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A. Problem statement Dental implants have revolutionized the practice of 

modern dentistry. Completely or partially 

edentulous patients are now able to benefit from 

fixed restorations. As the worldwide use of dental 

implants increases, more practitioners are facing 

with issues similar to those encountered with 

natural teeth1. Microbial accumulation around 

dental implants may lead to inflammation and 

result in a condition known as peri-implantitis. The 

natural teeth and supporting structures may be 

affected by a similar condition; however, natural 

teeth benefit from the buffering action of junctional 

epithelium and periodontal ligament. In the natural 

dentition, the junctional epithelium provides a seal 

at the base of the sulcus against the penetration of 

the bacteria and bacterial by-products. If the seal is 

destroyed and the epithelial cells are allowed to 

migrate apically, a periodontal pocket will form. 

The other line of that defence is present in the 

natural dentition, but absent from the endosseous 

implant, is the periodontal ligament. Since no 

cementum or periodontal ligament fibres are 

present on the surface of an endosseous implant, 



 

 

and therefore no periodontal ligament and space 

infection may directly spread into the osseous 

structures2. Peri-implantitis, like periodontitis, can 

result in bone loss and ultimately implant loss if 

left untreated. This problem is further compounded 

by the implant system utilized. The crevice 

between the implant and abutment connection has 

been called a ‘microgap’. The actual dimension of 

this connection is usually 0 micrometer. However 

when the crevice is exposed to the oral 

environment, bone loss is usually observed for 

atleast 0.5 mm below the connection3. In Implants, 

a “microgap” may exist at the level of the alveolar 

crest where the abutment and implant body meet. 

This microgap is usually associated with increased 

inflammation and alveolar crestal bone loss. One of 

the prevailing hypotheses regarding this 

phenomenon is that oral bacteria colonize that area 

during surgery or after the placement of the 

abutment, which can lead to infections over time. 

These bacteria which are anaerobic in nature, have 

been observed growing in the microgap between 

and the abutment or in the sulcus of implants, 



 

 

especially when sulcus depths are greater than 

5mm4. Several studies have documented the 

microbial contamination of the microgap between 

the implant and the abutment in the 2-stage 

implant5-7. Scanning electron microscopy (SEM) of 

failed implants has demonstrated the presence of 

significant amounts of bacterial accumulation at 

the implant- abutment interface. It has been 

suggested that such bacteria are responsible for 

local inflammation and subsequent bone loss8. It 

has been recommended that a topical antimicrobial 

agent be used at the time of abutment connection to 

minimize the risks of infection, since abutments 

and restorations provide a major surface for 

bacterial colonisation1. Several materials have been 

used to seal the microgap, such as adhesive, 

silicone O ring varnisher, silicone wax, silicone 

hermetic washer, chlorhexidine thymol varnish, a 

seal varnish, 2% chlorhexidine solution10 

This study aims to make an in vitro comparison of 

antimicrobial efficacy of chitosan gel and chitosan 

nano gel at the implant abutment surface. 



 

 

B. Rationale Chitosan is a natural biopolymer derived from 

deacetylation of chitin and it has been investigated 

with interdisciplinary approaches for multitude 

applications. Chitosan biomaterials possess unique 

properties such as biocompatibility, non-toxicity, 

muco adhesion and a wide range of anti-bacterial 

and antifungal activity. The antibacterial effect of 

chitosan and chitosan nanoparticle is attributed to 

the electrostatic interaction of chitosan amino 

groups with the negatively charged target’s cell 

membrane that leads to the cell wall permeability, 

leakage and ultimately cell death9. 

C. Novelty  Functionalization of Dental implant abutment 

interface with Chitosan gel and Chitosan nano gel 

and evaluating its efficacy as antibacterial sealant 

at implant abutment interface 

 
D. Expected outcome and application Implant abutment interface can be coated with 

chitosan gel and chitosan nanogel as an 

antibacterial sealant 

3 Research question(s) Can the chitosan gel and chitosan nano gel be used 

as an effective antibacterial agent at the implant 

abutment interface? 

 



 

 

4 Research hypothesis (es), if any The efficacy of chitosan nanogel will be better 

antibacterial agent as compared to chitosan gel at 

the implant abutment interface.  

 
5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

A.  Primary Objectives 

  1) To evaluate the antimicrobial ability of 

chitosan gel at the implant abutment interface 

  2) To evaluate the antimicrobial ability of 

chitosan nano gel at the implant abutment interface 

B.  Secondary Objective 

  1) To compare the antimicrobial ability of 

chitosan gel and chitosan nano gel at the implant 

abutment interface 

6 1. Review of literature 1) A study was conducted to test the sealing ability 

of two materials at five different implant abutment 

surfaces. 

In the first phase, 2 ml brain-heart infusion (BHI) 

broth was deposited into the implant wells and 

glass culture tubes. A varnish or silicon sealant was 

applied at the cervical implant portion of 

experimental groups. The control group remained 

unexposed. The abutments were torque-tightened 

to 20 Ncm with a manual torque driver. Implants 

were immersed in 4 ml BHI broth at 370C for 2 



 

 

hours to exclude contamination. In the second 

phase, 100 ml Enterococcus faecalis American 

Type Culture Collection (ATCC) strain 29212 was 

deposited into the glass culture tubes. After periods 

of 7, 14,21, 35, 49, and 63 days, the sealing 

capacity was checked...There were no statistically 

significant differences between the two materials 

for each time period (Fisher exact test; P >0.05). 

Group E showed the least level of sealing ability 

(six implants contaminated), whereas group T 

showed the highest level (only two implants)10 . 

2)  This study shows that Chitosan nanoparticles 

exhibited potential antibacterial activity as their 

unique character. The purpose of this study was to 

evaluate the in vitro antibacterial activity of 

chitosan nanoparticles and copper-loaded 

nanoparticles against various microorganisms. 

Chitosan nanoparticles were prepared based on the 

ionic gelation of chitosan with tripolyphosphate 

anions. Copper ions were adsorbed onto the 

chitosan nanoparticles mainly by ion-exchange 

resins and surface chelation to form copper-loaded 

nanoparticles. The physicochemical properties of 



 

 

the nanoparticles were determined by size and zeta 

potential analysis, atomic force microscopy 

(AFM), FTIR analysis, and XRD pattern. The 

antibacterial activity of chitosan 

nanoparticles and copper-loaded nanoparticles 

against E. coli, S. choleraesuis, S. typhimurium, 

and S. aureus was evaluated by calculation of 

minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC). 

Results showed that chitosan nanoparticles and 

copper-loaded nanoparticles inhibited the growth 

of various bacteria tested. Their MIC values were 

less than 0.25lg/mL, and the MBC values of 

nanoparticles reached 1lg/mL. AFM revealed that 

the exposure of S. choleraesuis to the chitosan 

nanoparticles led to the disruption of cell 

membranes and the leakage of cytoplasm11. 

3) A study was aimed to test the sealing ability of 

O-ring (in addition to polysiloxane) and GapSeal 

(an antibacterial sealing gel). A total of 45 identical 

implant systems (ADIN Dental Implant Systems) 

were divided into 3 groups of 15 implants each: an 

unsealed group, a group sealed with O-rings, and a 



 

 

group sealed with GapSeal gel. Two implants from 

each group were randomly incubated in sterile 

brain heart infusion (BHI) broth tubes and checked 

for sterility. The remaining 13 implants were 

incubated in BHI broth inoculated with 

Enterococcus and incubated for 5 days. They were 

then removed from the tubes, dried aseptically, 

placed in 2% sodium hypochlorite solution for 30 

minutes, and washed with sterile saline for 5 

minutes. Next, the assembly was dried aseptically 

and put in sterile BHI broth tubes and incubated for 

24 hours to check surface sterility. Keeping 2 

implants as controls from each group, the 

remaining 11 implants were dismantled group-wise 

and placed in liquid BHI broth; the test tubes were 

then shaken thoroughly so that the broth would 

come in contact with all implant surfaces. The 

solution from this tube was poured on pre-prepared 

sterile agar plates and incubated for 24 hours. The 

colonies formed on the agar plate were then 

counted using a digital colony counter. It was 

concluded that though microbial growth is seen in 



 

 

all the 3 groups, the least growth was seen in the 

GapSeal group followed by the O-ring group12. 

4) A study to develop a chitosan (CS)-based 

thermosensitive hydrogel for sealing and 

lubricating purposes in dental implant system.  In 

this study, a thermosensitive hydrogel made up of 

CS, β-glycerophosphate pentahydrate (β-GP), and 

povidone-iodine (PVP-I), called CS/β-GP/PVP-I 

thermosensitive hydrogel, was fabricated. Three 

experimental groups with different volume 

ratios of CS to β-GP were prepared, namely 16/4, 

13/7, and 10/10 groups. The surface topography of 

the different groups and their physicochemical 

characteristics were examined by SEM, 

FTIR, and X-ray diffraction analysis. The 

cytotoxicity of the hydrogel was examined by 

CCK-8 test. In vitro antibacterial efficiency was 

analysed by the spread plate method. Sealing 

ability was detected by incubating two-piece 

implants in Escherichia coli suspension. 

Lubricating ability of the hydrogel was evaluated 

by the removal torque test with a calibrated digital 

torque meter. 



 

 

Results were the CS/β-GP/PVP-I thermosensitive 

hydrogel was fabricated and showed a highly 

porous structure under SEM. An in vitro 

cytotoxicity test demonstrated that 13/7 group 

displayed no cytotoxicity. Furthermore, all three 

groups showed obviously antibacterial effects. In 

the sealing ability test, 16/4 group showed the best 

sealing ability. The removal torque of 16/4 

group and 13/7 group was significantly greater 

than control group. Based on the findings, it could 

be concluded that the thermosensitive and 

antibacterial CS/β-GP/PVP-I hydrogel with sealing 

and lubricating ability was successfully prepared. 

The hydrogel had better sealing and lubricating 

effects when the volume ratio of CS to β-GP was 

16/413. 

7 2. Methodology  

A. Study design In vitro study 

B. Study participants (human, animals 

or both) 

 

i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, if any (trial-

related therapy, follow-up and 

documentation are terminated 

prematurely as it is indicated to 

ensure safety of the participants)

   

NA 



 

 

iv. 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)                                                                    

v. Number of groups to be studied, 

identify groups with definition 

C. Sampling  

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

NA 

D. Randomization details (for 

interventional studies)- Intervention 

details with standardization 

techniques (drugs / devices / invasive 

procedures / noninvasive procedures / 

others) 

NA 

E. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be Attached) 

 

F. Study procedure 1. Synthesis of Chitosan gel and Chitosan nano gel 

2. Biophysical characterization of Chitosan gel   

and Chitosan nano gel 

3. Toxicity assay of Chitosan gel and Chitosan 

nano gel 

4. Coating of Chitosan gel and Chitosan nano gel 

on implants 

5. Confirmation of coating by SEM  

6. Antimicrobial assay  

•The experiment will be performed using 42 

titanium implants to check the efficacy of sealing 

agents at the implant abutment interface. 



 

 

• The implants will be divided into 2 groups of 21 

implants each: a group that will use chitosan gel 

sealing agent at the implant abutment surface, a 

group that will use chitosan nano gel at the implant 

abutment interface. The implants and abutments 

will be assembled using a torque of 20N by 

stabilizing them in a C-clamp in petri plates. 

•The assembly will then be sterilized. 

•Though this is a qualitative study, these specimen 

groups will then be subjected to microbial culture 

and quantitative evaluation of microbial invasion 

on the screw will be done and subjected to 

statistical analysis.  

 
G. Data collection methods including 

settings and periodicity 

In the 1st group chitosan gel will be placed at the 

implant abutment interface and   

In the 2nd group chitosan nano gel will be placed at 

the implant abutment interface 

These specimens now will be placed in sterile brain 

infusion broth tubes and inoculated with 

enterococcus. The tubes will be incubated for 24 

hours, 48 hours, 120 hours and 7 days. The 

specimens will be removed from the tubes, dried 



 

 

aseptically and put in sterile brain heart infusion 

broth tubes, incubated for 48 hours and assessed 

for microbial growth 

H. List of statistical tests to be used for 

data analysis 

t tests - Means: Difference between two 

independent means (two groups) 

Analysis: 

A priori: Compute required sample size  

Input: Tail(s) = Two 

 Effect size d = 0.9 

 α err prob = 0.05 

 Power (1-β err prob) = 0.80 

 Allocation ratio N2/N1 = 1 

Output:   Noncentrality parameter δ = 2.9163333 

    Critical t = 2.0210754 

    Df = 40 

 Sample size group 1 = 21 

 Sample size group 2 = 21 

 Total sample size = 42 

 Actual power = 0.8121119 



 

 

 

A power analysis was established by G*power, 

version 3.0.1(Franz Faul universitat, Kiel, 

Germany). A sample size of 42 (21 per group) 

would yield 80% power to detect significant 

differences, with assuming the effect size of 0.9 

and significance level at 0.05. 

 

 

 

 

 



 

 

 

STATISTICAL ANALYSIS 

SPSS (Statistical Package For Social Sciences) 

version 20. (IBM SPASS statistics [IBM corp. 

released 2011] will be used to perform the 

statistical analysis 

•Data will be entered in the excel spread sheet.  

•Descriptive statistics of the explanatory and 

outcome variables will be calculated by mean, 

standard deviation/median and IQR (based on 

normalcy test- Shapiro wilk test) for quantitative 

variables. 

•Inferential statistics like  

oIndependent sample t test/ Mann-whitney test 

(Based on data distribution) will be applied to 

compare the quantitative variables between the 

groups. 

•The level of significance is set at 5% 

•Any other necessary tests found appropriate will 

be dealt at the time of analysis based on data 

distribution. 
 

I. If it’s a Clinical Trial: Clinical Trials 

Registry of India or equivalent 

registration number to be mentioned 

NA 

8 3. List risks and benefits of the study There are no risks associated with this study. 

Benefits: 



 

 

From this study we will come to know the 

antibacterial effect of chitosan gel and chitosan 

nano gel at the implant abutment interface. 
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