave olarak
&iriglmsel veya kulfetli prosedirlere tabi rutuldugu In-Vitro Tam Amagh Tbbi Cihazlar lle Yaratiden Piyasaya
Arz Sonras: Caligmas,

olmass nedeni le caligmamn baglatilabiimesi igin etlk kurul onays alindktan sonra Tilrkive flag ve Tibbi Cihaz

Kurumu'na bildivim yopiimas: gerekmektedir, /
Dokdman No fik | Revizyen ReviconNe | Swte
L S —"—— i —
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O Uygum buluman 02.06,2021 tarilli ve 31499 sayli Resmi Gazete' de yayrmlanan In Vitro Tant Amagls Tibbi
Cihaz Yomermeligi kapsamindaki In Vitro Tam Amagh Tbbi Cihazlar ile yiiritlen yukarida yer alan caligmalar
diginda kalan Performans Degerlendirme Calygmaiars etik kursl karar ile baglatiiabilir, Tiirkiye flag ve Tibbi
Cihaz Kurwemy izni veya Trkiye llag ve Tibbi Cihaz Kurumu' na bildirim yapimast gerekmemekiedir

0 Uvgum buluman caligmanm Saghk Hizmetleri Genel Mudirltiginan 5/4/2018 tarthinde yayrmiadifa 2018/10
sayil Genelge kapsaminda yer alan kok hilcreler ile yapilan klinik aragtirma olmast neden ile aragtirmamn
baglaniabilmesi icin Saglik Hizmetleri Genel Midriigi nden izin almmast gerekmektedir.

O Uygwn bulunan begeri tibbi tiriinlerin gozlemsel caligmas: etik kurul karar: ile baglanlabilir, Bakanltk izni
gerektirmemektedir.

O Uygm bulunan caligmamn 3359 sayih Sagiik Hizmetleri Temel Kamanu Ex 10. Macdde kapsaminda yer alan

W”WWW“&MW“W“&V’WM’WHN
1yma,

-Mnbuauchpddadohﬂmmmﬂwwm

*Gida ve takviye edici gidalarda sagitk beyam kullammna iligkin ¢algma

«Ditgiik ristli bilimsel caliyma

olmas: medeni ile calygmanmn baglatlabilmesi icin Tirkiye llag ve Tibbi Cihaz Kurumu'na bagvurs yapumas:

Uygun Degil O

Yukanda bilgileri verilen bagvuru dosyas: ile belgeler aragtirmanin/sahiymanin gerekge, amag,
nkh.nMd&hnahankha&anﬂﬁ“mu

Revizyon O

YMWVMMnmhMMWMM
n&pnﬁmmmmum-nummpm-mmw

Talep edilen revizyonlar: belirtiniz.

£k K Bagh

LA Sy SEL
Dokiman No Uk YaymTarlhl | Reviryon Tarii | ReviayonNe | Sayfa B
KAD-FR-42 04/04/2024 . % 8 14 M
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Uygun O
Aragtrmanin  yiritilmesine Higkin yukanda belirtilen bilgi/belge WWBME'H doﬁukliil
talebi/talepleri aragtirmanin gerekce, amag, yaklagim ve yOntemleri dikkate alinarak incelenmis ve

uygun bulunmus olup degisikligin/defigikliklerin uygulanmasinda etik ve bilimsel sakinea
bulenmadifina toplantiya katian etik kurul liye tam saywsinm salt cogunlugu ile karar verilmistir.

Uygun Degil O

Aragtrmanin yiirltilmesine lligkin yukanda belirtilen bilgi/belge degisikligi/Gnemli degisikligi
talebi/talepleri aragtirmanin gerekge, amag, yaklapim ve ySntemleri dikkate ahnarak incelenmiy ve
degisikliklerin uygulanmas: uygun bulunmamgtir.

Gerekge:

Revizyon O

Yukanda belirtilen bilgi/belge dedisiklifi/Gnemhi degisikligi talebi/talepleri aragtirmanin gerekge,
amag, yaklagim ve ydotemleri dikkate alinarak incelenmiy olup agafida belirtilen cksiklikler tespit
edilmigtir;

Revizyamn talep edifen dokimant belirtiniz.

Ersk Knf Baph
2 ‘um.',(.ﬁc,, M;o INSEL
vz
DokdmanNo | fkVaynTarhl |  RevimyoaTerin | RevizyonNo | Sayfa
| KAO-FR42 ] 04/04/2024 | . | - | 10/14
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TC.
SAGLIK BAKANLIGI
Tiirkiye flag ve Tibbi Cihaz Kurumu

Sayt : E-66175679-514.04.01-5581825 05.02.2025
Konu : Klinik Caliyma [24-AKD-254]

Sayin Prof. Dr. Sebnem DIRIKAN iPCi
Altinbas Universitesi Dis Hekimligi Fakiiltesi
Periodontoloji Anabilim Dalt
Bakirkdy/ISTANBUL

Iigi : a) 12.12.2024 tarihli, E-85521274-000-3545788 sayili yaziniz.
b) 30.12.2024 tarihli, E-66175679-514.04.01-1742408 sayili yaziniz.
¢) 16.01.2025 tarihli, E-85521274-000-3605016 sayil yaziniz.

Asagda bilgileri verilen klinik aragtirma bagvurunuz ilgili mevzuat geregince incelenmis olup;

Aragtirmanin Ad: Cerrahi Olmayan Periodontal Tedaviye Ek Olarak
Kullamlan Koenzim Q10'un Klinik ve Biyokimyasal
Etkinliginin Degerlendirilmesi

Koordinator: Prof. Dr. Sebnem DIRIKAN IPCi

Koordinator Merkez: Altinbag Universitesi Dig Hekimligi Fakiiltesi

Onay Veren Etik Kurulun Adi: Bakirkoy Dr. Sadi Konuk Egitim ve Aragtirma
Hastanesi Klinik Arastirmalar Etik Kurulu

Aragtirmanin giincel Helsinki Bildirgesi'ne, iyi klinik uygulamalar ilkelerine ve ilgili mevzuata
uygun olarak yiiriitiilmesi,

Aragtirma ekibinde yer alan sorumlu aragtirmacilarin ilgili mevzuat hiikiimleri geregince aragtirma
siiresince tam zamanli olarak arastirma merkezinde bulunmast,

Aragtirma sirasinda kullanilan arastirma iriinlerinden, aragtirmada uygulanan islemlerden ya da
rutin tedavilerinde klinik aragtirma geregince uygulanacak kisitlamalardan dolayr arastirmaya katilan
goniillillerde olusabilecek zararlar ile arastirmada protokol dahilinde kullamilacak tiim iiriinlerin ve
tetkiklerin destekleyici, destekleyici yoksa arastirmaci tarafindan kargilanmasi,

Giivenlilik bildirimlerinin ilgili mevzuat geregi belirtilen siirelerde Kurumumuza ve ilgili etik
kurula bildirilmesi,

Aragtirmada kullanilan iiriinlere ait Tiirkge etiket 6rneginin hazirlanmasi ve arastirma iirlinlerinin
iiretiminin Iyi imalat Uygulamalan Kilavuzuna uygun olarak yapilmast,

Kisisel verilerin gizliligine riayet edilmek kaydiyla, izin verilen bu arastirmanin kamuya agik bir
veri tabanina kaydedilmesi,

Aragtirma iiriinii ithal edilecek ise Kurumumuza ilgili bagvuru formu ve ekleri ile miiracaat
edilmesi,

Aragtirma sonunda artan arastirma iiriinii olmasi halinde arastirma tiriinii imha islemlerinin ilgili
mevzuata gore yapilmasi,

Arastirmanin baslamamasi, iptali, durdurulmasi veya sonlandinlmasi halinde Kurumumuza ve
ilgili etik kurula bildirilmesi ilgili mevzuata uygun sekilde ve belirtilen siireler dahilinde bilgi verilmesi,

Bu belge, givenli elektronik imza ile imzalanmigtir.
Belge Dogrulama Kodu: ZW56Q3NRYnUyZmxXSHY3Z1AxRG83YnUy Belge Takip Adresi:https://www.turkiye.gov.tr/saglik-titck-ebys
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Arastirma sonlandinldiginda, sorumlu arastirmaci tarafindan aragtirma Griiniiniin yararli oldugu
belirlenirse ve altematif bir tedavi segenegi mevcut degilse arastirma tiriinii iilkemiz piyasasinda bulunana
kadar destekleyici tarafindan temin edilmesi,

Aragtirma ile ilgili kayitlarin tamaminin aragtirmanin biitiin merkezlerde tamamlanmasindan sonra
en az 14 yil siire ile saklanmasi,

Arastirma konusu ile ilgili édemelerin, arastirma boyunca yapilacak olan es zamanl tedavi ve
kurtarma tedavilerinin goniilliiye 6detilmeyecegi hususuna dikkat edilmesi gerekmektedir.

Uygun bulunan dokiimanlarin listesi asagidaki tabloda verilmistir. Bu dokiimanlarin herhangi
birinde degisiklik oldugu takdirde ilgili mevzuat hiikiimleri dogrultusunca bagvuru yapilmast

gerekmektedir.

\ Dokiimanin Ad Tarih Versiyon No
Arastirma Protokolii 18.06.2024 00
Bilgilendirilmig Goniillii Olur Formu 18.06.2024 00
Olgu Rapor Formu 18.06.2024 00
Biitce 18.06.2024 00
Etik Kurul Karan 24.06.2024 Karar No: 2024-11-03

ilgi (a) yaz1 ekindeki bagvuru formunda belirtilen merkezde aragtirmanin baglamasi uygun
bulunmustur. Arastirma siirecinde yukanda belirtilen hususlarin yerine getirilmesi gerekmektedir.

Ilgili aragtirma onay1, sunulan klinik aragtirma tasariminin giincel Klinik Arastirma mevzuatina ve
etik ilkelere uygun oldugunu belirtmekte olup, ruhsata esas teskil edecek verilerin elde edilmesi igin
yeterli ve uygun tasarimda planlandigi anlamin1 tagimamaktadir.

Yazimizin bir 6rmeginin ilgili Etik Kurula iletilmesi hususunda geregi bilgilerinize sunulur.

Fatih TOPUZ
Kurum Bagkani a.
Daire Bagkam V.
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