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IntRoductIon
Periodontitis, is an immune inflammatory response which arises 
from the interaction between the periodontopathogenic bacteria 
and host [1]. The course of periodontal disease is marked by 
discontinuous pattern of disease activity and inactivity showing 
exacerbation and remission [2,3]. The traditional clinical 
assessment methods include attachment level, probing depth, 
bleeding on probing, radiographic assessment of alveolar bone 
loss, but they neither provide information on the measures of 
disease activity nor do they identify the individuals who are 
susceptible to future disease progression [4,3]  as the biologic 
phenotypes are not reflected properly in the clinical phenotype 
[1]. Biological phenotypes may then be taken into consideration 
which will be of help in assessing the burden of microbial and 
inflammatory load, which further affects the progression of 
periodontitis [5]. Earlier the disease is diagnosed, more likely it 
is to be cured successfully [6].

It is essential to know the biologic process for the development 
of new diagnostic tests which help in locating the sites with 
active disease and predicting future progression of disease. All 
this helps in evaluating  the patient’s  response to periodontal 
therapy [7]. Field of medicine commonly uses oral fluid–based 
POC diagnostics and lately  it is being employed as the 
potential ‘‘chairside’’ test for determination of oral diseases 
[8]. POC testing can be defined as testing performed close 
to the patient at the time care is required [9]. Development of 
microfluidic approaches and detection of biomarker molecules 
in the oral cavity using advanced techniques like PCR for 
RNA and DNA and ELISAs for proteins, makes oral-based 
POC methods for the diagnosis a reality [10]. Thus, POC 
diagnostic testing is about to revolutionize the periodontal 
diagnostics and the therapy. This review is an overview on the 
periodontal diagnosis and focuses on the POC diagnostics and 
its application in periodontics. For better understanding of the 
topic, various flow-diagrams have been used to explain the 
principle behind the use of each test kit.

need foR A PeRIodontAl dIAgnostIc 
IndIcAtoR
For any clinician, the greatest challenge is the identification 
of patients with high risk of active disease and also the active 
periodontal disease sites. There is great requirement for new 
research in the field of diagnosis that will help in the early 
recognition of the microbial challenge, presence of disease 
process, vulnerable sites for future breakdown and assess 
patient’s response [11].

The principles of these new diagnostic tests largely rely on the 
detection of the markers of disease activity. The term "markers 
of disease" basically consists of three separate categories; (1) 
indicators of current disease activity; (2) predictors of future 
disease progression; (3) predictors of initiation of future disease at 
a currently healthy site. It is also important to define "disease", so 
as to separate gingivitis from destructive periodontitis [12].

Biomarkers are quantifiable and measurable biologic parameters 
that serve as indicator for health and physiology-related 
assessments [13].  The biomarkers provide “signature” of the 
health state; they are found in the biological fluids such as blood, 
urine and more recently saliva [14]. It is rightly said that oral fluid is 
the mirror of periodontal health and it serves as medium to provide 
clinically relevant information since it contains biomarkers specific 
for periodontal diseases.  Some of the oral fluid biomarkers like 
proteins of host origin (e.g., enzymes and immunoglobulins), 
host cells (e.g., PMNs), bacteria as well as bacterial products, 
ions, hormones and volatile compounds have been studied for 
periodontal diagnosis [15].

A number of diagnostic tests relying on physical, chemical, 
microbiological and immunological methodologies have emerged 
in the last decade [16]. Because of the unpredictable pattern of 
disease and presence of risk factors associated with the disease. 
these tests should not only provide valuable information on the initial 
diagnosis but also helps in the long term maintenance of periodontal 
patients [17]. This innovation in diagnosis would ultimately be a 
boon for the clinical management of periodontal patients.
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AbstRAct
periodontal disease, one of the prevalent oral diseases, is 
characterized by gingival inflammation and periodontal tissue 
destruction. diagnosing this disease is challenging to the clinicians 
as the disease process is discontinuous and shows periods of 
exacerbation and remission. traditional diagnostic methods 
basically tells about the past tissue destruction so new diagnostic 
methods are required which is able to detect the active state of 
the disease, determine the future progression and also estimates 
the response to the therapy, thereby helping in the better clinical 

management of the patient. both saliva and Gingival crevicular 
fluid (GcF) are believed to be reliable medium to detect the 
biomarkers which plays a pivotal role in measuring the disease 
activity. keeping these observations in mind rapid chairside tests 
are developed to diagnose periodontal disease called as point of 
care (pOc) diagnostics which simplifies diagnosis and helps in 
improving the prognosis. this review article highlights about the 
biomarkers used in the diagnosis and throws light on the various 
available point of care diagnostic devices.
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Test Kits Functions

Oral fluid nanosensor test Detection of multiple salivary proteins and 
nucleic acids.

Electronic taste chips Simultaneously monitor several biomarkers 
related to periodontal disease

OraQuick Usually detects HIV 1 and HIV 2

Integrated microfluidic
platform for oral diagnostics

Quantification of an oral disease biomarker

[table/fig-2]: Commercially available point of care diagnostics.  

biochemical test [table/fig-2]
a. oral fluid nanosensor test: A new POC device to detect oral 
cancer in saliva was developed by the University of California, 
Los Angeles (UCLA) Collaborative Oral Fluid Diagnostic Research 
Laboratory, led by Dr. David Wong [23, 13]. This is an automated 
POC device that is designed for the electrochemical detection 
of multiple salivary proteins and nucleic acids. It is an ultra-
sensitive and  ultraspecific micro electromechanical system which 
simultaneously and precisely detects these proteins and nucleic 
acid. The product is Oral Fluid Nano Sensor Test (OFNASET). Four 
salivary mRNA biomarkers (SAT, ODZ, IL-8 and IL-1b) and two 
salivary proteomic biomarkers (thioredoxin and IL-8) in saliva are 
detected in this system [19]. The OFNASET is actually a screening 
device for detecting oral cancer [23]

b. electronic taste chips: Researchers at Rice University in 
Houston, Texas, are developing a lab-on-a-chip system, which 
will differentiate between healthy and periodontally diseased 
individuals based on the CRP levels [19]. This  microchip based 
detection system is used for measuring analytes (acids, bases, 
electrolytes and proteins) in solution phase. This novel system 
is called an Electronic Taste Chip (ETC).  On the interior regions 
of the microspheres, sensor array platform is placed where 
all the chemical and immunological reactions are performed. 
These microspheres are located on the inverted pyramidal 
microchambers of microchip. A Charge-Coupled Device (CCD) 
video chip visualizes and captures the various optical signals 
generated by the reactions on the microspheres. The ETC system 
has the advantage over the ELISA in having porous beads, which 
allows greater number of antibody molecules to capture and 
thus detect, CRP at extremely low concentrations.  In ELISA, 
antigen–antibody interactions are generated on a single layer at 
the bottom of the well [24].

c. oraQuick: To expedite screening and accurately diagnose HIV 
infection, rapid POC HIV tests have been developed [25]. which 
provides results in 20 minutes. The fluid to be diagnosed is mixed 
in a vial with developing solution and the results are displayed on 
a testing device. It is a stick-like device with a fabric swab on one 
end which is inserted into a tube of testing fluid [19]. OraQuick® 
is the first FDA-approved oral swab in-home test for HIV-1 and 
HIV-2.

d. Integrated microfluidic platform for oral diagnostics 
(IMPod): IMPOD, a POC diagnostic test, helps in the rapid 
quantification of salivary biomarkers related to oral disease. 
It facilitates hands-free saliva analysis by integrating sample 
pretreatment with electrophoretic immunoassays to quickly 
measure analyte concentrations in minimally pretreated saliva 
samples. Rapid measurement of levels of the collagen cleaving 
enzyme MMP-8 in saliva from healthy and periodontally diseased 
subjects can be achieved. The hand-held IMPOD has been used 
to rapidly (3–10 minutes) measure the concentrations of MMP-8 
and other biomarkers in small amounts (10 ml) of saliva [19].

Microbiological test
a. My PerioPath: My PerioPath detects the pathogens causing 
periodontal disease in saliva samples. This test uses DNA 
polymerase chain reaction to detect the type and concentration 

PoInt of cARe dIAgnostIcs
High specificity and sensitivity are essential requirements of a good 
diagnostic marker which could be used chairside or in a home use 
device. The widespread use, simplicity, level of reliability and relative 
low cost of a home-used pregnancy test is the path to follow in 
periodontics [18].

New technologies like ‘lab-on-a-chip’ and microfluidic devices 
have emerged as a great hope in managing oral fluids such 
as saliva and gingival crevicular fluid and they also determine  
patient’s periodontal disease-risk profile, current disease activity 
and response to therapeutic interventions. This approach in 
turn proves to be useful in a chronic infectious disease such 
as periodontitis in terms of monitoring of episodic nature of 
this disease and in making clinical decision [11]. The various 
vehicles used for assessing periodontal disease activity are saliva, 
serum, GCF but because saliva and GCF are fluids that can be 
collected with ease and are rich in locally and systemically derived 
markers of periodontal disease, these hold a great potential for 
the assessment of patient-specific biomarker in the diagnosis of 
periodontitis and other systemic diseases[7].

saliva
Saliva is a biofluid which is readily accessible and can be collected by 
totally non-invasive method. Variety of substances may enter saliva 
from the blood by passing through cells by passive diffusion and active 
transport, or by extracellular ultrafiltration inside the salivary glands or via 
the gingival sulcus [Table/Fig-1]. So, most compounds found in blood 
are also present in saliva. Saliva is a very useful and easily accessible 
body fluid which can be used to monitor oral and systemic health [13].

 [table/fig-1]: Table Demonstrating the biomarkers present in saliva.

Markers of periodontal 
soft tissue inflammation

Markers of alveolar 
bone loss

Collagen breakdown 
products

Prostaglandin E2 Alkaline phosphatase Aspartate 
aminotransferase

β-glucuronidase Osteoprotegerin Alanine aminotransferase

IL-1β Osteocalcin TIMPs

IL-6 Collagen telopeptidase MMPs

Tumor necrosis factor-α Pyridinoline cross-links of 
type I collagen

α2-macroglobulin

Matrix Metalloproteinase 
(MMP-8,9 and 13)

RANKL

Osteonectin

Whole saliva of patient with oral diseases is rich in various mediators 
of chronic inflammation and tissue destruction [11].  More than 
1,000 proteins have been detected in saliva as biomarkers [19].  
With the detection of small quantities of salivary components like 
proteins and messenger RNA (mRNA), salivary diagnostics is 
currently one of the most promising areas of research in dentistry. 
[20,21]

Use of saliva in point of care diagnostics: Saliva offers 
many advantages as it is readily available, contains a rich array of 
diagnostic biomarker molecule, non-invasive method of sampling 
and ability to obtain rapid and reliable results [Table/Fig-2]. Saliva 
has also proved to be beneficial as compared to blood because 
it is easy to handle saliva as it does not clot and also chances of 
accidental transmission of infectious disease during its collection 
is less than blood samples. [19] However, one of the major 
limitations of using saliva is that as compared to saliva and serum 
the informative analytes generally are present in lower amount 
therefore, assays need to be highly sensitive [22]. The origin of 
saliva determines its composition and is influenced by various 
environmental and psychological stimuli. Thus, qualitative analysis 
of saliva markers can be reliably achieved but to quantify these 
markers is the real problem. Apart from these, presence of mucins 
and cell debris makes saliva a challenging fluid to work with.
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of bacteria present in the salivary sample [26].

b. omnigene: OmniGene Diagnostics, Inc. are species specific 
DNA probes to identify eight pathogens which are known 
to cause periodontal disease, (Porphyromonas gingivalis, 
Prevotella intermedia, Aggregatibacter actinomycetem-comitans, 
Fusobacterium nucleatum, Eikenella corrodens, Campylobacter 
rectus, Bacteroides forsythus and Treponema denticola). The 
advantage of using these test kits is that the results are available 
in short period of time and can be mailed or faxed to the clinician 
[27].

This is a microbiological test which detects microrganisms 
causing periodontitis like A. actinomycetemcomitans, P. 
gingivalis, T. forsythia and T. denticola using RNA probes in the 
sample collected. [26]

genetic test
a. MyperioId: MyPerioID identifies the genetic susceptibility of the 
patient to periodontal diseases by using salivary samples which 
are shipped to the laboratory for the results. These test plays role 
in evaluating the patients which are at higher risk of periodontal 
destruction [26].

gingival crevicular fluid (gcf)
GCF, is a body fluid derived from serum, leukocytes and cells of 
the periodontium and oral microflora [28].  Its composition is the 
result of the interplay between the bacterial biofilm and the cells 
of the periodontal tissues [29]. The specific composition of GCF 
is the biochemical indicator of the locally produced changes in 
metabolism, thus determining the periodontal status of the individual. 
Since host response is a critical determinant in periodontal disease 
pathogenesis, inflammatory mediator levels in the GCF can be used 
to evaluate ‘risk’: risk for a tooth, or more precisely a site where clinical 
attachment and alveolar bone may be lost, or risk for an individual to 
develop periodontal disease [29]. GCF contains a variety of potential 

markers derived from host and bacteria from supragingival and 
subgingival plaque thus, offering a wide array of candidate makers 
for detection of periodontal disease activity [Table/Fig-3].

The gingival fluid is potential medium for the detection of early changes 
which could indicate the onset of disease. [18] According to Zia A et 
al., more than 65 chemicals of GCF have been considered as future 
markers of prognosis of various disease of periodontium [30].

These biomarkers can be further divided into 5 groups: i) Inflammatory 
and immune products ii) Bacterial enzymes iii) Host derived enzymes 
iv) Tissue breakdown products and v) Bone specific proteins.

use of gcf in point of care diagnostics: GCF can be frequently 
used for biomarkers as it easily obtained from the oral cavity.  Chapple 
I stated the advantages of using GCF: "The biomarkers found in 
GCF indicate the presence or absence of periodontal pathogens, 
gingival and periodontal inflammation, the host inflammatory-immune 
response to specific pathogenic species and host tissue destruction". 
The disadvantages of using GCF are that it requires multiple samples 
of individual tooth sites and extensive laboratory processing, thereby 
making it expensive and time consuming [31].

Although, GCF has several diagnostic advantages because of the 
appearance of inflammatory mediators and tissue-destructive molecules 
in it, the procedure of collection and analysis makes it difficult to be 
used as a chairside diagnostic medium [Table/Fig-4]. GCF collection 
is laborious and technically demanding requiring special equipment for 
calibrating and measuring fluid volumes. There is also a possibility of 
GCF being contaminated with blood, saliva, or plaque [25].

Test Kits Enzymes

Periogard AST

Pocket watch AST

Periocheck Collagenase (neutral protease)

Prognostik (Dentsply), Biolise Elastase (serine protease)

MMP dipstick method MMP

[table/fig-4]: Commercially available kits using GCF for detecting host derived 
enzymes.

biochemical test
a. Periogard: Aspartate aminotransferase (AST) which is released 
on cell death is the main enzyme that is detected by PerioGard 
[Table/Fig-5]. In periodontal diseases due to cell death there 
is elevated AST levels which act as a positive marker in active 
locations [32,33]. The test contains two wells for each for tooth and 
the chemicals [34.]

But in practice, PerioGard assay is a relatively complex process which 
involves numerous steps and has difficulty in color measurement.

b. Pocket watch: The Pocket watch is a chairside test for analyzing 
AST levels [35].

Principle: AST acts as catalyst in the exchange of an amino group of 
cysteine sulfuric acid by α- keto- gluteric acid to produce β-sulfinyl 
pyruvate in the presence of pyridoxal phosphate. Inorganic sulphite is 
released by the spontaneous decomposition of glutamate β-sulfinyl 

[table/fig-5]: Principle of Periogard.

Inflammatory 
and immune 

products

Bacterial 
proteases

Host derived 
enzymes

Tissue 
breakdown
products

Bone specific 
proteins

Prostaglandin 
E2 (PGE2)

Alkaline 
phosphatase

Alkaline 
phosphatase

Glycosamin
oglycan

Pyridinium 
crosslink urine 
pyridinoline

Cytokines Aminopepti
dases

β-Glucuroni
dase 

Hyaluronic 
acid

Pyridinium 
cross-link 
collagen 
peptide 
fragment

Antibacterial 
antibodies

Chondroitin 
sulphatase

Elastase Chondroitin-
4-sulfate

Tartrate-
resistant acid 
phosphatase

Acute phase 
proteins

Collagenase Cathepsins Chondroitin-
6-sulfate

Hydroxyproline

Complement Fibrinolysin Serine prote
ase (G)

Dermatan 
sulfate

Galactosyl 
hydroxylysine

Vasoactive 
intestinal

Glucosidases Nonspecific
neutral

Hydroxyp
roline

Glycosaminog
lycans

Peptide proteinases

Neurokinin a Hemolysin Matrix 
metalloprote
inase-l,3,8,13

Fibronectin 
fragments

Osteonectin 
and bone 
phosphop
rotein

Neopterin Hyaluronidase Aspartate 
amino 
transferase

Connective
tissue and 
bone proteins

osteocalcin

Platelet 
-activating 
factor

Phospholi
pase

Myeloperoxi
dases

Type I 
collagen 
peptides

Hydroxy
proline

Lactate 
dehydroge
nase

Polypeptide
growth factor

[table/fig-3]: Biomarkers in gingival crevicular fluid.
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pyruvate. The sulfite ion thus produced reacts with Malachite Green 
(MG), which converts a green dye to its colorless form, thereby 
showing the pink–colored rhodamine B dye. 

The AST concentration can be assessed though the rate of 
conversion of MG. 

c. Periocheck: Periocheck is a Food and Drug Administration 
(FDA) approved product [Table/Fig-6] [36].

[table/fig-6]: Principle of Periocheck.

Periocheck is the most rapid chairside test for detecting neutral 
proteases in GCF like elastases, proteinases and collagenase, still 
it suffers from certain drawbacks like interproximal sites cannot be 
sampled due to saliva contamination,  test is not specific for PMNL 
collagenase and may include enzymes of bacterial origin.

d. Prognostik: Prognostik, developed in the year 1993, measures 
the levels of MMPs such as the elastases in the GCF [Table/Fig-7].

[table/fig-7]: Principle of Prognostik.  

Active disease sites produce an elevated elastases level in the GCF as 
released from the lysosomes of polymorphonuclear leucocytes [37]. 
However, further clinical trials are required to establish relationship 
between elastase levels in GCF and periodontal disease activity.

e. MMP dipstick test: MMPs are host-derived proteinases which 
plays a major role in periodontitis and dental peri-implant health 
and diseases. This forms the basis for the development of both 
qualitative and quantitative chairside POC technologies which 
will help in the rapid detection of pathologically elevated levels of 
MMP-8 in oral fluids and serum. Monoclonal antibodies for MMP-8 
are being utilized in chairside POC immunotests for oral fluid and 
serum MMP-8 analysis. The MMP-8 stick-test can differentiate 
healthy gingiva and gingivitis sites from periodontitis sites and 
the results obtained correlates with that of quantitative laboratory 
Immunofluorometric Assay (IFMA) [38].

Microbial test KIts
A plethora of research activity had explored the role of plaque as 
a possible medium for detecting the periopathogens which is an 
important aspect in the diagnosis and treatment of periodontal 
diseases [Table/Fig-8] [7]. Considerable newer developments have 
occurred in methods of detecting periodontopathogens in plaque 
samples [Table/Fig-9].

[table/fig-8]: Biomarkers present in dental biofilm.

Markers present in dental biofilm

Specific Non-specific Systemic

Mucins

Lysozyme

Immunoglobulins
(IgA, IgG and IgM)

Lactoferrin C-Reactive Protein

Histatin

Peroxidase

a. Perioscan (bAnA): P. gingivalis, T. denticola, T. forsythia 
and some Capnocytophaga strains produce bacterial trypsin-like 
proteases in the dental plaque which can be detected by Perioscan 
[Table/Fig-10] [39,40].

[table/fig-9]: Other commercially available kits for detecting bacterial protease.

Test kits Bacteria and their products

Perioscan (BANA test)
Oral B lab

Trypsin like protease

Evalusite (Kodak) P. gingivalis, P. intermedia, A. actino-
mycetemcomitans

Perioscan/ Diamond probe/Probe 2000 
system

For volatile sulphur compounds

TOPAS Bacterial toxins and protease

 

[table/fig-10]: Principle of Perioscan.

The major drawbacks of this test being that it cannot identify the 
pathogens which produces non-trypsin like enzymes and its inability 
to differentiate the specific bacteria amongst the three producing 
these enzymes.

b. evalusite: Three putative periodontopathogens (Aa, Pg and Pi) 
can be detected using membrane-based enzyme immunoassay, 
Evalusite [Table/Fig-11].

[table/fig-11]: Principle of Evalusite.

Subjective assessment of the color is one of the major disadvantages 
of this test. Also, this assumption that the three bacteria detected 
are the only disease causing organisms limits its use [41].

c. Perio 2000: Degradation of serum proteins (cysteine and 
methionine) leads to Volatile Sulphide Compounds (VSCs) 
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production by microorganisms like P. gingivalis, P. intermedia 
and T. forsythia. Evaluations of VSCs are indicative of subgingival 
microbial load as it plays role in degrading periodontal structures 
aggravating periodontitis. Perio 2000 system displays the sulphide 
level digitally at each site. Sterile wash solution is used to hydrate the 
tip then at peak or hold operational mode it is inserted subgingivally. 
After obtaining the reading, the tip is washed and reinserted in other 
subgingival site.

d. toxicity Prescreening Assay (toPAs): TOPAS is a chairside 
test kit for indirectly detecting bacterial toxins and bacterial proteins 
which are one of the markers for the presence of gingival infection. 
The principle behind this test relies on the detection of actively 
dividing and growing pathogens which can be assessed through the 
metabolic activity of these organisms in the crevicular fluid. This test 
can be used to know difference between an active and an inactive 
periodontal disease as indicated by the change in the color intensity 
scale of the test based on the fact that metabolic activity increases 
as the concentrations of these toxins increases [42].

genetic test
The Periodontitis Susceptibility Trait test (PST) is the test which 
identifies the genetic predisposition of the patient for periodontitis 
by detecting the polymorphism in IL-1 gene. Polymorphism in two 
positions of IL-1 i.e position -889 and + 3953 has been associated 
with periodontal disease [27]. 

AdvAntAges of PoInt of cARe
POC testing eliminates the need to draw blood and  reduces the 
cost and inventory associated with sample shipping and handling to 
a centralized laboratory [19] thereby, reducing the total time involved 
and improves the quality of care delivered by allowing treatment to 
begin immediately. Periodontal oral POC diagnostic devices requires 
less training and fewer resources than current diagnostic tests, 
proving to be more effective, thereby enabling screening of large 
populations quickly. The benefit of screening various population is 
the identifying at-risk groups more effectively and increasing the 
access to treatment [11].

dIsAdvAntAges of PoInt of cARe 
dIAgnostIcs
The use of POC diagnostics in the periodontal surveillance looks 
promising; however in the clinical setting, these approaches suffer 
from various obstacles. These new periodontal diagnostics needs 
to be validated and benchmarked with existing methods of disease 
evaluation (alveolar bone levels and clinical attachment levels). 
Acceptance of such methods by dentists and treatment clinicians is 
imperative and may prove to be difficult. 

Another issue to be addressed is the cost effectiveness of the 
procedure. Clinician needs to be abreast with the knowledge of 
diagnosis, disease risk and its prevention before diagnostics may 
be integrated into routine clinical periodontal practice [11].

Al, the above describes oral tests has been summarised in [Table/
Fig-12].

AdvAnces In PoInt of cARe 
dIAgnostIcs-lAb-on-chIP devIces
A newer generation of POC technology called lab-on-a-chip is 
under the process of development [19]. This is basically a device 
which integrates and automates all the complexities of a laboratory 
procedure into a chip of a size of computer chip [36]. This technology 
seeks to measure multiple biomarkers in a small saliva sample 
[23,36].

conclusIon
An accurate initial diagnosis is a cornerstone for the success of 
any periodontal treatment, existing diagnostic methods suffices 

the purpose but it is desirable to assess the “active disease sites”. 
With the advent of new commercially available chairside test kits 

[Table/Fig-7] which uses host and bacterial markers of periodontal 
disease monitoring of specific sites is now possible. Great amount 
of research activity is being undertaken to investigate the role of 
oral fluids as a medium for diagnostic purposes in various fields. 
Although, challenges remain ahead, the use of saliva and GCF based 
oral fluid diagnostics are promising in the diagnosis of periodontal 
diseases and predicting periodontal treatment outcomes. Although, 
challenges remain ahead, the use of saliva and GCF based oral fluid 
diagnostics are promising in the diagnosis of periodontal diseases 
and predicting periodontal treatment outcomes.
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