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PART B – TECHNICAL DETAILS 

1 Title of the dissertation

  

An In Vitro Study comparing the antimicrobial efficacy 

of Clindamycin, Linezolid and Calcium hydroxide as 

root canal medicaments on tubular infection   against 

Enterococcus faecalis biofilm. 

 



2 Introduction  

A. Problem statement Microorganisms cause infection of the dental pulp and 

root canal as a sequel to dental caries, trauma, and 

operative dental procedures. Although chemo 

mechanical preparation has an important cleaning effect, 

it cannot eliminate all the bacteria from the root canal 

system. The remaining bacteria may multiply during the 

period between appointments, often reaching the same 

level that it was at the start of the previous session, in 

cases where the canal is not dressed with a disinfectant 

between visits. The relationship between periapical 

inflammation and bacterial infection is well 

established.[1] Although multiple factors contribute to 

endodontic failures, the literature suggests that persistent 

intra radicular or secondary infections are the major 

causes of failed root canal treatment. Studies have shown 

that the root canal microbiota of teeth with failed 

endodontic treatment differs from that normally found in 

untreated   teeth. Enterococcus faecalis (EF) is   a   

facultative   gram- positive   cocci   and   is   the   one of 

the most resistant microorganisms found in the root canal 

microbiota. Although this microorganism makes up a 

small percentage of the root canal flora, it may be 

favored by ecological changes and establish infections 

that are difficult to treat. 



Enterococcus faecalis was chosen as the test organism in 

this study because it is one of the most common 

microorganism recovered from root canals of previously 

root-filled teeth with persistent periapical pathology. The 

implication of Enterococcus faecalis in endodontic 

treatment failure is due to its resistance to the highly 

alkaline environment produced by calcium hydroxide 

and the ability to invade dentinal tubules under stressed 

conditions are indicative that any method of eradicating 

this species would be beneficial to endodontic 

treatment.[1] 

 

B. Rationale The success rate of endodontic treatment can be at least 

26% higher if the root canal is free of bacteria. Bacteria 

in dentinal tubules, root canal ramifications, isthmuses, 

and apical deltas are not accessible by using mechanical 

tools and may survive and rapidly increase in number.  

Therefore, Intracanal medicament are essential to 

complete disinfection of the root canal space. Calcium 

hydroxide plays an important role in endodontics 

through its versatile action like inducing tissue 

formation, exerting antibacterial action, and interrupting 

the nutrient supply to remaining bacteria.[5]Various 

studies have shown that Enterococcus faecalis resists the 

highly alkaline environment produced by the calcium 

hydroxide dressing. [4] Hence, an alternative medicament 



for eradicating E.faecalis from root canals is required to 

achieve successful treatment. [4] Linezolid (LZ) has   

wide spectrum of activity against Gram-positive   

organisms. LZ is a synthetic antibiotic belonging to a 

new class of antimicrobials called the oxazolidinones. 

Linezolid   disrupts bacterial growth by inhibiting the 

initiation process in protein synthesis.[4] Clindamycin   

possesses excellent antibacterial efficacy against 

anaerobic bacteria in the root canal and   is effective 

against a comprehensive spectrum of microbes 

associated with endodontic infections.[3] Hence ,there is 

need to compare the antimicrobial efficacy of Calcium 

hydroxide with other intracanal medicaments like 

Clindamycin and Linezolid.  

C. Novelty  No study in the literature has been reported on 

comparing the antimicrobial efficacy among   

Linezolid(0.33g/ml), clindamycin(20mg/ml) and 

calcium hydroxide against Enterococcus faecalis 

biofilm. 

D. Expected outcome and 

application 

Widely extended use of calcium hydroxide is reasonable. 

Despite, its good physical, biological and 

pharmaceutical properties, Calcium hydroxide cannot 

completely eradicate resilient intracanal microorganisms  

such as Enterococcus faecalis. Hence it leads to the 

exploration of newer intracanal medicaments like 

Clindamycin and Linezolid which are expected to 



provide favorable antibacterial efficacy when compared 

with Calcium hydroxide. 

3 Research question(s) Is there any significant difference of Linezolid 

,Clindamycin and Calcium hydroxide as intracanal 

medicament among themselves based on their 

antimicrobial efficacy   on tubular infection against 

Enterococcus faecalis? 

4 Research hypothesis (es), if any Null hypothesis assumed no statistical significant 

difference in the antimicrobial efficacy of Linezolid , 

Clindamycin and Calcium hydroxide against 

Enterococcus faecalis. 
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Objectives of the Study: 

A. Primary objective(s) 

 

 

 

 

B. Secondary objective(s) 

 

 

• To   evaluate  the antimicrobial   efficacy of 

Linezolid, Clindamycin and Calcium hydroxide 

as intracanal medicament on  Enterococcus 

faecalis biofilm. 

 

• To compare the antimicrobial   efficacy among 

Linezolid, Clindamycin and Calcium hydroxide 

as intracanal medicament on Enterococcus 

faecalis biofilm. 

6 1. Review of literature 1. A study was done to compare the antibacterial effect 

of 2% clindamycin and 2% and 100% concentration 

of triple antibiotic paste (TAP) on an Enterococcus 

faecalis biofilm. Dentinal tubules of 100 root 



specimens were infected and randomly assigned to 

five groups. A total of 1000 mg mL1 of TAP, 20 mg 

mL-1 of TAP and clindamycin, calcium hydroxide or 

methylcellulose (control) were placed in the root 

canal for 1 week. After treatment, dentine shavings 

were collected from 200 and 400 µm dentine depth 

and the number of colony-forming units (CFU) per 

mg was determined. Reduction in viable bacteria in 

first three groups was significantly better than 

calcium hydroxide and control groups. However, the 

antimicrobial effectiveness among these three groups 

was not significantly different from each other. There 

was no significant difference between data at 200 and 

400µm in all groups except the Ca (OH)2 group. The 

antibiofilm effect of clindamycin was comparable 

with TAP, so it may be used instead of TAP [6] 

 

2.  This study was done to evaluate the efficacy of 

calcium hydroxide (CH), Vitapex (VP), linezolid 

(LZ), a combination of LZ with CH (LC), and a 

control group (N, no medicament) against 

Enterococcus faecalis (EF). Human single-rooted 

premolars were instrumented up to ProTaper size F3 

files. EF suspension was inoculated into each 

specimen and incubated. The medicaments were 

syringed into each root by weight and incubated. 



After 72 hours, 6 samples per group (among the 5 

groups) were retrieved. A hole was drilled on each 

root, and the dentinal shavings obtained were 

allowed to fall in brain-heart infusion (BHI) broth. 

Dilutions from the broth were plated and spread over 

BHI agar and blood agar. Colony-forming units 

(CFU) of EF were measured from BHI agar. The 

procedure was repeated after 8 days and 14 days.  In 

each group  the mean CFU  after 72 hours, 8 days, 

and 14 days were counted.  LZ was found to be most 

effective on EF, followed by LC, CH, and VP.[7]  

 

3. A study was done to evaluate and compare the 

antibacterial effect of clindamycin and tetracycline 

in bovine dentinal tubules.  Dentinal tubules of 32 

cylindrical bovine root specimens were infected with 

Streptococcus sanguis N1. Clindamycin 2% or 

tetracycline 2% (Ledermix) was placed in the root 

canal for 1 week. To check for the presence of vital 

bacteria by using International Standards 

Organization No. 25 to No. 31 burs   the powder 

dentin samples were obtained from   the canal lumina 

were examined after the inoculation of brain-heart 

infusion plates and the colony forming units were 

counted. The potent effect of the medicaments was 

also evaluated through the use of the agar diffusion 



test. As a result heavy bacterial infection was 

observed in the   bovine root specimens at the layer 

close to the lumen. This decreased rapidly from layer 

to layer up to the deepest layer tested (300-400 m), 

which contained several hundred colony-forming 

units. Clindamycin significantly reduced the amount 

of viable bacteria in each dentin layer compared with 

the positive control and tetracycline (P .01). The agar 

diffusion test, wherein dilutions in increments of 1 3 

and 1 9 were used, revealed that both medicaments 

had antibacterial activity, but clindamycin was 

significantly better. In the 1/27 dilution, clindamycin 

had a minor effect and tetracycline had no effect at 

all. Under the experimental conditions used in this 

study, the commercial preparations of clindamycin 

were more effective than those of tetracycline 

(Ledermix) in the agar diffusion test and clindamycin 

penetrated into dentinal tubules up to 400 m. Thus, it 

has the potential to serve as an effective intracanal 

medicament in persistent infections when other 

medicaments fail[3] 

 

4. The study   was done to evaluate and compare the 

antimicrobial efficacy of an oxazolidinone (linezolid 

[LZ]), Lantibiotic (nisin), and calcium hydroxide 

against Enterococcus faecalis biofilm formed on 



tooth substrate after 2 and 7 days. Single rooted 

human mandibular premolars were decoronated, 

biomechanically prepared, and vertically sectioned 

along the midsagittal plane to obtain a standardized 

tooth substrate. Standardized suspension of E. 

faecalis and tooth substrate was incubated for 3 

weeks to allow growth of biofilm. At the end of 3 

weeks, the grouping was done according to the 

medicament used – Group I - LZ, Group II - nisin, 

Group III - calcium hydroxide, Group IV - negative 

treatment. Disk of the medicaments used were 

prepared and placed upon Petri dishes along with 

bacterial emulsion on Mueller-Hinton agar. After 2 

and 7 days the zones of inhibition were checked. 

Statistical Analysis is done by   using Tukey honest 

significant difference test and one-way analysis of 

variance. Zone of inhibition obtained with LZ was 

widest followed by nisin and calcium hydroxide after 

a period of 2 days. The size of the zone of inhibition 

has remain unchanged for LZ and nisin group after 7 

days. Whereas in the    calcium hydroxide group zone 

of inhibition is decreased. As a result Linezolid 

showed maximum antimicrobial potential against E. 

faecalis biofilm followed by nisin and calcium 

hydroxide after 2 and 7 days. The antimicrobial 

effect of LZ and nisin was not affected with the lapse 



of time, but that of calcium hydroxide significantly 

decreased.[4] 

5. The study evaluated the antimicrobial efficacy of 

Chlorhexidine, Nisin and Linezolid and a control 

group (Normal saline) against Enterococcus faecalis 

(EF). By using Human single rooted premolars with 

type I canal anatomy were instrumented with 

ProTaper using NaOCl as an irrigant. Suspension of 

EF was inoculated into each root specimen and 

incubated. The medicaments were syringed into each 

root and incubated. After 24 hours, 8 samples per 

group (among the 4 groups) were retrieved. A hole 

was drilled on each root, and the dentinal shavings 

obtained were allowed to fall in brain-heart infusion 

(BHI) broth. Dilutions from the broth were plated 

and spread over blood agar. Colony-forming units 

(CFU) of EF was counted. The procedure was 

repeated after 72 hours and 1 week.  In group Nisin, 

chlorhexidine and linezolid mean CFU was 

determined.After 7 days   Nisin was found to be the 

most effective in reducing the bacterial count of 

Enterococcus faecalis.  Nisin’s action was found to 

be comparable with chlorhexidine whereas Linezolid 

was found to be short acting with gradual decrease in 

antimicrobial action after 72hours.[8] 

 



7p 2. Methodology  

A. Study design   In-Vitro 

B. Study participants (human, 

animals or both) 

  Not Applicable 

 

 

• Inclusion criteria 

 

• Exclusion criteria 

 

 

 

• Withdrawal criteria, if any 

(trial-related therapy, follow-

up and documentation are 

terminated prematurely as it 

is indicated to ensure safety 

of 

the participants)   

• Rescue criteria, if applicable 

(starting symptomatic 

therapy either to control 

symptoms of disease or to 

overcome lack of adequate 

efficacy of the study drug or 

placebo)                  

                                                   

• Single rooted human teeth with mature apices 

 

• Teeth with calcified canals 

• Teeth with more than one root 

• Teeth with pulp stones 

 

N/A 

 

 

 

 

 

 

N/A 

 

 

 

 

 

 

 



• Number of groups to be 

studied, identify groups with 

definition 

There are groups in this study which are as follows: 

Group 1: Clindamycin 

Group 2: Linezolid 

Group 3: Calcium hydroxide  

 

 

C. Sampling  

• Sampling population 

 

• Sample size calculation 

 

 

 

 

 

 

 

 

 

 

 

• Sampling technique 

 

 

 

 

 

The sample size was estimated based on CFU values of 

Enterococcus faecalis the following: 

Group  1 :Ca(OH)2:  1.17 +/- 1.169 

Group 2 :Linezolid :   0.17 +/- 0.408 

 

The values are as per Pavaskar R , 2012 (Pavaskar R, de 

Ataide Ide N, Chalakkal P, Pinto MJ, Fernandes KS, 

Keny RV, Kamath A. an in vitro study comparing the 

intracanal effectiveness of calcium hydroxide- and 

linezolid-based medicaments against Enterococcus 

faecalis. J Endod. 2012 Jan;38(1):95-100.) 

 

 

 

Sample size estimation was done using G. Power sample 

size estimation software (ver 3.1.9.2) as follows:  

t tests - Means: Difference between two independent 

means (two groups) 

Analysis: A priori: Compute required sample size  



 

 

 

 

 

 

 

                

 

            

 

 

 

 

 

 

 

 

 

 

                 

Input: Tail(s) = Two 

 Effect size d = 1.14 

 α err prob = 0.05 

 Power (1-β err prob) = 0.80 

 Allocation ratio N2/N1 = 1 

Output: Noncentrality parameter δ =

 3.02 

 Critical t = 2.05 

 Df = 26 

 Sample size group 1 = 14 

 Sample size group 2 = 14 

 Total sample size = 28 

Since there are 3 groups in the study, final minimum 

sample size is 42 (14 per group).  

 

Formula for sample size estimation: 

 

N =        2 Sp2    [ Z 
1- α/2     + Z  1-  β ]  

2        /            μ d  
2 

 

Sp = pooled standard devition,     μ d  = Mean difference 
 

 

D. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques 

(drugs / devices / invasive 

N/A 



procedures / noninvasive 

procedures / others) 

E. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be 

Attached) 

N/A     

 

F. Study procedure ARMAMENTARIUM AND EQUIPMENTS: 

1.Airotor handpiece 

2.Micromotor with contra angle handpiece 

3.diamond disc 

4.Cylindrical diamond burs 

5.Gates Glidden drills  

6.Test tubes 

7.Lentulospirals  

8.Autoclave 

9.Ultrasonic bath 

MATERIALS: 

1.Tryptone soya broth 

2.Paraffin wax 

3.Brain-Heart Infusion agar plates 

4.Enterococcus faecalis 

5.Nail varnish 

6.Normal saline solution (0.9%) 

7.Medicaments –    Clindamycin  

                                Linezolid 

                                Calcium hydroxide 



Specimen preparation 

42 extracted single-rooted human teeth with mature 

apices will be selected following the inclusion criteria. A 

slow-speed handpiece with diamond disc   under water 

cooling will be used to cut the crown few mm below the 

CEJ. The apical part of the root will be cut to obtain the 

mid root region of the tooth. Then Cementum will be 

removed from the root surface with cylindrical diamond 

burs using a high-speed hand piece, under water cooling, 

to achieve  6 mm cylinder of radicular dentine from the 

middle third of the root . The internal diameter of the root 

canal space will be standardized with an ISO size 014 

round bur . Smear layer will be  removed by rinsing the 

specimen in an ultrasonic bath with 17% EDTA  for 5 

min followed by 5.25% NaOCl for 5 min and then 

diluted with water for 10min. 

 

Enterococcus faecalis biofilm growth 

The prepared specimens will be transferred to separate 

test tubes each containing 1 mL of tryptone soya broth   

and then they will be sterilized in an  autoclave for 20 

min at 121°C and 15 psi. All the specimens will be 

incubated at 37°C for 24hours to confirm sterilization. 

 For contamination of dentinal tubules and biofilm 

formation, 0.5 mL of an inoculum of E.faecalis, 



equivalent to 0.5 McFarland standard will be transferred   

aseptically to presterilized individual test tubes 

containing 1 mL of fresh TSB and sterile dentine blocks. 

All the procedures will be carried out under laminar 

flow. The specimens will be incubated at 37°C for 21 

days. The medium that contained the dentine blocks will 

be replaced every 2 days with the fresh medium. The 

purity of the cultures will be checked by gram test. 

  

Preparation of medicaments  

The following intracanal medicaments will be used 

according to manufacturer’s instruction for the study. 

1. Clindamycin (20mg/ml )  

 20mg of clindamycin powder will be mixed with             

1ml sterile water . 

2. Linezolid (0.33g/ml) 

 0.33g of linezolid will be mixed with 1ml of sterile 

water. 

3. Calcium hydroxide 

Calcium hydroxide will be mixed with sterile 

saline in a ratio of 1:1 

 

Treatment of infected specimens  

After the incubation period, the specimens will be 

irrigated with 1 mL of sterile normal saline for 10 min to 

remove the incubation broth. The outer surface of the 



specimens will be coated with two layers of nail varnish. 

These specimens will be randomly divided into   3 

groups with intracanal medicaments   including 

clindamycin, linezolid and calcium hydroxide. The 

medicaments will be carried into canals using 

Lentulospiral   and dentinal blocks will be sealed at both 

ends with paraffin wax   to simulate the clinical 

condition. The specimens will be incubated at 37°C and 

100% humidity for 1 week. At the end of 7 days, the 

paraffin wax will be removed and the root canals will be 

irrigated using sterile normal saline. Dentine shavings 

will be collected   with Gates-Glidden drills. The dentine 

shavings that are obtained with each Gates-Glidden drills 

will be immediately and separately collected in weighted 

microtubes.  The   weight of dentine shavings will be 

evaluated by subtraction of the weight of microtube after 

and before collecting the shavings.  1 mL of Tryptone 

Soya Broth will   then be poured in every microtube and 

incubated for 24 h at 37°C. After 24 h, the content of 

each tube will be serially diluted, 1 mL of the broth in 9 

mL of the sterile saline for 10 times. The dilution will be 

spread on Brain-Heart infusion agar plates then 

incubated for 24 h at 37°C. The colony forming units will 

be counted in accordance with the recorded weight of 

dentine shavings and the number of CFU mg-1 of dentine 

shavings will be determined. After counting, the purity 



of cultures will be checked by gram staining sub 

culturing on Bile Escullin Azide agar plate. 

(Nonavailability of any material may necessitate a 

replacement by other material) 

G. Data collection methods 

including settings and 

periodicity 

 

H. List of statistical tests to be 

used for data analysis 

Statistical analysis plan: 

Descriptive statistics: Mean and standard deviation, 

Median and Interquartile range of CFU values will be 

done for the two groups Comparison of CFU values 

between Ca (OH)2, Linezolid   and Clindamycin groups 

will be done by Kruskal-Wallis test. If the Kruskal-

Wallis test shows a significant comparison Mann-

Whitney test will be used for pairwise comparison. 

Probability value of less than 0.05 will be considered to 

be statistically significant. 

I. If it’s a Clinical Trial: Clinical 

Trials Registry of India or 

equivalent registration number 

to be mentioned 

N/A 

                                

 

8 3. List risks and benefits of the study  There are no known risks involved in this study, 

However this study may help the clinicians to choose the 

better intracanal medicaments against tubular infection. 
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