
Indian Journal of Dental Sciences. 
October 2013 Supplementary Issue
Issue:4, Vol.:5
All rights are reserved

www.ijds.in
Original Article

of Dental Sciences
Indian Journal 

E ISSN NO. 2231-2293            P ISSN NO. 0976-4003

1 Harshaminder Kaur
2 Sachin Jindal
3 SM Manjunath
4 Hemant Garg

Introduction
Oral cavity is colonized by a variety of 
m i c r o o r g a n i s m s .  W h e n  t h e s e  
microorganisms adhere to the surface of 
tooth and grow in the prevailing 
environment they form bacterial biofilms 
which are considered to be the primary 
etiological factor for the initiation and 

[1],[2]progression of periodontal disease.

Dental calculus is formed by the 
[3]calcification of plaque.  Plaque is 

composed of organic, inorganic materials 
derived from saliva, gingival crevicular 
fluid and bacterial products. Since 
calculus is a calcified deposit, it has been 
stated that dental calculus itself is not 
harmful, its presence in association with 
dental plaque may influence the severity 

[4]and progression of periodontal disease.  
Mineralization of calculus has been 
shown to be highly variable, containing a 

[5]variety of crystalline forms.  In heavy 
calculus formers, 40-65 % mineralization 
can be found in plaque formed during a 3-
14 day period while mature calculus may 

019©Indian Journal of Dental Sciences. (October 2013 Supplementary Issue, Issue:4, Vol.:5) All rights are reserved.

1 Professor And Head
2 PG Student Student
3 Professor
  Dept. Of Oral Pathology
4 Reader
  Dept. Of Orthodontic - MMCDSR, Mullana

Identification Of Viable Bacteria In Dental 

Calculus Using Fluorescent And Dark Field 

Microscopy.

Address For Correspondence:
Dr. Harshaminder Kaur
Professor and Head,
Dept. of Oral and Maxillofacial Pathology,
M.M College of Dental Sciences and Research,
Mullana, Haryana
Email : ginniekaur@gmail.com
GSM : 09896219197

st Submission : 1 September 2012
th Accepted : 20 July 2013

Quick Response Code

Abstract
Background: Dental calculus is a form of calcification in the oral cavity, assembled through 
interaction with dental plaque which is a community of microorganisms found on the tooth 
surface. Studies have stated that once the plaque matures to form dental calculus, bacteria 
residing within channels and lacunae are killed, but still the inflammatory process is going on 
within the soft tissues. Therefore, the present study was conducted to identify thethe presence or 
absence of viable bacteria within dental calculus.
Materials and Methods: Supragingival and subgingival calculus were harvested from 30 
subjects having the clinical evidence of chronic inflammatory periodontal disease. Harvested 
calculus samples were placed immediately in sterile saline and crushed aseptically between two 
sterile slides and examined using grams stain, fluorescent microsopy using acridine orange and 
dark field microscopy.
Results: Gram staining revealed the presence of gram –ve bacteria in the form rod shaped 
bacilli, cocci and filamentous bacteria either singly or in groups within the sample. Acridine 
orange fluorescent stain showed the presence of viable bacteria which formed 40% of all the 
microorganisms and dark field microscopic examination revealed the presence of motile bacteria 
within the sample.
Conclusion: From the result it appears that bacteria are present within dental calculus, 
specifically within the channels and lacunae. Thus, calculus may serve as a reservoir of viable 
micro organisms and play a crucial role in the etiology and recurrence of oral infections even after 
treatment.

Key Words
Calculus, Acridine Orange, Gram Stain, Dark Field Microscopy

contain up to 80 % mineral and 20 % of 
[ 3 ]organ ic  ma t r ix .  I t  has  been  

demonstrated that the environment 
within the biofilms is able to support 
viable bacterial communities through 
molecular diffusion of nutrients through 
channels. Possibility therefore exists that 
a favorable environment for oral bacteria 
may be found within the dental calculus 
and that such bacteria may remain viable 
for some time making calculus a possible 

[6]source of infection.  Various techniques 
have been used to demonstrate the 
viability of bacteria including bacterial 
culture, fluorescent microscopy and 

[4]confocal laser scanning microscopy.  
The aim of the present study, thus, was to 
investigate the viability of bacteria within 
dental calculus using fluorescent and 
dark field microscopy.

Material and Methods
30 subjects in the age group of 35-50 
years with clinical evidence of chronic 
inflammatory periodontal disease were 
selected. Supra and subgingival calculus 

were harvested from these subjects. 
Patients with the history of any systemic 
disease or having undergone any 
antimicrobial therapy for at least past six 
months; oral prophylaxis for at least six 
months prior to harvesting the sample; 
pregnant, lactating women; and those 
individual with salivary gland disease 
and xerostomia were excluded from the 
study. 

Care was taken to obtain large single 
pieces and to maintain the integrity of the 
calculus sample. Harvested sample was 
placed in sterile saline. The calculus 
sample was then crushed aseptically 
between two sterile slides and was then 
divided into three groups for gram 
staining, fluorescent and dark field 
microscopy.

Gram staining: One part of crushed 
sample was stained with gram stain and 
viewed using bright field microscopy at 
100× oil objective to view the presence of 
gram positive and gram negative 
bacteria.
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and exudates using gram stain and 
acridine orange staining techniques. 
Overall, acridine orange was found to be 
slightly more sensitive than the gram 
stain with acridine orange showing 
59.9% sensitivity and gram stain 
showing 55.8% but both the stains 
showed a similar specificity in detecting 

[10]microorganisms.  In the present study, 
acridine orange staining technique 
revealed viable green fluorescing 
bacteria which formed 40% of the total 
microflora of the sample. Nonviable 
bacteria were stained red. Acridine 
orange stain has marked affinity for the 
nucleic acids and stains both viable and 
non-viable bacteria. When the sample 
were stained DNA component of the 

[2]organisms appeared green.  As acridine 
orange stain is applied to calculus 
sample, it binds with the nucleic acid 
component, DNA, of the bacteria. On 
fluorescent microscopy acridine orange-
DNA complex absorbs incoming 
radiation and affects the wavelength of 
emitted radiation, because of the ring 
structure of acridine orange and the 
abnormal chemistry of these complexes. 
This makes the acridine orange-DNA 
complex to show green fluorescence in 

[10]viable bacteria.  As viable bacteria 
become non-viable, DNA gets denatured 
resulting in increased acridine orange 
inter-chelating with the phosphate-sugar 

[11]backbone of DNA.  This lead to change 
in fluorescence form green to red in non-

[12],[13]viable bacteria.

Earlier studies have tried to demonstrate 
bacterial viability within the calculus 

[2]sample using bacterial cultures.  
[14]Sidaway DA in (1978)  reported 

successful bacterial cultures from the 
supragingival and subgingival calculus 
sample but also found that some 
microorganisms are difficult to culture 
but can be easily accessed by dark field 
microscopy as it shows the presence and 
motility of filamentous organisms, 
spirochetes and short bacilli thus 
confirming their viability. Presence of 
motile spirochete, filaments and other 
bacilli in dark field microscope in the 
present study also indicates that some of 
bacteria in the calculus remain viable.

Conclusion
This study provides strong evidence 
indicating that viable micro organisms 
are contained within the calculus 
probably within the lacunae and 
channels. Vital bacteria in calculus may 

cavity. Few techniques have been used in 
previous studies to distinguish between 
viable and nonviable bacteria in 

[4]biofilms.  Gram stain is used mainly to 
visualize bacteria and also study the 
morphological characteristics of all 

[9]microorganisms.  In present study no 
gram-positive organisms were seen, only 
gram-negative bacilli, cocci and 
filamentous organisms were noticed.

Acridine orange, a fluorochrome stain, is 
potentially superior to the Gram stain in 
the direct microscopic examination of 
clinical specimens because it a gives 
striking differential staining between 
bacteria and background cells and debris. 
Lauer assessed its value in clinical 
laboratories by testing 209 cerebrospinal 
fluids and 288 other body fluids, tissues, 

Fluorescent microscopy: To the second 
part of sample, 0.01% acridine orange 
stain was added and mixed gently with a 
sterile loop on a slide. A cover slip was 
placed over the mix. The stained sample 
was examined using fluorescent 
microscopy at 40× objective with filter 
3A 380-460nm and then at 100x.

Dark field microscopy: The third part of 
crushed sample was mixed with a drop of 
saline and cover slipped. The preparation 
was observed using dark f ield 
microscopy at 40x objective and then at 
100x.

Nikon Eclipse 80i research microscope 
was used for all three types of 
microscopy.

Results
Gram staining was used to visualize and 
determine the morphology of bacteria. 
Gram-negative bacteria formed 40% of 
all microflora in the form of rod shape 
bacilli and gram-negative cocci formed 
30%. The remaining 30% include 
filamentous microorganisms occur 
singly or in groups within the sample 
(Fig. 1). No gram-positve micro 
organisms were seen. Using acridine 
orange fluorescent stain viable bacteria 
showed green fluorescence while non-
viable bacteria appeared red (Fig. 2). The 
viable bacteria formed 40% of all 
microorganisms in the sample. Dark field 
microscopy examination revealed the 
presence of motile fi lamentous 
organisms, spirochetes and motile short 
bacilli indicating the viability of these 
microorganisms (Fig. 3).

Discussion
Micro radiographic and electron 
microscopic studies of formed calculus 
h a v e  s h o w n  t h a t  v a r i e t y  o f  
morphologically different micro 
organisms both gram-positive and gram-
negative species become calcified when 
immersed in a calcium phosphate 

[7]solution.  Although there are reports in 
the literature implying that calculus may 
be essentially mineralized dead organic 
material, it has been shown that 
calcifications can occur in a culture of 
live bacterial colonies. Therefore, it is 
possible that some microorganisms may 
readily calcify while other may not, 
leading to the creation of pockets of non-
mineralized bacteria within calcified 

[8]plaque sample.  Thus, calculus may act 
as a major source of infection in the oral 

Fig.1: Gram staining showing Gram negative cocci, bacilli 
and filamentous bacteria

Fig.2: Acridine orange staining showing green colored 
appearance of bacteria

Fig.3: Dark field microscopic showing presence of motile 
spirochetes and filamentous organisms.
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14. Sidaway DA. A microbiological 
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release toxic antigenic metabolites, 
which may leach out of this calcified 
mass and initiate inflammatory responses 
into the soft tissues. Thus, calculus may 
serve as a reservoir of viable micro 
organisms and play a crucial role in the 
etiology and recurrence of oral infections 
even after treatment.
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