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ABSTRACT

Objectives: White spot lesions after fixed orthodontic treatment will increase bacterial plaque formation due to increased enamel surface roughness. 
The aim of this study was to analyze the surface roughness of white spot lesions on enamel after a microabrasion technique, a microabrasion 
technique combined with calcium phosphopeptide-amorphous calcium phosphate (CPP-ACP) application, and a microabrasion technique combined 
with fluoride application.

Methods: Artificially induced white spot lesions on the enamel surfaces of 42 maxillary first premolars were randomly assigned into one of three 
treatment groups (n=14): (a) A microabrasion technique, (b) a microabrasion technique combined with CPP-ACP application, and (c) a microabrasion 
technique combined with fluoride application. A Mitutoyo SJ-301 surface roughness tester was used to measure differences in surface roughness 
before and after treatment, and the after treatment measurements were compared among the three groups.

Results: A significant difference in surface roughness was noted for the white spot lesions on enamel before and after treatment in all groups (p<0.05). 
A significant difference was also found when comparing the after treatment surface roughness in all groups.

Conclusion: The combination of the microabrasion technique with CPP-ACP application significantly reduced enamel surface roughness when 
compared to microabrasion alone or the combination of microabrasion and fluoride application.
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INTRODUCTION

One of the goals of orthodontic treatment is to improve the appearance 
of teeth and thereby the overall appearance of the patient. However, 
decalcification areas, also known as white spot lesions, sometimes form 
around the brackets and the bands during an orthodontic treatment [1]. 
A  white spot lesion on tooth enamel is an unwanted risk that often 
occurs during fixed orthodontic treatments [2,3]. The prevalence 
of white spot lesions after these treatments varies between 2% and 
96% [4]. Approximately 50% of patients treated with fixed appliances 
develop at least one white spot lesion [5], usually after 1 month of using 
the fixed orthodontic [6]. Mattousch et al. found that the white spot 
lesions appearing after completion of a fixed orthodontic treatment 
were irreversible unless specially treated. They reported that 40% 
of white spot lesions would improve without special treatment, 45% 
would remain the same, and 15% would worsen after 6 months of fixed 
orthodontic treatment [7].

Rough enamel surfaces facilitate the adhesion of bacteria and plaques, 
with the resulting formation of new white spot lesions. Plaque retention 
on the enamel surface also depends on the degree of surface roughness 
of the enamel: A rougher enamel surface will retain a higher number of 
bacteria. Hamdan et al. stated that 96% of the population, consisting of 
orthodontic patients, parents, orthodontists, and dentists, shared the 
opinion that the presence of white spot lesions after fixed orthodontic 
treatment reduced the esthetic appearance of teeth, even when the teeth 
were aligned [8]. Research by Parsons, who combined a microabrasion 
technique with calcium phosphopeptide (CPP)-amorphous calcium 
phosphate (ACP), indicated that this combination significantly reduced 
the depth of white spot lesions [9]. Enaia et al. found that removal of 
the remaining adhesive material with a bur or rotary instrument can 

cause demineralization of enamel crystals, increases in porosity, and 
permanent damage to the enamel surface of the tooth. This would lead 
to the increased roughness of the enamel surface and a greater risk of 
plaque accumulation [10].

Contemporary orthodontics is constantly updated with methods for 
improving the surface quality of tooth enamel. The choice of method 
can vary depending on the severity of the lesion. Several methods are 
available for treatment of white spot lesions, including microabrasion, 
fluoride application, and application of calcium phosphopeptide-
amorphous calcium phosphate (CPP- ACP) [11]. However, at present, the 
present authors have not found any study that reveals positive effects 
on for a combination of microabrasion and use of a remineralization 
agent, such as fluoride and CPP-ACP, as a treatment for white spot 
lesions or for minimizing enamel surface roughness.

The present research was conducted to analyze the effect of white spot 
lesion treatment after a fixed orthodontic treatment on the enamel 
surface roughness.

METHODS

This study was approved by the Ethical Committee Faculty of Dentistry, 
Universitas Indonesia. This was an analytical study with an experimental 
laboratory design. The study was conducted at the Dental Material 
Laboratory, Faculty of Dentistry, Universitas Indonesia. Samples were 
42 maxillary first premolars.

The study focused on the buccal surface of the samples with the following 
inclusion criteria for the teeth: Extracted from orthodontic patients due 
to their treatment plan, not previously bonded, filling-free (e.g., amalgam 
and composite resin), no abnormalities (e.g.,  amelogenesis imperfecta, 
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fluorosis, and dentinogenesis imperfecta), stain-free, white spot lesion-free, 
crack and caries free, and defect-free due to the extraction process.

The formation of artificial white spot lesion and the measurement 
of enamel surface roughness
The artificial white spot lesions on enamel were formed by soaking the 
buccal surface of each sample in 300 ml of demineralization solution 
at pH  4 at 37°C for 96  h, rinsed with distilled water, and then dried 
with an air spray. The sample specimens were divided into three 
treatment groups: Group  A underwent a microabrasion technique, 
Group  B underwent the microabrasion technique as well as a CPP-
ACP application, and Group  C underwent a microabrasion technique 
combined with a fluoride application. The specimens were immersed 
using the pH cycle method: They were first soaked in demineralization 
solution (20  ml, pH  4, 37°C) for 6  h, then soaked in artificial saliva 
solution (20 ml, pH 7, 37°C) for 18 h; this cycle was repeated for 10 day. 
After 10 cycles, all specimens were removed from the artificial saliva 
solution, rinsed with water spray for 20 s, and then dried with an air 
spray for 20 s. All enamel surface roughness values were measured 
using the Mitutoyo SJ-301 surface roughness tester. The recorded test 
scores for the average surface roughness values were represented by 
the roughness average (Ra) in units of micrometers (μm).

Statistical analysis
Numerical data were analyzed using the Shapiro–Wilk normality test, 
Wilcoxon test, Kruskal–Wallis test, and post hoc Mann–Whitney test. 
Differences were considered statistically significant when p<0.05. All 
data were tabulated, and statistical tests were performed with the 
Special Package for the Social Sciences, version 17.0.

RESULTS

The results for the enamel surface roughness were not normally 
distributed and were analyzed using the Wilcoxon test (Table 1). The 
results for Group  A showed a significantly smoother in the surface 
roughness values of the enamel white spot lesions after treatment. 
The results for Group B showed a significantly smoother in the surface 
roughness values of the enamel white spot lesions after treatment.

The results for Group C showed a significantly smoother in the surface 
roughness value of the enamel white spot lesions after treatment. The 
comparisons before and after treatment of the groups are shown in 
Table 2.

The differences in surface roughness values for the enamel white 
spot lesions after treatment were analyzed using the Kruskal–Wallis 
and post hoc Mann–Whitney tests. Again, a significant difference was 
noted for the surface enamel roughness values after treatment among 
Groups A-C, indicating that the three methods had significantly different 
effects on reducing the surface roughness in the enamel of white 
spot lesions. The microabrasion technique combined with CPP-ACP 
application significantly reduced the enamel surface roughness when 
compared to microabrasion alone or microabrasion combined with 
fluoride application. The comparisons of the values after treatment in 
all groups are shown in Tables 3 and 4.

DISCUSSION

The presence of white spot lesions will affect the quality of the enamel 
because the lesions increase enamel roughness. The surface roughness 
of the enamel has been closely related to the adhesion ability of 
Streptococcus mutans bacteria on the surface of the enamel [5,8,12]. The 
attachment of S. mutans bacteria to the enamel surface was identified 
as one of the main factors in the formation of dental plaque, which is an 
early cause of white spot lesions that might progress into caries [5,13].

During the treatments in the present study, the specimens were 
immersed using a pH cycle method based on the theory proposed by 
Ten Cate and Djuisetrs [4]. The pH of the artificial saliva was adjusted to 
pH 7, while the pH of the demineralization solution was adjusted to pH 4. 

This pH cycle method is considered to represent the demineralization 
and remineralization processes that naturally occur in the oral cavity 
because acid pH occurs following 6 h of feeding and drinking activities 
by a patient and neutral pH occurs when the patient does not eat or 
drink [14].

White spot lesions may vanish following microabrasion due to the effects 
of erosion and abrasion of hydrochloric acid mixtures with silica applied 

Table 1: Results of descriptive analysis (mean, SD, normality) of 
enamel surface roughness before and after treatment (µm)

Groups N Enamel surface roughness (Ra)

Mean±SD p value
A 14 Ebefore

Eafter

0.46±0.44
0.33±0.03

0.022
0.037

B 14 Ebefore
Eafter

0.44±0.03
0.10±0.01

 0.067*
0.000

C 14 Ebefore
Eafter 

0.44±0.05
0.19±0.04

0.046
0.073*

*p>0.05=data normally distributed. Information: A group: A microabrasion 
technique, B group: A microabrasion technique +CPP‑ACP, C group: 
A microabrasion technique+fluoride

Table 2: Results of enamel surface roughness (Ra) before and 
after treatment (µm)

Groups N Enamel surface roughness (Ra) Wilcoxon test

Median Minimum‑maximum p
A 14 Ebefore 0.46 0.40–0.52 0.001*

Eafter 0.32 0.29–0.37
B 14 Ebefore 0.44 0.41–0.49 0.001*

Eafter 0.10 0.10–0.11
C 14 Ebefore 0.43 0.40‑0.50 0.001*

Eafter 0.18 0.17–0.22
Information: *p<0.05=significantly different, A group: A microabrasion 
technique, B group: A microabrasion technique+CPP‑ACP, 
C group: A microabrasion technique+fluoride

Table 3: Results of enamel surface roughness (Ra) after 
treatment in three groups (µm)

Groups N Median Range Kruskal–Wallis 
test
pMinimum Maximum

A 14 0.13 0.04 0.17 0.000*
B 14 0.33 0.30 0.38
C 14 0.23 0.19 0.33
Information: Kruskal–Wallis test, *p<0.05=significantly different, 
A group: A microabrasion technique, B group: A microabrasion 
technique+CPP‑ACP, C group: A microabrasion technique+fluoride

Table 4: Differences of enamel surface roughness (Ra) after 
treatment between two groups (µm)

Groups Groups Post hoc Mann–Whitney test
p

A B 0.000*
C

B A 0.000*
C

C A 0.000*
B

Information: *p<0.05=significantly different, A group: A microabrasion 
technique, B group: A microabrasion technique +CPP‑ACP, C group: 
A microabrasion technique+fluoride
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with a low pressure micro motor. Etching with 11% hydrochloric acid 
will create a hypermineralization layer in the white spot lesions so that 
the mechanical action of polishing with rubber cup easily lifts the white 
spot lesions. The purpose of polishing with a rubber cup is to activate 
the surface lesions and minimize healthy enamel retrieval. Therefore, 
one conclusion suggested by the present findings is that the use of a 
microabrasion technique can decrease the enamel surface roughness, 
but the result is not as smooth as when the microabrasion is combined 
with remineralization agents, such as CPP-ACP or fluoride [9].

A microabrasion treatment with CPP-ACP caused the greatest 
reduction in the enamel surface roughness when compared to the 
other two methods. CPP-ACP paste applied to the enamel surface in 
the oral cavity can bind 25 calcium ions, 15 phosphate ions, and 15 
fluorine ions per molecule, and it can stabilize calcium phosphate in 
oral fluids. As a result, the pH of the oral cavity remains alkaline, which 
limits bacterial adhesion to the surface enamel, and it increases the 
process of remineralization and prevents the release of hydroxyapatite. 
The presence of phosphoryl residues may also sustain the amount 
of calcium phosphate ions in the oral cavity for a longer time than is 
possible with fluoride application. Reynolds stated that the CPP-ACP 
application enhanced the remineralization process to the subsurface of 
the enamel when compared to fluoride application [15]. This finding 
was reinforced by Ardu et al. [16], who reported that a microabrasion 
technique could eliminate the hypermineralization layer on the surface 
of enamel white spot lesions and could increase the porosity of the 
enamel surface by chemical and mechanical methods. The enamel 
porosity could increase CPP-ACP penetration into the subsurface 
of the enamel by reducing the depth of the white spot lesions and 
providing smoother enamel surfaces [16]. Pliska et al. suggested that 
a combination of a microabrasion technique with CPP-ACP could 
reduce the depth of white spot lesions, and they reported that the 
combined treatment gave better enamel color that was achieved with a 
microabrasion technique alone [17].

The present research showed that a microabrasion technique could 
reduce the surface roughness of the enamel, but the result was 
not as smooth as that achieved with an additional application of a 
remineralization agent such as fluoride or CPP-ACP. Treatment of enamel 
white spot lesions with fluoride could decrease surface roughness of 
white spot lesions up to the surface roughness value of enamel, which is 
considered as a critical boundary for bacterial adhesion. Hence, the Ra 
value of 0.20 μm could indicate that the risk of bacterial adhesion after 
treatment of white spot lesions using a microabrasion technique was 
greater with fluoride application than with CPP-ACP application [3,18].

This suggestion was consistent with the statement by Rogers et al. [3]
that fluoride had the ability to withstand the demineralization process, 
due to the fluorapatite group bond formed on the surface of the enamel, 
but this bond was unable to bind calcium and phosphate ions to the 
surface of the enamel for a prolonged time [3]. Calcium and phosphate 
ions were necessary in the process of remineralization, but they were 
readily soluble in the oral saliva [3]. Therefore, fluoride application was 
incapable of improving subsurface enamel lesions to the extent possible 
with CPP-ACP [3]. Thus, the smoothness of the enamel surface after a 
microabrasion technique was not as smooth with fluoride application 
as it was with CPP-ACP application because fluoride could not repair 
the lesions in the subsurface enamel. Parsons also suggested that a 
microabrasion treatment could effectively reduce the depth of white 
spot lesions, but a remineralization agent was needed to obtain smooth 
enamel surfaces that were resistant to bacterial attack [9].

CONCLUSION

The plaque-forming bacteria in the oral environment can easily attach to 
rough enamel surfaces. This phenomenon emphasizes the importance 

of knowing which white spot lesion treatment method most effectively 
decreases the surface roughness of the enamel with white spot lesions.

The results of the present study show that the three methods of white 
spot lesion treatment (microabrasion alone, microabrasion combined 
with CPP-ACP, and microabrasion combined with fluoride) have the 
ability to cause a significant decrease in the roughness of the enamel 
surface. A  microabrasion technique with CPP-ACP application gave 
a smoother enamel surface than was achieved with the other two 
methods, indicating that this combination is the most effective method 
for reducing the surface roughness of enamel with white spot lesions.

The publication of this manuscript is supported by Universitas 
Indonesia.
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