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INTRODUCTION                                                                           
Dental fluorosis is a hypomineralization defect 

resulting from excessive systemic fluoride exposure 

during enamel formation. Its clinical presentation 

ranges from mild opacities to severe surface 

breakdown, reflecting the underlying structural 

alterations that fluoride induces in developing enamel. 

Foundational epidemiological and diagnostic work by 

Dean (1934, 1942)1,2 established the first classification 

of fluorosis severity, laying the groundwork for later 

histological correlation studies. Subsequent research by 

Thylstrup and Fejerskov (1978)3 provided a more 

refined and biologically meaningful index the TFI 

demonstrating that fluorosed enamel exhibits distinct 

histopathologic features, including increased surface 

porosity, subsurface hypomineralization, and 

disorganized enamel prisms. These microstructural 

defects significantly impair the enamel’s response to 

acid etching, reducing the quality of the etching pattern 
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                                                                                  ABSTRACT 

Background: Dental fluorosis alters enamel microstructure through increased porosity, subsurface 

hypomineralization, and irregular prism formation, resulting in compromised etching patterns and reduced shear 

bond strength (SBS) during orthodontic bonding. Casein phosphopeptide–amorphous calcium phosphate (CPP-

ACP) has demonstrated remineralization potential, but its effect on bonding to fluorosed enamel remains 

insufficiently explored. 

Aim: To evaluate the effect of CPP-ACP pretreatment on the shear bond strength of orthodontic brackets bonded to 

fluorosed enamel and to assess the mode of bond failure using the Adhesive Remnant Index (ARI). 

Materials and Methods: Thirty-eight premolars with moderate fluorosis (TFI 4–5) were confirmed using laser- 

induced fluorescence and TFI scoring, then randomly allocated into two groups (n = 19):Group I: Control (no 

pretreatment). 

Group II: Experimental (CPP-ACP applied twice daily for three weeks). 

All samples underwent standardized bonding procedures, thermocycling, SBS testing using a universal testing 

machine, and ARI evaluation. Data were analyzed using independent samples t-test and Chi-square test (p < 0.05).                                                                                                                                           

Results:CPP-ACP significantly increased both maximum load and SBS compared with untreated fluorosed enamel 

(p < 0.001). SBS improved from 14.8 ± 1.3 MPa in the control group to 23.2 ± 2.6 MPa in the treated group. ARI 

scores also differed significantly between groups (p < 0.05), with the CPP-ACP group exhibiting higher 

frequencies of ARI 2 and 3, indicating improved enamel–adhesive interface integrity.                                                                                                                                                                

Conclusion:CPP-ACP pretreatment substantially enhances the shear bond strength of orthodontic brackets bonded 

to moderate fluorosis teeth, and it also modifies the failure pattern toward more favorable ARI scores. This 

suggests that CPP-ACP may serve as an effective, noninvasive adjunct to improve bonding reliability in patients 

with moderate dental fluorosis. 
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and limiting the formation of resin tags necessary for 

strong micromechanical bonding45.  

Because of these structural limitations, orthodontic 

bonding to fluorosed enamel remains a persistent 

clinical challenge. Several authors have documented 

reduced shear bond strength (SBS), higher rates of 

bracket failure, and increased treatment time in patients 

with fluorosis6,7,8,9.These bonding difficulties are 

particularly relevant in fluorosis-endemic populations, 

where orthodontists frequently encounter compromised 

enamel substrates. To improve diagnostic precision, 

researchers have incorporated optical technologies 

especially laser-induced fluorescence (LIF) which 

detect mineral changes and fluorescent properties that 

distinguish fluorosed from sound enamel. Studiessuch 

as Bahrololoomi et al. (2013) have demonstrated that 

LIF provides objective, quantitative confirmation of 

enamel hypomineralization, making it a useful adjunct 

to visual fluorosis indices10.  

In recent years, attention has shifted toward 

remineralization-based strategies to address the intrinsic 

weaknesses of fluorosed enamel. Among these, casein 

phosphopeptide amorphous calcium phosphate (CPP-

ACP) has gained prominence due to its unique ability to 

stabilize bioavailable calcium and phosphate ions in 

theform of nanoclusters. Foundational work by 

Reynolds (1997)11 and subsequent studies by Shen et al. 

(2001)12, Cai et al. (2003)13, and Walker et al. 

(2006)14demonstrated that CPP-ACP enhances enamel 

microhardness, increases subsurface mineral content, 

and improves resistance to acid challenges. More 

recently, researchers have explored its effect on 

bonding performance. Adebayo et al. (2007)15and 

Muntean et al. (2023)16 reported that CPP-ACP 

pretreatment increased bond strength in compromised 

enamel substrates, suggesting its potential value for 

fluorosed teeth.11  

Despite this promising evidence, limited research has 

specifically examined the effect of CPP-ACP on 

orthodontic bonding to moderately fluorosed enamel. 

Given the susceptibility of fluorosed enamel to weaker 

bonding and altered failure patterns, there is a need to 

evaluate biologically based, noninvasive interventions 

capable of stabilizing the enamel structure and 

improving bonding reliability. Therefore, the present 

study aimed to assess whether CPP-ACP pretreatment 

enhances the shear bond strength of orthodontic 

brackets bonded to moderately fluorosed enamel (TFI 

4–5) and whether it modifies the adhesive failure 

pattern as reflected by the Adhesive Remnant Index 

(ARI).  

MATERIALS AND METHODS  

This in vitro experimental study was conducted to 

evaluate the effect of casein phosphopeptide–

amorphous calcium phosphate (CPP-ACP) pretreatment 

on the shear bond strength of orthodontic brackets 

bonded to moderately fluorosed enamel. A total of 

thirty eight extracted human premolars exhibiting 

fluorosis were collected. The initial diagnosis of 

fluorosis was confirmed using laser-induced 

fluorescence, an objective optical method capable of 

detecting mineral changes associated with fluorotic 

hypomineralization 10. The severity of fluorosis was 

subsequently classified according to the Thylstrup and 

Fejerskov Index (TFI), a histologically correlated 

system widely accepted for epidemiologic and 

structural assessment of fluorosis3. Teeth scoring TFI 

4–5 were included in the experiment.  

Immediately after extraction, all specimens were 

cleaned and stored following ISO- recommended 

laboratory guidelines for adhesion testing17. Teeth 

were initially stored in distilled water to maintain 

hydration, minimize dehydration related microcracks, 

and prevent ionic contamination that could influence 

enamel optical or bonding properties. Long term 

storage was carried out in artificial saliva at 37°C, 

which helped simulate intraoral environmental 

conditions and preserve enamel mineral balance. Both 

storage media have been widely utilized in laboratory 

studies evaluating enamel integrity and 

remineralization.  

After diagnostic confirmation, specimens were 

randomly allocated into two equal groups using a 

simple randomization protocol under laboratory 

supervision to ensure allocation concealment.  

• Group I (Control): No surface pretreatment.  

• Group II (Experimental): Application of CPP-ACP 

paste (GC Tooth Mousse®).  

For the experimental group, CPP-ACP was applied 

twice daily for three consecutive weeks, following 

remineralization protocols previously implemented in 

studies assessing the effect of CPP-ACP on enamel 

subsurface lesions and bonding performanceReynolds, 

E. (1997). Remineralization of enamel subsurface 

lesions by casein phosphopeptide-stabilized calcium 

phosphate solutions. Journal of Dental Research, 76(9), 

1587–159517. Each application remained on the 

enamel surface for the recommended duration before 

rinsing, allowing sufficient ion stabilization and 

interaction with the enamel matrix.  

Following pretreatment, all teeth underwent 

standardized orthodontic bonding procedures. The 

enamel surfaces were cleaned with fluoride-free 

pumice, etched with 37% phosphoric acid for 30 

seconds, rinsed, and dried until a frosty appearance was 

observed. The choice of a 30-second etching time was 

based on evidence demonstrating no additional benefits 

from extended etching in fluorosed teeth4. Stainless-

steel MBT premolar brackets with a mechanical 

retention base (10.29 mm²) were bonded using a light-
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cured adhesive system according to manufacturer 

recommendations.  

To simulate intraoral thermal fluctuations, all bonded 

specimens were subjected to thermocycling between 

5°C and 55°C with a 30-second dwell time, following 

established artificial aging protocols commonly applied 

in orthodontic bond strength research.  

Shear bond strength testing was performed using a 

universal testing machine at a crosshead speed of 1 

mm/min. Maximum load values (in Newtons) were 

recorded, and SBS (in MPa) was calculated by dividing 

load by bracket base area. After debonding, the 

Adhesive Remnant Index (ARI) was assessed under 

stereomicroscopy to determine the predominant site of 

bond failure according to the scoring system established 

by Årtun and Bergland (1984)18.  

Data were statistically analyzed using descriptive and 

inferential tests to compare mean SBS values and ARI 

distributions between groups, with significance set at p 

< 0.05.  

RESULTS  

A total of 38 moderately fluorosed premolars were 

analyzed, equally assigned to the control and CPP-

ACP treated groups. All quantitative outcome 

variables demonstrated normal distribution 

according to the Shapiro Wilk test, permitting 

parametric comparison using the Independent 

Samples t-test. Descriptive statistics revealed clear 

separation between groups for both the maximum 

load test and shear bond strength (SBS). The 

untreated control group exhibited maximum load 

values ranging from 132–175 N with a mean of 

152.8 ± 13.6 N, reflecting the compromised 

mechanical integrity of fluorosed enamel.  

 

By contrast, the CPP-ACP–treated group demonstrated 

markedly enhanced performance, with maximum load 

values between 200–283 N and a mean of 238.6 ± 26.3 

N, indicating substantial reinforcement of enamel 

resistance following remineralization. This difference 

was confirmed to be very highly statistically significant 

(p < 0.001).  

A similar pattern was observed for shear bond strength. 

Control specimens demonstrated SBS values of 12.8–

17 MPa (mean 14.8 ± 1.3 MPa), consistent with the 

reduced etching efficacy and weak micromechanical 

retention typical of fluorosed enamel. In contrast, the 

CPP-ACP group exhibited SBS values between 19.4–

27.5 MPa, with a significantly higher mean of 23.2 ± 

2.6 MPa, representing an approximate 57% 

improvement, which was very highly statistically 

significant (p < 0.001). Notably, the lowest SBS 

recorded in the treated group exceeded the highest SBS 

observed in the control group, reflecting a uniform and 

clinically meaningful enhancement.  

Qualitative analysis of the Adhesive Remnant Index 

(ARI) demonstrated significant differences in failure 

patterns between groups. The control group 

predominantly exhibited lower ARI scores ARI 0: 

42.11% and ARI 1: 42.11% indicating adhesive failure 

at the enamel interface with minimal adhesive 

remaining after debonding. Conversely, the treated 

group showed a clear shift toward higher ARI scores 

ARI 2: 47.37% and ARI 3: 47.37% reflecting stronger 

enamel adhesive bonding and a tendency toward 

cohesive failure within the adhesive. Chi-square testing 

confirmed that all ARI categories differed significantly 

between the groups (ARI 0: p = 0.00535; ARI 1: p = 

0.02206; ARI 2: p = 0.03186; ARI 3: p = 0.00992), 

with an overall chi- square value of 24.30 (p = 

0.0000216), indicating a highly significant and 

systematic shift in failure mode favoring the CPP-ACP 

group. Collectively, these findings demonstrate that 

CPP-ACP pretreatment leads to substantial mechanical 

and adhesive improvements in moderately fluorosed 

enamel, enhancing bracket retention strength and 

modifying bond-failure patterns toward more favorable, 

clinically stable outcomes.  
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Table 1. Compressive strength of group I and group II.  

 

 

 

 

 

 

 

 

 

 

- Indepaendent Samples T test 

- *: very highly significant level at p value < 0.001. 

Table 2. Comparison of the shear bond strength between the two groups 

 

 

 

 

 

 

 

 

 

 

 

- Indepaendent Samples T test 

- *: very highly significant level at p value < 0.001. 

Table 3 . Comparison of the Adhesive Remnant Index Between the Two Groups 

 

 

 

 

 

 

 

 

 

 

 

- Chi-square test 

- Signi0icant at p < 0.05 

 

DISCUSSION 

The present study investigated whether CPP-ACP 

pretreatment could enhance the shear bond strength 

(SBS) and bonding performance of orthodontic 

brackets on moderately fluorosed enamel. Dental 

fluorosis is known to compromise etching efficacy and 

  Control 

Group 

Treated 

Group 
 

P value 

N=19 N=19 

     

Maximum 

Load (N) 

Range Mean 

± SD 

(132-175) 

152.8±13.6 

(200-283) 

238.6±26.3 
<0.001* 

  Control 

Group 

Treated 

Group 
 

P value 

N=19 N=19 

Shear bond 

strength 

(MPa) 

Range Mean 

± SD 

(12.8-17) 

14.8±1.3 

(19.4-27.5) 

23.2±2.6 

 

<0.001* 

Adhesive Remnant 

Index 

Control (N=19) Treated Casein 

(N=19) 

P value 

No (ARI = 0) 42.11 % 0 % 0.00535 

<50% (ARI = 1) 42.11 % 5.26%) 0.02206 

>50% (ARI = 2) 10.53 % 47.37 % 0.03186 

All adhesive (ARI = 

3) 

5.26 % 47.37 % 0.00992 
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resin infiltration due to its characteristic mineralization 

defects namely increased subsurface porosity, 

hypomineralization, and altered prism morphology 

leading to reduced bond strength and higher rates of 

bracket failure. These structural limitations have been 

documented extensively in the literature, including the 

foundational work of Thylstrup & Fejerskov (1978)19, 

Al-Sugair & Akpata (1999)20, and Isci et al. (2011)21, 

all of whom reported significantly weaker bonding 

behavior in fluorosed enamel compared with sound 

enamel. To ensure correct diagnosis and 

standardization, two validated methods were used in the 

current study: (1) Laser-Induced Fluorescence (LIF) to 

confirm mineral changes associated with fluorosis, a 

technique supported by Bahrololoomi et al. 

(2013)1022, who demonstrated the diagnostic 

reliability of laser fluorescence in detecting enamel 

porosity and demineralization.  

Adebayo et al. (2007)23, Tantbirojn et al. (2008)24, 

Mayne et al. (2011)25, and Muntean et al. (2023)26, all 

of whom observed enhanced enamel resistance or 

improved bracket bonding after CPP-ACP application.  

When comparing these findings with previous research 

on bonding performance in fluorosed enamel, the 

improvement is more pronounced. Studies by Silva-

Benítez et al. (2013)27, Mendes et al. (2014)28, Grover 

et al. (2015)29, and Sharma et al. (2017)22 

30consistently showed inferior enamel–adhesive 

interaction and increased bond failure in fluorosed 

teeth. However, none of these studies combined 

remineralizing pretreatment with bonding protocols. 

The enhanced performance observed here therefore 

highlights the value of biologically based enamel 

strengthening rather than relying solely on mechanical 

or chemical surface treatments.  

The Adhesive Remnant Index (ARI) results further 

support this interpretation. Whereas control specimens 

exhibited predominantly low ARI scores reflecting 

early adhesive failure at the enamel interface the CPP- 

 

ACP group showed significantly higher ARI scores, 

indicating improved adhesive penetration and stronger 

enamel resin micromechanical interlocking. This 

pattern aligns with observations by Grover et al. 

(2015)21 31and Trakinienė et al. (2019)932, who noted 

that improving enamel quality shifts the failure mode to 

more favorable outcomes. 

Overall, the findings of the current study confirm that 

CPP-ACP pretreatment meaningfully improves bond 

performance on moderately fluorosed enamel. These 

results agree with decades of research demonstrating 

the remineralizing and enamel stabilizing effects of 

CPP-ACP, while also addressing a long-standing 

clinical problem documented in the fluorosis and 

orthodontic bonding literature. The outcome suggests 

that CPP-ACP offers a conservative, noninvasive, and 

clinically practical approach for improving orthodontic 

bonding reliability in fluorosis-endemic regions 

 

CONCLUSION  
The present study demonstrated that pretreatment of 

moderately fluorosed enamel with CPP-ACP 

significantly enhances the mechanical and adhesive 

performance of orthodontic brackets. CPP-ACP 

application resulted in a marked increase in maximum 

load resistance and shear bond strength, indicating 

substantial improvement in enamel quality and resin–

enamel interaction. Additionally, the shift toward 

higher Adhesive Remnant Index (ARI) scores reflects a 

more favorable and durable bond failure pattern. 

Collectively, these findings suggest that CPP-ACP is an 

effective, noninvasive adjunct capable of overcoming 

the inherent bonding limitations of fluorosed enamel 

and may improve clinical outcomes in orthodontic 

patients from fluorosis-endemic regions.  

Clinical Recommendations:  
1. CPP-ACP pretreatment is recommended for 

orthodontic patients with moderate dental fluorosis 

(TFI 4–5), especially in fluorosis-endemic regions 

where bracket failure is common.                                                    

2. Daily application of CPP-ACP for three consecutive 

weeks may be adopted as a clinically feasible protocol 

to improve enamel quality prior to bonding.                     

3. Given the significantly increased ARI scores in 

treated specimens, clinicians should expect safer and 

more predictable debonding, with reduced risk of 

enamel damage.                                                                            

4. CPP-ACP may be particularly useful when bonding 

ceramic brackets, where enamel preservation at 

debonding is a priority 
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Research Recommendations:  
1. In Vitro Nature of the Study. Laboratory conditions 

cannot fully replicate the complex oral environment, 

including salivary flow, pH fluctuations, masticatory 

forces, thermal changes, and patient-specific enamel 

variability.  

2. Single CPP-ACP Protocol Evaluated. The study used 

one standardized CPP- ACP application regimen. 

Alternative durations, frequencies, or formulations 

(e.g., CPP-ACPF) were not assessed and may yield 

different outcomes.  

3. Use of Extracted Teeth. Variation in the severity of 

fluorosis, enamel thickness, hydration status, and 

storage conditions, although controlled, may differ 

from in-vivo conditions.  

4. One Adhesive System and Etching Protocol. Other 

bonding agents, primers, or self-etch systems may 

interact differently with treated fluorosed enamel, 

limiting generalizability.  

5. Short Term Evaluation Only. The study assessed 

immediate shear bond strength after thermocycling; 

long-term durability, fatigue resistance, and failure 

patterns under intraoral aging remain untested.  

6. Results Limited to Premolars. Only fluorosed 

premolars were evaluated. Enamel morphology and 

mechanical response may differ in incisors or molars  
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