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ABSTRACT 
 

 Incipient caries lesions or white spot lesions are one of the most common clinical 

problems resulting from orthodontic treatment with fixed appliances. Literature has 

shown that infrared photothermal radiometry and modulated luminescence (PTR-LUM), 

used by The Canary System for caries detection, is capable of monitoring artificially 

created carious lesions and their evolution during demineralization. Recently, a water-

based calcium aluminate glass ionomer luting cement, Ceramir, has shown bioactive 

surface apatite formation that may influence local remineralization. This in vitro study’s 

objective was to evaluate effects of bioactive cement on enamel demineralization around 

orthodontic brackets compared to composite resin cement. A sample of 32 caries-free 

extracted human teeth was collected under an IRB-exempt protocol. Orthodontic brackets 

were cemented to each tooth with either Transbond XT or Ceramir. A 3x3 mm window 

adjacent to the bracket was created with acid-resistant varnish for an area to measure. 

Acetic acid (pH=3) was used as a demineralizing solution and distilled water (pH 5.15) as 

a control. The sample was randomized into 4 groups (n=8 per group): Transbond XT in 

acetic acid, Ceramir in acetic acid, Transbond XT in distilled water, Ceramir in distilled 

water. Five (5) Canary scores (0-100, higher values indicating increased 

demineralization), were obtained at baseline (T=0), 2 days (T=1), 7 days (T=2), and 14 

days (T=3). Photomicrographs (50X) were taken after completion of the study to examine 

the demineralization and surface changes. ANOVA and pair-wise post-hoc tests were 

used to analyze the data. Transbond XT (p=.0003) and Ceramir (p = .0001) showed 

significant demineralization around orthodontic brackets compared to the controls. The 

mean change in Canary score from T0-T3 for Transbond XT was 24.5±10.5, while 
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Ceramir was 21.2±12.5, and this difference was not significant (p=.438). 

Photomicrographs, however, displayed a potential “protective” effect immediately 

adjacent to the Ceramir cement and the demineralized white area appears less opaque and 

with less surface change than the resin cement. In conclusion, this in vitro study 

demonstrated no significant difference in demineralization inhibition between the 

cements tested. Ceramir, however, displayed a potential “protective” effect and different 

microscopic appearance of the demineralized area that warrants further investigation. The 

study also demonstrated the ability of the Canary System, using PTR-LUM to monitor 

progressive enamel demineralization, in vitro, around orthodontic brackets.  
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CHAPTER 1 

INTRODUCTION 

 

 Incipient caries lesions or white spot lesions (WSL) continue to be one the most 

common clinical problems resulting from orthodontic treatment with fixed appliances. 

WSL result from an increase in colonization by Streptococcus mutans in bacterial plaque 

around orthodontic brackets, bands, and arch wires. This causes a greater risk for enamel 

demineralization and the development of carious lesions (Corbett & Brown, 1981). It has 

been reported that enamel demineralization around orthodontic bands and brackets occurs 

as early as 1 month after starting treatment (O’Reilly & Featherstone, 1987). In 2015, a 

meta-analyses showed a prevalence of white spot lesions in patients undergoing fixed 

orthodontic treatment was 68.4% (Sundararaj et al., 2015).  Several advancements in 

orthodontic cements have shown promise in reducing the development of these incipient 

lesions.  

 Fluoride-releasing resin cements have been shown to prevent enamel 

demineralization (Basdra et al., 1996). However, these cements have only an initial 

substantial fluoride release, displaying a sharp decrease in fluoride release after 48 hours 

with a continued decline up to day 60 (Basdra et al., 1996). Conversely, glass ionomer 

cements have shown to be anticariogenic because of consistent fluoride release (Nakajo 

et al., 2009). But, glass ionomer cements have only one-half the bond strength of resin 

cements, which results in increased bracket debonds (Voss et al., 1993). To combine the 

desirable properties of both, resin cements and glass ionomer cements, resin-modified 

glass ionomer  (RMGI) cements were developed. These RMGI cements have adequate 
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bond strength while maintaining constant fluoride release (Ashcraft et al., 1997). 

Consequently, use of RMGI cements has been shown to decrease enamel 

demineralization around orthodontic brackets (Sudjalim et al., 2007). 

 More recently, amorphous calcium phosphate (ACP) composites have been 

produced and marketed as ‘bioactive’ restorative materials (Schumacher, 2007). The 

addition of ACP filler allows for release of calcium and phosphate in response to changes 

in the oral environment caused by microbial or acidic challenge (Skrtic et al., 1996). 

These bioactive properties cause an apatite mineral, similar to natural hydroxyapatite, to 

be deposited into the tooth and stimulate tooth repair with each caries attack (Skrtic et al., 

1996). The newest trend in dental materials is the use of nanotechnology. The 

incorporation of microscopic nano-sized particles allows the dental material to display a 

variety of unique characteristics and properties (Chen, 2010). For instance, fluoride or 

calcium and phosphate ions can be added into the nanoparticles which would provide 

these materials with an ability to increase the mineral content of teeth. (Chen, 2010). 

Clinically, the addition of these nano-particles to orthodontic adhesives could help stop 

progression of white spot lesions around orthodontic brackets or bands.  

 In addition to innovation in dental adhesives, there are also new methods for 

caries detection available. One of these new diagnostic techniques is The Canary System. 

This system is based on analyses of luminescence and thermal behavior of emitted 

infrared photons caused by demineralization of enamel. The technology is termed 

noncontacting frequency-domain photothermal radiometry and frequency-domain 

luminescence, commonly abbreviated PTR-LUM. More simply, it detects the optical 

disruption in enamel with a combination of luminescence and heat (Zero et al., 2011). 
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Moroever, PTR-LUM has been shown to have much higher sensitivity than other 

conventional methods (Jeon et al., 2004) and is capable of monitoring artificially created 

carious lesions, their evolution during demineralization, and the reversal of lesions under 

the growth of a remineralized surface (Jeon et al., 2008). The software generates a 

Canary number, indicating the lesion severity (Manton, 2013). 

 Despite many of these advancements in dental materials and detection methods, 

studies still show the prevalence of WSL in orthodontic patients as high as 75 percent 

(Wenderoth et al., 1999). Recently, a new hybrid calcium aluminate glass ionomer 

cement, Ceramir C&B (Doxa Dental AB, Uppsala, Sweden), was introduced as a 

bioactive dental luting cement for permanent cementation of cast and ceramic 

restorations (Jefferies et al., 2009).  In a previous study, Ceramir C&B displayed self-

sealing properties and may encourage enamel remineralization to occur in clinical 

conditions via the release of calcium and phosphate ions (Lööf et al., 2008). Moreover, 

fully-set Ceramir C&B has a basic pH and has exhibited antibacterial properties 

(Unosson et al., 2012).  Thus, there are possible advantages of this material as an 

orthodontic adhesive due to its potential to inhibit the development of white spot lesions. 

The aim of this in vitro study is to evaluate the effect of Ceramir C&B bioactive cement 

on enamel demineralization around orthodontic brackets compared to a composite resin 

cement. A second aim is to document the capability of The Canary System for detecting 

and quantifying artificial enamel demineralization around orthodontic brackets. 
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CHAPTER 2 
 

REVIEW OF THE LITERATURE 

 

2.1 Dental adhesives influence on enamel demineralization around orthodontic 
brackets  

	  
	  
	  
 In 1992, Ogaard et al. studied the cariostatic effect and fluoride release of a 

fluoride-releasing light-curing adhesive. They found that a fluoride-releasing adhesive 

reduced lesion development adjacent to brackets when compared with a nonfluoride 

adhesive. Additionally, they concluded that regular use of fluoride toothpaste is 

insufficient to inhibit carious lesion development around orthodontic brackets.  

 Sonis and Snell conducted a study in 1989 on 22 of their patients with an average 

treatment time of 25 months evaluating fluoride-releasing light-activated bonding system 

compared to a conventional light-activated bonding system. The experimental group used 

a bonding agent and composite both reported to release fluoride over a prolonged period. 

Of the 206 brackets bonded with a fluoride-releasing bonding system, none of the teeth 

demonstrated decalcification. On the other hand, 26 teeth in the control group displayed 

decalcification around the bracket. These results indicate that fluoride-releasing adhesives 

are a useful aid in preventing enamel decalcification adjacent to orthodontic brackets. 

 A longitudinal study evaluating white spot reduction when using a GI cement for 

bonding orthodontic brackets showed a significantly lower (24% compared to 40.5%) 

number of surfaces with white spot lesions with the use of GI cement. At 12 months post-

debond the frequency of surfaces with white spots was reduced to 22% for GI and 24% 
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for conventional composite resin. At 24 months post debond the frequency changed 

drastically to 16% for GI and 29% for conventional composite. The fluctuation in 

frequency post-debond suggests no long-term effect when using GI cement. However, the 

results do indicate that the use of GI cement for orthodontic bonding will significantly 

reduce the number of white spot lesions at debond compared to a conventional composite 

(Marcusson et al., 1997). Likewise, another in vivo study compared a fluoride-releasing 

glass ionomer (GI) cement to a conventional composite resin cement and the effect each 

has on inhibition of enamel demineralization. The results showed significantly more 

demineralization around the brackets of the control group indicating successful inhibition 

by the GI cement. The cariostatic effect of the fluoride-releasing GI cement was localized 

to the area around the brackets (Gorton & Featherstone, 2003).  

 However, an in vivo study conducted in 1999 contradicts many studies showing a 

reduction in development of white spot lesions when using GI adhesives. The split mouth 

study involved 40 patients, but only 23 were assessed due to bracket failures. The 

investigators found no significant difference at debond in mean number of labial segment 

teeth affected by decalcification or in mean extent of decalcification per tooth when GI 

cement and conventional composite resin were use as adhesives for orthodontic brackets. 

The study suggests that other fluoride adjuncts combined with proper oral hygiene and 

diet may have a greater effect on prevention of decalcification during orthodontic 

treatment (Millett et al., 1999).  

 The development of hybrid glass ionomer cements by means of alteration or 

substitution of the polyalkenoic acid used in glass ionomer cement formation combined 

with a fluoroaluminosilicate glass has generated several materials that possess desirable 
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bond strengths and fluoride release. An in vitro study in 1998 evaluated two hybrid glass 

ionomers (RMGI) and their influence on inhibition of enamel demineralization 

surrounding orthodontic brackets. Both RMGI cements showed an ability to inhibit depth 

and area of demineralized enamel lesions around bracket bases when compared to a non-

fluoridated composite control group. Moreover, teeth bonded with the hybrid glass 

ionomer cement, both brushed and nonbrushed, showed significantly smaller enamel 

lesions than teeth bonded with a composite resin that brushed twice daily (Vorhies et al., 

1998). Furthermore, in an in vitro study using micro-CT to compare different bonding 

agents, the study groups also consisted of different adhesives including Transbond XT, 

LightBond, and FujiOrthoLC. FujiOrthoLC, a RMGI, had the greatest effect on the ratio 

between demineralization and remineralization. This decreased the amount of caries 

progression as indicated by the reduced enamel lesion depth and mineral loss when 

compared to the other composite resin cements (Paschos et al., 2009).  

 Sudjalim et al. (2007) also found that the use of RMGI cement, FujiOrthoLC in 

particular, can significantly decrease enamel demineralization compared to conventional 

composite resin cement. Another in vitro study found that an RMGI cement 

(FujiOrthoLC) and a fluoride-releasing resin composite (Light Bond) had significantly 

less enamel demineralization adjacent to orthodontic brackets than non-fluoride releasing 

composite. In addition, there was no significant difference in demineralization inhibition 

between the RMGI and fluoride-releasing composite (Wilson & Donly, 2000).  
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2.2 Bioactive materials influence on enamel demineralization  
 

 

 Amorphous calcium phosphate (ACP)-containing orthodontic composite has been 

shown to inhibit enamel demineralization around orthodontic brackets. In an in vivo 

study using premolars with brackets bound for extraction, an ACP-containing composite 

was compared to a resin-based composite control group. Superficial microhardness 

analyses found the ACP-containing composite to be significantly more efficient than the 

control in reducing mineral loss due to dental caries around orthodontic brackets. In 

addition, this effect was localized to the around the brackets and was statistically 

significant after 30 days. However, the limited 30 day in vivo study period may be an 

insufficient amount of time to allow for natural demineralization to occur (Uysal et al., 

2010). 

 The three main components of dental composites are: the inorganic filler, the 

organic resin matrix, and the silane coupling agents. Nanofillers may be incorporated into 

dental composites in a dispersed form or as clusters. These nanofillers can provide the 

dental composite with a variety of unique characteristics and properties. Among these 

properties is the ability to increase mineral content of the tooth by adding fluoride or 

calcium and phosphate ions into the nano-particles.  

 Nanotechnology is shifting the study of dental materials. In 2014, the amount of 

fluoride found in a S. mutans cariogenic biofilm and the extent of enamel 

demineralization around orthodontic brackets was studied. A trend to a lower 

demineralization of enamel was displayed around orthodontic brackets in the fluoride-

releasing nanofilled composite. However, the presence of nanofillers did not provide 

additional benefits against the development of carious lesions around brackets. Moreover, 
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The nanofilled fluoride-releasing composite showed inferior inhibition of enamel 

demineralization when compared to RMGI cement (Melo et al., 2014).  

 

2.3 Ceramir physical and bioactive properties 
 

 

 In a 2008 pilot study, Ceramir C&B showed a working time of 2 minutes and 

setting time of 4 minutes. Both of these times are within normal limits for dental luting 

cements. In addition, removal of cement was determined to be very easy and no 

sensitivity was reported at 6 months post-cementation of prosthesis (Jefferies et al., 

2008). Another study showed Ceramir C&B to have adequate compressive strength and 

no evidence of clinically significant expansion. The setting time and film thickness were 

also both within the standard requirements for luting agents (Jefferies et al., 2012). 

Clinical findings in a longitudinal study found Ceramir C&B performed favorably as a 

dental luting agent for permanent cementation of restorations 3 years post-cementation. 

More specifically, all restorations evaluated exhibited no loss of retention, no secondary 

caries, no marginal discoloration, and no subjective sensitivity. Also, all restorations 

rated excellent for marginal integrity. The average gingival index score after 3 years was 

0.07 and the laboratory retentive forces were similar to other currently available luting 

agents (Jefferies et al., 2013). All of these studies suggest that the physical properties of 

Ceramir C&B are suitable for a dental luting cement, and may also have potential 

applications as an orthodontic cement.  

 Ceramir C&B has also shown promise for its bioactive properties.   
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A 2008 study showed a calcium-aluminate based material exhibited in vitro bioactivity 

via hydroxyapatite (HA) formation on its surface after 24 hours. Furthermore, a hybrid 

material between glass ionomer and calcium aluminate also showed bioactivity, detecting 

HA formation after 7 days. The HA grain size was finer on the hybrid material. These 

findings suggest bioactive dental materials that release calcium and phosphate ions may 

be used to encourage remineralization of tooth structure (Lööf et al., 2008). Ceramir 

C&B has also been shown to exhibit antibacterial properties. In a 2012 study by Unosson 

et al., Ceramir had the greatest antibacterial effect among four commercially available 

dental luting cements and the basic materials showed stronger antibacterial properties.  

	  

2.4 The Canary System to detect dental caries 
 
 

 
 The Canary System (Quantum Dental Technologies, Toronto, Ontario Canada) 

utilizes infrared photothermal radiometry and modulated luminescence (PTR-LUM) 

technology for early detection of dental caries. In a 2004 study by Jeon et al., PTR-LUM 

caries detection technology was compared to conventional diagnostic methods including 

continuous luminescence (DIAGNOdent), visual inspection, and radiographs. They found 

that the sensitivity was much higher than any of the other methods and the specificity was 

comparable to the continuous luminescence diagnostics. Photothermal radiometry has 

also shown the ability to detect very early interproximal demineralized lesions with 

excellent signal reproducibility and consistent signal changes (Jeon et al., 2007).  

 An in vitro study in 2008 studied the detection and quantification of enamel and 

root caries using infrared photothermal radiometry and modulated luminescence. They 
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demonstrated that PTR/LUM detection is capable of monitoring artificially created 

carious lesion, their evolution during demineralization, and the reversal of lesions under 

the growth of a remineralized surface (Jeon et al., 2008).  

	   In 2013, Manton reviewed a variety of early dental caries detection methods 

including new technologies. Included, the Canary System is explained as a new system 

using laser-based photothermal radiometry/modulated luminescence (PTR-LUM). It 

detects luminescence differences and also change in temperature to quantify 

mineralization changes.  

  Thus, the Canary System may be a useful adjunct for measuring the severity of 

white spot lesions adjacent to orthodontic brackets during active treatment. 
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CHAPTER 3 

AIMS OF THE INVESTIGATION 

 

The study will address two specific aims:  

(1) To evaluate the effect of different cement compositions on enamel demineralization 

around orthodontic brackets. In particular, study the difference between Ceramir, a 

calcium aluminate glass ionomer luting cement, and Transbond XT, a composite 

resin orthodontic adhesive as the control. We hypothesize that Ceramir will inhibit 

enamel demineralization around orthodontic brackets when compared to 

conventional resin orthodontic adhesive. The null hypothesis is Ceramir does not 

inhibit enamel demineralization around orthodontic brackets when compared to 

convention resin orthodontic adhesive.  

(2) Document the capability of The Canary System for detecting and quantifying 

artificial enamel demineralization around orthodontic brackets.  
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CHAPTER 4 

MATERIALS & METHODS 

 

4.1 Sample Preparation 

 

 A total of 40 human extracted teeth (under an IRB-exempt protocol) were 

obtained from a larger collection of discarded, extracted teeth that had been in sodium 

hypochlorite solution and maintained in distilled water. No identifying information was 

known or available regarding these tissue specimens. Teeth with cracked, damaged or 

visually decalcified enamel surfaces were excluded. All teeth were cleaned with pumice, 

rinsed, and dried. The facial and lingual surface of each tooth was scanned 3 times using 

the Canary System. Using the Canary System scoring scale as a guide, tooth surfaces that 

scored less than or equal to 25 on at least 2 out of 3 scans were marked using a permanent 

marker on the root surface to identify the area for scanning. These preliminary scans 

indicated that the surface was sound enamel as detected by the Canary System and 

qualified to be used in the study. The roots on each tooth were removed with a bur and 

high-speed dental handpiece then sealed in the plane of section using composite resin to 

prevent any solution leaking through the roots. In addition, the surface of the tooth 

opposite the one planned to be used in the study was made flat and smooth to stabilize the 

teeth during Canary score measurement. In all, 32 extracted human teeth met the criteria 

and were used in the study. The selected teeth were stored in distilled water prior to 

bracket cementation.  
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 The sample of 32 teeth was randomized into 4 groups (n=8): 1) Transbond XT in 

acetic acid 2) Ceramir in acetic acid 3) Transbond XT in distilled water 4) Ceramir in 

distilled water. To create each of the samples, twin metal orthodontic brackets (Victory 

Twin, American Orthodontics) were cemented to the teeth with either Ceramir (Doxa 

Dental AB, Uppsala, Sweden) or Transbond XT (3M Unitek, Seefeld, Germany). No 

bonding agent or etchant was used for either cement in order to measure the direct effect 

of the cements being tested. If these were used then another variable would have been 

introduced that could have influenced the amount of enamel demineralization. Using the 

markers mentioned previously for bracket location, sixteen teeth had brackets cemented 

with Ceramir and sixteen teeth were cemented with Transbond XT. The excess cement 

was removed using a dental explorer, and the cements were cured according to their 

manufacturing instructions.  

 After bracket cementation, a 3x3 mm window adjacent to the bracket was created 

with acid-resistant varnish (Assure bonding agent, Reliance Orthodontics) as shown in 

Figure 1. The acid-resistant varnish was applied twice to cover the entire tooth, except the 

window, and light cured each time for 12 seconds.  

 Each sample was then placed in a 40 mL airtight polypropylene plastic container 

(Tite-Rite containers, Global Scientific) at 100% humidity and labeled for data collection. 

The labels were as follows: A/XT 1-8 for Transbond in Acetic Acid, A/CB 1-8 for 

Ceramir in Acid, H20/XT 1-8 for Transbond in distilled water, and H20/CB 1-8 for 

Ceramir in distilled water (Figure 2).  The experiment was conducted over a period of 14 

days with 4 measurement times: at baseline (T=0), 2 days (T=1), 7 days (T=2), and 14 

days (T=3).  
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Figure 1. Example tooth sample. This is one of the samples used in the study showing 
the bracket with a 3 x 3 mm window for demineralization. Note, the tooth lays flat and 
the black mark corresponds to the window location on the enamel surface. A 
periodontal probe is used for size reference.  
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Figure 2. Experiment set-up and sample labels. The samples were stored and labeled 
in the plastic container as follows: A/XT 1-8 for Transbond in Acetic Acid, A/CB 1-8 
for Ceramir in Acid, H20/XT 1-8 for Transbond in distilled water, and H20/CB 1-8 for 
Ceramir in distilled water. 
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4.2 Demineralizing solution and control solution 

 

 Enamel demineralization to create an artificial white spot lesion adjacent to the 

orthodontic bracket was achieved using a 1M acetic acid solution. This demineralizing 

acidic solution was measured to have a pH = 3. Distilled water (Ricca Chemical 

Company) was used as a control solution and the pH was measured at 5.15. 16 containers 

contained Acetic Acid solution and 16 containers contained distilled water. Each tooth 

was placed in a plastic container on their flat side, and remained until they were removed 

for data collection.  

 

4.3 The Canary System (PTR-LUM) for lesion quantification 

 

 The Canary System (Quantum Dental Technologies, Toronto, Ontario Canada) 

utilizes infrared photothermal radiometry and modulated luminescence (PTR-LUM) 

technology for early detection of dental caries. In this study, it was used for white spot 

lesion detection and quantification of enamel demineralization adjacent to orthodontic 

brackets. An image of the lesion is taken with the laser-sensor and software generates a 

Canary number, indicating the lesion severity (Manton, 2013). The Canary number 

ranges from 0-100 as seen in Figure 3, with lower values indicating healthy enamel and 

higher values indicating increased severity of caries. 
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Figure 3. Canary System scoring scale. 0-20 = Healthy/Sound Tooth Structure; 21-70 = 
Decay; 71-100 = Advanced Decay. (Abrams, 2015) 

 

  

 In this study, 5 Canary scores were obtained for each sample at each of the time 

points measured: baseline (T=0), 2 days (T=1), 7 days (T=2), and 14 days (T=3). 

According to Jeon, the sample must be air-dried for 20 minutes before measurement with 

PTR-LUM in order to negate the effects of hydration on the optical and thermal 

properties of the enamel (Jeon, 2008). Consequently, at each measurement time point the 

tooth samples were removed from their respective solution, dried with air syringe, and let 

air-dry for 20 minutes prior to obtaining Canary scores. Once ready, the teeth were 

positioned on their flat side on a table and the Canary laser was used to get 5 independent 

scores for each sample at each time point. The Canary tip was positioned in the 3x3 mm 

window as close to the bracket as possible, and flush with the tooth surface to obtain each 

score. A single investigator obtained the Canary scores for the study and each score was 

recorded as shown in Figure 4. 
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Figure 4. Data collection and recording: A, The Canary scores generated from the 
computer software as seen on the computer screen. The yellow color number indicates 
that there is decay.  Green indicates healthy tooth structure and red indicates advanced 
decay; B, The red rectangle displays the 5 readings from the Canary System, as 
recorded in the data collection table for the respective sample. This was done for each 
sample.  
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4.4 Light Photomicrographs  

 

 After the experiment was completed, one tooth sample from each of the four 

groups was selected and viewed under light microscope at 50X magnification to visualize 

the enamel surface and area of demineralization. The tooth sample selected was the 

sample that most closely matched the mean Canary score of the entire group. The teeth 

selected were: A-8, B-7, C-3, and D-8 (see Appendix D). For each sample, light 

photomicrographs were taken at the area near the bracket/cement interface and near the 

varnish interface.   

 

4.5 Statistical Analysis 

 

 Analysis of variance (ANOVA) and pair-wise post-hoc tests were used to analyze 

the data. Statistical significance was determined using a 95% confidence limit (p ≤ 0.05). 
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CHAPTER 5 

RESULTS 

 

5.1 Findings 

 

 Table 1 shows a summary of the data collected. Each ‘total’ value is the mean of 

40 (8 samples multiplied by 5 readings each) total Canary score readings in each group. 

Total standard deviation (Total SD) shows the standard deviation of all 40 Canary score 

readings for the group. Standard deviation range (SD Range) is the range of standard 

deviations for each of the eight (8) samples in the group. Delta shows the difference in 

mean Canary score from T3 (14 days) and T0 (baseline).  

 

5.2 Enamel demineralization comparison  

 

 Transbond XT (p=.0003) and Ceramir (p = .0001) showed significant 

demineralization around orthodontic brackets compared to the controls as seen in Figure 

5. For both Ceramir and Transbond, there was a larger increase in demineralization in the 

first 7 days of the study compared to the last 7 days. Ceramir displayed a slight decrease 

in mean Canary score from T2 to T3. 

 In the acidic solution, the mean change in Canary score from T0-T3 for 

Transbond XT was 24.5±10.5 while Ceramir was 21.2±12.5. Although Ceramir did have 

a smaller change in mean Canary score when compared with Transbond, this difference 

was not significant (p=.438). 
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Table 1  
	  
Data Collection Summary of Canary Scores 

	   T	  =	  0	  
	  (Baseline)	  

T	  =	  1	  	  
(2	  Days)	  

T	  =	  2	  	  
(7	  Days)	  

T	  =	  3	  	  
(14	  Days)	  

Δ	  	  
(T3-‐T0)	  

A	  	  
Transbond	  in	  

Acid	  

	   	   	   	   	  

Total	  Average	   27.65	   38.35	   49.63	   52.1	   24.45	  
Total	  Range	   19	  	  

(39-‐20)	  	  
35	  	  

(60-‐25)	  
	  48	  	  	  

(74-‐26)	  
38	  	  

(71-‐33)	  
	  

Total	  SD	   4.34	   10.4	   13.14	   9.61	   	  
SD	  Range	   4.89	  	  

(5.72-‐0.83)	  
7.2	  	  

(9.5-‐2.3)	  
17.1	  	  

(18.2-‐1.1)	  
11.5	  

	  (13.7-‐2.2)	  
	  

B	  	  
Ceramir	  in	  Acid	  

	   	   	   	   	  

Total	  Average	   23.6	   38.25	   46.5	   44.75	   21.175	  
Total	  Range	   20	  	  

(33-‐13)	  
42	  

	  (62-‐20)	  
	  43	  	  

(65-‐22)	  
39	  	  

(67-‐28)	  
	  

Total	  SD	   4.72	   10.36	   11.89	   11.65	   	  
SD	  Range	   4.2	  	  

(4.7-‐0.5)	  
	  11.2	  	  

(13.5-‐2.3)	  
10.8	  	  

(11.5-‐0.7)	  
13.1	  	  

(13.8-‐0.7)	  
	  

C	  
Transbond	  in	  

Water	  

	   	   	   	   	  

Total	  Average	   28.2	   32.25	   31.43	   30.78	   2.575	  	  
Total	  Range	   12	  	  

(34-‐22)	  
26	  	  	  

(47-‐21)	  
23	  	  

(43-‐20)	  
14	  	  

(37-‐23)	  
	  

Total	  SD	   3.24	   5.92	   5.59	   3.52	   	  
SD	  Range	   2.1	  	  

(2.9-‐0.8)	  
5.0	  

	  (6.4-‐1.4)	  
5.1	  

	  (5.9-‐0.8)	  
3.7	  	  

(4.5-‐0.8)	  
	  

D	  
Ceramir	  in	  
Water	  

	   	   	   	   	  

Total	  Average	   20.88	   26.28	   27.18	   27.25	   6.375	  
Total	  Range	   8	  (26-‐18)	   11	  (31-‐20)	   19	  	  

(35-‐16)	  
18	  	  

(37-‐19)	  
	  

Total	  SD	   2.4	   2.58	   4.56	   3.97	   	  
SD	  Range	   3.4	  

	  (3.8-‐0.4)	  
2.4	  	  

(3.8-‐1.4)	  
4.9	  	  

(5.7-‐0.8)	  
2.5	  	  

(4.1-‐1.6)	  
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5.3 Canary System to detect enamel demineralization adjacent to orthodontic 

brackets  

 

 As seen in Figure 5, the Canary System displayed capability to detect and 

quantify artificial enamel demineralization adjacent to orthodontic brackets. Both control 

groups showed minimal change in mean Canary score from T0 to T3 (2.575 +/- 4.8 and 

6.375 +/- 4.6). While, both of the experimental groups showed a large increase in mean 

Canary score from T0 to T3 (24.45 +/- 10.5 and 21.175 +/- 12.5). Figure 5 also displays 

the relatively large standard deviation of each data point. 

 

 

Figure 5. Ceramir vs. Transbond Average Enamel Demineralization. This figure 
illustrates the mean Canary score and standard deviation (See Appendix E) for each of 
the four study groups over time. Both groups in Acid show significant demineralization 
as seen by increasing mean Canary scores over the course of the study. The control 
groups showed minimal change over time as depicted by the near-horizontal lines.  
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5.4 Light Photomicrographs   

 

Photomicrographs were taken under microscope (50X) to visualize the enamel 

and demineralization at T=3 (14 days). These images are seen below for each of the 

selected samples: A-8 (Figure 6), B-7 (Figure 7), C-3 (Figure 8), and D-8 (Figure 9 and 

10).  

 

 

 

 

 
 
 
 
 
 
 
Figure 6. Photomicrograph of tooth sample A-8. This sample represents the Transbond 

in acid group at T=3 (14 days). The left photo is taken at the area near interface of 
bracket and cement. The right photo is the area near varnish interface.  

 

 

 Figure 6 shows the demineralized, artificial white spot area caused by the acidic 

solution characteristic of the Transbond in acid group (Group A). The demineralized area 

adjacent to the orthodontic bracket and residual cement appears chalky-white due to the 

loss of mineral content and subsequent increase in porosity of the enamel. The dark black 

specks are from the pencil marks delineating the window for measurement.  
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Figure 7. Photomicrograph of tooth sample B-7. This sample represents the Ceramir in 

acid group at T=3 (14 days). The left photo is taken at the area near interface of 
bracket and cement. The right photo is the area near varnish interface.  

 
 
 
 
 
 
   
    

 

 

 

 

 

 

 

 

 
Figure 8. Ceramir zone of protection on sample B-7. This image shows a close-up of 

the possible zone of protection immediately adjacent to Ceramir cement. The zone 
ranges from 58.34-170.01 microns in thickness.  
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 Figure 7 shows the demineralized, artificial white spot area caused by the acidic 

solution characteristic of the Ceramir in acid group (Group B). The demineralized area 

adjacent to the orthodontic bracket and residual cement appears different than the 

Transbond in acid sample (A-8) seen in Figure 6. This demineralized white area appears 

less opaque and with less surface change. More significantly, directly adjacent to the 

Ceramir residual cement, and unlike the Transbond in acid sample, there appears to be a 

thin, continuous and uniform zone of unaffected, sound enamel. Figure 8 shows the 

potential zone of protection immediately adjacent to the Ceramir cement ranges from 

58.34-170.01 microns in thickness. The dark black specks are from the pencil marks 

delineating the window for measurement. 

 

 

 

 

 

 

 
Figure 9. Photomicrograph of tooth sample C-3. This sample represents the Transbond 

in water group at T=3 (14 days). The left photo is taken at the area near interface of 
bracket and cement. The right photo is the area near varnish interface.  

 

 Figure 9 shows the non-demineralized area of enamel adjacent to the orthodontic 

bracket characteristic of the Transbond in water group (Group C). There is no evident 

enamel demineralization or surface change. The dark black specks and area are from the 

pencil marks delineating the window for measurement. 
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Figure 10. Photomicrograph of tooth sample D-8. This sample represents the Ceramir 

in water group at T=3 (14 days). The left photo is taken at the area near interface of 
bracket and cement. The right photo is the area near varnish interface.  

 

 

 

 

 

 

Figure 11. Photomicrograph of tooth sample D-8. This sample represents the Ceramir 
in water group at T=3 (14 days). The left photo is taken at the area near interface of 
bracket and cement. The right photo is the area near varnish interface.  

 

  Figure 10 and 11 show the non-demineralized area of enamel adjacent to the 

orthodontic bracket characteristic of the Ceramir in water group (Group D). Similar to 

sample C-3, there is also no evident enamel demineralization or surface change noted. 

The dark black specks and area are from the pencil marks delineating the window for 

measurement. 
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CHAPTER 6 

DISCUSSION 

  

 This preliminary in vitro study assesses the potential use of bioactive calcium 

aluminate glass ionomer cement, Ceramir, in orthodontics. Based on these results the null 

hypothesis cannot be rejected. However, the photomicrographs suggest that there may be 

a protective effect immediately adjacent to the Ceramir cement and there is less visual 

demineralization and surface change than the Transbond specimen under microscope. 

Thus, Ceramir bioactive calcium aluminate glass ionomer cement may help prevent white 

spot lesion formation resulting from orthodontic fixed appliances.   

 In 2008, Lööf showed that Ceramir releases calcium and phosphate ions, and 

displayed hydroxyapatite formation on the enamel surface. Moreover, Ceramir has been 

shown to exhibit antibacterial properties and create an alkaline environment in a recent 

study by Unosson et al. These unique cement properties may help prevent formation of 

white spot lesions and would be particularly beneficial for orthodontic patients who are at 

a higher risk of developing caries due to the aggregation of bacteria around braces, bands, 

and archwires.  

 Both the composite resin cement (p =.0003) and bioactive cement (p = .0001) 

showed significant demineralization around orthodontic brackets compared to the 

controls over the course of the study. In addition, the control groups showed only a 

minimal change in mean Canary Score from T0-T3 in contrast to the large changes seen 

in the experimental groups. This difference is also seen visually in the photomicrographs 

and it demonstrates the capability of the Canary System, using PTR-LUM technology, to 
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monitor progressive enamel demineralization around orthodontic brackets in vitro. In 

addition, our study agrees with another in vitro study by Jeon in 2008 that shows PTR-

LUM is capable of monitoring artificially created caries lesions, their evolution during 

demineralization, and the reversal of lesions.   

 This in vitro study shows promise for the use of Ceramir to prevent white spot 

lesion formation and the Canary System to detect them around orthodontic brackets. The 

study, however, has several limitations that should be considered. First, Figure 5 exhibits 

the relatively large standard deviations at each data collection point due to the variability 

in Canary Scores. Consequently, our findings revealed a non-significant difference (p = 

.438) between the cements tested. Each sample was measured five times by a single 

investigator at each time point (T0-T3) and the same procedure was used for each 

measurement. Therefore, was the large range in Canary Scores due to operator error or 

the Canary System itself? A second investigator would have eliminated the possibility of 

bias during data collection and may have helped answer this question.  

 Another limitation of the study is the unknown genetic predisposition of each 

tooth sample for caries development. Caries is a multifactorial disease and genetics is one 

of the important factors. In this study, genetics may be a confounding variable that is 

impossible to account for. There is a possibility that one of the groups was comprised of 

teeth with a greater susceptibility of caries development simply due to the genetic 

makeup. In addition, each of the tooth samples may have been exposed to different local 

factors while in the oral cavity. Although each tooth had no visual demineralization at the 

start of the study, some of the tooth samples may be predisposed to enamel 

demineralization due to their environmental history.  
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 A third limitation of the study is the applicability of this in vitro experiment to 

what takes place in the human oral cavity. This study focuses on what preventative 

effects Ceramir may have on the development of white spot lesions around orthodontic 

brackets. In its simplest form, we are looking for a material effect of the cement on 

enamel demineralization. However, the oral cavity is a complex environment with many 

different interactions that can also effect enamel demineralization. Some of these 

interactions include salivary buffering and remineralization capability, dietary 

carbohydrate intake, dental plaque biofilm composition, and the amount of fluoride 

intake. Thus, this in vitro study may not show the true potential of Ceramir to prevent 

white spot lesions adjacent to orthodontic brackets.  

 Another limitation of this study is the relatively small sample size of each group. 

Consequently, the study has low statistical power and therefore there is the possibility of 

false negative findings. Moreover, a larger sample size would be more apt to overcome 

the large standard deviation of the data and produce significant findings.  

 This preliminary study raises many questions about the ability of Ceramir to 

effect the formation of white spot lesions and the Canary System to detect them adjacent 

to orthodontic brackets. In future studies, it would be beneficial to see if there is any 

effect of the bioactive cement on enamel remineralization around orthodontic brackets. 

This would more accurately depict the natural oral environment that includes acid attacks 

and the subsequent immunologic and physiologic responses. Moreover, use of scanning-

electron microscopy (SEM) to more closely examine the surface changes seen in the 

photomicrographs in our study could help us better understand the bioactive effects of 

Ceramir. In addition, a study comparing micro-CT obtained demineralization values to 
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Canary Scores would be helpful in further assessment of the effectiveness of the Canary 

System to detect the severity of carious lesions. Finally, a study with a larger sample size 

would increase statistical power and would therefore be more likely to detect differences 

that may actually exist. 

  The potential use of bioactive cement offers exciting possibilities to improve the 

practice of orthodontics. More specifically, the use of bioactive cement may help prevent 

a problem that still plagues the profession - white spot lesions around brackets. This 

study takes the first steps to explore a potential advancement in orthodontic adhesives 

and a new method for white spot lesion detection. 
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CHAPTER 7 

CONCLUSIONS 

 

This in vitro study:  

1. Displayed no significant difference in demineralization inhibition between the 

cements tested within the limits of this preliminary study.  

2. Observed a potential “protective” effect immediately adjacent to Ceramir cement 

and a difference in microscopic appearance of the demineralized area in 

comparison to resin cement. 

3. Demonstrated the ability of the Canary System, using PTR-LUM technology, to 

monitor progressive enamel demineralization, in vitro, around orthodontic 

brackets. 
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APPENDIX A 
Data collection at Baseline (T0)  

 
 

 Canary 
Reading 1 

Canary 
Reading 2 

Canary 
Reading 3 

Canary 
Reading 4 

Canary  
Reading 5 

A-1 21 23 20 21 25 

A-2 27 25 26 34 26 

A-3 26 31 22 22 23 

A-4 26 26 29 30 28 

A-5 23 33 31 31 39 

A-6 29 27 29 23 27 

A-7 32 34 33 34 33 

A-8 27 25 27 28 29 

     

B-1 20 13 20 24 25 

B-2 19 20 21 25 22 

B-3 33 33 32 32 33 

B-4 23 28 18 28 29 

B-5 20 21 19 22 23 

B-6 22 24 23 20 26 

B-7 20 19 20 21 20 

B-8 25 21 25 26 29 

     

C-1 31 32 29 28 29 

C-2 33 33 32 34 32 

C-3 27 28 29 31 32 

C-4 29 29 27 32 29 

C-5 26 27 25 28 24 

C-6 23 24 26 26 29 

C-7 25 22 23 25 23 
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C-8 33 29 28 30 26 

     

D-1 19 18 18 20 19 

D-2 23 28 26 22 18 

D-3 20 23 19 20 19 

D-4 20 20 20 24 23 

D-5 19 19 22 24 25 

D-6 24 20 19 22 22 

D-7 20 20 24 19 21 

D-8 19 19 19 20 19 

A = Transbond in Acid  
B = Ceramir in Acid  
C = Transbond in Water  
D = Ceramir in Water  
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APPENDIX B 
Data collection at 2 Days Demineralization (T1)  

 

 Canary 
Reading 1 

Canary 
Reading 2 

Canary 
Reading 3 

Canary 
Reading 4 

Canary 
Reading 5 

A-1      42 43 44 59 60 

A-2 25 32 42 33 29 

A-3 33 28 33 27 28 

A-4 26 33 42 26 32 

A-5 30 35 35 35 42 

A-6 55 55 56 35 42 

A-7 46 46 51 54 52 

A-8 27 28 29 32 32 

     

B-1 30 41 34 32 38 

B-2 49 33 20 34 20 

B-3 34 62 58 54 54 

B-4 50 49 49 42 52 

B-5 46 55 26 28 26 

B-6 34 32 38 36 34 

B-7 30 28 36 31 34 

B-8 34 31 34 43 39 

     

C-1 30 31 26 34 27 

C-2 30 31 29 36 35 

C-3 33 35 30 38 35 

C-4 32 32 35 40 32 

C-5 26 25 26 29 25 

C-6 24 21 27 24 37 

C-7 32 40 32 44 30 
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C-8 43 35 41 47 31 

     

D-1 25 26 22 29 25 

D-2 27 29 26 30 26 

D-3 21 26 26 23 26 

D-4 30 28 29 28 26 

D-5 24 26 30 20 24 

D-6 24 25 27 27 27 

D-7 29 26 25 26 27 

D-8 28 21 27 29 31 

A = Transbond in Acid  
B = Ceramir in Acid  
C = Transbond in Water  
D = Ceramir in Water  
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APPENDIX C 
Data collection at 7 Days Demineralization (T2)  

 

 Canary 
Reading 1 

Canary 
Reading 2 

Canary 
Reading 3 

Canary 
Reading 4 

Canary 
Reading 5 

A-1 65 47 46 45 46 

A-2 36 26 47 48 46 

A-3 38 27 31 38 44 

A-4 28 36 64 71 51 

A-5 44 53 57 61 34 

A-6 70 74 74 70 66 

A-7 56 56 55 58 56 

A-8 50 44 44 38 45 

     

B-1 37 35 36 35 42 

B-2 50 26 22 30 34 

B-3 55 56 55 54 55 

B-4 50 63 61 46 45 

B-5 65 36 39 52 50 

B-6 60 63 64 59 61 

B-7 33 32 45 36 40 

B-8 56 53 57 33 39 

     

C-1 31 30 32 31 32 

C-2 30 31 29 32 37 

C-3 30 30 31 38 30 

C-4 43 39 41 35 31 

C-5 29 23 33 20 33 

C-6 24 26 26 23 24 

C-7 25 26 28 28 39 
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C-8 34 35 40 42 36 

     

D-1 21 32 26 24 29 

D-2 35 34 33 27 25 

D-3 31 28 34 23 34 

D-4 33 32 31 27 19 

D-5 21 26 19 22 22 

D-6 28 27 26 29 30 

D-7 25 26 26 25 27 

D-8 27 30 28 29 16 

A = Transbond in Acid  
B = Ceramir in Acid  
C = Transbond in Water  
D = Ceramir in Water  
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APPENDIX D 
Data collection at 14 Days Demineralization (T3)  

 

 

 Canary  
Reading 1 

Canary 
Reading 2 

Canary 
Reading 3 

Canary 
Reading 4 

Canary 
Reading 5 

A-1 61 60 61 59 54 

A-2 67 40 33 36 49 

A-3 41 40 42 44 46 

A-4 39 42 45 45 49 

A-5 45 49 53 45 44 

A-6 67 60 61 68 71 

A-7 60 60 60 61 54 

A-8 55 54 54 52 58 

     

B-1 35 37 37 38 55 

B-2 59 28 30 30 35 

B-3 52 53 53 53 54 

B-4 60 53 38 60 62 

B-5 49 31 45 59 49 

B-6 60 41 67 39 67 

B-7 44 35 34 33 28 

B-8 33 32 39 45 39 

      

C-1 24 23 24 27 26 

C-2 28 27 30 33 32 

C-3 30 30 30 34 32 

C-4 28 24 27 33 35 

C-5 32 31 32 33 31 

C-6 35 33 34 33 36 
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C-7 32 34 34 32 28 

C-8 33 34 30 37 30 

      

D-1 37 34 29 30 27 

D-2 30 35 27 33 25 

D-3 27 27 31 25 26 

D-4 28 25 29 28 29 

D-5 29 27 24 24 23 

D-6 32 33 28 23 29 

D-7 23 22 19 20 23 

D-8 27 28 25 24 25 

A = Transbond in Acid  
B = Ceramir in Acid  
C = Transbond in Water  
D = Ceramir in Water  
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APPENDIX E 
Average Canary Score and Standard Deviation for Each Group 

  

 

T= 0 
(Baseline) 

T = 1 (2 
Days) 

T = 2 (7 
Days) 

T = 3 (14 
Days)  

Transbond in Acid 27.625 38.35 49.625 52.10 

Ceramir in Acid 23.60 38.25 46.50 44.77 

Transbond in Water  28.20 32.25 31.43 30.78 

Ceramir in Water  20.88 26.28 27.18 27.25 

Transbond in Acid SD 4.34 10.39 13.14 9.61 

Ceramir in Acid SD 4.72 10.36 11.89 11.64 

Transbond in Water SD 3.23 5.91 5.58 3.51 

Ceramir in Water SD 2.40 2.58 4.55 3.97 
 

 

 

 

 

 

 

 

 

 

 

 

 


