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The Gingival Crevicular Fluid (GCF) consists of various host and bacterial-derived products as well as biomarkers which
in turn can be evaluated for the diagnosis, prognosis as well as management of the periodontal disease.
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| 1. Introduction

Periodontal diseases have affected almost all the fields of dentistry in one way or the other. Foremost, every individual is
affected differently by the periodontal disease. Besides, due to the inability to access rear-end segments of the oral cavity,
clinical signs are sometimes inappreciable and the periodontal structures in the maxillary tuberosity region are difficult to
visualize and properly examine. Additionally, clinical researches conducted in early times (approximately in the 1980s)
showed that chronic periodontitis followed a slow and steady pattern of progression but later it became clear that clinical
parameters are poor indicators of inactive states of disease pattern. However, Goodson in 1982 explained that it's a
natural tendency of chronic periodontitis showing regular pattern of occurrence which is interrupted by a phase of
remission and acute exacerbation . Day to day errors in the process of diagnosis and failure of treatment with the
persistence of disease convinced investigators to devise a standard method for detection of disease. Presence and
mapping the authentic treatment plan where the use of antibiotic is strictly administered in accordance to treat the
symptoms.

In the light of multiple investigations performed, aiming at the detection of periodontal disease with absolute certainty.The
secondary colonizing bacteria’s in the biofilm and the host-immune response plays a significant role in the
commencement and its subsequent progression of periodontal disease. Although, the cascade of damage begins with
alteration in normal microflora of the oral cavity, especially polymicrobial colonization in the form of biofilms on the tooth
surface and derangements in subgingival flora. Over the time, the condition worsens due to power-play of consistent poor
oral hygiene or any uncontrolled co-morbid condition and it presents as bad breath, bleeding from gums, pain, sensitivity
and on occasion mobility of teeth.Physical assessment of the aforementioned symptoms and signs are the primary
diagnostic criteria. However, clinical assessment alone cannot judge the status of the disease activity of the site.
Progressive destruction of collagen fibers that were initially limited to epithelium tissue advances to deeper supportive
tissues of periodontium, including bone tissue that prevail state of periodontitis. Epidemiological studies have validated
that the morbidity of chronic periodontitis is 35%—50% in the adult population, with approximately 10% displaying severe
disease concomitant with early tooth loss 2. Whereas, this disease has increased the global burden by 57.3% from 1990
to 2010 B, It is an established fact that periodontitis has a polymicrobial etiology. It is not only the oral dysbiosis results in
tissue destruction but also the host inflammatory dysregulation plays an important role in tissue destruction of periodontal
supporting tissues 1. The interesting fact is that components of host defense and pro-inflammatory mediator elements are
raised during any periodontitis infection and infused locally as well as in gingival crevicular fluid (GCF) and saliva. Hence,
oral liquids play a vital role in developing an accurate picture of periodontal health for obtaining data that mimics
periodontium . Zhou et al. conducted a study to find the microbiome and cytokine composition in GCF in healthy and
periodontitis patients and they concluded that the oral dysbiosis and immune response plays a pivotal role in the etiology
of periodontitis (€. Similarly, Pei et al. collected the GCF from healthy and periodontitis patients and concluded that oral
dysbiosis and changes in the metabolic product detected within GCF can be a good predictor of diagnosis, prognosis and
management of periodontal disease 4. Like other oral fluids, GCF is a reliable tool but unlike others, it is a very delicate
specimen that maintains the structural integrity of the junctional epithelium (JE), hence acting as a barrier 8. It is a serum
transudate or inflammatory exudate fluid, present in the sulcus/periodontal pocket between the tooth and marginal
gingiva. Talking about oral fluids, GCF is amongst the most localized fluid that delineates the very peculiar characteristics
of the site, thus making future diagnostic treatment and management of a wide variety of maladies way easier &l Thus,
considering the pivotal role of GCF being in the close proximity with the gingival tissues, this review paper aims to
highlight the various aspects of GCF and its diagnostic potential for the discrimination of periodontal health and disease
condition.



| 2. Gingival Crevicular Fluid
2.1. Formation of GCF

Early research in the field aimed to establish the nature of GCF; whether it is a transudate or exudate and its detection in
the healthy gingiva. Researchers by the late 1950s and early 1960s had postulated that GCF is a result of stimulation by
chemical or mechanical means which in turn results alters the permeability of the vessels beneath the junctional and
sulcular epithelium . Alfano and Pashley have reported that the initial fluid produced is interstitial and is produced in the
crevice because of the osmotic gradient. Thus, the earlier was contemplated to be a transudate and later upon
stimulation, it becomes inflammatory exudates 2,

2.2. Constituents of GCF Aliquot

The GCF is derived from serum and locally generated components such as tissue breakdown products and derivatives of
subgingival biofilm. The various elements found in GCF includes inflammatory mediators, cytokines, leucocytes, enzymes,
organic ions, tissue breakdown products and proteins. These components give an insight about the healing potential of
periodontium. Conversely, it also reflects about the adaptive mechanism of certain bacterial survival within the gingival
crevice and pocket B, The various biological disease markers such as interleukins (IL-la-IL-1B) Tumor necrosis factor
alpha TNF o, enzymes such as acid phosphatase, alkaline phosphatase, matrix metalloproteinases, collagenases,
elastase are widely used in periodontal research to assess the resolution of periodontal disease 4. Along with this it also
constitutes organic and inorganic ions (Eigure 1).
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Figure 1. Description of gingival crevicular fluid composition @,

2.3. Mechanism of Production

Under normal conditions, the sulcus contains a minimal amount of GCF. During inflammation of tissue structure investing
the tooth, this fluid in the V-shaped sulcus travels from the microcapillary framework within the inflamed connective tissues
consisting of biological molecular markers. Hence, GCF is considered an important tool for assessing the health and
diseased condition. In a healthy state, the sulcus of each tooth is flushed by GCF to get rid of the pathogens and toxic
metabolites from periodontium and cushions the tooth against any foreign insult. However, during inflammation, it changes
its properties from serum transudate to an inflammatory exudate where biological biomarkers including host defense
molecules and anti-inflammatory mediators are present in enormous quantity hence the nature of the fluid is converted
into exudates & (Figure 2).
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Figure 2. Mechanism of GCF production on stimulus LI,

2.4. Circadian Rhythm of GCF

Circadian periodicity of GCF is upsurged around early morning (6 a.m.) till night (10 p.m.) and down surged during the rest
hours (8. Other conditions like any changes in hormonal level, mechanical stimulations, smoking and periodontal therapy
but particularly in case of a breach in the form of periodontal infection, activates host immune system to release
polymorphonuclear leukocytes (PMNLs) and lymphocytes in GCF (8. Other enzymes like proteinases are present already
in the environment in its inactive proenzyme form and convert into its active form upon the stimulus of antigen by
lymphocytes 4.

2.5. Collection of GCF

Collection of GCF is an easy but sensitive method. GCF collection can be achieved by employing any of the several
proposed techniques ! which can be chosen according to the aim or objective of the study. In the gingival washing
method, the gingival crevice is flushed with an isotonic solution of fixed volume and then the diluted crevicular fluid is
collected that contains both cells and soluble proteins [&. This is a highly useful technique when the intent is to harvest
cells from the gingival crevice region 19,

However, the properties of GCF such as composition or volume from specific sites cannot be assessed correctly as the
dilution factor cannot be determined precisely [&l. Nonetheless, the GCF volume can be accurately determined by capillary
tubing or micropipettes which are introduced within gingival sulcus after adequate isolation and drying. Micropipettes allow
precise collection of GCF from a given site in a fixed volume. This technique yields undiluted native GCF, but the
collection of adequate samples may take >30 min which may pose risk of trauma to the tissues. Another drawback is the
difficulty in removing the complete sample from the tubing 1. The conclusion in accordance with a published work
suggests that standard operating procedure of GCF specimen involves the use of perio-paper as best transporting source
through intra-gingival absorption where the strip is kept sub-gingivally for 30 s. The components of the GCF can be
analyzed by ELISA which is the most preferred method of analysis 12, Environment before collection must be sterile and
well isolated, and the perio-paper must be held at place for 30 s to avoid contamination with blood or saliva. This
approach offers numerous benefits including ease of use, allowing collection from individual sites and a quick technique
that avoids tissue trauma.

2.6. Conventional Diagnhostic Measure Versus GCF

In the gingival sulcus, one surface is tooth while the other is the wall of the pocket, therefore during the event of phase
change from transudate to exudate form, the first seen pathology is inflammation of gingival connective tissue, that is
clinically signified as gingivitis 13, Later, when the extension of deterioration involves bone, it is called periodontitis.
Periodontitis being one of the most prevalent diseases known to humankind and its severe forms mark 10% of adults.
Besides, it's critical types were recently classified as the sixth most widespread ailment across the globe 4. Diagnostic
potential of the sulcular fluid was known more than six decades ago and since the 1950s this domain is under the
discussion of research experts but has failed to achieve a unanimous acceptance to implement it as a clinically significant
tool till to date.



Currently, research strategies are emphasizing more on advance and sensitive methods to point active phases and sites
of periodontal diseases to differentiate the treatment modality and need as per the requirement 22l The routine practice
uses subjective trends that are based on three aspects. Firstly, the clinical signs and symptoms such as bleeding on
probing, change in the gingival color, contour, texture, size plays a crucial role in the establishment of the gingival
inflammation, Secondly, determination of periodontal probing depth (PPD) with the help of a periodontal probe. The most
commonly used probe is William's periodontal probe. The other probes used to detect PPD are Community Periodontal
Index of Treatment Needs—Clinical probe (CPITN (C)) and Community Periodontal Index of Treatment Needs—
Epidemiological probe (CPITN(E)) 8. Whereas, the later CPITN (E) is commonly used in epidemiological screening.
Lastly, the radiological evaluation of alveolar bone loss is essential to ascertain the grade of periodontitis.

Additionally, the present diagnostic method is evaluated based on clinical perspectives such as plaque score (PS),
gingival index (Gl), clinical attachment loss (CAL), bleeding on probing (BOP), periodontal probing depth (PPD) and radio-
graphical analysis. These parameters can only render information about the former destruction of periodontium instead of
illustrating the future state of the tissues BILZ. Thus, it is mandatory to explore a new method of periodontal diagnosis that
can provide information about future disease outcomes. The abovementioned subjective criteria is not proficient enough
to diagnose the periodontal diseases with reproducibility. Therefore, core objective criteria are colossally essential at
present to enable a practitioner to pre-emptively diagnose the condition/stage and intervene the pathophysiology for
treatment and management.

GCF nevertheless, is a competent instrument that can influence the advancement of proteomics to the next level. The
pathophysiology of periodontal diseases can be gauged by analysis of the protein composition of GCF as various cells
and inflammatory biomarkers such as enzymes, cytokines, and local tissue degradation products are discharged in the
GCF during the inflammatory state. Extensive use and study of GCF in different perspectives can bridge the gap in
understanding many bi-directional diseases (oral-systemic and systemic-oral) and a wide range of oral conditions. In this
article, the novelty of GCF is suggested in multiple maladies. Firstly, a wide variety of evidence-based studies have
reported that there is no other ideal specimen that is naturally collectable, inexpensive, and biocompatible and with no
post complication, which outstands GCF at both practitioner and patient level. It helps reduce the patient’s pre-test anxiety
and fear along with a decrease in chair site time. Evidence showed that GCF specimen were found positive for
periodontal disease B8] where authentic biological mediators which correspond with the pathophysiology of periodontitis
in the harmonious pattern were also ascertained. Hence, it will work as a prism to identify any disease with its constituent
to cater for easy management of the condition.

2.7. GCF as a Biomarker

GCF has found to encompass an extensive range of bio-indicators 12 this property makes it more lucrative for
professional use in the crevicular fluid and has shown encouraging co-relation between proteases, collagenase levels and
pocket depth derangements among periodontal disease individuals which confirms that clinical parameters can now
confidently be explained through this unique fluid 9. Likewise, a claimable level of protein carbonyl is observed in this
fluid that is linked with the initial stage and recovered stages of periodontitis patients [21l. Literature based on an extensive
collection of studies through a meta-analysis has expressed realistic long-term benefits of this approach. However, it
recommends the use of more than one marker as a standard. Multiple studies have suggested MMP-8 and IL-1(3, various
others have found that MMP-8 is the most reliable indicator present persistently in periodontitis (22231, Another study
identified a positive correlation of increased Interleukin-1p (IL-1B) and Interleukin-6 (IL-6) in GCF with severe BOP and
increased pocket depth (241,

Several other proteolytic and hydrolytic enzyme biomarkers also provide useful information to predict, diagnose, and
monitor periodontal diseases. Alkaline phosphatase (ALP) is a very important indicator of bone formation and its presence
in the GCF indicates inflammation and destruction of periodontal tissues. The severity of the periodontal disease is
positively correlated to the level of ALP 28], | actate dehydrogenase (LDH) activity is elevated with increasing probing
depth 28, Aspartate aminotransferase (AST) is a non-specific marker for cell death and necrosis and its activity is
associated with the severity of periodontitis 2. Finally, cathepsin-B aids in distinguishing periodontitis from gingivitis by
serving as a predictor of attachment loss [28],

GCF also contain various bone-related biomarkers to reflect the disease status of periodontal tissues 22, Osteocalcin
(OC) is the most specific biomarker of osteoblast function B9, An increase in OC level in GCF is associated with high
rates of bone turnover and seen during increased periodontal disease activity 1. Calprotectin alters the immune
response by inhibiting the immunoglobulin production and also plays a role in neutrophil recruitment and activation. Higher
levels of calprotectin levels are reported in periodontitis patients L. Osteopontin (OPN) is mainly produced by osteoblast



and macrophages and its raised levels are found associated with periodontal disease. Similarly, osteonectin is an
important biomarker associated with the periodontal disease status and its increasing levels correlates with the increase in
pocket depth (21132,

Cell death and tissue breakdown products serve as reliable markers for tissue destruction. Different glycosaminoglycans
are found depending on the tissue, chondroitin-4-sulfate is the most promising marker as it reflects bone degradation 4!,
Elevated glycosaminoglycan concentration in GCF depicts the active destruction of periodontal tissue B3l Fibrinogen
plays a pivotal role in a variety of cellular activities and is considered an active player in inflammation B4, It is a marker for
periodontal disease status as specific fibrinogen fragments are involved in the pathogenesis of periodontitis B4,

Several other components of GCF are also shown to reflect the periodontal disease status that includes neutrophil
elastase B3], periostin B8, Chitinase-3-like protein 1 (also known as YKL-40) B7, lysophosphatidic acid (LPA) 8, human
beta-defensins (hBDs) B2, hypoxia-inducible factor-1a (HIF-1a) 49, osteoprotegerin 1, and anti-Hsp-70 (heat shock
protein family A) 421, In light of innumerable proactive studies, it has already been suggested that this is an ideal fluid as a
strong and unmatchable latest chemical gizmo that cross matches the clinical parameters too. While negotiating the pros
of GCF, there exist very few studies presenting that levels of biomarkers are not significantly different for healthy and
diseased individuals 43! which need to produce more clarity in studies that suggest a scientific evolutionary rationale for
these indicators and this tool.

Many well-renowned researchers in the field have put forward the role of numerous proteomes as validated biomarker for
the initiation and inhibition of periodontal pathological process 2344l |n 2016, a definite and scientifically accelerative
proof presented by Barros et al. team indicated that GCF is a source of multiple biomarkers that potentially indicate
disease presence with details of active and passive sites 45, In 2017, Kaur et al. provided a comprehensive overview of
the host defense mediators and their expression in the crevicular fluid around the tooth, these studies explicitly favored
the use of GCF as a universal tool 48, Various methods of manipulating GCF for evaluating gingival related diseases
have been proposed such as polymerase chain reaction (PCR), enzyme-linked immunosorbent assay (ELISA) or
immunofluorometric assay (IFMA). The application of liquid chromatography-mass spectrometry (LC-MS) combined with
label-free quantitative proteomic approaches have led to discovery of 154 proteins of human, viral, bacterial, and fungal
origin in 2010, that consequently helped scientists to expedite a detailed investigation of both microbial and host protein
biochemistry that will open door for exploration of a variety of treatment modalities ¥Z. Thus, the emerging quantitative
and qualitative proteomics will continue to provide new assessment strategies to further unravel the diagnostic and
therapeutic role of GCF (Figure 3).
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Figure 3. GCF Biomarkers for detecting dental diseases 215,

Furthermore, GCF is exploited to analyze the biochemical parameters to identify the periodontal disease at its early stage
before the commencement of the clinical damage 248, The current approaches for assessing periodontal disease include
PD and BOP. However, the reliability of these tools is questioned by many studies “9. Moreover, decrease patient



compliance due to associated pain with the probing 2% and higher incidence of negative predictive value B highlights the
need for a less invasive and efficient modality. Increase in the GCF volume is the initial sign of inflammation which is
indicative of subclinical inflammation B2, Detection of hemoglobin in the GCF has been advocated for early diagnosis as
this indicator of bleeding in the periodontal pocket can be detected well in advance of BOP [23]. Matrix metalloproteinase-8
(MMP-8) levels can effectively diagnose gingivitis, which is an early inflammatory prerequisite state to periodontitis. Thus,
this approach can effectively be employed to prevent periodontitis B4],

| 3. Conclusions
In today’s health- and cost-conscious environment, it is essential to make rational and cost-effective decisions for the

prevention and treatment of periodontal disease. This prevention and treatment should be based on accurate diagnosis,
reducing causative factors and risk management. A wide range of periodontal diseases exist, requiring various types of
treatment. Success lies in the establishment of precise diagnoses to detect the disease type with precision which is best
provided with the help of GCF—a complete bioinformatics tool. The purpose of this study was to develop a sense among
dental practitioners about the use of gingival crevicular fluid as a fluid biopsy specimen.

The goal of periodontal diagnostic procedures via GCF assessment is to provide useful information to the clinician
regarding the present periodontal disease location,and severity [80]. These findings serve as a basis for treatment
planning and provide essential data during periodontal maintenance and disease-monitoring phases of treatment.
Therefore, via this study we want to endorse Specific, Measurable, Achievable,Realistic and Time-bound (SMART)
periodontal diagnosis to broaden the horizon of diagnostic criteria, also to shift the conventional paradigm from subjective
to objective methods of assessment.

The future holds promising possibilities for GCF as a perio-diagnostic tool that offers a non-invasive, efficient and easy to
use approach to sample biomarkers of inflammation and bone resorption in the oral cavity [81] and allow to differentiate
the active inflamed sites and predict future tissue destruction and to diagnose early signs of periodontitis.Furthermore, it
can also allow monitoring of this condition and prompt discovery of new biomarkers that will aid in the development of new
therapeutic approaches via host modulatory drugs for periodontal disease treatment leading to more
individualized,targeted treatments for oral health.

The major attraction of GCF as a diagnostic marker is the site-specific nature of the sample. This allows laboratory
investigations of GCF constituents to be linked to clinical assessments at the site of sample collection which may offer the
basis for patient-specific diagnostic tests for periodontal disease. Moreover, GCF as a diagnostic marker can indicate the
presence of a disease process before extensive clinical damage has occurred. Finally, the simplicity of its use along with a
level of reliability and low cost favors its use over other modalities.
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