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Aim: The aim of this study was to evaluate the remineralization potential of pearl powder on early (‘white spot’) lesions in enamel compared to casein 

phosphopeptide-amorphous calcium phosphate . 

 

Methodology: Twenty Patients who had post orthodontic white spot lesions (57 subjects) were included and were randomly allocated in two groups 

receiving either CPP-ACP as a control  (29 subjects) or pearl powder gel (28 subjects), they used it twice daily for three months. The white spot lesions 

were assessed clinically at baseline, 3,6,9 and 12 months using the Clinical index used for visual evaluation of white spot lesions and photographic 

image analysis to detect the change in color and area of the white spot lesions. Parametric data were analyzed for intergroup comparisons using 

independent t-test and for intragroup comparisons using repeated measures ANOVA followed by Bonferroni post hoc test. Non-parametric data were 

analyzed using Mann-Whitney U test for intergroup comparisons and Friedman’s test followed by Nemenyi post hoc test for intragroup comparisons. 

The significance level was set at p≤0.05 within all tests.  

 

Results: A significant improvement of the clinical WSL-scores was found over time in both groups, with no statistically significant difference (p<0.01). 

As for the photographic image analysis, the color change and area of WSLs significantly improved after12 months with no statistical difference 

observed between both groups. Conclusions: The Pearl powder had a similar remineralization potential when compared to CPP-ACP on the early 

enamel white spot lesions after 12 months 

 

Keywords: Remineralisation- Post orthodontic white spot lesions- CPP-ACP- Pearl-Randomised clinical trial. 

 

INTRODUCTION 

Dental caries is an infectious microbiologic disease of the teeth that results in localized dissolution and destruction of the calcified 

tissues. The process of caries formation is a cycle of remineralization and demineralization with various stages being either reversible 

or irreversible. White spot lesions (WSLs) are manifestations of the earliest stage of caries progression and are capable of being 

reversible. [1][2] 

The development of novel enamel remineralization systems has significantly progressed in recent years with many of them already in 

clinical use, while others are in various stages of development. The most promising of these remineralizing technologies are the 

biomimetic regenerative systems. Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) complex, a milk protein 

derivative, has been reported to have anticariogenic effects through buffering of free calcium and phosphate ion activities, by 

incorporation of ACP into plaque and onto tooth surfaces and thus maintaining a state of super saturation with respect to tooth enamel. 
[3][4] 
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However, CPP–ACP is a milk product, it cannot be given to patients having intolerance to milk; therefore a suitable alternative for these 

patients is required. [5][6] 

The pearl and nacre (the mother of pearl) is a naturally occurring composite material composed of inorganic, calcium carbonate plates 

connected by a framework of organic molecules. Studies, both in vitro and in vivo, have demonstrated nacre’s biocompatibility, 

biodegradability, anti-oxidant and osteogenic potential, which are superior to pure inorganic minerals such as hydroxyapatite or non-

degradable metals.[7] 

Li et al., 2013 introduced a novel strategy to achieve HAP remineralization of human enamel by using nacre water-soluble matrix as a 

template for biomimetic remineralization on eroded human enamel. The finding of their study showed that in nacre water-soluble matrix 

could remineralize the enamel to form similar crystal structure, morphology and lattice orientation to native enamel. While pearl has 

demonstrated its effectiveness osteogenic, remineralising and anti-oxidant properties, it remains a relatively unexplored biomaterial in 

the dental field. This current study introduces the clinical usage of pearl as a suggested novel remineralising agent for dental tissue, and 

discusses the present and future uses of this biologically derived material for application in the dental tissue. 

Therefore the aim of the current study was to evaluate the effect of pearl powder on early (‘white spot’) sub surface lesions in enamel 

and if it would be capable of promoting remineralization and compare it to Casein phosphopeptide- amorphous calcium phosphate. 

MATERIALS AND METHODS 

The protocol of the current study was registered in (www.clinicaltrials.gov) database, with unique identification number 

(NCT03976583). The study was conducted in Faculty of Dentistry, Cairo University. All procedures performed in this study, involving 

human participants, were in accordance with the ethical standards of Research Ethics Committee of Faculty of Dentistry, Cairo 

University (CREC) in July 2019 with ethical approval number (19757). The study design in this investigation was a randomized, 

controlled, double blinded with two parallel arms. Randomization was obtained with a 1:1 allocation ratio by a computer-generated 

randomization list (www.random.org). 

 

Eligibility criteria of participants: [8][9] 
Inclusion criteria of participants:  

• Males or females. 

• Age: 18-40 years old. 

• Patients with good oral hygiene. 

• Co-operative post orthodontic patients who show interest to participate in the study. 

Exclusion criteria of participants:  

• Patients with bad oral hygiene. 

• Lack of patient’s approval and compliance. 

• Presence of abnormal oral, medical, or mental condition. 

• Patients who are allergic to milk products. 

• Pregnant and lactating women. 

 

Eligibility criteria of teeth: 
Inclusion criteria of teeth: 

• Obvious area of WSL found on the labial surface of six maxillary anterior teeth that occurred after the orthodontic treatment. 

Exclusion criteria of teeth:  

• Presence of any restorations including the labial surface of the maxillary six incisor teeth. 

• Presence of any environmental or developmental enamel defect such as enamel hypoplasia, fluorosis, stains, and trauma sites 

on teeth before orthodontic treatment. 

 

Sample size: 
The predicted sample size was a total of (52). Sample size was increased by (20%) to account for possible dropouts during follow-up 

intervals to be total of (62) cases i.e. (31) for each group.  

 

Pearl Powder Gel Preparation 
Carbopol-940 and sodium CMC were both dispersed in 50ml of distilled water with continuous stirring using magnetic stirrer (Stuart™ 

hotplate stirrer, SB162). Distilled water was mixed with required quantity of sodium benzoate then heated on water bath to dissolve 

evenly. Solution was left to cool down and polyethylene glycol-4000 was then added and mixed with the solution. Then required 

quantity of pearl powder was mixed to the above mixture and volume was making up using remaining distilled water. A flavouring 
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agent was added to the mix to mimic the CPP-ACP and for better acceptance of the patients. Finally full mixed ingredient were mixed 

to Carbapol-940 gel in a proper manner with stirring continuously and tri-ethanolamine was then added drop wise to the formulation 

for adjustment of required pH and to obtain gel in required consistency and concentration 0.6 mg/ml as suggested by Li et al.  [10] [11]  

 

Clinical Procedure: 

• The teeth were isolated with sterile cotton roll after its surface was cleaned using sterile gauze pads and polishing with bristle 

brushes and prophylaxis paste.  

• Intraoral standardized digital photographs were taken at baseline and at each recall appointment (0,3,6,9,12 months). 

• Modeling of the technique of the application of either treatment to the eligible patients was demonstrated as follows Self-

administration was standardized by giving specific instructions to each participant, stipulating that the product should be used 

twice daily (in the morning and the evening), after a 2 min manual tooth brushing with a fluoride free tooth paste throughout 

the three months of intervention period. A pea-size amount of the product should be applied per arch, using a dry finger or 

cotton pellet to distribute it evenly across all teeth and to work it into the interdental spaces. The product was then retained in 

the mouth for 1–3 min, and manipulated around the teeth using the tongue, before being expectorated. Participants were 

explicitly instructed not to rinse their mouths after application and not to eat or drink for at least 30 min.[12]. Patients were asked 

to use a conventional fluoride dentifrice once daily for the entire follow-up period (3-12 months) 

 

Outcome Measures: 
 

Visual evaluation of white spot lesions 
In the visual method, after thorough drying with air, each lesion around the former bracket base was evaluated at four sites( gingival, 

mesial, distal and incisal) and graded with respect to WSL severity by a clinical index, the scores and criteria proposed by Andersson 

where ( 0 scores for no visible color change  , 1 scores for slight white color change, only visible after air-drying, 2 scores for  slight 

color change with certain marked white areas , 3 scores for  white consistent color change and 4 scores for white consistent color 

change). [13] 

 

Standardized Photographic image analysis: 
Standardized photographs were taken at 0,3,6,9,12 months. All the photographs were taken with a Nikon D5600 DSLR camera with a 

105 mm/2.8 Sigma Macro lens and Meike macro twin flash. The camera was set to manual with an aperture of f22 and a shutter speed 

of 1/125 of a second. The image quality was set as fine and ISO sensitivity 100. [14] 

The change in color was analyzed using Adobe Photoshop CC 2015 (Adobe Systems Inc.). Standardized images were imported to the 

software and each image was set to the L*a*b* color mode and ΔE was calculated. [15]  
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As for the change in area analysis for white spot lesions “ImageJ” software version 1.53n for Windows was used, which is an image-

processing program that can calculate area and pixel value statistics of user-defined selections. [16].  

 

Statistical methods: 
Categorical data were presented as frequency and percentage values. Numerical data were presented as mean and standard deviation 

values and were analyzed for normality using Shapiro-Wilk test. Parametric data were analyzed for intergroup comparisons using  

independent t-test and for intragroup comparisons using repeated measures ANOVA followed by Bonferroni post hoc test. Non-

parametric data were analyzed using Mann-Whitney U test for intergroup comparisons and Friedman’s test followed by Nemenyi post 

hoc test for intragroup comparisons. The significance level was set at p≤0.05 within all tests. Statistical analysis was performed with R 

statistical analysis software version 4.1.2 for Windows. 

 

RESULTS 

1. Demographic data  
This study was conducted on 22 participants with 62 incipient white spot post-orthodontic lesions that were randomly allocated to the 

intervention and the control arms (n=31), all lesions were found in anterior teeth. After 12 months all participants were assessed with 

90% retention rate, as 2 patients failed to attend the whole follow up period. The final patients involved in this study were 20 patients 

(10 in each group) and white spot lesions involved were 57 lesions simultaneously; (n=29) for the CPP-ACP group and (n=28) for the 

pearl powder group.  There were 16 females (80%) and 4 males (20%) in the current study. Female patients’ percentage in the 

intervention or control groups was higher than males; 8 females (80 %) and 2 males (20 %) respectively, there was no statistically 
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significant difference regarding gender among groups (P = 1.0000). (Table 4) Mean age in the current study was 19.9±1.6, in the 

intervention group mean age was 20.2±1.9, while in the comparator group mean age was 19.6±1.5, there was no statistically significant 

difference regarding age between groups (P = 0.6487). 

 

2. Clinical index used for visual evaluation of white spot lesions 

 

 Descriptive statistics: 
There were 116 WSL sites in CPP-ACP group and 112 in pearl powder group. At baseline, majority of CPP-ACP sites 49(42.2%) had 

score (4) while most of the sites of pearl powder group 70(62.5%) had score (3). After 3 months, majority of CPP-ACP 37(31.9%) and 

pearl powder 49(43.8%) groups had score (2). After 6 months, majority of CPP-ACP 29(25.0%) and pearl powder 49(43.8%) groups 

had score (1). After 9 months, majority of CPP-ACP sites 37(31.9%) had score (0) while most of the sites of pearl powder group 

51(45.5%) had score (1). After 12 months, majority of CPP-ACP sites 38(32.8%) had score (0) while most of the sites of pearl powder 

group 50(44.6%) had score (1) as presented in table (1). 

Table (1): Table showing frequency and percentage values for clinical index score for different groups 

Time Score 

CPP-ACP 

(n=116) 

Pearl powder 

(n=112) 

n % n % 

Baseline 

0 0 0% 0 0% 

1 0 0% 0 0% 

2 21 18.1% 10 8.9% 

3 46 39.7% 70 62.5% 

4 49 42.2% 32 28.6% 

3 months 

0 14 12.1% 7 6.2% 

1 18 15.5% 31 27.7% 

2 37 31.9% 49 43.8% 

3 27 23.3% 19 17.0% 

4 20 17.2% 6 5.4% 

6 months 

0 27 23.3% 12 10.7% 

1 29 25.0% 49 43.8% 

2 23 19.8% 38 33.9% 

3 20 17.2% 12 10.7% 

4 17 14.7% 1 0.9% 

9 months 

0 37 31.9% 27 24.1% 

1 27 23.3% 51 45.5% 

2 26 22.4% 29 25.9% 
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Time Score 

CPP-ACP 

(n=116) 

Pearl powder 

(n=112) 

n % n % 

3 14 12.1% 4 3.6% 

4 12 10.3% 1 0.9% 

12 months 

0 38 32.8% 39 34.8% 

1 36 31.0% 50 44.6% 

2 26 22.4% 19 17.0% 

3 5 4.3% 3 2.7% 

4 11 9.5% 1 0.9% 

Intergroup and intragroup comparisons: 

As a comparison between the two groups regarding the Mean and Standard deviation (SD) values for the visual clinical index score, it 

revealed that throughout the study at all intervals improvement over time was evident in both groups, however, more sites became 

invisible in the CPP-ACP group that had a higher mean value than pearl powder group yet the difference was not statistically significant 

(p>0.05)  

For the intragroup comparison, there was a remarkable decline in the visual clinical score within each group starting from baseline until 

12 months that was statistically significant (p<0.001) for both groups. Post hoc pairwise comparisons between the Mean and Standard 

deviation (SD) values for the visual clinical index score for different intervals showed value measured at baseline to be significantly 

higher than values measured at other intervals (p<0.001). In addition, the value measured after 3 months were found to be significantly 

higher than values measured at 9 and 12 months (p<0.001). Also, they showed value measured after 6 months to be significantly higher 

than value measured after 12 months (p<0.001) as presented in table (2) 

Table (2): Table showing Mean and Standard deviation (SD) values for clinical index score for different intervals 

Time 

Clinical index score (Mean±SD) 

p-value 

CPP-ACP Pearl powder 

Baseline 3.24±0.66 3.20±0.42 0.388ns 

3 months 2.18±1.03 1.88±0.74 0.160ns 

6 months 1.75±1.11 1.47±0.65 0.252ns 

9 months 1.46±1.08 1.12±0.63 0.262ns 

12 months 1.27±0.96 0.90±0.61 0.208ns 

p-value <0.001* <0.001* 

*; significant (p ≤ 0.05) ns; non-significant (p>0.05) 

3. Color change 

Intergroup and Intragroup comparisons: 
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The results comparing the Mean and Standard deviation (SD) values for color change (ΔE) between the two groups showed that pearl 

powder group had a significantly higher value than CPP-ACP group at 6-9 months and 9-12 months (p<0.05). However at other 

intervals, there was no significant difference between both groups (p>0.05)  

There was a significant difference between Mean and Standard deviation (SD) values for color change (ΔE) measured at different 

intervals for both groups (p<0.001). Post hoc pairwise comparisons for CPP-ACP group showed value measured at baseline-12 months 

to be significantly higher than values measured at other intervals (p<0.001). In addition, they showed value measured at baseline-3 

months to be significantly higher than values measured at 3-6, 6-9, and 9-12 months (p<0.001). Post hoc pairwise comparisons for pearl 

powder group showed values measured at baseline-3 months and baseline-12 months to be significantly higher than values measured at 

other intervals (p<0.001) as presented in table (3).  

Table (3): Table showing Mean and Standard deviation (SD) values for color change (ΔE) for different groups 

Time 

Color change (ΔE) (Mean±SD) 

p-value 

CPP-ACP Pearl powder 

Baseline -3 months 10.08±2.47 9.45±4.57 0.518ns 

3-6 months 1.77±0.64 2.56±2.00 0.058ns 

6-9 months 1.64±0.72 2.64±1.00 <0.001* 

9-12 months 2.12±1.08 3.38±1.68 0.002* 

Baseline - 12 months 11.49±2.80 11.37±3.84 0.896ns 

p-value <0.001* <0.001* 

*; significant (p ≤ 0.05) ns; non-significant (p>0.05) 

4. Area of WSL 

Intergroup and intragroup comparisons: 

The Mean and Standard deviation (SD) values for area of WSL for different groups at all intervals showed that CPP-ACP group had a 

higher value than pearl powder group yet the difference between both groups was not statistically significant (p>0.05)  

The decline in area of WSL starting from baseline until 12 months was found to be statistically significant for both groups (p<0.001). 

Post hoc pairwise comparisons for the Mean and Standard deviation (SD) values for area of WSL for different intervals showed that 

CPP-ACP value measured at baseline to be significantly higher than values measured at other intervals (p<0.001). In addition, they 

showed value measured after 3 months to be significantly higher than values measured at 12 months (p<0.001). Post hoc pairwise 

comparisons for pearl powder showed value measured at baseline to be significantly higher than values measured at other intervals 

(p<0.001). In addition, they showed value measured after 3 months to be significantly higher than values measured at 9 and 12 months 

(p<0.001) as presented in table (4). 

Table (4): Table showing Mean and Standard deviation (SD) values for area of WSL for different groups 

Time 

Area of WSL (Mean±SD) 

p-value 

CPP-ACP Pearl powder 

Baseline 16.90±6.12 14.25±5.99 0.103ns 

3 months 11.53±3.94 10.87±4.59 0.563ns 

6 months 10.19±3.51 9.90±4.08 0.775ns 

9 months 9.67±3.46 9.18±3.82 0.610ns 
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Time 

Area of WSL (Mean±SD) 

p-value 

CPP-ACP Pearl powder 

12 months 9.20±3.27 8.56±3.85 0.501ns 

p-value <0.001* <0.001* 

*; significant (p ≤ 0.05) ns; non-significant (p>0.05) 

 

DISCUSSION 

White spot lesions, the earliest manifestation of caries progression are categorized as one of the most commonly observed undesirable 

sequelae associated with fixed orthodontic treatment. The current study there by suggested a new remineralizing agent as the pearl 

powder to mask the deleterious esthetics of the post-orthodontic WSLs and enhance their remineralization. Furthermore it compared it 

to the already utilized CPP-ACP as a control.  

The CPP-ACP was designated in this study as the comparator as it has demonstrated significantly better remineralizing and 

anticaries effects compared to a control or fluoride products.  Although there is considerable wide variability in the reported results as 

stated by Philip, 2019. [4] 

CPP-ACP is a nano-complex of milk protein that release bioactive agents, that are well known to allow the stabilisation of 

calcium and phosphate ions resulting in a remarkable supersaturation of soluble ions in saliva for remineralisation of demineralised 

tooth structure as explained by Fernando et al., 2019. [17] 

There is a continuous desire for more natural sources of remineralizing agents that would be both cost effective and economical. 

As a result, a previous in vitro investigation was performed by Li et al., 2013 to find out a way to take privilege of the numerous 

advantages of the pearl shell (nacre), as it is considered inexpensive, abundant and safe compared to current materials used for this 

purpose.[10] Moreover, as compared with shell nacre, pearl contains more organic constituents and trace elements, so it is believed that 

pearl will behave better than shell nacre as described by Shen et al., 2006. [18]Consequently our research aimed to assess the 

remineralization potential of pearl powder and to further investigate its efficiency in clinical application.  

The pearl powder used in this study is freshwater pearl, from the Zhejiang province in China. The manufacturer Lost Empire 

Herbs Pearl Powder stated that it is 100% medical grade Pearl Powder (no shell). This pearl powder has 156 mg of highly absorbable 

calcium per gram besides it is a complete protein, meaning it contains all nine essential amino acids.   

Nacre’s biocompatibility, biodegradability, and osteogenic potential have been proved in several studies as mentioned by 

Gerhard et al., 2017. The pearl and nacre (the mother of pearl) is a naturally occurring composite material composed of inorganic, 

calcium carbonate plates connected by a framework of organic molecules. Similar to mammalian bone, the highly organized 

microstructure of nacre endows the composite with superior mechanical properties while the organic phase contributes to significant 

bioactivity that are even superior to pure inorganic minerals such as hydroxyapatite or non-degradable metals. [7] 

It is also rich in many other major and trace minerals including magnesium, manganese, strontium and much smaller amounts 

of many more constituents. There are other amazing compounds found inside of pearls such as Alkaline Phosphatase, which may be 

one of the active components in biomineralization as stated by Hegde et al., 2014.[19] 

The results of our study revealed that pearl powder has succeeded in remineralization of early enamel white spot lesions and 

enhancing their esthetics. These findings are in accordance with the study of Li et al., 2013 which showed that the enamel remineralized 

with nacre water-soluble matrix shows great resemblance with similar crystal structure, morphology and lattice orientation to original 

enamel. Moreover, the Ca/P ratio increased in the presence of nacre; the surface of the remineralized enamel shows a dense and well-

aligned layer of HAP coating with homogeneous prism-like crystals densely packed parallel to each other. In addition to this, the 

remineralized surface had a lower analysis of roughness value and higher Vickers hardness values, which were comparable to those of 

the original enamel. [10] 

The pearl powder used in this study is micronized in which the particle size is 200 mesh or 74 micrometers. However, that 

might be a limitation of our current study; consequently we recommend further studies to use pearl powder with a nanoparticle size. 

Nanoparticles have better ion release profiles and capabilities than microparticles. as explained by Arifa et al., 2019.[20] 

 It’s true that the results of our study showed clinical success of the remineralization potential of the pearl powder in treating 

the initial white spot lesions. However, reliable identification, quantification and characterization of the pearl powder is of great 

importance to gain a crystal clear understanding of its biochemical mechanism of action and expand it’s potential in regenerative 

dentistry applications. 

The assessment methods of the WSLs chosen in the current study were the visual and the photographic image analysis. Gomez 

et al., 2013 suggested that for both cost and practicality considerations, visual methods should remain the standard for clinical assessment 
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in dental practice.[21] However, Gomez, 2015 further explained that the diagnosis of initial carious lesions might be more accurately 

achieved in combination of the visual method and the use of other methods.[22] In addition to this, Singh et al., 2016 recommended that 

the combined use of technology-based methods and visual assessment should be considered the best approach for evaluating the 

WSLs.[23] Similarly Hu et al. 2020 stated that individual RCTs should consider assessment of the severity of WSLs using multiple scales 

and devices rather than single evaluation standards to eliminate the risk of  bias and permit combining these elements into meta-

analysis.[24]  

 The visual recordings displayed the interesting finding that both the CPP-ACP protocol as well as the pearl powder seemed to 

have comparable effects in reducing the WSL scores. This may be a purely optical phenomenon, but as expressed by previous findings 

by  Andersson et al., 2007, a beneficial sub-surface effect of the casein complex is acceptable as illustrated by Reynolds, 1997. [13][25] 

Therefore a ‘deep’ regression with a more favourable aesthetic appearance may be plausible to achieve. Assuming that the 

perception of WSL is based on its visibility, there was remarkable effect expressed by how many WSL sites disappeared with both 

treatment groups after 12 months. At baseline, majority of CPP-ACP sites 49(42.2%) had score (4) while most of the sites of pearl 

powder group 70(62.5%) had score (3). However after 12 months, with a remarkable time positive effect the majority of CPP-ACP sites 

38(32.8%) had score (0) while most of the sites of pearl powder group 50(44.6%) had score (1). 

In the present study, the treatment for 3 months with both treatments and the follow up for 12 months resulted in significant 

improvements in change of visual scores compared to baseline. This data was in accordance with the study conducted by Andersson et 

al., 2007 who found regression in the white spot lesions by 55% in a randomized controlled trial in 26 subjects. [13]Similarly Bailey et 

al., 2009 who detected regression of 72% after intervention period of 12 weeks. [26]Robertson et al., 2011 in a randomized controlled 

clinical trial on fifty patients spotted a regression of the WSLs in the MI Paste Plus group by 53.5% compared to the placebo group that 

increased by 91.1% during the 3 months study period.[8] In addition to this  Karabekiroglu et al., 2018 also reported that the daily usage 

of CPP-ACP was effective in improving the visual appearance of WSLs, and it was found to significantly increase the remineralization 

of subsurface lesions.[27] On the contrary, Abd ELMoaaty et al., 2021 found that although CPP-ACP had acceptable reminerlaization 

potential and beneficial effect in masking white spot lesions, however, that improvement regarding the visual analogue scale did not 

reach to the maximum patient satisfaction in masking white spot lesions. [28] Also, Karabekiroglu et al., 2017 regarded the daily usage 

of CPP-ACP paste was of no privilege than normal care in improving the appearance of WSLs after 36 months. [29] 

To compare between the colour change at base line and throughout the whole follow up period in an objective manor, the 

difference between two perceived colours in this study is determined by a mathematical equation, in which the colorimetric distance 

(∆E) is obtained within the colour space (CIE L*a*b*) appearance. Colorimetric distance is defined as the value that represents the 

distance between the positions of two colours within the colour space as established by the Comission Internationale de l’Éclairage in 

1976. The CIE L*a*b* system is composed of three components: L* denotes the lightness, while a* and b* represents the coordinates 

on the red–green and yellow–blue color axes, respectively. [30] 

 The difference in color between the lesions at each time was calculated with the measured CIE L*a*b* values. Kim et al., 

2011 explained that ∆E value is a method for quantifying the discrepancy between two colors. [31]They considered ∆E difference of 3.7 

units is a clinical indicator for mismatching colours or colour change. That is, white spot lesions are clinically invisible when the ∆E 

unit between the sound enamel and white spot lesions is of value less than 3.7, and the lesion is clinically visible when ∆E unit between 

sound enamel and white spot lesions is higher than 3.7. In addition to this Tabatabaian et al., 2021 even stated that the sensitivity of 

human eyes (ΔE < 2.85). [14] 

In the post-stage, after the application of CPP-ACP and pearl powder, it was shown that for both groups a significant decrease 

in ∆E values measured at different intervals (p<0.001) and especially after the 12 months (2.12±1.08) and (3.38±1.68) especially with 

respect to the pre-stage (10.08±2.47) and (9.45±4.57) for the two groups. These values highly demonstrate the masking effect of both 

treatments to the appearance of the white spot lesions. Time factor had a positive showed at the values measured at baseline-3 months 

to be significantly higher than values measured at other intervals (p<0.001), which highlight the fact that the treatment protocol was 

effective as the intervention period was only for the first three months. 

Detailed analysis of each of the parameters that constitute the color in the treated WSL area showed that the major decrease in 

brightness (∆L) and increased color intensity through the increase (∆a) and (∆b). The remineralization of the white spot lesion for both 

groups resulted in a noticeable deviation in the patterns of color change with a marked decrease in lightness (L*) and increase in 

yellowness (b*) and so regaining the color of sound teeth and subsequent loss of the chalky white appearance of white spot lesions 

which was consistent with the results of Kim et al., 2013.[32] However, Aref and Alrasheed, 2022 found that management of white spot 

lesions via CPP-ACP solely was not able to restore the esthetic to a non-observable degree of ΔE and suggested combining  considerable 

caries remineralizing programs for more promising results.[33] 

Livas et al., 2008  considered that the quantification of the area white spot lesions around orthodontic brackets by means of 

image analysis software of digitally photographed teeth is a reproducible and accurate method. They further explained that by 

standardizing the lighting conditions and camera positioning, this method is considered a handy tool for early diagnosis of enamel 

demineralization. [15] 

In the present study both groups showed that there was a decline in area of WSL starting from baseline until 12 months, which 

was statistically significant (p<0.001). Similarly Ebrahimi et al., 2017 found that the application of MI Paste Plus was effective in both 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 9 ¦ 2022 6070 
 

reducing the area as well as increasing the mineral content of WSLs, whereas the control group did not show any significant 

improvement.[35] Wua et al., 2010 also found that CPP-ACP can reduce the size of demineralized areas of WSLs and promote the 

remineralization enamel.[36] However, Oliveira et al., 2016 in their in-vitro study found that CPP-ACP products presented similar or 

even lower performances for lesion area when compared with the control group. They explained that this result was due to several 

important factors that might have played a role such as the artificial saliva formulation might not reproduce the oral environment 

precisely.[37]  

As our study revealed that after the visual assessment as well as the photographic image analysis of change in color and area 

of the WSLs, both materials succeeded in promoting the remineralization process with comparable results. Thereby the results of the 

current study proposed a promising remineralizing agent as the pearl powder to mask the deleterious esthetics of the post-orthodontic 

WSLs and enhance their remineralization. 

 

CONCLUSION 

1. In highlight of the results of the present study we concluded that The Pearl powder had a similar remineralization potential of 

the early enamel white spot lesions when compared to CPP-ACP after 12 months 

2. . In addition to this, time had a positive effect on the appearance of white spot lesions especially with respect to the pre-stage 

with no difference between the two materials 
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