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Manuscript ID: DSU-2410-1265 Introduction: Notwithstanding progress in caries prevention methods, averting

enamel demineralization during orthodontic treatment remains a significant challenge

KEYWORDS for clinicians. Orthodontic treatment primarily aims to improve both dental and

facial aesthetics, yet protecting the enamel from demineralization continues to be a
CPP-ACP; MI varnish; critical concern. Aim: This research aims to assess the enhancements that occurred
Orthodontic; Shear bond around orthodontic brackets as a result of the application of Casein Phosphopeptide
strength; White spot lesions. Amorphous Calcium Fluoride Phosphate (CPP-ACFP) varnish, as well as to investigate

the impact that this varnish had on the shear bond strength of orthodontic composite.
Materials and Methods: For the purpose of this in vitro experiment, enamel specimens
were randomly assigned to two primary groups, with each group consisting of twenty
specimens. The groups were determined by the surface treatment that was applied to the
enamel. In Group I, which served as the control group, there was no surface treatment
applied, but in Group II, the surface was treated with CPP-ACFP varnish. After then,
each group was divided into two subgroups, each of which contained ten specimens.
Subgroup A was subjected to a pH cycling procedure, whilst Subgroup B was immersed
in a Streptococcus mutans suspension. Results: CPP-ACFP varnish groups showed
the greatest resistance to discoloration represented by the least color change without
significant effect on shear bond strength. Conclusions: Using CPP-ACFP varnish in
orthodontic treatment demonstrates potential benefits specifically in reducing white
spot lesions and maintaining bond strength.
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The visual identification of white spot lesions
(WSLs) and the assessment of associated risks
are crucial steps that must be conducted prior to
initiating orthodontic treatment. Detecting WSLs
in a patient who has not undergone orthodontic
procedures places the individual in a higher risk
category for further enamel demineralization.
This pre-existing condition suggests a heightened
susceptibility to future demineralization during
orthodontic therapy, thereby requiring more vigilant
preventive measures.

Evaluating for white spot lesions (WSLs) during
orthodontic treatment is essential for promptly
initiating appropriate management strategies as
soon as WSLs are detected. Patients presenting
with pre-existing WSLs before the commencement
of orthodontic therapy, poor oral hygiene, high
intake of dietary sugars, prolonged treatment
duration, excessive enamel etching, the use of labial
orthodontic appliances, and a high DMFT (Decayed,
Missing, and Filled Teeth) or DMFS (Decayed,
Missing, and Filled Surfaces) index are classified as
high-risk individuals. Additionally, the development
of new lesions during treatment further contributes
to this elevated risk profile, necessitating increased
preventive care and monitoring.

There are a number of therapy protocols that can
be utilized for the management of white spot lesions
(WSLs). These procedures range from conventional
to more intrusive techniques, depending on the
degree and breadth of the lesions. Numerous studies
have been carried out to develop new strategies
for addressing orthodontic-associated WSLs, with
a particular focus on early diagnosis and prompt
intervention using minimally invasive methods.
Early identification and treatment are critical to
preventing the progression of these lesions and
ensuring better clinical outcomes.

The severity of this widespread problem is
highlighted by the fact that the prevalence of white
spot lesions (WSLs) varies greatly from study to
study, with the range spanning from 33.8% to 97%.
It is clear from this variety that there is an immediate
and pressing requirement for enhanced knowledge
among patients as well as healthcare providers
in order to put into practice effective preventive
methods. In an ideal scenario, these measures
should consist of straightforward, non-invasive, and
cost-effective interventions that are simple enough
for the patient to carry out without affecting the
shear bond strength of the orthodontic brackets.
When it comes to decreasing the danger of WSLs
during orthodontic treatment and guaranteeing
long-term dental health, such preventive treatments
are absolutely necessary.

MATERIALS AND METHODS

I. Teeth preparation:

Research was carried out with twenty human
premolars that had just been extracted and were in
good health. This study was carried out afterreceiving
consent from the Ethical Committee of the Faculty
of Dentistry at Suez Canal University (approved
number 479/2022). The buccal and lingual surfaces
of these premolars were cleaned thoroughly using a
rubber cup and polishing paste. The teeth were then
inspected under a chairside light and examined with
a 3.5x magnification loop to verify the integrity
of the enamel. Following confirmation, the teeth
were placed in distilled water and the water was
refreshed on a weekly basis in order to ensure that
they were well hydrated. After that, the teeth were
decorated at the cementoenamel junction, and the
crowns were sectioned mesiodistally to divide the
lingual and buccal halves. This resulted in a total of
forty specimens that were subsequently subjected to
additional examination.
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II. Grouping of the samples:

On the basis of the surface treatment that was
given, the enamel specimens were put into two
primary groups, with each group consisting of twenty
specimens. These groups were randomly assigned
to each other. Casein Phosphopeptide Amorphous
Calcium Fluoride Phosphate (CPP-ACFP) varnish
was applied to individuals in Group II, which was
referred to as the varnish group. Group I acted as
the control group and did not receive any surface
treatment. According to exposing factors each
group were further subdivided into two subgroups,
each of 10 specimens; subgroup A: were exposed
to pH cycling and subgroup B: were immersed in
Streptococcus mutans suspension.

Group IA: control group, without surface
treatment and exposed to pH cycling.

Group IB: control group, without surface
treatment and immersed in Streptococcus mutans
suspension.

Group ITA: Treatment group, were treated with
varnish and exposed to cycling.

Group IIB: Treatment group, were treated with
varnish and immersed in Streptococcus mutans
suspension.

II1. Steps

1. Pre-bonding intervention:

The enamel specimens from subgroups IIA and
IIB were first cleaned and thoroughly dried. A thin,
uniform layer of MI varnish was then applied to
each specimen, allowing it to set for one minute.
Following this, the specimens were incubated in
10 ml of distilled water for a duration of four hours
to facilitate and enhance ionic exchange. After

the incubation period, the varnish was carefully
removed using a periodontal curette to avoid
damage to the enamel surface.

2. Bonding:

The bracket placement for both control and
treatment groups were done by the same orthodontist
following the same bonding protocol.

3. Post-bonding intervention:

A second layer of MI varnish was applied to
subgroups IIA and IIB specimens as a 2 mm band
all-around the bracket base then enamel specimens
were left undisturbed and incubated in distilled
water for another 4 hours. Then the varnish was
removed gently with periodontal curette.

4. pH cycling:

The enamel specimens from both subgroups I.A
and II.A were immersed in a demineralizing solution
containing 2.0 mmol/L of calcium, 2.0 mmol/L of
phosphate, and 75 mmol/L acetate buffer at a pH of
4.3 for three hours. Following this, they were placed
in non-ionized water with a pH of 7.0 for 21 hours.
This demineralization cycle was repeated over
a period of 30 days. Throughout this process, the
specimens were incubated at a constant temperature
of 37°C, with both the demineralizing solution and
the non-ionized water being refreshed every 24
hours to maintain consistency in the experimental
conditions.

5. Assessment:

5.a Change in color:

In order to ensure that an exact numerical value
of the tooth shade could be achieved, the VITA

153




Mohamed Hamed Elboghdady, et al.

Easyshade® device was set to the bleaching mode.
After this, the device was prepared for usage.
The first measurement (TO) for both the control
and treatment groups was recorded using the
VITA Easyshade® device immediately before the
bonding of the orthodontic brackets. Subsequent
readings were taken at 15 days (T1) and 30 days
(T2) and were documented accordingly (Figured
1.A). The shade evaluation was based on a lightness
scale ranging from O to 100, where a higher L value
indicated increased light reflectivity, making the
object appear lighter. Conversely, a lower L value
signified more light scattering, causing the object to
appear darker.

5.b Shear bond strength:

The bond strength was assessed using an
Instron™ universal testing equipment equipped
with a 1 kN load cell, operating at a crosshead speed
of 1 mm/minute. (Figured 1.B)

The SBS values were computed in megapascals
by dividing the force by the area of the bracket base
(MPa = N/mm?). An occlusal-gingival force was
exerted on the bracket using a blade-end steel rod
connected to the crosshead of the universal testing

apparatus.

Fig. (1) Assessment of color (A). Measurement of shear bond
strength (B)

RESULTS

The data were analyzed using IBM SPSS version
23 (Armonk, NY, USA). Normality was assessed
using the Shapiro-Wilk test and Q-Q plots. For
the purpose of calculating the percentage change,
the following formula was utilized: [(Test Values—
Control values Control values) x100]. The variables,
including shear bond strength, changes in enamel
shade, and all percent change values, demonstrated
a non-normal distribution. As a result, the data
were predominantly presented through maximum,
minimum, and median values. The Kruskal-Wallis
test was utilized for the statistical analysis of non-
normally distributed data. Subsequently, Dunn’s
post hoc test with Bonferroni correction was applied
upon the identification of significant differences. A
one-way ANOVA, accompanied by Tukey’s post
hoc test, was utilized to compare calcium levels
among the groups. All tests were two-tailed, with
statistical significance established at a p-value of
less than 0.05.

1. Comparison of enamel shade between the
study groups:

Enamel color change descriptive statistics and
group comparisons are shown in (Table 1). There
was significant difference between groups in both
TO-T1 and TO-T2.

Varnish group which exposed to bacteria (Group
IIB) showed the greatest resistance to discoloration
represented by the least color change either in
TO-T1 Or TO-T2 by 1.01 and 2.71 respectively,
followed by varnish group which exposed to pH
cycling (Group IIA) by 1.36 and 3.05 respectively.
In contrast with non-treatment group that exposed
to pH cycling (Group IA) which showed greatest
color change in TO-T1 2.68, while non-treatment
group that exposed to bacteria (Group IB) showed
greatest color change in TO-T2 11.84.
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2. Shear bond strength of study groups:

The descriptive statistics for the shear bond
strength (SBS) of orthodontic brackets, along with
the group comparisons, are presented in Table 2.
Varnish group which exposed to bacteria (Group
[IB) resulted in highest mean SBS value 16.42 Mpa
followed by varnish group which exposed to pH

cycling (Group IIA) 14.66 Mpa, then nontreatment
group that exposed to bacteria (Group IB )12.88
Mpa and finally non-treatment group that exposed
to pH cycling (Group IA) showing the lowest mean
SBS value 10.35 Mpa. There was no significant
difference in SBS between test groups (P =0.164).

Table (1) Comparison of the change in enamel shade between the study groups

Group IA (n=10) Group IB (n=10) Group IIA (n=10) Group IIB (n=10) (P value)

AT0-T1 Mean £ SD 2.68 +1.77 1.15+0.84 136 +2.18 1.01 +£0.87 (0.039%)
AT0-T2 Mean = SD 1048 +3.83 11.84 +3.79 3.05+1.38 271 +1.85 (<0.0001%*)

*Statistically significant difference at p value<0.05
Table 2: Comparison of shear bond strength among study groups
Group IA Group IB Group ITA Group I1IB
(n=10) (n=10) (n=10) (n=10) (P value)
Mean = SD 10'31\5/[;2'61 12.88 £5.84 Mpa 14.66 + 6.79 Mpa 16.42 + 6.23 Mpa (0.164)

Mpa: Mega Pascal

DISCUSSION

Traditional methods of biofilm removal, such as
tooth brushing, dental flossing, and antiseptics, rely
on patient compliance, which can be challenging
to achieve. Moreover, the use of antiseptics can
contribute to the development of drug-resistant
microbes and may result in various other side
effects @.

As the adage goes, “prevention is better than
cure,” the importance of a preventive approach
during orthodontic treatment has become evident.

Different methods of fluoride application have

*Statistically significant difference at p value<0.05

proven effective in preventing the formation of
white spot lesions (WSLs) ¢,

Casein Phosphopeptide-Amorphous Calcium
Fluoride Phosphate (CPP-ACFP), marketed as MI
Varnish™ | was selected as the treatment material
for this study. This varnish is translucent, stable,
commercially available, and easy for patients to
self-apply. The maker claims that it is formulated
with 5% sodium fluoride (NaF) and augmented with
2% RecaldentTM (CPP-ACP), which is generated
(CPP) that are
naturally present in milk. The component known

from casein phosphopeptides
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as Amorphous Calcium Phosphate (ACP) functions
as a source of phosphate and calcium, releasing
fluoride, phosphate and calcium ions that are highly
bioavailable. Fluoride ions preferentially interact
with the peptide that is produced when fluoride ions
come into contact with CPP-ACP. This results in
the production of an optimal source of ions that are
necessary for the synthesis of fluorapatite, which is
a more durable form of enamel.

The CPP-ACFP particles have a size of less than
2 nanometers, allowing them to penetrate biofilms,
enamel, and dentin effectively. Due to its neutral
charge, its diffusion properties are not impeded.
The varnish is formulated in a hydrogenated resin
matrix combined with an ethanol solution, enabling
it to adhere securely to enamel, dentin, and oral
mucosa. The fluoride and CPP-ACP are released in
a regulated manner when the varnish is exposed to
saliva, which causes it to harden and initiate a slow
disintegration process.

The formation of calcium fluoride globules
allows the fluoride ions released from the varnish
to effectively bind with the calcium ions found in
the pellicle and dental plaque. When these globules
eventually settle on the surface of the tooth, they
contribute to the occlusion of the micropores in
the enamel as well as the tubules in the dentin.
The remineralization of enamel is facilitated by
this process, which not only increases the tooth’s
resistance to acid but also fills saliva with calcium
and phosphate at the same time.

MI varnish has been previously assessed in
several studies comparing its efficacy with other
fluoride-releasing agents. For instance, Rechmann
et al. evaluated the effects of daily application
of MI Paste Plus alongside quarterly MI varnish
treatments on the incidence of white spot lesions
(WSLs) during fixed orthodontic treatment.
Similarly, Shen et al. ® and Mishra et al. ® conducted

studies that explored the effectiveness of MI varnish
in preventing the development of WSLs, comparing
it with alternative fluoride delivery systems.

The subsurface demineralization process, which
begins with the formation of pores between the
enamel rods, is the first step in the disintegration
of enamel crystals. As a result of the disparity
in refractive indices (RIs) that exists between
demineralized and undamaged enamel, the
demineralized regions have a whitish appearance
(9 The existence of microporosities is the reason
of this shift in color that occurs in the enamel that is
affected. Because these pores are filled with either
water (RI = 1.33) or air (RI = 1.0), the enamel
appears opaque when compared to healthy enamel,
which has a refractive index of 1.62. This is because
the pores are filled with either water or air. As a result
of the pores becoming filled with air, the lesions
become more noticeable as a result of the increased
light scattering that occurs when the enamel is dried
out. The difference in refractive indices between
the enamel crystals and the media that is contained
within the pores is directly responsible for the

whitish opacity that is exhibited by these diseases
(11).

Hence, the change in color can serve as a
reliable indicator for evaluating the efficacy of
white spot lesion prevention or treatment %,
spectrophotometer was used in this study. Research
have demonstrated that using a spectrophotometer
for color change evaluation is more reliable than the
subjective assessment of shades using various shade
guide systems ),

In this study, the mean color change observed in
the control subgroups, which did not undergo any
treatment, was (2.68 + 1.77, 1.15 + 0.84) after 15
days and (10.48 + 3.83, 11.84 + 3.79) after 30 days.
In comparison, the treatment group that received
MI Varnish™ showed a mean color change of
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(136 £ 2.18, 1.01 + 0.87) after 15 days and (3.05
+ 1.38, 2.71 £ 1.85) after 30 days. These results
demonstrate that the degree of demineralization in
the control subgroups over the 30-day period was
significantly greater than in the subgroups treated
with MI Varnish™ .

In a similar vein, there was no statistically
significant difference between the subgroups of
treatment in terms of the color change results after
15 and 30 days. However, a statistically significant
contrast was observed within the control subgroups
between color change results at 15 days and 30
days. These findings suggest that the degree of
demineralization significantly increased from the
15-days follow-up interval to the 30 days follow-
up period within the control subgroups, in contrast
to the treatment subgroups, which means that
MI varnish has significant resistance to enamel
discoloration in both the presence of acidogenic
bacteria or acidic change.

The findings from our study align with prior
research that investigated the preventative
capabilities of MI varnish™ (415 CPP-ACFP was
evaluated by Abufarwa et al. '©. Mishra et al. !
found that the CPP-ACFP value was superior to all
other groups. They compared the efficacy of CPP-
ACP, CPP-ACFP, fluoride mouthrinse, and fluoride-
containing toothpaste against a control group for the
remineralization of white spot lesions (WSLs) in
orthodontic patients with fixed appliances.

To clear the conflicting findings that emerged
regarding the impact of applying fluoride topically
on the strength of bracket bonds, one of this study
objectives was to assess the impacts of applying
CPP-ACFP topically on the shear bond strength.

Treatment subgroup which exposed to bacteria
(subgroup IIB) resulted in highest mean SBS value
1642 MPa. While non-treatment nongroup that

exposed to bacteria (subgroup IB) showed SBS of
12.88 MPa.

In addition, treatment subgroup which exposed
to pH cycling (subgroup IIA) showed 14.66 MPa,
whereas non-treatment subgroup that exposed to pH
cycling (subgroup IA) showing the lowest mean SBS
value 10.35 MPa. Despite there was no significant
difference in SBS between study groups, the findings
revealed that the application of MI varnish either be-
fore enamel etching or after bracket bonding did not
hinder the bracket SBS. This was in agreement with
Tabrizi ef al.-'® and Baysal et al.

Limitations

While our study demonstrated promising results
regarding the effects of CPP-ACFP varnish, it is
important to acknowledge some limitations. Firstly,
the in-vitro nature of the study may not fully capture
the complex oral environment and the dynamic
interactions between the treatment agents and oral
tissues. Therefore, the findings should be interpreted
with caution and validated through clinical trials
involving human subjects.

Additionally, the concentration and application
protocols of CPP-ACFP varnish used in this study
were based on established guidelines and previous
research.

Moreover, the study focused on the antimicrobial
effecton Streptococcus mutans only while neglecting
other cariogenic bacteria in the oral cavity.

The results may be affected by differences
between the buccal and lingual enamel surfaces
of the premolars such as enamel thickness and
roughness. Furthermore, the orthodontic brackets
used in the study were designed to fit the buccal
contour of premolars and not the lingual ones.
Considering that in the oral cavity the self-cleansing
capabilities of the lingual surface are higher than the
buccal surfaces.
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CONCLUSION

In conclusion, our study demonstrates the
potential benefits of CPP-ACFP varnish in
orthodontic treatment, specifically in reducing
white spot lesions and maintaining bond strength.
However, further research is warranted to confirm
and expand upon these findings, considering the
limitations of this study. By continually exploring
and refining preventive strategies, orthodontic
treatment can be optimized to promote oral health
and enhance treatment outcomes for patients.

Suggestions

1. Using CPP-ACFP varnish in during orthodontic
treatment is beneficial in controlling white spot
lesions.

2. It is worth considering different concentrations
or application techniques in future studies.

3. For further studies, other factors such as

esthetics, patient comfort, and long-term
stability of the treatment outcomes should
also be considered and could incorporate
comprehensive assessments that encompass a

broader range of clinical parameters.

REFERENCES

1. Khoroushi M, Kachuie M. (2017). Prevention and
Treatment of White Spot Lesions in Orthodontic Patients.
Contemp Clin Dent, 8(1):11-19.

2. Tufekci E, Dixon JS, Gunsolley JC, Lindauer SJ. (2011).
Prevalence of white spot lesions during orthodontic treat-
ment with fixed appliances. Angle Orthod, 81(2):206-10.

3. Sangamesh B, Kallury A. (2011). Iatrogenic effects of
orthodontic treatment — Review on White Spot Lesions. Int
J Sci Eng Res, 2:2-16.

4. Lee YH, Park HW, Lee JH, Seo HW, Lee SY. (2012). The

photodynamic therapy on Streptococcus mutans biofilms

10.

13.

14.

using erythrosine and dental halogen curing unit. Int J Oral
Sci, 4:196-201.

Nascimento, P.L., Fernandes, M.T., Figueiredo, F.E. and
Faria-E-Silva, A.L. (2016). Fluoride-Releasing Materials
to Prevent White Spot Lesions around Orthodontic
Brackets: A Systematic Review. Braz Dent J, 27: 101-7.

Tasios, T., Papageorgiou, S.N., Papadopoulos, M.A.,
Tsapas, A. and Haidich, A.B. (2019). Prevention of orth-
odontic enamel demineralization: A systematic review
with meta-analyses. Orthod Craniofac Res, 22: 225-235.

Rechmann P, Bekmezian S, Rechmann BMT, Chaffee BW,
Featherstone JDB. (2018). MI Varnish and MI Paste Plus
in a caries prevention and remineralization study: a ran-
domized controlled trial. Clin Oral Investig. 22(6):2229-
2239.

Shen P,McKeever A, Walker GD, (2020). Remineralization
and fluoride uptake of white spot lesions under dental var-
nishes. Aust Dent J, 65(4):278-285.

Reddy, R., Manne, R., Sekhar, G.C., Gupta, S., Shivaram,
N., and Nandalur, K.R. (2019). Evaluation of the Efficacy
of Various Topical Fluorides on Enamel Demineralization
Adjacent to Orthodontic Brackets: An In Vitro Study. J
Contemp Dent Pract, 20: 89-93.

Vashisht R, Indira R, Ramachandran S, Kumar A,
Srinivasan MR. (2013). Role of casein phosphopeptide
amorphous calcium phosphate in remineralization of
white spot lesions and inhibition of Streptococcus mutans?
J Conserv Dent,16(4):342-346

. Kim, S.,Kim, E.Y., Jeong, T.S. and Kim, J.W. (2011). The

evaluation of resin infiltration for masking labial enamel
white spot lesions. Int J Paediatr Dent, 21: 241-248.

. Benson, PE., Parkin, N., Dyer, F., Millett, D.T. and

Germain, P. (2019). Fluorides for preventing early tooth
decay (demineralized lesions) during fixed brace treat-
ment. Cochrane Database Syst Rev, 17: 38-39.

Lehmann, K.M., Igiel, C., Schmidtmann, I. and Scheller,
H., (2010). Four color measuring devices compared with
a spectrophotometric reference system. J Dent, 38: 65-70.

Nee A, Chan K, Kang H, et al. (2014). Longitudinal moni-
toring of demineralization peripheral to orthodontic brack-
ets using cross polarization optical coherence tomography.
Journal of Dentistry, 42(5):547-555.

Official Dental Journal of Suez Canal University

DENTAL SCIENCE

158




Effect of Casein Phosphopeptide Amorphous Calcium Fluoride Phosphate Varnish on White spot Lesions

15.

16.

17.

Eliades T. (2008). Periodontal condition of the mandibular
anterior dentition in patients with conventional and self-
ligating brackets. Orthod Craniofac Res, 11:211-5.

Moufida A, Amal N, Phillip M Campbell, Peter H
Buschang. (2019). The longevity of casein phosphopep-
tide—amorphous calcium phosphate fluoride varnish’s pre-
ventative effects: Assessment of white spot lesion forma-
tion. Angle Orthod, 89 (1): 10-15.

Mishra S, Mani S, Sonawane A, Viragi P, Toshniwal NG,
Manerikar R. (2023). Assessment of White Spot Lesion
and Enamel Demineralization in Orthodontic Patients

with Fixed Brackets— A Clinical Appraisal Using Fluoride

18.

19.

Mouth Rinse, Fluoride Varnish Containing CPP-ACP,
and CPP-ACFP. Journal of Indian Orthodontic Society,
57(2):91-97.

Anis T, Banu C. (2011). A comparative evaluation of ca-
sein phosphopeptide-amorphous calcium phosphate and
fluoride on the shear bond strength of orthodontic brack-
ets, European Journal of Orthodontics, 33(3):282-287.

Baysal A and Tancan U. (2012). Do enamel microabrasion
and casein phosphopeptide-amorphous calcium phosphate
affect shear bond strength of orthodontic brackets bonded
to a demineralized enamel surface?. The Angle orthod,
82(1):36-41.




