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ABSTRACT 

Enamel demineralization in the form of white spot lesions (WSLs) is a pervasive problem 

in orthodontics. These lesions can result in long-term aesthetic compromises and 

increased susceptibility to caries.  Though detection by eyesight has traditionally been the 

most common way of diagnosing these lesions, the defect by then is often irreversible. 

Our aim is to reduce the prevalence of these lesions by exploring tools for earlier 

detection and by substantiating the salient effects of fluoride. To this end, we used 

Polarization Sensitive—Optical Coherence Tomography (PS-OCT) to investigate the 

long-term potential of a fluoride-releasing glass ionomer primer for minimizing 

prevalence of these lesions. We devised a split-mouth protocol for this study:  the control 

tooth bracket was bonded with conventional composite, while the experimental tooth 

bracket was bonded with glass ionomer. We used PS-OCT to scan each tooth every 3 

months for 1 year, and then analyzed the integrated reflectivity and lesion depth for each 

image. We obtained high-quality images of the enamel gingival to the bracket, and were 

able to track and quantify enamel integrity over time. Our results indicate that glass 

ionomer cements do not result in less demineralization when compared to composite 

controls over an extended period of time. Our study also highlights the important 

advantages PS-OCT has over traditional techniques for assessing enamel 

demineralization. These scans are capable of revealing how deep and severe white spot 

lesions are, thus making PS-OCT an attractive tool for future use in dental imaging.    
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INTRODUCTION 

Enamel demineralization around orthodontic brackets is a common and frustrating 

problem in patients with poor oral hygiene. As many as 50% of patients receiving fixed 

orthodontic appliances are reported to develop white spot lesions (WSLs) during 

treatment.
1
  White spot lesions are formally defined as “subsurface enamel porosities 

from carious demineralization” with “a milky white opacity when located on smooth 

surfaces.”
1
 The white appearance is caused by changes in light scattering of the 

decalcified, porous enamel. 

 

Figure 1: White spot lesions present and observed in a patient immediately following the 

removal of fixed orthodontic appliances. Notice that many of the lesions outline the 

periphery of the bracket base and are in areas that are difficult to access with the tooth 

brush.
2
 

Orthodontic brackets create a large number of retention sites for food and plaque. Once 

brackets are bonded, patients demonstrate increased levels of acidogenic bacteria in 

plaque, chiefly Streptococcus mutans and Lactobacilli.
3
  The acid produced leaches 

calcium and phosphate minerals away from the tooth surface and results in the 
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development of white spot lesions.
4
  These lesions produce significant aesthetic concerns 

and increased susceptibility to caries. To compound matters, by the time they are seen 

clinically, there is often no obvious recourse for repair, other than restorative work.  For 

this reason, recent efforts are focused on prevention through: 1) developing tools for 

earlier detection, and 2) remineralization before the lesion is visible. 

 

Methods for earlier detection and quantification of demineralization 

Among the new tools for quantifying severity and depth of white spot lesions is PS-OCT. 

While this technology has become the de facto imaging standard in many medical 

specialties, its adoption in dentistry is still by and large an embryonic idea.  Conceptually, 

PS-OCT is a non-invasive technique for creating cross-sectional images of internal 

biological structures.
5
  It is capable of measuring the depth-resolved changes of light 

scattering in demineralized enamel and can quantify measurements of lesion severity. 

Demineralized areas rapidly scramble the polarization of the incident polarized light and 

provide improved contrast of carious lesions. One approach for quantification is to 

integrate the reflectivity of the orthogonal polarization or cross polarization (CP) image. 
6
   

In the CP image, the reflectivity from sound enamel is reduced; consequently, lesions 

appear with higher contrast against the surrounding sound enamel.  

 

Much of the groundwork for establishing PS-OCT as a tool for measuring 

demineralization has been done.  Studies have used PS-OCT to measure the inhibition of 

anti-caries agents in vitro including fluoride
7
 and laser treatments.

8
  PS-OCT can also 

measure the severity of natural caries lesions on smooth
9
 and occlusal surfaces,

10
 quantify 
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the severity and extent of enamel developmental defects,
11

 and assess demineralization 

under restorations and sealants.
12

   In addition, PS-OCT has been used to record structural 

changes in lesions and enamel and dentin when they are being remineralized.
13-15

   These 

studies imply that PS-OCT has the potential to determine the condition of the carious 

lesion and assess whether it is active or arrested and undergone remineralization.  

 

The clinical validation of PS-OCT in assessing demineralization has been furthered by its 

comparison to transverse microradiography (TMR). Specifically, the integrated 

reflectivity of the CP-OCT image has been correlated with the mineral loss calculated 

from TMR.
16

  

 

 

Figure 2: These images from a previous study juxtapose the perpendicular-axis image of 

PS-OCT and the TMR image of the occlusal surface of one sample. A black line was 

drawn through the area of highest demineralization. 
16

  

 

Although TMR is considered the gold standard for hard-tissue imaging, it cannot be used 

in-vivo and lacks sensitivity to small changes in mineral density (<5%). In one study, 
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many of the tooth surfaces that were designated as sound in the TMR images appeared to 

show demineralization in the PS-OCT images.
16

   In addition, TMR measurements must 

be made after sectioning the tooth, which precludes it from being used clinically. These 

problems highlight the significant advantages PS-OCT has over TMR.  Because it is non-

invasive, non-destructive and does not emit radiation, PS-OCT is poised to become a 

powerful clinical tool in dental imaging.  

 

Remineralizing lesions with fluoride 

In contrast to such avant-garde imaging tools, remineralization with fluoride has been a 

well-established technique in abating demineralization. Fluoride has three principal 

mechanisms of action: 1) inhibiting bacterial metabolism, 2) inhibiting demineralization 

at the crystal surfaces during an acid challenge, and 3) enhancing remineralization of 

enamel.
3
   Fluoride hampers bacterial metabolism by interfering with enzymatic activity 

in the bacteria.  Specifically, fluoride inhibits enolase, an enzyme required for bacteria to 

metabolize carbohydrates. Secondly, fluoride inhibits demineralization since it adsorbs 

strongly to the surface of carbonated hydroxyapatite, the predominant mineral of enamel, 

and thus acts as a potent protection mechanism against acid dissolution.  Finally, fluoride 

enhances remineralization by attracting calcium and phosphate ions, leading to new 

mineral formation. The new mineralized crystal will now behave like low-solubility 

fluoroapatite rather than the highly soluble carbonated apatite of the original crystal 

surface. 
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Because of their fluoride releasing nature, glass ionomer cements (GICs) are used 

clinically to reduce the formation of white spot lesions (WSL) around brackets. Efficacy 

of these cements, however, is controversial.  Some studies have shown that the amount of 

fluoride released is highest in the first 24 hours, sharply decreases on the second day, and 

gradually decreases to undetectable levels.
17,18

   Nevertheless, glass ionomers are thought 

to be efficient in reducing enamel demineralization since these materials reportedly 

exhibit a range of fluoride recharging ability when topical fluoride or fluoridated 

toothpaste is used. The extent of fluoride rechargeability is controversial as studies have 

shown conflicting amounts of fluoride re-uptake.
19,20

   Taken in aggregate, these data 

indicate that a long-term study on remineralization with glass ionomer cements is needed.  

 

Specific Aim 

With this in mind, the purpose of our in-vivo study was to evaluate the long-term (one-

year) ability of glass ionomer cement to resist demineralization around orthodontic 

brackets, as measured by PS-OCT. The null hypothesis was that there would be no 

differences in the amount of demineralization when comparing the glass ionomer cement 

with the non-fluoride releasing control cement.  

 

MATERIALS AND METHODS 

Design 

This was a prospective study with a split mouth design such that each subject served as 

his or her own control.  On one side, the control premolar was bonded with a bonding 

agent (Adper Scotchbond from 3M ESPE, St. Paul, MN) and composite (Transbond XT 
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from 3M Unitek, Monrovia, CA) that lacked fluoride. On the other side, the experimental 

premolar was bonded with a glass ionomer cement (GC Fuji Ortho LC from GC 

America, Alsip, IL).  

 

Figure 3: GC Fuji Ortho Band LC was used as the experimental adhesive that releases 

fluoride. The manufacturer’s instructions were followed during application.  

 

 

Figure 4: 3M Scotchbond was used as the control adhesive that does not release fluoride. 

The manufacturer’s instructions were followed during application. 

 

Teeth selection was completely random and bonding was done according to the 

manufacturer’s instructions. All participants received standard oral hygiene instruction 

and were advised to use a fluoride dentifrice. The teeth were scanned with our 

customized PS-OCT system every three months for one year in each subject. The scans 
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were analyzed with a program written on LabView software (National Instruments, 

Austin TX).  

 

Figure 5: This slide summarizes the study design. A split mouth study was conducted on 

20 patients undergoing orthodontic treatment. One premolar was bonded with fluoride-

releasing glass ionomer and the contralateral premolar was bonded with regular 

composite that did not release fluoride. PS-OCT scans were taken every 3 months for 1 

year. 

 

Subjects 

A power analysis scaled from a previous study was performed to determine that 20 

patients would be sufficient to detect a difference in demineralization.
16

  These patients 

were recruited from the UCSF Orthodontic Clinic according to a protocol approved by 

the Committee on Human Research. Informed consent was obtained, and subjects 
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voluntarily participated.  These patients had one premolar bonded with glass ionomer and 

another premolar bonded with composite. The average age of patients at the start of the 

study was 19 years 5 months, with the youngest being 13 years 1 month old and the 

oldest being 43 years 4 months old.  Of the 20 subjects, 10 were male, and 10 were 

female.  Subjects were paid $300 for participating in this study.   

 

Inclusion criteria were as follows: 1) patients had to be at least 13 years old; 2) able to 

give informed consent in English; 3) willing to comply with all study protocols and 

procedures; and 4) residing in San Francisco or nearby locales with community 

fluoridation, to eliminate water fluoridation as a confounding variable.  

 

Exclusion criteria included subjects: 1) suffering from systemic diseases; 2) who had a 

condition that affects oral health or oral flora (i.e., HIV, diabetes, heart conditions that 

require antibiotic prophylaxis); 3) taking medications that may affect oral flora or 

salivary flow (i.e., antibiotics, drugs that cause xerostomia); 4) who had drug or alcohol 

addiction; or 5) who had in-office fluoride treatment within the past 3 months.  

 

Premolars were chosen at random and bonded according to manufacturer’s instructions. 

Standard brushing instructions were given to the patient. Three patients dropped out of 

the study for reasons unrelated to the project. Additional problems included some 

brackets debonding which were replaced and noted. Additionally, we took intraoral 

pictures at the initial time point and the final time point. We used a Canon Rebel XT 

camera with a Canon EF 100mm f/2.8 Macro lens to take the pictures. 
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PS-OCT scans 

A jig for the PS-OCT probe was milled from Delrin plastic (Dupont) in order to stabilize 

the probe on the orthodontic bracket and standardize the measurements obtained.  PS-

OCT scans were obtained approximately every 3 months until the 12-month end-point.  

Scanning was done for each patient by an operator blinded with respect to the identity of 

the sample groups.  The scans were analyzed using LabView software to detect 

demineralization. The area of interest was isolated to a 1x3mm rectangle immediately 

gingival to the bracket.   

 

Figure 6: This cartoon depicts a premolar with a fixed bracket bonded on the buccal 

surface. The red box delineates our region of interest. We chose this site because we felt 

that a white spot lesion would most likely develop in this area. 

  

Values were obtained for two variables: lesion depth and reflectivity.   The integrated 

reflectivity, ΔR in units of (dB × μm) was calculated for each scan. Line profiles were 

taken from the orthogonal polarization ([perpendicular]-axis) PS-OCT images or b-scans, 

and the reflectivity was integrated from the enamel surface to various depths, yielding the 

integrated reflectivity, ΔR, of the regions in units of decibels per micron.  
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In our PS-OCT system, linearly polarized light is incident on the tooth, and reflected light 

is collected by a polarization preserving fiber in both polarization states (parallel and 

perpendicular) and delivered to separate detectors for each polarization state.
21

  This 

results in two images for each scan, called the parallel- and perpendicular-axis images, 

respectively. Since the parallel-axis image includes all of the reflected light from the 

tooth, including unwanted surface reflections, this can create artifacts in the image. In 

contrast, the perpendicular axis image arises from light depolarized by strong light 

scattering that occurs from carious lesions.  

 

Figure 7: This is a top view of the probe. The scanner is fitted with a custom made jig 

milled from Delrin plastic and rests on the patient’s tooth during the scan. 

 

 



 

 

11 

 

 

Figure 8: This photo depicts the setup of the PS-OCT instrumentation. A hand-held 

scanner with a custom jig was placed on the patient’s tooth. After approximately 5 

seconds, the image of the tooth appeared on the computer monitor, and was saved for 

further analysis. 

 

Figure 9: This figure illustrates the probe resting on the patient’s tooth as the scan is 

completed.  Compressed air from an air syringe was used to prevent fogging of the 

probe. The patient is wearing protective glasses for safety. 
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Figure 10: These panels show screenshots of the customized LabView software that was 

used for data analysis.  (A) shows the image as it was taken intraorally and the red box 

allows for rotation of the image. (B) shows the image after it has been rotated properly to 

allow convenient analysis of the region of interest. (C) shows the green box that is drawn 

around the region of interest (ROI). (D) shows the values that are recorded when the 

analysis is complete.     

C 

D 



 

 

14 

 

In our system, the region of interest (ROI) is defined by the dimensions of a rectangle 

that we drew in the LabView software. These dimensions are tabulated in Table S1 for 

each patient. We could not standardize the ROI dimensions because there was variation 

in the amount of enamel exposed gingival to the bracket for different patients. However, 

once the ROI dimension was established for a patient, its size and position were held 

constant for each time point analysis.     

 

Integrated lesion reflectivity  

The integrated reflectivity, ΔR, in units of (dB × μm) was calculated for each scan. Line 

profiles were taken from the orthogonal polarization ([perpendicular]-axis) PS-OCT 

images or b-scans, and the reflectivity was integrated from the enamel surface to various 

depths, yielding the integrated reflectivity, ΔR, of the regions in units of decibels per 

micron.  

 

Statistical Analysis 

Integrated reflectivity and lesion depth values were obtained for each patient at every 

time point. Mean values and standard deviations were calculated for each time point. Un-

paired t-tests were used to determine if there were significant differences between the 

control and experimental teeth.  Also, repeated two-way ANOVA tests were done to 

determine differences among the time intervals in lesion depth and integrated reflectivity. 

P values of <0.05 were considered significant.  

 

RESULTS 
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Figure 11: These images are sample screen shots of the 3-D data that was acquired using 

PS-OCT. The top row (panels A-D) depicts a rotating image of one tooth with obvious 

demineralization, since it reflects a large amount of light. The bottom row (panels E-H) 

depicts a rotating image of a different tooth on a different patient, with no obvious 

demineralization, since it does not reflect a large amount of light. The red boxes in 

panels C and G are representative of the region of interest that we studied to quantify 

demineralization. All images are oriented with the occlusal portion on top and gingival 

portion on bottom.    

 

High quality images were obtained for each patient, for each tooth, at each time point. 

The images were obtained in under 5 seconds upon stabilization of the probe. Images 

were analyzed using Labview software that was written using established algorithms.
16

 

 

Lesion depth  

Table 1: 
Lesion depth 
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Patient 
# Material Tooth 0m 3m 6m 9m 12m 

P1 Fuji LL4 23.45 28.25 36.23   38.47 

P2 Fuji UL5 6.96 17.39 20.72 30.03 24.67 

P3 Fuji LR4 0.13 60.85 77.75 54.03 79.42 

P4 Fuji LL4 0.26 5.34 17.34 19.46 25.31 

P5 Fuji LR4 6.34 12.32 15.43 18.43 12.22 

P6 Fuji UR4 0.3 0.45       

P7 Fuji LR4 0.03 0.11 25.57 24.64 18.45 

P8 Fuji LR4 0.07 23.96 61.22 36.85 48.34 

P9 Fuji UR4 9.79 3.93 14.16 18.32 14.34 

P10 Fuji LL4 22.32 33.76 39.76 32.98 33.57 

P11 Fuji UR5 80.98 84.32 90.32 93.55 99.32 

P12 Fuji LL4 17.32 18.34 43.54 34.46 32.23 

P13 Fuji UR4 13.21 26.32 30.32 25.32 27.32 

P14 Fuji UR4 50.63 54.1 53.23 58.34 57.43 

P15 Fuji LR5 1.25 13.32 17.32 16.32 19.32 

P16 Fuji LL5 22.5         

P17 Fuji LR5 2.36 21.32 28.32 30.32 35.32 

P18 Fuji UL4 0.24 15.67 27.67 30.32 34.21 

P19 Fuji UL4 1.33 18.56 20.35 40.46 54.88 

P20 Fuji UR5 7.22 19.13 25.43 30.25 39.25 

        

  
Mean 13.3345 24.07579 35.81556 34.94588 38.55944 

  
SD 20.31275 21.54254 21.90067 19.05236 22.65351 

  

Table 1: This table depicts the raw data obtained for the lesion depth (% vol x μm) values 

for all teeth bonded with Fuji for each patient at each time point. For the tooth type 

column, we used the Palmer sequence for numbering teeth, a typical convention in 

orthodontics. Mean and standard deviations were calculated for each time point. Some 

fields were left blank because either the patient had dropped out of the study or had 

missed their scan date appointment. Those fields were omitted in calculating means and 

standard deviations. 

 

Table 2:   

Lesion Depth 
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Patient 
# Material Tooth 0m 3m 6m 9m 12m 

P1 SB LR4 6.53 27.68 80.59   99.08 

P2 SB UR5 4.17 8.63 14.28 16.67 18.45 

P3 SB LL4 1.32 20.47 21.42 27.36 30.88 

P4 SB LR4 15.7 30.45 37.64 40.12 45.98 

P5 SB UR4 22.5 24.34 26.3 28.43 34.32 

P6 SB UL4 0.38 23.43       

P7 SB LL4 0.01 6.54 9.34 12.43 14.54 

P8 SB LL4 24.43 22.23 19.32 25.43 40.34 

P9 SB UL4 4.96 3.03 11.6 4.3 14.32 

P10 SB LR4 46.35 23.94 31 32.57 43.23 

P11 SB UL5 6.02 9.5 10.48 28.84 25.45 

P12 SB LR4 23.34 25.34 30.32 33.23 31.89 

P13 SB UL4 32.23 38.02 39.32 32.45 39.67 

P14 SB UL4 25.74 37.43 67.3 65.43 69.65 

P15 SB LL5 9.9 19.32 23.78 22.23 28.32 

P16 SB LR5 3.32         

P17 SB LL5 4.43 9.32 10.32 9.32 15.32 

P18 SB UR4 12.23 16.35 20.44 25.48 30.23 

P19 SB UR4 1.23 12.22 17.32 14.32 20.46 

P20 SB UL5 14.25 18.25 13.23 20.25 24.34 

        

  
Mean  12.952 19.81526 26.88889 25.81529 34.80389 

  
SD 12.55397 9.933146 19.51932 13.94404 21.09224 

 

Table 2: This table depicts the raw data obtained for the lesion depth (% vol x μm) values 

for all teeth bonded with Scotchbond for each patient at each time point. For the tooth 

type column, we used the Palmer sequence for numbering teeth, a typical convention in 

orthodontics. Mean and standard deviations were calculated for each time point. Some 

fields were left blank because either the patient had dropped out of the study or had 

missed their scan date appointment. Those fields were omitted in calculating means and 

standard deviations. 
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Figure 12: Lesion depth changes over time. The x-axis represents the time elapsed since 

the initial scan time. The y-axis represents the lesion volume (% vol x μm) as calculated 

by the Labview software. The bar graphs represent the average values of the 20 subjects, 

and the error bars indicate the respective standard deviations. Abbreviations: SB 

indicates Scotchbond 

 

Lesion depth generally increased over time for both the Scotchbond control (- fluoride) 

and Fuji experimental ( + fluoride) premolars. In month 9, however, the lesion volume 

appeared to decrease slightly, but considering the standard deviation, this was not 

statistically significant. In all time points, the differences were not statistically significant 

(p >0.05).    

 

Integrated lesion reflectivity  

Table 3:  

Reflectivity 
      Patient 

# Material Tooth 0m 3m 6m 9m 12m 
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P1 Fuji LL4 14.25 20.25 42.21   45.93 

P2 Fuji UL5 19.16 24.48 27.67 28.46 23.4 

P3 Fuji LR4 0.12 5.23 7.59 10.43 8.48 

P4 Fuji LL4 0.98 2.31 15.31 17.84 20.13 

P5 Fuji LR4 22.24 26.56 32.43 33.67 30.23 

P6 Fuji UR4 1.83 2.34       

P7 Fuji LR4 0.22 1.27 8.84 5.54 14.55 

P8 Fuji LR4 0.25 43.45 23.34 45.54 47.42 

P9 Fuji UR4 4.34 3.67 15.56 18.43 12.32 

P10 Fuji LL4 23.43 25.56 27.54 22.32 21.11 

P11 Fuji UR5 11.23 13.45 20.34 25.45 28.43 

P12 Fuji LL4 23.32 25.43 29.43 31.43 29.43 

P13 Fuji UR4 12.32 23.43 26.43 23.43 30.43 

P14 Fuji UR4 32.43 45.43 42.23 50.32 51.32 

P15 Fuji LR5 2.23 12.23 15.43 18.45 16.43 

P16 Fuji LL5 0.56         

P17 Fuji LR5 4.43 14.34 25.54 28.23 49.34 

P18 Fuji UL4 0.48 14.32 19.37 28.44 29.47 

P19 Fuji UL4 1.36 15.37 20.56 40.98 53.28 

P20 Fuji UR5 14.23 18.21 17.23 25.36 29.68 

        

  
Mean 9.4705 17.75421 23.16944 26.72471 30.07667 

  
SD 10.12064 12.66831 9.697149 11.61041 14.03695 

 

Table 3: This table depicts the raw data obtained for the integrated reflectivity (db x μm) 

values for all teeth bonded with Fuji for each patient at each time point. For the tooth 

type column, we used the Palmer sequence for numbering teeth, a typical convention in 

orthodontics. Mean and standard deviations were calculated for each time point. Some 

fields were left blank because either the patient had dropped out of the study or had 

missed their scan date appointment. Those fields were omitted in calculating means and 

standard deviations. 

Table 4: 

Reflectivity 
      Patient 

# Material Tooth 0m 3m 6m 9m 12m 

P1 SB LR4 5.65 27.43 23.24   37.56 
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P2 SB UR5 18.89 28.26 11.19 15.45 25.67 

P3 SB LL4 0.45 14.34 20.45 36.13 40.67 

P4 SB LR4 13.43 15.34 25.46 33.87 45.34 

P5 SB UR4 11.5 34.54 23.54 27.56 39.56 

P6 SB UL4 1.2 8.67       

P7 SB LL4 0.03 8.67 9.43 12.34 10.34 

P8 SB LL4 23.54 32.43 40.54 25.43 34.34 

P9 SB UL4 3.23 5.45 10.23 15.43 17.32 

P10 SB LR4 12.23 24.43 34.32 29.43 34.32 

P11 SB UL5 11.23 14.32 19.43 32.45 24.34 

P12 SB LR4 21.32 25.43 28.43 29.43 27.32 

P13 SB UL4 12.23 15.32 15.44 13.32 19.39 

P14 SB UL4 23.23 26.65 40.43 39.29 43.34 

P15 SB LL5 1.32 23.23 28.32 24.32 29.32 

P16 SB LR5 2.23         

P17 SB LL5 0.92 28.32 15.32 13.43 30.23 

P18 SB UR4 13.24 15.48 19.47 25.33 29.65 

P19 SB UR4 2.23 9.46 15.46 12.84 25.2 

P20 SB UL5 13.32 15.43 16.45 12.44 27.85 

        

  
Mean 9.571 19.64211 22.06389 23.44059 30.09778 

  
SD 8.013755 8.7834 9.462949 9.308764 9.264513 

 

Table 4: This table depicts the raw data obtained for the integrated reflectivity (db x μm) 

values for all teeth bonded with Scotchbond for each patient at each time point. For the 

tooth type column, we used the Palmer sequence for numbering teeth, a typical 

convention in orthodontics. Mean and standard deviations were calculated for each time 

point. Some fields were left blank because either the patient had dropped out of the study 

or had missed their scan date appointment. Those fields were omitted in calculating 

means and standard deviations. 
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Figure 13: Integrated reflectivity changes over time. The x-axis represents the time 

elapsed since the initial scan time. The y-axis represents the integrated reflectivity (db x 

μm) as calculated by the Labview software. The bar graphs represent the average values 

of the 20 subjects, and the error bars indicate the respective standard deviations. 

Abbreviations: SB indicates Scotchbond. 

 

Much like lesion depth, the integrated reflectivity generally increased over time for both 

the control (Scotchbond) and experimental (Fuji) teeth. For all time points, the 

differences between the two groups were not statistically significant.  

 

Lesion depth and reflectivity changes over time  

Although changes between the Fuji-bonded tooth and control tooth were not different for 

any time points, there were significant differences in both lesion depth and integrated 

reflectivity over time. As time progressed, both these variables increased. When 
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comparing the initial time point to the one-year endpoint, both lesion depth and integrated 

reflectivity increased significantly (p<0.001). 

    

DISCUSSION 

 

The purpose of our in-vivo study was two-fold: 1) to evaluate the long term (one-year) 

ability of glass ionomer cement to resist demineralization around orthodontic brackets; 

and 2) to assess the clinical viability of PS-OCT for tracking demineralization over time. 

These objectives were successfully fulfilled.  

 

We found that for both groups, the amount of demineralization, as measured by lesion 

volume and integrated reflectivity, increased over time. This was consistent with our 

expectations, since orthodontic brackets create a hindrance to oral hygiene. Our data also 

indicate that bonding with a fluoride-releasing glass ionomer versus a composite control 

without fluoride shows no difference in the amount of demineralization. Therefore, we 

cannot reject the null hypothesis of our study. 

 

Our study also underscores the validity and ease of using PS-OCT to track 

demineralization over time. To our knowledge, this is the first extended in-vivo clinical 

trial of PS-OCT done to measure demineralization around orthodontic brackets. The 

images we obtained were consistent and of high-quality, making it attractive for use in 

further studies. It is important to point out that the values calculated for the mean lesion 

depth and mean integrated reflectivity in the region of interest represent a very small 
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degree of demineralization and that CP-OCT was able to successfully monitor such small 

changes over time.    

 

The fluctuations we observed in our data can be attributed to two factors: 1) a small 

sample size, and 2) differences in enamel quality among patients. There are inherent 

differences in enamel quality, even among different teeth in the same patient.  Therefore, 

although a split mouth study design controls for most factors, some variability must still 

be tolerated. By tabulating the means and standard deviations for each time point, we 

essentially collated patients together in order to simplify our data analysis, but, by doing 

this, we sacrificed our ability to delineate fine differences in our data set. The large 

standard deviations calculated in our study reflect this issue. Future studies wishing to 

expand on this work should include a larger sample size and more sophisticated statistical 

analysis to mitigate these confounding variables, and have more consistent data. 

 

One area of clinical intrigue is the recharging capacity of glass ionomer. Glass ionomer 

reportedly acts as a reservoir for fluoride ions, since it is capable of absorbing fluoride 

from its environment, and releasing it via a diffusion or dissolution mechanism.
3,22

  With 

the advent of fluoride containing dentifrices and fluoride mouth rinses, the possibility of 

continually recharging glass ionomer is worth examining.  Unfortunately, the literature 

on this so far has been disappointing. One study reports that the fluoride ion release is 

essentially reduced to insignificant levels just 3 days after bonding.
22

  Moreover, although 

fluoride-releasing resins have been studied for over 40 years, to date, and to the best of 

our knowledge, the longest in-vivo clinical study ever performed was 60 days after 
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bonding. 
22

 The authors concluded that the fluoride-releasing resin has a caries-preventive 

potential and reduces the incidence of very early demineralization.  

 

The present study extends to one-year and adds to the existing body of work.  Our results 

suggest that the buffering capacity of glass ionomer becomes inconsequential over a long 

period of time. We could not detect any differences in the amount of demineralization 

between the control tooth without fluoride and the experimental tooth that had fluoride. 

The glass ionomer group experienced roughly the same amount of demineralization as 

the control group without fluoride.  Since the recharging capacity of glass ionomer is said 

to occur within days after bonding, a future study using PS-OCT to track 

demineralization over the course of a few hours after bonding may be useful. 

Nevertheless, as far as our study is concerned, the benefit of temporary fluoride release 

must be weighed against the disadvantage of lower bond strength for glass ionomer. 
23

       

 

We encountered several problems during our year-long clinical study. One significant 

problem was brackets debonding, whether intentionally done by the operator for resets, or 

unintentionally done by the patient. We anticipated this problem beforehand, and decided 

that the only practical recourse would be to note the date of the debond, and have the 

operator rebond the bracket with the selected bonding system. We noted that the debond 

rate for the glass ionomer side was higher than that of the conventional composite side, in 

keeping with previous reports on glass ionomer.
23

  It has been reported that the NaF being 

released interferes with the ability of the composite to bond onto the tooth surface. This 



 

 

25 

 

was evident in our study. In fact, we had to discontinue one patient because of repeated 

bond failures with the glass ionomer.    

 

Another challenge we faced was that occasionally, the brackets were bonded slightly 

subgingivally, thereby obscuring our region of interest and making analysis difficult. This 

occurred at times because the majority of our subjects were adolescents and had 

premolars that were not fully erupted. Nevertheless, we still analyzed those images by 

modifying the region of interest slightly for those patients.  

 

Another aim of our study was to improve on methods for tracking demineralization. We 

employed PS-OCT as a novel imaging technique. To this point, WSLs have largely been 

monitored and studied through visual inspection or intraoral photography. Both these 

methods have significant disadvantages: visual inspection is subjective, while intraoral 

photography depends on the photograph quality, whether or not the image is polarized, 

and on ambient lighting conditions.
24,25

  PS-OCT is a significant improvement over these 

techniques, primarily because lesion depth can be measured and quantified.  In addition, 

since images are objectively obtained, operator bias is eliminated, and murky value 

judgments are eliminated. Moreover, PS-OCT is non-destructive, produces no ionizing 

radiation, and is non-invasive, making it suitable for clinical use. In our study, patient 

scans took less than 5 minutes and did not pose any significant discomfort for any patient. 

High quality, real time scans were obtained during that time period, allowing us to see if 

a re-scan was necessary. For these reasons, PS-OCT may quickly gain traction as a new 

technique for assessing demineralization in-vivo.          
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CONCLUSIONS 

 

In this study, we used PS-OCT to quantify enamel demineralization in an orthodontic 

population. A split mouth design was implemented—one premolar was bonded with a 

glass ionomer, while a contralateral premolar was bonded with composite. Our data 

indicate that the tooth bonded with glass ionomer experienced an amount of 

demineralization commensurate with the amount of demineralization seen on the control 

premolar. No significant differences were observed between the two groups at any time 

point. The glass ionomer bonded bracket suffered more debonds than the composite 

premolar. Taken in aggregate, these data indicate that the clinician must weigh the 

temporary benefits of a fluoride releasing glass ionomer against the disadvantage of 

having more debonds. This study sheds new light on the long-term effects of glass 

ionomer and highlights the potential of PS-OCT in tracking enamel demineralization in-

vivo.  PS-OCT may be poised to become the de-facto imaging standard for quantifying 

demineralization.   

 

KEYWORDS 

White spot lesions (WSLs), Polarization Sensitive Optical Coherence Tomography (PS-

OCT), fluoride, glass ionomer, orthodontics  

 

SUPPLEMENTAL TABLES 

Table S1: Region of interest (ROI) for each patient 
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Patient # 
ROI dimensions 
(pixels x pixels) 

1 113 x 39 

2 74 x 34  

3 63 x 37 

4 63 x 23 

5 90 x 78 

6 112 x 68 

7 60 x 32 

8 73 x 45 

9 80 x 35 

10 130 x 63 

11 125 x 40 

12 110 x 63 

13 82 x 34 

14 120 x 30 

15 115 x 40 

16 97 x 35 

17 113 x 42 

18 78 x 35 

19 136 x 54 

20 130 x 34 

 

Table S1: This table tabulates the rectangular dimensions of the ROI for each patient. 

The dimensions are in pixels x pixels. These dimensions were held constant for each time 

point analysis for each patient. 
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