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ABSTRACT 
 
INTRODUCTION: To evaluate the effect of bioactive glass 45S5 in comparison to casein phosphopeptide amorphous calcium 
phosphate (CPP-ACP) for the treatment of post-orthodontic white spot lesions (WSLs).  
METHODS: Sixty patients with acquired post-orthodontic WSLs (score 2 ICDAS II) were recruited and randomly allocated to a 
double blind three-arm randomized controlled trial (n=20). Test group I (Bio-B45S5), test group II (Nov-B45S5), and the control group 
(CPP-ACP) received BiominF, Novamin, and Recaldent pastes respectively. Products were applied daily in-office during week 1, in 
addition to once per day home application for four weeks starting day 1. Standardized intraoral photographs and laser fluorescence 
DIAGNOdent were used for assessment at baseline (T0), 1 week (T1), 1 month (T2), 3,6,9, and 12 months (T3, T4, T5, T6 respectively).   
RESULTS: At T6, a statistically significant (p < 0.001) WSL regression was shown in all groups compared to baseline. Additionally, a 
highly significant reduction in WSL proportionality was observed in Bio-B45S5 group compared to the control group (p < 0.001). The 
mean area of the lesions decreased by 67% in the Bio-B45S5 group, 37% in the Nov-B45S5group, and 39% in the CPP-ACP group 
(p=0.001). DIAGNOdent findings were largely reflected by the clinical scores (Mean scores at baseline/T6 for groups I, II, and III 
respectively; 16.98/2.68, 16.93/7.11, 28.38/20.50).  
Conclusions: 
Compared to Novamin and CPP-ACP, BiominF resulted in greater esthetic improvements as well as a significant reduction in 
fluorescence intensity which indicates potential lesion remineralization. 
KEYWORDS: BiominF, Novamin, CPP-ACP, Remineralization, DIAGNOdent laser fluorescence. 
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INTRODUCTION 
Newly developed ultraconservative operative 
procedures and refraining from traditional surgical 
techniques accounted for a greater preservation of 
dental tooth structure . Minimal intervention dentistry 
(MID) involves the use of preventive as well as 
remineralizing measures in the management of early 
enamel white spot lesions while withholding from 
unnecessary dental tissue destruction (2). 
White spot lesions (WSLs) are frequently observed 
following fixed orthodontic treatment. The resulting 
esthetic impairment can be explained by the physico-
chemical processes occurring around orthodontic 
brackets. Plaque accumulation and bacterial acid 
attack leads to subsurface mineral loss thereby, 
giving enamel a porous internal structure. WSLs 
appear as opaque chalky white segments persistent 
even after treatment cessation (3, 4). A partially 
mineralized surface is naturally restored via re-

incorporation of salivary calcium and phosphate 
though the body of the defect remains porous in 
nature (3, 5). Being the earliest clinical manifestation 
of caries, the enamel white spot lesion is considered 
reversible at early stages up to a point of surface 
cavitation. Consequently, non-invasive 
remineralization techniques have been developed (6, 7).  
Remineralization therapies include; topical fluorides 
in various forms, Milk product-based complexes such 
as Recaldent, and, bioactive glass 45S5 as a new 
modality. Although topical fluorides are well known 
for arresting caries progression and, are considered 
the standard treatment for carious lesions. 
Unfortunately, “arresting” WSLs results in permanent 
esthetic impairment through persistent lesions. 
Studies have demonstrated that fluoride application 
for WSL treatment can induce a hyper-mineralized 
surface, thereby preventing ion diffusion into the 
body of the lesion. Based on these conclusions, 
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Fluoride varnishes and high-concentration Fluoride 
gels have been excluded from this trial (8-13).   
Another common treatment option which has been 
heavily studied for the past 20 years is casein 
phosphopeptide amorphous calcium phosphate (CPP-
ACP). Systematic reviews and meta-analyses by Ma 
et al. and, Imani et al. have recently established CPP-
ACP as an effective remineralizing agent suitable for 
WSL treatment (14, 15). CPP-ACP acts by 
maintaining a supersaturated level of essential ions 
such as calcium and phosphate within the biofilm 
promoting mineral deposition. In comparison with 
fluorides, CPP-ACP products were proven effective 
as preventive and therapeutic agents while effects of 
fluorides in reversing WSLs remained unclear (16). 
Bioactive glass 45S5 (BAG), a degradable highly 
reactive glass developed in 1969, have been used 
extensively as a bone graft as it is capable of bonding 
to host tissues and inducing bone formation. 
Recently, BAG was employed in dental 
remineralization therapies with promising results. 
BAG acts as a source of high amounts of calcium and 
phosphorus rapidly dissolving in aqueous solutions. 
Moreover, BAG forms an intimate bond with the 
tooth structure in less than two hours and induces 
apatite formation (17, 18). Previous in vitro studies 
by zhang et al., Bakry et al. and, Milly et al. 
presented promising results for two novel types of 
bioactive glass 45S5; BiominF (Bio-B45S5) and 
Novamin (Nov-B45S5). Therefore, further clinical 
investigations are currently required (5, 19-21). 
In light of the previous literature, this study aims to 
clinically evaluate the effect of two types of bioactive 
glass 45S5 namely; BiominF and, Novamin in 
comparison to CPP-ACP for WSL treatment. 
Computer aided analysis of digital intra-oral 
photographs in addition to DIAGNOdent laser 
florescence were used for assessment. The null 
hypothesis states; no significant difference regarding 
WSL remineralization can be detected between the 
three groups. 
 
MATERIALS AND METHODS 
Registration 
This trial was registered on ClinicalTrials.gov 
(Identifier: NCT04401280). 
Ethical issue 
Ethical approval was obtained following the 
guidelines of the Institutional Review Boards (IRB) 
by the Ethics Committee of the Faculty of Dentistry, 
Alexandria University, Egypt. (IRB NO 00010556-
IORG 0008839). All patients signed an informed 
consent sheet upon participation in this study. 
Trial design 
A randomized, controlled, assessor, statistician and 
patient blinded single center trial with 3 parallel 
groups. Randomization with a 1:1:1 allocation ratio 
was performed. Throughout this trial, the 

Consolidated Standards of Reporting Trials 
(CONSORT) guidelines were performed (Fig. 1) (22). 

Fig. 1 CONSORT flow diagram showing patient flow 
during the trial. 
 
Patient screening 
60 patients (aged 14-26 years) with post-orthodontic 
WSLs were recruited from the outpatient clinics of 
the school of dentistry of the local university. 1-3 
lesions per patient were considered and, an average 
was calculated for each patient during assessment (82 
teeth in total). Lesions found strictly on the labial 
aspect of anterior/premolar teeth were included and 
were limited to code 2 International Caries Detection 
and Assessment System II (ICDAS-II). Code 2 is 
defined as a distinctly visible change in enamel 
including changes in opacity or discoloration which 
is detectable without drying (23). Exclusion criteria 
consisted of; teeth with cavities or restoration, recent 
fluoride treatments, enamel defects (e.g. hypoplasia, 
amelogenesis imperfecta, etc.), bracket debonding 
more than 6 months and, patients with allergies to 
milk proteins.  
Interventions 
In total, ten visits were scheduled. The study lasted 
from June 2020 (initial recruitment) to September  
2021 (12 month follow-up) (24, 25). After initial 
assessment, the teeth were examined carefully for 
residual bonding agents, cleaned and polished using 
fluoride-free slurry (pumice). For Bio-B45S5 and 
Nov-B45S5 groups, a remineralizing paste was 
prepared during in office sessions according to Bakry 
et al. technique (19). One tenth of a gram of powder 
(BiominF or Novamin respectively) was carefully 
mixed on a glass slab for sixty seconds with 2 or 
more drops of 50 wt% phosphoric acid until a paste 
consistency was obtained. The fresh mix was 
immediately applied by the operator in a standardized 
manner. Soft tissues were retracted using a dental lip 
and cheek retractor and teeth were dried for five 
seconds using oil-free compressed air.  A micro-
brush was used for application without agitation and 
the teeth were left undisturbed for thirty minutes. 
Finally, a layer of bonding agent was gently applied 
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on the surface (Prime & Bond universal adhesive, 
Dentsply Maillefer, Ballaigues, Switzerland), and 
light-cured using LED (Woodpecker™ LED Curing 
light, China 900 mW/cm2 output) for twenty 
seconds.  
Subjects were instructed to refrain from eating or 
drinking for one hour following the procedure and to 
remove the applied materials at night to allow for 
home application. On the following day, residual 
bonding agent was removed carefully in-office and, 
the procedure was repeated. Overall, seven 
consecutive visits were scheduled for in-office 
application (Fig. 2). 

 
Fig. 2 Daily in-office application of Nov-B45S5 
paste on tooth no. 34 followed by bonding and 
curing. 
 
Starting Day 1 (T0), dental hygiene products 
corresponding to each group were supplied for home-
use; Group I received BiominF toothpaste (Biomin 
Technologies Ltd., Mile End, London, UK) while 
group II received Sensodyne repair and protect 
(GlaxoSmithKline plc., England). A soft hardness 
toothbrush (Oral-B Indicator 35 soft) was also 

provided to control for brushing abrasion (Procter & 
Gamble, USA). Patients were instructed to apply the 
products daily (at night) for thirty days starting day 1 
(First in-office session). Instructions recommended 
brushing the paste as usual onto all teeth for two 
minutes using the supplied toothbrush then spitting 
out the excess foam without rinsing, eating and 
drinking was to be avoided until the next morning. 
All patients were provided with written instructions, 
in addition to a one month chart as a reminder for 
daily use. Similarly, for the control group, Recaldent 
paste was applied daily for a week during in office 
sessions, followed up by daily home-use according to 
the manufacturer’s instructions for a period of one 
month. 
All materials provided were enclosed into identical 
label free containers of equal weight. The materials 
had similar consistencies and were colorless/ 
odorless. The weight of each container was recorded 
on every follow-up visit to assess patient compliance. 
During months 2-12, standard oral hygiene care using 
fluoride-free toothpastes was performed. 
Standardized Intraoral Photographs 
Measurements were obtained before treatment (T0) 
and at a 1 week (T1), 1 month (T2), 3 month (T3), 6 
month (T4), 9 and 12 month intervals (T5,T6). 
Photographs were shot in standard lighting conditions 
using a Nikon D3200 digital single lens reflex 
(DSLR) camera equipped with a Sigma 105mm f/2.8 
EX DG OS HSM macro lens. In order to minimize 
reflections, Godox TT520ii external flash and a ring 
softbox were used. The camera was secured in a fixed 
position at a fixed distance with a 1:1 magnification 
ratio. By seating the patients in an upright position, 
shots were taken perpendicular to the labial surface of 
each tooth. Prior to image analysis each photograph 
was cropped to show one tooth in the field and, 
adjusted for brightness/ contrast (if needed) using 
Photoshop (version Cs 4.0, Adobe systems Inc, 
USA). The photos were then saved as TIFF data files, 
and further processed using Imagej 1.53a, NIH 
software. A clear selection of the lesion and the entire 
labial surface was done using the free hand selection 
tool. Selection borders were manually adjusted on 
high magnification for better accuracy (Fig. 3). Using 
the measuring tool, areas of the lesion and of the 
labial surface were automatically calculated in pixels. 

Fig. 3 imagej processing steps in tooth no.44: a. 
untouched image, b. marking the lesion outline using 
free-hand selection tool. c. marking the entire labial 
surface and adjustment of selection points. 
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Study Parameters 
Primary outcome measures: 
WSL proportionality (WSL %) defined as the ratio of 
the lesion area to the entire labial surface area of the 
tooth: WSL% = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑊𝑊𝑊𝑊𝑊𝑊

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝐴𝐴 𝑙𝑙𝐴𝐴𝑙𝑙𝑙𝑙𝐴𝐴𝑙𝑙 𝑠𝑠𝑠𝑠𝐴𝐴𝑜𝑜𝐴𝐴𝑠𝑠𝐴𝐴
 X100. 

Dimensional change (Lesion size percent change) 
over a period of 12 months (∆WSL%) was calculated 
for all samples. ∆WSL% = 𝑊𝑊𝑊𝑊𝑊𝑊%(𝑇𝑇6)−𝑊𝑊𝑊𝑊𝑊𝑊%(𝑇𝑇0)

𝑊𝑊𝑊𝑊𝑊𝑊%(𝑇𝑇0)
 𝑥𝑥 100 

(26, 27). After 2 weeks, a new computer random 
order was generated and the images were reanalyzed 
by a single calibrated examiner. 
Secondary outcome measures: 
The fluorescence intensity of each lesion was 
assessed using DIAGNOdent Classic laser 
florescence (KaVo Dental, Biberach, Germany). The 
device tip was positioned in the center of the lesion 
after drying for five seconds with a gentle air stream 
to avoid dehydration, and exploratory motions 
encompassing the entire lesion surface were 
conducted until the highest value (peak) was 
recorded. Each surface was scanned two times for 
confirmation and, the device was calibrated before 
each use. Measurements were recorded at baseline, 1 
week, 1, 3, 6, 9 and 12 months. 
Sample size calculations 
Sample size was estimated assuming 5% alpha error 
and 80% study power. Estimates of subsurface 
remineralization potential of the agents were based 
on findings of previous studies (19, 20). Based on 
comparison of means, using one-way ANOVA test, 
the minimum sample size was calculated for 
detecting  a moderate effect size of 0.53, to be 18 per 
group, increased to 20 to make up for cases lost to 
follow up. The total sample size required to detect the 
effect of different agents on remineralization of white 
spot lesions = number of groups × number per 
group= 20 × 3= 60 (28). 
Randomization, blinding and allocation 
concealment 
The participants were assigned randomly to one of 
three groups with a 1:1:1 allocation ratio. Groups 
include: test group I (Bio-B45S5), test group II (Nov-
B45S5) and control group (CPP-ACP). The sealed 
envelope system was used for blinding and 
randomization. A computer-generated table of 
random numbers was used. An impartial person who 
was not involved in the study created cards with the 
details of each group and placed them in sealed 
opaque envelopes. The envelope was opened by this 
independent person and the allocation assignment 
was revealed after the subject was scanned to meet 
the inclusion criteria and baseline assessments were 
recorded by the lead investigator. All clinical 
procedures were conducted by a single trained 
examiner. Treatment allocation was concealed from 
the data assessor, patients, and statistician. 
 

Statistical analysis  
All variables were checked for normality using 
descriptive statistics, graphs, and normality tests. For 
quantitative data, mean, standard deviation (SD), 
median, and interquartile range were computed, 
whereas for qualitative variables, frequencies and 
percentages were calculated. Lesion size percent 
change (∆WSL %) was calculated using the formula: 
𝑉𝑉𝐴𝐴𝑙𝑙𝑠𝑠𝐴𝐴 𝐴𝐴𝑡𝑡 𝑇𝑇6−𝑉𝑉𝐴𝐴𝑙𝑙𝑠𝑠𝐴𝐴 𝐴𝐴𝑡𝑡 𝑇𝑇0

𝑉𝑉𝐴𝐴𝑙𝑙𝑠𝑠𝐴𝐴 𝐴𝐴𝑡𝑡 𝑇𝑇0
×100. One-way ANOVA was 

used to compare quantitative variables across the 
three research groups for normally distributed 
variables (age), and Kruskal Wallis test was used for 
non-normally distributed variables (number of 
affected teeth, time since appliance removal, lesion 
size, and DIAGNOdent readings). Friedman test was 
used to compare different time points within each 
group. Bonferroni adjusted significance levels were 
used in post-hoc multiple pairwise comparisons. 
When indicated, chi-square tests with Monte Carlo 
correction were used to compare qualitative variables 
between the three research groups. All groups were 
analyzed using intention to treat analysis via IBM 
SPSS for Windows (Version 23.0).  
 
RESULTS 
Patients flow 
The study included 60 patients (39 females, 21 males; 
with a mean age of 21.8 years) having 82 WSLs (44 
maxillary, 38 mandibular). A maximum of 3 lesions 
were considered and an average score was calculated 
for every patient during the analysis. A total of 55 
participants (37 females, 18 males; with a mean age 
of 21.8 years) having 76 WSLs (40 maxillary, 36 
mandibular) were available at T6. Of the included 
subjects, 5 were lost during the trial, and 5 missed 
only one appointment at (T1, T2, T4, T5, T6). During 
the course of the trial, no serious adverse events were 
reported. Within the three groups, common cold 
episodes with rhinitis/cough were observed. None of 
which, however, appears to be relevant to the study 
products.   
Baseline findings 
The three groups were comparable in terms of 
ethnicity, gender and several other baseline 
characteristics except for age (Table 1). No 
significant general health conditions were detected at 
baseline.  
Primary outcome:  
Change in WSL proportionality (∆WSL%)   
Table 2 shows the average change in lesion size 
percentage (∆WSL%)  for all groups over a 12-month 
follow-up period. Average white spot lesion 
proportionality (WSL%)  values at baseline for group 
I (Bio-B45S5), group II (Nov-B45S5), and group III 
(CPP-ACP) were 18.45 ± 15.24, 24.75 ± 10.78, and 
26.65 ± 12.05, respectively. Over the course of the 
trial, all three remineralizing agents resulted in a 
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significant reduction (P < 0.001) in the mean value of 
(WSL%).  Values at T6 for groups I, II, and III 
respectively were 5.03 ± 3.58, 15.59 ± 8.20, and 
16.27 ± 9.33. Compared to the control group, Bio-
B45S5 group showed a significant statistical 
difference at T6 (p 0.001), whereas the Nov-B45S5 
group showed no significant statistical difference. 
Table 1 Baseline characteristics of the three study 
groups: 

 Biomin

F 

(n= 20) 

Novami

n 

(n= 20) 

CPP-

ACP 

(n= 20) 

P value 

Age (Mean ± SD) 1 19.90 ± 

2.83 a 

21.80 ± 

2.46 b 

23.75 ± 

1.68 c 

<0.001* 

Gender: n 

(%) 2 

Male 8 

(40%) 

6 (30%) 7 

(35%) 

0.80 

Female 12 

(60%) 

14 

(70%) 

13 

(65%) 

Ethnic 

origin: n 

(%) 2 

Caucasian/Arab 18 

(90%) 

19 

(95%) 

20 

(100%) 

PMC: 

0.77 

African/Black 2 

(10%) 

1 (5%) 0 

(0%) 

Oral 

hygiene 

level: n 

(%)2 

Very good 4 

(20%) 

7 (35%) 5 

(25%) 

PMC: 

0.06 

Good 8 

(40%) 

8 (40%) 8 

(40%) 

Fair 6 

(30%) 

5 (25%) 0 

(0%) 

Poor 2 

(10%) 

0 (0%) 5 

(25%) 

Number of affected teeth 

(Mean ± SD) 3 

1.40 ± 

0.68 

1.50 ± 

0.76 

1.20 ± 

0.41 

0.45 

Weeks since appliance 

removal (Mean ± SD) 3 

7.17 ± 

7.86 

7.32 ± 

8.42 

9.34 ± 

6.89 

0.90 

1 one-way ANOVA, 2 chi-square, 3 Kruskal Wallis 
tests were used 
PMC: Monte Carlo corrected p value 
*statistically significant at p value < 0.05 
a,b,c: different letters denote statistically significant 
differences between groups using Bonferroni 
adjusted significance levels 
 
Secondary outcome:  
Table 3 summarizes the changes in DIAGNOdent 
scores. The mean DIAGNOdent score at baseline was 
comparable among the three groups (p = 0.07). The 
average scores in group I decreased from 16.98 ± 
14.34 at baseline to 2.68 ± 4.40 at T6.  Similarly, 
DIAGNOdent scores decreased in groups II and III 
during the study period, but to a lesser extent; group 
II decreased from 16.93 ± 17.39 to 7.11 ± 8.09 by the 
end of the study while group III only decreased from 
28.38 ± 20.80 to 20.50 ± 22.83. At T6, Bio-B45S5 
group showed a significant statistical difference in 
comparison with the control group (P <0.001).  

Table 2 Change in white spot lesion proportionality 
(∆WSL%)  in the three study groups at different time 
points: 

 BiominF 

(n= 20) 

Novamin 

(n= 20) 

CPP-

ACP 

(n= 20) 

KWT 

P value 

T0  Mean ± 

SD 

18.45 ± 

15.24 a 

24.75 ± 

10.78 a,b 

26.65 ± 

12.05 b 

0.03* 

Median 

(IQR) 

13.18 

(9.73, 

23.13) 

25.93 

(14.15, 

32.32) 

28.85 

(15.88, 

34.13) 

T1  Mean ± 

SD 

14.04 ± 

12.64 

19.71 ± 

10.71 

20.16 ± 

10.16 

0.08 

Median 

(IQR) 

10.14 

(7.68, 

15.53) 

18.55 

(10.20, 

27.63) 

20.95 

(9.25, 

28.16) 

T2  Mean ± 

SD 

11.27 ± 

12.20 a 

13.19 ± 

8.03 a,b 

18.34 ± 

9.96 b 

0.02* 

Median 

(IQR) 

8.15 

(3.85, 

11.80) 

10.57 

(8.70, 

17.92) 

18.65 

(8.75, 

28.44) 

T3 Mean ± 

SD 

8.30 ± 

8.16 a 

17.13 ± 

8.94 b 

17.87 ± 

9.69 b 

<0.001* 

Median 

(IQR) 

7.08 

(2.83, 

8.85) 

16.48 

(9.88, 

21.71) 

18.65 

(8.46, 

26.39) 

T4 Mean ± 

SD 

5.68 ± 

3.79 a 

17.03 ± 

8.90 b 

17.36 ± 

9.58 b 

<0.001* 

Median 

(IQR) 

5.16 

(2.35, 

7.55) 

16.82 

(9.52, 

20.59) 

17.00 

(8.39, 

25.54) 

T5 Mean ± 

SD 

5.35 ± 

3.74 a 

16.19 ± 

8.63 b 

16.71 ± 

9.24 b 

<0.001* 

Median 

(IQR) 

4.80 

(2.10, 

7.10) 

15.15 

(9.70, 

20.77) 

16.50 

(8.26, 

24.80) 

T6 Mean ± 

SD 

5.03 ± 

3.58 a 

15.59 ± 

8.20 b 

16.27 ± 

9.33 b 

<0.001* 

Median 

(IQR) 

4.53 

(2.10, 

6.89) a 

13.90 

(9.77, 

20.57) 

16.00 

(7.84, 

24.40) 

Percent 

change 

Mean ± 

SD 

-67.07 ± 

20.12 a 

-37.64 ± 

13.79 b 

-39.18 

± 21.11 

b 

<0.001* 

Median 

(IQR) 

-72.29  

(-84.11, 

-52.97) 

-36.56  

(-49.85, -

29.75) 

37.05 

(-55.76, 

-25.69) 

Friedman test p 

value 

<0.001* <0.001* <0.001*  

KWT: Kruskal Wallis test was used 
*statistically significant at p value < 0.05 
a,b: different letters denote statistically significant 
differences between groups using Bonferroni 
adjusted significance levels 
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Table 3 DIAGNOdent readings in the three study 
groups at different time points: 

 BiominF 
(n= 20) 

Novamin 
(n= 20) 

CPP-ACP 
(n= 20) 

KWT 
P value 

T0 Mean ± 
SD 

16.98 ± 14.34 16.93 ± 17.39 28.38 ± 
20.80 

0.07 

Median 
(IQR) 

13.83 
(5.75, 21.25) 

11.75 
(4.00, 26.13) 

24.00 
(35.63, 
15.38) 

T1 Mean ± 
SD 

9.87 ± 9.79 a 13.34 ± 9.86 
a,b 

22.08 ± 
22.16 b 

0.048* 

Median 
(IQR) 

8.17 
(3.00, 14.00) 

10.00 
(6.00, 19.50) 

18.00 
(7.50, 25.75) 

T2 Mean ± 
SD 

8.09 ± 9.03 a 6.08 ± 7.80 a 26.70 ± 
21.80 b 

<0.001* 

Median 
(IQR) 

5.75 
(1.25, 12.75) 

1.50 
(0.00, 11.50) 

26.50 
(16.00, 
33.00) 

T3 Mean ± 
SD 

3.86 ± 5.43 a 7.86 ± 9.19 a 22.43 ± 
22.97 b 

0.001* 

Median 
(IQR) 

0.75 
(0.00, 7.25) 

4.83 
(0.25, 14.75) 

16.00 
(7.25, 30.00) 

T4 Mean ± 
SD 

3.57 ± 4.88 a 7.90 ± 8.20 
a,b 

22.07 ± 
23.12 b 

<0.001* 

Median 
(IQR) 

1.00 (0.00, 
6.25) 

5.50 (2.00, 
13.75) 

15.25 (6.25, 
30.50) 

T5 Mean ± 
SD 

3.11 ± 4.51 a 7.39 ± 7.72 
a,b 

21.05 ± 
22.50 b 

<0.001* 

Median 
(IQR) 

0.33 (0.00, 
5.75) 

6.00 (0.50, 
12.00) 

14.00 (5.12, 
29.00) 

T6 Mean ± 
SD 

2.68 ± 4.40 a 7.11 ± 8.09 
a,b 

20.50 ± 
22.83 b 

0.001* 

Median 
(IQR) 

0.00 (0.00, 
4.75) 

4.00 (0.12, 
12.00) 

13.00 (5.00, 
29.25) 

Percent 
change 1 

Mean ± 
SD 

-86.62 ± 
20.43 a 

-42.48 ± 
57.60 b 

-39.20 ± 
40.29 b 

<0.001* 

Median 
(IQR) 

-100 (-100, -
73.20) 

-58.06 (-
88.00, 0.00) 

-37.80 (-
57.53, -
13.45) 

Friedman test p 
value 

<0.001* <0.001* <0.001*  

KWT: Kruskal Wallis test was used 
*statistically significant at p value < 0.05 
a,b: different letters denote statistically significant 
differences between groups using Bonferroni 
adjusted significance levels 
 
While Bio-B45S5 group showed a consistent decline 
over the course of the trial, Nov-B45S5 group 
showed a significant increase between the 1 month 
and 3 months (T2, T3) follow up points for both 
digital analysis and DIAGNOdent scores. CPP-ACP 
group also should a consistent decline in WSL% 
however, DIAGNOdent readings increased between 1 
week (T1) and 1 month (T2) follow-up points (shown 
in Fig. 4,5). 

 
Fig. 4 Mean lesion size at different time points for 
the three study groups 

 
Fig. 5 Mean DIAGNOdent scores at different time 
points for the three study groups 
 
DISCUSSION 
WSLs remain an ongoing challenge for clinicians. 
Though various preventive and therapeutic treatments 
have been introduced, WSL prevalence among 
orthodontic patients remains significantly high (29). 
Upon debonding, natural remineralization occurs 
through salivary ions. This process takes place to a 
variable extent and rarely reaches the full depth of the 
lesion. As a result, unsightly white patches may 
remain visible up to 12 years (30, 31). Previous 
research showed the potential of bioactive glass to be 
successfully employed in WSL remineralization 
therapies however, an ideal mode and duration of 
application is yet to be determined (5, 21, 32, 33). A 
few recent in-vitro studies by Bakry et al. 
recommended the use of bioactive glass containing 
pastes (BiominF / Novamin powder mixed with 
50% phosphoric acid, covered with a layer of 
bonding agent) to arrest and reverse WSLs and 
showed promising results (19, 20). Therefore, this 
current study was conducted to clinically evaluate the 
remineralization potential of bioactive glasses type 
45S5. 
For an intervention period of 1 month, 2 novel 
bioactive glasses namely BiominF and Novamin were 
used in comparison with CPP-ACP control paste to 
determine the remineralization effects on 
postorthodontic WSLs. The data presented was 
collected after a 12-month follow-up period. 
The study results showed a significantly higher 
chance of regression for lesions within the Bio-
B45S5 group as compared to Nov-B45S5 or CPP-
ACP. Therefore, the null hypothesis was rejected. 
Lesions in Bio-B45S5 group declined in size 
proportionality by 67% during 12 months, while 
those in Nov-B45S5 /CPP-ACP groups decreased by 
37% and 39% respectively as was confirmed by 
digital image analysis and laser fluorescence 
assessment methods.  
The percent reduction rate shown in this study (min: 
32%/ 6 months – max: 62%/ 6 months) surpasses the 
natural slow rate of regression as reported by Willmot 
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D (50% decrease after 6 months with no intervention) 
and by Mattousch et al. who concluded that complete 
healing occurred in merely ten cases out of 370 after 
2 years of follow up. Moreover, He et al. reported a 
complete lack of recovery in some cases and a 
restricted self-healing ability in others (8, 34, 35). 
During this trial, the majority of WSL improvements 
occurred within the first three months in 
correspondence to materials application while the 
follow up period between 6 and 12 months was rather 
stagnant. This observation highlights the importance 
of rapid post-orthodontic intervention in such cases 
for more favorable outcomes. 
Laser fluorescence evaluates structural changes 
within carious/demineralized lesions. Defective 
dental tissues contain more water and organic content 
than sound highly mineralized tissues. When 
subjected to Laser beams, the lesion acts as a highly 
scattering material and the path of light photons 
within the defect can be evaluated and quantified 
(36). For accurate assessment, digital image analysis 
was combined with laser fluorescence to evaluate 
both esthetic and structural aspects of WSLs as 
recommended by a recent systematic review (37). 
Another review by Lopatiene et al. Confirmed the 
validity of digital intra-oral photography as one of the 
most popular and well accepted methods for WSL 
assessment (38). 
Bioactive glass 45S5 presents a breakthrough in WSL 
remineralization. When exposed to dental tissues, 
BAG rapidly forms strong chemical bonds that 
prolong the interaction period and facilitate ion 
diffusion into the lesion. Contrastingly, the 
amorphous nature of CPP-ACP hinders material 
retention for extended periods resulting in a 
decreased remineralization effect (39). In-vitro 
studies showed a larger more compact deposit when 
using BAG compared to smaller, loosely packed ACP 
plugs which supports the findings of this trial (40).   
Despite the fact that BiominF and Novamin are both 
45S5 BAGs, BiominF has a distinct mode of action. 
As previously mentioned, high concentrations of 
fluoride shock the enamel surface and prevent further 
penetration however, BiominF releases low levels of 
flouride along with high levels of calcium and 
phosphorus which enable the material to diffuse 
beneath the surface allowing for subsurface mineral 
deposition (8, 19). In addition, fluoride incorporation 
promotes the formation of highly stable fluorapatite 
crystals and prevents further deterioration of the 
lesion. In contrast, Novamin lacks fluoride in its 
composition, and forms Hydroxyapatite rather than 
fluorapatite crystals which may explain the 
consistency of Bio-B45S5 lesion improvements 
throughout the study and the relapse pattern of  Nov-
B45S5 after treatment cessation (Fig. 6) (41).  

 
Fig. 6 Digital intra-oral photographs obtained from a 
22-year-old female in Bio-B45S5 group (a-g) and a 
19-year-old female in Nov-B45S5 group (h-n) at T0 
(Baseline), T1 (1 week), T2 (1 month), T3 (3 
months), T4 (6 months), T5 (9 months), and T6 (12 
months). Bio-B45S5 showed a remarkable decrease 
in lesion size between T0-T6, while Nov-B45S5 
showed improvement up to 1 month only followed by 
a relapse at T3, and a limited decrease between T4-T6. 
 
Limitations 
Patient compliance can hardly be controlled though 
efforts were made to limit the effects of this 
confounding factor such as constantly weighing the 
provided packages at each follow-up visit and 
combining self-administered home application with 
standardized in-office applications. 
Conclusion 
Bioactive glass 45S5 is a promising new material in 
WSL remineralization therapies. BiominF 
specifically is capable of consistently decreasing 
caries levels of non-cavitated White spot lesions 
while improving esthetics. 
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