




































































































































































http://etd.uwc.ac.za

70 

 

2. Shear Bond Strength  

 

 

Figure 40. Box Whisper Plot showing the distribution of shear bond strength data in MPa 

including the median, maximum, minimum, upper and lower quartiles of the shear bond 

strength values for unmodified Transbond (TB) versus chitosan modified Transbond 

(CHNP). 

 

Figure 40 shows the distribution of shear bond strength values obtained in the two groups. 

Chitosan modified Transbond (CHNP) had mean shear bond strength value of 14.5 MPa 

which was significantly higher than the unmodified Transbond cement with a mean shear 

bond strength of 10.2 MPa (p < 0.05, Wilcoxon Rank Sum Test). 
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The mean shear bond strength of Transbond cement showed a wider distribution of the 

data compared to chitosan modified cement indicating that the addition of chitosan not 

only produced a higher shear bond strength but also showed a narrower distribution of the 

data set.  

 When the upper half of the data sets i.e. the set of all values above the median values for 

both the test and the control samples were compared, the test samples showed higher 

distribution of values above the median. 

 

3. Adhesive Remnant Index (ARI) 

Artun and Bergland (1984), used an Adhesive Remnant Index (ARI) system to evaluate 

the amount of adhesive left on the tooth after de-bonding (Montasser and Drummond, 

2009). 

 

Table 1. Table showing ARI Scores 0, no adhesive on the tooth; 1, less than 50% adhesive 

on the tooth; 2, more than 50% adhesive on the tooth, and 3, all adhesive remained on the 

tooth. 

Adhesive Remnant Index Scores 

                                                                      0                  1                   2                    3 

Group 1 (Control)                                       4                 14                   2                   - 

Group 2 (Test)                                              -                 18                   2                   -           
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.  

  

 

 

 

 

 

Figure 41. Picture showing the adhesive remaining on the tooth surface after bracket was 

broken off using the Control cement. The bracket is shown adjacent to the tooth. 

 

 

 

 

 

 

 

 

Figure 42. Picture showing a bracket that was broken off, with the Control cement 

remaining on the bracket with an ARI score of 1.  



http://etd.uwc.ac.za

73 

 

 

 

 

 

 

 

Figure 43. Picture showing the adhesive remaining on the tooth surface after bracket was 

broken using the Test cement. The bracket is shown adjacent to the tooth. 

 

 

 

 

 

 

 

 

Figure 44. Picture showing a bracket broken off from the tooth using the Test cement with 

an ARI of 1. 
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The ARI scores showed only 4 specimens from the control group showed presence of 

cement on the bracket and nothing on the tooth surface i.e. a score of 0. The majority of 

the specimens for both the control and test group showed 50% cement remaining on the 

tooth surface i.e. a score of 1. Two specimens each from both groups showed more than 

50% cement on the tooth surface i.e. a score of 2. There was no specimens showing 100% 

cement remaining on the tooth surface i.e. score of 3 (Table 1). 

 

4. Surface Hardness 

Although the mean micro-hardness of chitosan modified cement was lower than the 

unmodified orthodontic cement, there was no statistically significance difference (Mann-

Whitney Test, p>0.05). When the medians were compared, the median surface hardness 

of the top surface of chitosan-modified cement (Figure 45) was 47.61 (95% confidence 

interval for mean-upper bound 58.26; lower bound 36.95). The median surface hardness 

of the top surface of unmodified orthodontic cement was 43.22 (95% confidence interval 

for mean-upper bound 50.88; lower bound 35.56).  
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Figure 45. Box plot showing microhardness of chitosan modified Transbond cement 

compared to microhardness of unmodified Transbond (control).  
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5. Cytotoxicity 

When the mouse fibroblast cells were exposed to the test sample i.e. the chitosan modified 

Transbond (Figure 46), there was in increase in the cells numbers (114.8%) compared to 

the controls. 

 

 

 

 

 

Figure 46. Graph showing increase growth of cells when cultured were exposed to Test 

(CHNP) compared to Control (unmodified Transbond cement). 

 

 

Bar Chart showing Cell Viability  
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6. Scanning electron microscopy analysis 

Chitosan nanoparticles were observed under scanning electron microscopy at 1000, 5000 

and 10 000 times magnification (Figures 47, 48, 49). Particles appear to be spherical in 

shape with almost evenly distributed depressions on the surface of the particles.   

 

 

 

 

 

 

 

 

 

 

Figure 47. Scanning electron image of chitosan at 1000 magnification. 
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Figure 48. Scanning electron image of chitosan at 5000 magnification 

 

 

 

 

 

 

 

 

 

 

Figure 49. Scanning electron image of chitosan at 10000 magnification 
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CHAPTER V  

Discussion 

The evolution of Dentistry, is to a large extent, closely linked to advancements in dental 

materials. The introduction of dentine bonding agents saw dentistry catapult from GV 

Black’s radical approach to cavity design to a more conservative, minimally invasive 

approach. Most of these so called synthetic materials are relatively inert materials. 

However, recently, there is an increased interest in studying the interactions between 

dental materials and tooth tissues that can promote bioactivity. Recently, with the 

introduction of bioactive materials there has been another shift in dental material science. 

Dental material science is in the midst of a major transition in terms of refocusing and 

embracing new and exciting biological technologies and might be viewed as the death of 

conventional dental materials (Bayne, 2005). This new shift in emphases from traditional 

synthetic materials toward options that involve truly biologically active materials is a field 

of much research in dental material science. 

 

In 1969, Hench introduced the concept of bioactivity as “a bioactive material is one that 

elicits a specific biological response at the interface of the material which results in the 

formation of a bond between the tissues and the material” (Asthana and Bhargava, 2014). 

Biomaterial is therefore, any matter, surface or construct that interacts with biological 

systems onto which it is placed. The ideal properties of bioactive materials should be 
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bactericidal and bacteriostatic, sterile, stimulate dentine formation and maintain pulp 

vitality (Asthana and Bhargava, 2014). 

 

This trend of studying bioactivity and biomaterials has found its way into dentistry as well. 

In dentistry, thus far, much of the focus on bioactive materials have been on regenerative 

procedures especially in the field of endodontics with materials like MTA (Dentsply, 

USA) and Biodentine (Septodont, USA) aimed at regeneration of dentine, for example 

repair of pulpal exposures. In restorative dentistry, a modification in bioactive chemically 

bonded cements has been introduced in the form of a calcium aluminate glass ionomer 

luting cement (Ceramir, Doxa Dental, USA).  

 

Historically, orthodontic cements are inert and mainly meant to attach brackets to either 

bands or tooth structure. In the early days of fixed-appliance orthodontic treatment, 

orthodontic brackets were welded to gold or stainless-steel bands. Many developments 

have occurred in the decades that followed, including many newer adhesives, newer 

bracket materials, faster or more efficient curing methods, self-etching primers, fluoride-

releasing agents, and sealants (Gange, 2015). These newer cements and bracket showed 

improved bonding to tooth structure. However, these developments failed to address the 

one major drawback of orthodontic brackets in vivo, and that is, the accumulation of 

plaque around these brackets which can lead to demineralization of the enamel upon 

which the bracket is cemented onto. Therefore, the purpose of this study was to address 

this concern of the untoward effects of orthodontic cementation of brackets with its 
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resultant demineralization and white spot lesions by modifying an existing orthodontic 

cement to a bioactive cement.  

 

In this study, the addition of a naturally occurring cationic biopolymer, chitosan to an 

existing orthodontic cement (Transbond) was aimed at converting an inert cement into a 

novel bioactive orthodontic cement.  

 

Biopolymers are preferred over synthetically derived polymers in regenerative medicine 

and dentistry because of their structural similarities with the extracellular matrix, chemical 

versatility, and better biocompatibility (Dutta, 2016). The International Union of Pure and 

Applied Chemistry (IUPAC) defines biopolymers as “macromolecules formed by living 

organisms”. The four important classes of biopolymers are: (a) polysaccharides; (b) 

proteins (c) lipids and (d) specialty polymers (McNaught and Wilkinson, 2014). Chitosan 

belongs to the polysaccharide group of biopolymers. Chemically, chitosan is a polymeric 

biopolymer comprising of N-acetylglucosamine and glucosamine copolymer units.  

 

These naturally formed biopolymers have major advantages: biodegradability, 

biocompatibility, non-toxicity, cost-effectiveness, abundance, renewability, greenness 

and immunogenicity (Thandapani et al., 2017). Among the biopolymers, chitosan a 

polysaccharide, offers remarkable biological properties, which have paved the way for its 

applications in the pharmaceutical and biomedical fields, particularly in new drug delivery 

systems (Dutta et al., 2012; Rani et al., 2010; Thandapani et al., 2017).  Chitosan is safe, 
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non-toxic and biocompatible polymer therefore can be used in medical and 

pharmaceutical applications. It is also approved by Food and Drug Administration (USA) 

for wound dressing (Thandapani et al. 2017).  

 

Adding chitosan on its own to the Transbond cement will make the cement rough, as the 

particle size of the chitosan is fairly large. Although, the lowest molecular weight chitosan 

commercially available i.e. 50 -190 KDa was used in this study, this still presented with a 

challenge of large molecular size particle.  Therefore, the chitosan was first converted to 

chitosan nanoparticles and then incorporated into the Transbond orthodontic cement. This 

was meant to ensure that nanoparticle size chitosan added to Transbond would not affect 

the surface roughness as a larger particle size may make the cement more susceptible to 

staining and plaque accumulation.  

 

This utilization of nanoparticle size chitosan into the dental cement merges the fields of 

material science and biology. Nanoparticles hold large surface area to volume ratio which 

means larger surface area for higher bonding capacity. The application of larger or macro 

size molecules in therapy is frequently hindered by stability and/or permeation issues 

(Grenha, 2012). Nanoparticles have potential to easily conjugate with biomolecules and 

have wide application in drug delivery systems and in medicine (Rather et al., 2013). 

Nanotechnology, nowadays is a commonly used buzzword in numerous fields of science. 

In the health field, the introduction of nanotechnology gave rise to a novel concept 

‘nanomedicine’. 
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Nanotechnology is the branch of technology that deals with dimensions of nanometer size 

particles, especially the manipulation of individual atoms and molecules.  

 

A variety of nanofillers have already been used in dentistry, especially in composite resin 

cements. 3M ESPE uses a sol-gel technology to produce tiny nanospheres which are 

agglomerated into nanoclusters, and either the spheres or clusters can become filler 

particles for composite resins (3M Technical Data, 2014). These filler particles are inert 

and act more to strengthen the dental composite. These particles do not chemically bond 

to the resin composite and hence, has to be coated with organosilanes. The inclusion of 

chitosan nanoparticles into Transbond cement acts as “nanofillers” in the composite resin 

cement but not in the traditional sense of filler particles in composites which are inert. 

Chitosan on the other hand is a bioactive biopolymer that forms polymer chains with the 

resin cement.  

 

Chitosan nanoparticles has the advantage in that it can form a chemical network within 

the composite resin. Possible explanation for this is through the cationic polymerization, 

a type of chain growth polymerization in which a cationic initiator transfers charge to a 

monomer which then becomes reactive. This reactive monomer goes on to react similarly 

with other monomers to form a polymer. Interactions of this kind has been applied to build 

up polymer/polymer ionic complexes involving chitosan and negatively charged 

polymers. 
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Traditional composite resins, on the other hand, polymerize through free-radical 

polymerization by which polymers form by the successive addition of free-radical 

building blocks. Free radicals in composite resins requires the addition of separate initiator 

molecules like champhorquinone (Anusavice et al., 2013). Owing to the cationic 

polymerization of the chitosan, the chitosan nanoparticles within the newly formed 

orthodontic cement may behave as one unit rather it simply being “inert” filler particles 

within the cement. Behaving a “single unit” may account for its improved physical 

properties in this study. 

 

In this study, chitosan nanoparticles were produced through tripolyphosphate (TPP) ionic 

gelation method. Several methods have been developed to convert chitosan to chitosan 

nanoparticles which include emulsion-droplet coalescence, emulsion solvent diffusion, 

reverse micellar method, ionic gelation, polyelectrolyte complexation, spray-drying, 

template polymerization, precipitation and ionotropic gelation method (Grenha 2012; 

Thandapani et al., 2017). In this study, the ionic gelation was used to produce chitosan 

nanoparticles and this method involves an ionic interaction between the positively charged 

amino groups of chitosan and the polyanion tripolyphosphate, which acts as chitosan 

cross-linker. Sodium tripolyphosphate (TPP) crosslinker is generally used for preparing 

chitosan nanoparticles. Sodium triphosphate or sodium tripolyphosphate is an inorganic 

compound with formula Na5P3O10 (McNaught and Wilkinson 2014). The polyphosphates 

are hydrolyzed into simpler phosphates, which is similar to adenosine triphosphates or 
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ATP, that is present within living cells (Thandapani et al., 2017). Thus, the toxicity of 

polyphosphates is low and it has neither mutagenic or carcinogenic effects nor adverse 

reproductive effects (Thandapani et al., 2017). 

 

Nanoparticle formation takes place immediately after the addition of a TPP solution to a 

solution of chitosan (Figure 50). The production of nanoparticles by ionic gelation results 

in smaller particles for higher amounts of cross-linker (Grenha et al., 2005; Teijeiro-

Osorio et al., 2009).  

 

 

 

Figure 50. Preparation of chitosan nanoparticles (CS-NPs) using sodium tripolyphosphate 

(TPP) from chitosan (CS) (Thandapani et al., 2017). 

Once the chitosan nanoparticles were formed and incorporated into the cement, the 

question then arises, does the chitosan still maintain its biological properties within this 

newly formed resin cement?  



http://etd.uwc.ac.za

86 

 

 

1. Antimicrobial effects of chitosan modified orthodontic cement 

Several bioassays for antimicrobial screening methods are available such as disc diffusion, 

well diffusion, broth dilution or agar dilution. Methods such as flow cytofluorometric and 

bioluminescent methods are not widely used because they require specified equipment 

and their reproducibility and standardization still needs to be evaluated (Balouiri et al., 

2016). The agar disc diffusion method to determine the Minimum Inhibitory 

Concentration (MIC), is not appropriate as it is not possible to quantify the amount of the 

antimicrobial agent diffused into the agar medium (Balouiri et al., 2016). In this study, 

because the actual antimicrobial effect of the chitosan needed to be quantified by counting 

the remaining colony forming units, the agar dilution method was used. The protocols as 

provided by the European Committee on Antimicrobial Susceptibility Testing (EUCAST) 

for this method was followed (Kahlmeter et al., 2006). These guidelines provide a uniform 

procedure for testing that is practical to perform in most clinical microbiology 

laboratories.  The agar dilution method is the most appropriate for the determination of 

minimum inhibitory concentration values, since they offer the possibility to estimate the 

concentration of the tested antimicrobial agent in the agar (Balouiri et al., 2016). This 

assay does allow the bioassay to be performed in a standardized approach in order to 

evaluate the clinical relevance of results (Pfaller et al., 2004). 

 

In this study, all the test samples exposed to chitosan modified Transbond showed no 

bacterial growth after 8 hours while the control showed an increase in bacterial growth 
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from baseline to 8 hours. Compared with the unmodified Transbond, the chitosan 

modified Transbond had higher antibacterial activity showing that the addition of chitosan 

to Transbond renders the cement antibacterial. Complete eradication of the bacteria was 

noted following 4 hours of exposure to the chitosan (Figure 31 & 32).  

 

When the bacterial growth curves (Figure 39) were compared, the control group showed 

a steady increase in cell growth from baseline to final count at 8 hours. However, in the 

control group there was an initial drop in cell numbers after 30 minutes. This may be 

explained by the fact that the microorganisms needed to establish and acclimatize 

themselves to the new environment. The normal growth pattern was then followed after 

this initial adjustment period and growth occurred from 1 hour to final count at 8 hours. 

This steady growth in cell numbers in the control group may indicate that the Transbond 

cement does not possess any antibacterial properties. When the test group growth pattern 

was studied it showed a steady decline in cell numbers from baseline to final count at 8 

hours. Complete eradication of the bacteria was noted after 4 hours of exposure to the 

chitosan modified cement. This decline in the cell numbers in the test group indicates that 

the newly formed chitosan modified Transbond orthodontic cement possesses sufficient 

antibacterial properties to eradicate Streptococcus mutans in-vitro. 

  

Several mechanisms explaining antimicrobial activity of chitosan has been postulated. 

The most acceptable mechanism is the interaction between the positively charged chitosan 

molecules and negatively charged microbial cell membranes (Perchyonok et al., 2015). 
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This interaction is mediated by the electrostatic forces between the protonated NH3+ 

groups of chitosan and the electronegative charges of the microbial cell surfaces 

(Perchyonok et al., 2015). Chitosan can also penetrate the bacterial cell membrane and 

then bind to the DNA, inhibiting its transcription and mRNA synthesis. Another 

alternative hypothesis for the antibacterial mechanism of chitosan is thought to be as a 

result of its ability to bind to the negatively charged bacterial cell membrane, increasing 

its permeability and ultimately resulting in leaking of the cytoplasmic contents and 

bacterial cell death (Qi and Xu, 2004). Chitosan binds to the negatively charged 

components of the bacterial cell wall forming an impermeable layer and blocking 

transportation into the cell (Rabea et al., 2003). Others postulated that as chitosan has the 

ability to chelate metals, microbial growth will be inhibited by reducing enzyme activity 

through metal chelation (Cuero et al., 1991).  

 

2. Shear bond strength of chitosan modified orthodontic cement 

Higher adhesiveness of orthodontic cements is desirable to maintain an intimate contact 

between orthodontic brackets and enamel thereby avoiding debonding. The purpose of 

the shear bond strength testing in this study was to determine whether the addition of 

chitosan to the bonding cement would affect the bond strength of the bracket to the 

enamel tooth structure. 

Transbond XT composite cement was specifically developed for bonding orthodontic 

brackets to the enamel. According to the manufacturer (3M ESPE), the main advantages 

offered by this material are: reduced working time, no need for mixing, and good 
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adhesion to enamel thus being largely used in clinical orthodontics and experimental 

studies as controls and hence used in this study. When Transbond XT was used alone it 

showed good bond strength to enamel (10.5 MPa), which is similar to other studies done 

on Transbond XT (Bishara et al., 2004). When Transbond XT was modified with 

chitosan in this study the shear bond strength increased further. Thus, the addition of 

chitosan to the Transbond cement improved its adhesive properties to tooth structure in 

this study. This improvement in adhesive properties may be explained possibly as a result 

of the intrinsic biodhesive property of chitosan (Perchyonok et al., 2015). The term 

“bioadhesion” refers to any bond formed between two biological surfaces or a bond 

between a biological and a synthetic surface (Perchyonok et al., 2015). The water 

absorption capacity together with the cationic nature of chitosan which promotes binding 

to subsurface may be responsible for the higher bond strengths obtained when chitosan 

was used with Transbond cement in this study. According to Cafaggi et al., (2007), 

hydration of the polymer causes mobilization of the polymer chains which influences 

polymeric adhesion (Alaçam et al., 2000). Appropriate swelling is important for increase 

in adhesivity. However, over hydration can negatively impact on the adhesive property 

(Battino et al., 2002). Hence, in this study the bonded teeth were stored in distilled water 

for 24 hours prior to testing to ensure that sufficient hydration took place prior to testing 

and that there was no negative effect of this hydration as this may more closely mimic 

the oral environment. A further advantage of addition of chitosan lies in the molecular 

arrangement of the polymeric chains that can interact further with the substrate 

(Perchyonok et al., 2015) increasing adhesion to the substrate. Due to the presence of 
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amine groups in its structure, chitosan is converted to a polyelectrolyte in acidic media. 

Since many minerals and cells carry negative charges, the positive charge of chitosan 

interacts strongly with these negatives surfaces (Kaş, 1997). 

Chitosan can bind to many materials such as cholesterol, fats, proteins and tumor cells. 

It has also shown an affinity for proteins. Owing to its cationic nature, electrostatic 

complexes are used for encapsulation of drugs, immobilization of enzymes and as a gene 

carrier (Kaş, 1997). For instance, fibroblasts which exhibit a more negative charge 

surface when compared to keratinocytes, exhibit a higher adhesion to chitosan. 

 

When testing shear bond strength of orthodontic brackets, the location of the contact point 

of the de-bonding force has a significant influence on shear bond strength measurements 

and bond failure pattern (Klocke and Kahl-Nieke, 2005). Hence it is important to take this 

parameter into consideration at the start of the study design and it is especially important 

when comparing results with other in-vitro bracket bond strength results (Klocke et al., 

2004). 

 

The position of the rod of the Universal Shear Bond Strength machine relative to the 

bracket can be positioned in 3 different contact areas as shown in Figure 51. The contact 

area where the force can be applied to the bracket base can be in any of these 3 locations:  

1. close to the enamel/adhesive interface  

2. force applied to the ligature wire groove between bracket base and wings 

3. force applied to the occlusal bracket wings 
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Figure 51. Diagram showing the direction of force application during de-bonding at 

various positions: 1. close to the enamel/adhesive interface, 2. force applied to the ligature 

wire groove between bracket base and wings and 3. force applied to the occlusal bracket 

wings. a represents the tooth surface on which the bracket b is bonded onto while c 

represents the position of the tip on the bracket. 

In this study, the force was applied to the area close to the enamel/adhesive interface as in 

the clinical situation this will be where actual breakage may occur. The further the force 

applied from the interface, lower is the bond strength (Klocke and Kahl-Nieke, 2006). 

Using a similar force application point as this study, Klocke and Kahl-Nieke (2006) 

showed similar results to this study in which a mean shear bond strength of 11.52 MPa 

2

1 

1 3

1 
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was obtained compared to 10.2 MPa obtained in this study. This study further showed that 

the inclusion of chitosan to the orthodontic cement improved its adhesive properties. 

 

3. Adhesive remnant index (ARI) 

The term de-bonding typically suggests the removal of orthodontic brackets as well as 

the remaining adhesive/cement from the enamel of the tooth surface. Numerous studies 

in the literature give several procedures for removal of remaining adhesive and their 

consequences on the enamel surface (Oliver, 1988). Throughout the years, Adhesive 

Remnant Index or ARI scores have been one of the most commonly assessed components 

in research on orthodontic adhesives and quantifies the amount of remaining adhesive 

either on the bracket or on the tooth surface. Since the adhesive remnant score system is 

qualitative and subjective, various efforts have been made to adjust the original system, 

or to improve different quantitative approaches that can be used to more precisely 

evaluate the adhesive remnant (Montasser and Drummond, 2009). To more accurately 

assess the adhesive remnant qualitatively, several studies expanded the ARI system that 

was developed by Artun and Bergland (1984) including 5 or 6 scales (Uysal and Sisman, 

2008). According to O’Brien et al. (1988), research designed to present a more accurate 

system for characterizing the resin remnant; this study used a quantitative method 

whereby a magnified image of the enamel is digitized and the amount of remaining resin 

is expressed as a percentage of bracket base area (Montasser and Drummond, 2009). 

To precisely score the ARI is essential as it is a significant aspect to be investigated in 
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the variety of orthodontic adhesive (Montasser and Drummond, 2009). Precise 

assessment of the adhesive remnant, which is critical in the conclusive procedure of 

enamel clean up after de-bonding, is required for acceptable removal and restoration of 

the enamel surface to as close to pre-treatment condition as possible (Montasser and 

Drummond, 2009). Majority of  laboratory analyses on the bond strength of orthodontic 

brackets have examined teeth and brackets under 10x magnification  to evaluate and 

score the adhesive remnant (Uysal and Sisman, 2008), although laboratory studies aimed 

for assessment of the enamel surface after de-bonding and cleaning of the surface have 

used more sophisticated methods such as scanning electron microscope, finite element 

analysis, and 3-dimensional profilometry (Chen et al., 2008). Clinically, evaluation of 

the adhesive remnants on the  enamel surface after bracket de-bonding and enamel 

cleaning usually is done by visual assessment under a dental operating light (Montasser 

and Drummond, 2009). 

 

There are many variations of the ARI scoring. According to Shamsi et al. (2006), the ARI 

scoring system is as follows:  

Score 0 = more than 75% of adhesive was left on tooth;  

Score 1 = 75% of adhesive left on tooth;  

Score 2 = 50% of adhesive left on tooth;  

Score 3 = 25% of adhesive left on tooth;  

Score 4 = less than 25% of adhesive left on tooth; and  

Score 5= no adhesive left on the tooth image.  
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The modified ARI was extended from the original ARI that considered adhesive 

remaining on the tooth surface (Artun and Bergland, 1984). The original index system 

(described earlier) was introduced on the basis of studies on de-bonding of extracted teeth. 

The ARI score based on Artun and Bergland (1984) classification was used in this study 

to evaluate the adhesive remaining on the tooth structure. 

 

Even though the variations in adhesive remnant scores suggest the bonding strength, 

adhesive systems that show less residual resin may be preferable because they are easier 

to remove and safer to clean up from the enamel surface after de-bonding procedures (Oz 

et al., 2014). As adhesive resin tags infiltrate the enamel surfaces, reaching depths up to 

50 μm, this may apply irreparable damage to the enamel surfaces once orthodontic 

brackets have been removed (Eminkahyagil et al., 2006). Thus, an assessment system to 

evaluate the adhesive remnant could be helpful for researchers as well as clinicians.  If 

adhesive remnants are not adequately detected, ARI scores could be inaccurate (Oz et al., 

2014). 

 

During bracket removal, bond failure can occur at the adhesive-enamel interface or at the 

adhesive-bracket interface (adhesive failure), or within the adhesive (cohesive failure) 

(Bonetti et al., 2011). Usually, bracket failure is a combination of adhesive and cohesive 

failures, the latter resulting in retention of material on the enamel and bracket surfaces 

(mixed failure). When adhesive failure amongst the adhesive resin and the enamel surface 

appears, a certain quantity of enamel damage is almost certain because of the 
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micromechanical bond between the composite resin bonding agent and the acid-etched 

enamel (Bonetti et al., 2011). An adhesive remnant index score of 0 suggests that bond 

failure happened at the adhesive-enamel interface, resulting in a greater risk for tooth 

enamel damage (Bonetti et al., 2011). In this study, 4 specimens from control group 

received an adhesive remnant index score of 0 where all the cement was present on the 

bracket. This may not be desirable as cement de-bonding may be a risk for enamel 

fractures. The majority of the specimens from both the control (70%) and test groups 

(90%) showed an adhesive remnant index score of 1 (half the amount cement remaining 

on the bracket), which may indicate bond failure at the bracket-adhesive interface (Bonetti 

et al., 2011). This may be desirable as there may be minimum risk for enamel damage 

during de-bonding. 

 

The ARI score system has proved to be of value in studies of orthodontic adhesive systems 

(Montasser and Drummond, 2009).  It is a quick and simple method that needs no special 

equipment. However, its reliability requires investigation, with special attention on the 

effects of magnification on evaluation of the adhesive remnant (Montasser and 

Drummond, 2009). However, Delport and Grobler (1988) have questioned whether the 

differences in ARI scores indicate a variance in bond strength amongst the enamel and the 

adhesive for the different adhesive systems, but adhesive systems that display a smaller 

amount of adhesive remnant on the tooth has been recommended for simpler and safer 

removal of remaining resin after de-bonding (Guan et al., 2000). 
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To accurately score the ARI is important because it is an important factor to be considered 

in the selection of orthodontic adhesive (Montasser and Drummond, 2009).  Studies, 

(Delport and Grobler, 1988), have debated whether the differences in ARI scores reflect 

a difference in bond strength between the enamel and the adhesive for the different 

adhesive systems, but adhesive systems that show less adhesive remnant on the tooth has 

been advocated for easier and safer removal of residual resin after de-bonding (Guan et 

al., 2000). Accurate evaluation of the adhesive remnant, which is crucial in the final 

process of enamel cleaning after de-bonding, is needed for satisfactory removal and 

restoration of the enamel surface to as close to pretreatment condition as possible 

(Montasser and Drummond, 2009). Most laboratory studies on the bond strength of 

orthodontic brackets have examined teeth and brackets under 10x magnification to assess 

and score the adhesive remnant (Uysal and Sisman, 2008), although laboratory studies 

designed for evaluation of the enamel surface after de-bonding and cleaning of the surface 

have used more sophisticated methods such as scanning electron microscope, finite 

element analysis, and 3-dimensional profilometry (Chen et al., 2008). Clinically, 

evaluation of the adhesive remnant and the enamel surface after bracket de-bonding and 

enamel cleanup generally is done by visual inspection under a dental operating light 

(Montasser and Drummond, 2009). 

 

4. Surface hardness 

Since, surface hardness is a measure of how resistant a material is to change in shape 

when a compressive force is applied, it was important to determine whether the addition 
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of chitosan to the cement would affect its physical property. Hence, the surface hardness 

of the test material was determined and compared to the control using Vickers Hardness. 

Although the mean microhardness of chitosan modified cement was lower than the 

unmodified orthodontic cement, there was no statistically significant difference (Mann-

Whitney Test, p>0.05). Thus, the addition of chitosan to Trasnbond did not significantly 

affect the surface hardness of the cement. 

 

5. Biocompatibility of chitosan modified cement 

Biocompatibility refers the compatibility of manufactured materials and devices with 

body tissues and fluids. Biocompatibility may be defined as the ability of a material to 

function in a specific application in the absence of any adverse host response (Schmalz, 

1994). Dental materials, as with other fields of biotechnology, need to consider 

compatibility of materials with tissues as one of the most important properties. A variety 

of in vitro cytotoxicity assays (also called screening tests) are available to determine the 

biocompatibility of materials (Freshney, 2006) . In this study, guidelines as set out by The 

International Organization for Standardization (ISO) published the ISO 10993-5 

document in 1999 to assess biological reaction to materials was used (ISO, 2009). 

Cytotoxicity is the ability of a substance or material to cause damage to tissue cells. Thus, 

the reaction of cultured cells in cytotoxicity testing of dental materials will depend mainly 

on: 

1) the material or specimen tested and/or its components and to a lesser extent to 

2) the type of cells on which the material is tested on. 
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A critical variable in cytotoxic testing of dental materials is the type of cell line that is 

used. Currently there are differences in opinion with regards to which cell line should be 

used. The International Standards Organization (ISO, 2009) stated that where specific 

sensitivity is required, primary cell cultures, cell lines and organo-typic cultures obtained 

directly from living tissue can only be used if reproducibility and accuracy of the response 

can be demonstrated. The ISO specification does allow other cell lines to be used if the 

same results can be shown (ISO, 2009). Grobler et al. (2008) has shown similar responses 

to human dental pulp cells and 3T3 cell lines on various dentine bonding agents. Hence, 

in this study the mouse 3T3 cell lines were used. 

Both the test sample i.e. the chitosan modified orthodontic cement and the unmodified 

Transbond cement were exposed to 3T3 in culture. The median cell survival rates were 

found to be 114.8% when the cells were exposed to chitosan modified Transbond which 

seem to increase the cells numbers compared to the control i.e. unmodified Transbond 

cement.  The results showed that chitosan in its own capacity stimulated the cell survival 

rate to a value of 114.8% which is 14.8% higher than that of the control sample.  Thus, it 

can be deduced that the presence of chitosan in the cement seems to stimulate cell growth. 

This may suggest that the bioactive property of chitosan is still maintained even when 

added to Transbond as the chitosan seems to stimulate growth of the 3T3 in culture.  
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6. Surface microstructure  

The surface microstructure was studied under scanning electron microscopy to evaluate 

the surface morphology of the chitosan nanoparticles. The particles were observed under 

1 000, 5 000 and 10 000 times magnification and particles of varying sizes were 

observed. The surface morphology reflects spherical shapes structures with evenly 

distributed hexagonal depressions on the surface.  

 

Thus, it seems that the chitosan presents as evenly shaped spherical particles that can be 

incorporated into Transbond orthodontic cement without negatively impacting on its 

physical properties but at the same time having a positive effect on its biological 

properties in that it showed antibacterial effects and a positive influence of cells in 

culture.   
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CHAPTER VI 

Conclusion 

In this study, it has been demonstrated that the newly prepared chitosan modified 

Transbond XT orthodontic cement possesses suitable antimicrobial activity yet at the 

same time also improving the adhesion to tooth structure. Thus, the addition of bioactive 

chitosan to Transbond presents a promising novel technology whereby the newly formed 

cement possesses sufficient antibacterial properties but at the same time does not 

compromise its bond strength. 

 

Chitosan modified orthodontic cement demonstrated good biocompatibility by eliciting a 

positive growth response of 3T3 cells in culture thus demonstrating that the addition of 

chitosan to the orthodontic cement did not negatively affect its bioactivity. 

 

The surface hardness between the chitosan modified cement was not negatively affected 

as both the unmodified cement and modified cement showed similar surface hardness. 

 

In this study, a bioactive orthodontic cement was developed by modifying an existing 

orthodontic cement and evaluated for its biological and physical properties. 

The science of bioactivity and nanotechnology was introduced to a dental cement to 

improve its antimicrobial and at the same time have superior adhesive and mechanical 

properties. 
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Further in-vivo studies or clinical trials will now be required to demonstrate its 

antimicrobial effectiveness in preventing demineralization around orthodontic brackets 

clinically thereby improving one of the major disadvantages of bonding brackets to tooth 

structure. 
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CHAPTER VII 

Limitations 

This is an in-vitro study and performed under ideal laboratory conditions where variables 

like conditions for microbiological growth and cell culture growth were all controlled 

under ideal conditions in an incubator. In the clinical situation, these conditions may 

vary. This study therefore, should be followed up with a randomized clinical trial. 

 

This study was done in time intervals up to 8 hours, although complete eradication of 

microorganism was shown, orthodontic brackets are usually placed for prolonged periods 

of time. In an in-vitro study it is challenging to mimic the oral environment. Specimens 

were not aged.  

  

This study was performed by modifying one orthodontic cement only. Further studies 

should be done testing chitosan on other orthodontic cements. This may then give a 

broader indication on how chitosan behaves with other cement formulations as well. 

 

In this study, only Streptococcus mutans was used as the test bacterium. Although this 

may be the most commonly implicated bacterium for plaque formation, other bacteria may 

also be present in plaque formation. Hence, further in-vitro studies should investigate the 

effects of chitosan on other bacteria as well. 
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APPENDIX 1 

Oral & Dental Research Institute 

Faculty of Dentistry and WHO Oral Health Collaborating Centre 

University of the Western Cap, Cape Town 

 

 

Patient Information Sheet to be given to the patient to take home 

I, Dr Tashia Moodley am a qualified dentist involved in research and training at the 

University of the Western Cape, Faculty of Dentistry.  

I am doing research on new dental materials and how it sticks/bonds to teeth.  

After the extraction of your teeth, they are either discarded or given to the students to 

practice on. I wish to use your teeth to be able to determine whether a new cement I made 

will stick/bond to the teeth. Donating your teeth in the study is on a voluntary basis. 

Donating your teeth for this study or refusing to participate will not harm or prejudice you 

in any way. The teeth supplied to me will not have your name on it as well as I will not be 

able to identify you in any way. Upon completion of this study the teeth will be discarded. 

Participating in the study will definitely benefit future studies and will add to our existing 

pool of knowledge. All information will be kept strictly confidential.  

 

 

Dr Tashia Moodley (Researcher) 

I, (Patient’s name)..................................................................... fully understand the 

information supplied to me by Dr Tashia Moodley in this information sheet 

Signature: .......................... 

Date: ..................................   
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APPENDIX 2 

Oral & Dental Research Institute 

Faculty of Dentistry and WHO Oral Health Collaborating Centre 

University of the Western Cape, Cape Town 

 

Consent form 

I, Mr/Mrs/Miss............................................................................ 

Date of Birth:............................ File no./Hosp. Sticker..................................... 

am willing to donate my extracted teeth in the study as described to me in the patient 

information letter by Dr T. Moodley. I understand that donating my teeth is voluntary. 

The study is approved by the Ethical and Research Committee of the University of the 

Western Cape. I have been adequately informed about the objectives of the study. My 

rights will be protected and all my details will be kept confidential. No personal 

information will be published. 

I hereby consent to donate my teeth for the research/study.  

Patient’s/patient’s parent or guardian’s name:..................................................... 

 Patient’s/patient’s parent or guardian’s signature:................................................  

Witness’s name:.................................................. 

Witness’s signature:.................................... 

Researcher’s signature:......................................... 

 Dr Tashia Moodley 

Oral & Dental Research Institute Oral Health Centre Tygerberg 
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Contact details: Tel: (021) 937 3090 

                          Mobile: 082 657 3948` 

Date:.................................................. 
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APPENDIX 3 

a. Chitosan (Sigma Aldrich, USA) 

b. Glacial acetic acid (Merck, Germany) 

c. Transbond  Orthodontic Cement (3M ESPE) 

d. Elipar DeepCure-S (3M ESPE) 

e. CureRite light intensity meter (Dentsply, USA) 

f. Streptococcus mutans (ATCC UA 159 strain, American Type Culture Collection 

Manassas, USA) 

g. Brain Heart Infusion (Sigma-Aldrich, St. Louis, USA) 

h. Ethylene oxide gas sterilizer (SSS; Sterile Services, Singapore). 

i. Spectrophotometer (Shimadzu, Tokyo, Japan) 

j. Phosphate Buffer Saline (Sigma-Aldrich, St. Louis, USA) 

k. Orbital Shaker Incubator (Biocom Biotech, Pretoria, RSA 

l. Lamina Flow (Bio Flow, USA) 

m. Phosphoric acid solution (Wright Health Group Ltd, RSA) 

n. Roth stainless steel brackets (OrthoShop, RSA) 

o. Universal Testing Machine (Tinius Olsen, Horsham, USA) 

p. Vickers Hardness Machine (Zwick, Germany) 

q. Balb/c 3T3 mouse fibroblast cells ( The National Repository for Biological Materials, 

Sandringam, RSA) 

r. Field Emision Scanning Electron Microscope (Auriga, Zeiss, Germany) 

s. Quorum Sputter Coater (Quorum Technologies Ltd, UK) 
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APPENDIX 4 

 




