
Original Article 

© 2018 - ISSN 1807-2577 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

Rev Odontol UNESP. 2021;50:e20210020. DOI: https://doi.org/10.1590/1807-2577.02021 1/10 

Weight-loss and surface roughness of enamel after 
microabrasion procedure with different agents 
Perda de peso e rugosidade da superfície do esmalte após procedimento de 
microabrasão com diferentes agentes 

Pâmela Lopes Pedro da SILVAa , Patricia Pereira MACIELa , Lídia Batista Conrado MARTINSb , 
Fabíola Galbiatti de CARVALHOc , Rogério Lacerda dos SANTOSc , Eliton Souto de MEDEIROSd , 
Hugo Lemes CARLOc*  
aUFPB – Universidade Federal da Paraíba, Centro de Ciências da Saúde, João Pessoa, PB, Brasil 
bUFJF – Universidade Federal de Juiz de Fora, Faculdade de Odontologia, Juiz de Fora, MG, Brasil 
cUFJF – Universidade Federal de Juiz de Fora, Instituto de Ciências da Saúde, Governador Valadares, MG, Brasil 
dUFPB – Universidade Federal da Paraíba, Centro de Tecnologia, João Pessoa, PB, Brasil 

How to cite: Silva PLP, Maciel PP, Martins LBC, Carvalho FG, Santos RL, Medeiros ES, et al. Weight-loss and surface roughness 
of enamel after microabrasion procedure with different agents. Rev Odontol UNESP. 2021;50:e20210020. 
https://doi.org/10.1590/1807-2577.02021 

Resumo 
Introdução: A microabrasão do esmalte é realizada através da abrasão da superfície do mesmo, apresentando-se 
como um procedimento rápido, prático e eficiente. Objetivo: Avaliar a perda de peso e o aspecto superficial do 
esmalte após procedimentos de microabrasão com agentes comerciais e não comerciais. Material e método: 
Oitenta incisivos bovinos foram divididos em quatro grupos (n = 10): OpalustreTM (6,6% HCl + carboneto de silício); 
Whiteness RMTM (6% HCl + carboneto de silício); 37% H3PO4 + pedra-pomes e 10% HCl + pedra-pomes. O 
tratamento foi realizado em 15 aplicações de 10s de duração. A perda de peso do esmalte foi determinada pela 
diferença de peso antes e depois da microabrasão. As superfícies foram analisadas por equipamento de rugosidade 
superficial e microscopia eletrônica de varredura. Os dados foram submetidos ao teste T-pareado, ANOVA one-way 
e teste de Tukey (α = 0,05). Resultado: Foi observada perda de peso significativa para todos os grupos, a diferença 
na perda de peso variou de -0,037±0,012 para o grupo 37% H3PO4 a -0.054±0.009 para o grupo 6.6% HCl. Houve 
um aumento significativo na rugosidade da superfície para todos os grupos e o grupo 10%HCl apresentou os 
resultados mais baixos (0,65±0,09). Foram observados diferentes padrões de morfologia do esmalte por meio de 
imagens MEV. Conclusão: Os agentes não comerciais resultaram na menor perda de estrutura do esmalte (37% 
H3PO4) e na rugosidade superficial (10% HCl). 
Descritores: Microabrasão do esmalte; desgaste dentário; rigidez da superfície; agentes de microabrasão. 

Abstract 
Introduction: Enamel microabrasion is achieved by abrasion of the enamel surface and it is a quick, practical and 
efficient procedure. Objective: It was assessed the weight loss and surface aspect of enamel after microabrasion 
procedures with commercial and mixtures made in-office. Material and method: Eighty bovine incisors were 
divided into four groups (n=10): OpalustreTM (6.6% HCl + silicon carbide); Whiteness RMTM (6% HCl + silicon 
carbide); 37% H3PO4 + pumice and 10% HCl + pumice. Treatment was performed by 15 applications of 10s 
duration. The enamel weight loss was determined by the difference in weight before and after the microabrasion. 
The surfaces were analyzed by a surface roughness equipment and scanning electron microscopy. Data were 
submitted to paired-T test, one-way ANOVA and Tukey tests (α=0.05). Result: It was observed significantly weight 
loss for all groups. The difference in weight loss ranged from 0.037±0.012 for group 37% H3PO4 and from 
0.054±0.009 for group 6,6% HCl. There was a significant increase in surface roughness for all groups and 10% HCl 
group showed the lower results (0.65±0.09). It was observed different patterns of enamel morphology by SEM 
images. Conclusion: The in-office mixtures resulted in the lowest enamel structure loss (37% H3PO4) and the 
lowest surface roughness (10% HCl). 
Descriptors: Enamel miroabrasion; tooth wear; surface roughness; microabrasion agents. 
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INTRODUCTION 

Enamel microabrasion was originally developed by Croll, Cavanaugh in 19861, for the removal 
of fluorotic enamel stains, but nowadays it has become accepted as a conservative and 
nonrestorative method to improve the appearance of teeth with superficial white, yellow and 
brown enamel stains resulting from hypoplasia, opacities, post-orthodontic treatment 
demineralization and fluorosis2,3. Its mechanism of action consists of the chemical activity 
produced by an acid associated with the mechanical action of an abrasive that will simultaneously 
erode and abrade the enamel surface, resulting in minimal loss of the outermost layer of 
enamel3,4. 

The success of this technique depends largely on the correct indication with regard to etiology, 
depth and pattern of enamel staining5,6. Furthermore, the amount of enamel wear depends on the 
interplay of various factors such as the type of acid used and its concentration, extent and 
duration of applications, with or without the use of mechanical action7,8. 

Several microabrasion techniques have been proposed using different concentrations and 
types of acid9,10. Several studies investigated microabrasion with 18% hydrochloric acid4,5,9-13 
because it was the concentration recommended by Croll, Cavanaugh1. However, some studies 
have shown that 18% hydrochloric acid can cause damage to periodontal tissues that surround 
and support the teeth3,9. Thus, agents with a lower concentration of hydrochloric acid (6 - 6.6 and 
10%), which may be available commercially or as a mixture made in-office, have demonstrated 
satisfactory results3,4,14,15. Other studies have also shown favorable results of an in-office agent 
manipulated with 37% phosphoric acid and pumice6,9,16. 

Although, clinically, the microabrasion procedure is capable of removing stains and producing 
a smooth and shiny surface, microscopically it can remove the enamel ions by acid 
demineralization and a porous enamel may be formed, causing an increase in surface roughness 
and favoring colonization by bacteria and formation of carious lesions7,14,17. Based on the 
foregoing, previous studies have evaluated the amount of enamel loss and surface roughness after 
the microabrasion procedure9,14,18. However, to date, there is little information about the 
quantification (per weight) of enamel loss after treatment with microabrasion agents. 

Therefore, the purpose of this study was to compare the weight loss, surface roughness and 
surface aspect of bovine enamel after microabrasion procedures using different agents (two 
commercial and two mixtures made in-office) with different concentrations and composition of 
acids and abrasives particles, testing the hypothesis that the agents could produce similar surface 
and enamel loss. 

MATERIAL AND METHOD 

Specimen Preparation 

Eighty recently extracted bovine incisors were selected, cleaned and stored in distilled water 
at 4°C until use. The enamel surfaces were carefully examined with a stereomicroscope (40X 
magnification), for the presence of any enamel developmental defect or irregularity. The coronary 
portion was separated (1mm below of cement-enamel junction) using a double-face diamond disc 
(KG Sorensen Ind. Com. Ltda. – Barueri, São Paulo, SP, Brazil). The pulp was removed, and the 
pulp chamber filled with acrylic resin (Vipi Flash – Pirassununga, SP, Brazil). 
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Microabrasion Procedures 

The microabrasion agents investigated in the study are shown in Table 1. Samples were 
assigned to 4 treatment groups (n = 10), for each test, according to the abrasive agent used. Two 
commercial pastes (Opalustre – Ultradent Products Inc, South Jordan, UT, USA and Whiteness RM 
– FGM, Joinville, SC, Brazil) and two mixtures made in-office (37% H3PO4 + pumice and 10% HCl 
+ pumice) were used. 

In order to standardize the amount of abrasive paste applied to each sample, commercial 
agents were transferred from their original packaging to an individual disposable 1mL 
hypodermic syringe (Injex – Ourinhos, SP, Brazil). The mixtures made in-office using HCl and 
H3PO4 were prepared with equal parts of acid and pumice, measured with a metering spoon 
(0.18g)18 and were transferred to the individual disposable 1mL hypodermic syringe. The amount 
of microabrasive agents used was standardized at 0.04 mL of each agent per application. 

The crown surface area delimited for microabrasion procedures was 5mm2 and the remaining 
coronal portion was isolated using nail varnish (Risque, Taboão da Serra, SP, Brazil). For all 
groups, the same application technique was used: application of abrasive agent using rubber cup 
(KG Sorensen, Cotia, SP, Brazil) mounted in a slow-speed handpiece for 10s, followed by tap water 
washing for 10s. Fifteen applications were performed for each sample in each group. One rubber 
cup was used for each sample. Only one calibrated operator performed the microabrasion 
procedures to avoid a difference in pressure during treatments. After microabrasion procedures, 
the excess agent was removed with sterile gauze and the sample was rinsed for 20s and submitted 
to ultrasonic bath for 10min (USC1400 – Unique Ind e Com Ltda, São Paulo, SP, Brazil). 

Table 1. Microabrasion agents investigated in the study* 

Material 
Manufacturer 

Composition 
(batch number) 

Opalustre 

Ultradent Products Inc. 
6.6% hydrochloric acid, water, silicon 

carbide (20-60 µm) (South Jordan, UT, USA) 

(B307B) 

Whiteness RM 

FGM 6% hydrochloric acid, deionized water, 
propylene glycol, thickeners, silicon 
carbide (with approximately 82 µm) 

(Joinville, SC, Brazil) 

(80602) 

Condac 37 

FGM 

37% phosphoric acid (Joinville, SC, Brazil) 

(150612) 

Hydrochloric acid 

Merck Millipore 

10% hydrochloric acid 
(Merck KGaA, Darmstadt, HE, 

Germany) 

(4805922500) 

Pumice 

SS White 

Pumice extra-fine (0.8-3.0 µm) (Rio de Janeiro, RJ, Brazil) 

(052) 
*According to manufacturers’ information. 



Weight-loss and surface roughness... 

Rev Odontol UNESP. 2021;50:e20210020. DOI: https://doi.org/10.1590/1807-2577.02021 4/10 

Weight Loss Method 

Samples were analyzed by the weight loss method to measure the amount of enamel loss by 
microabrasion procedures19. Immediately before microabrasion, each sample was weighed on a 
digital balance (AG 200 – Gehaka, São Paulo, SP, Brazil) with accuracy of 0.0001g. After 
microabrasion procedures, samples were washed with distilled water, the excess was removed 
with absorbent paper and they were cleaned with air stream at a distance of 10cm for 40s and 
reweighed19. For each group, the difference between the values of weight (g) before and after the 
microabrasion procedure was determined as the enamel weight loss value. 

Surface Roughness 

Surface roughness was measured with a roughness measuring device (Surftest SJ 301 – 
Mitutoyo, Tokyo, Japan). The surface roughness was characterized by Ra (µm). Ra is an arithmetic 
average of the peaks and valleys of the surface of the specimen, it is recorded as absolute values 
within the evaluation length and is generally expressed in units of height. For each sample, three 
measurements were made in different directions, with a cutoff value of 0.8mm. A diamond tip 
with a radius of 2mm was used and constant speed of 0.05mm/s and 0.7m/N. The cutoff value 
was set at 0.8mm in the Gauss filter. The mean Ra values were calculated using the following 
formula when the roughness curve is expressed in y = f(x) and L is the reference length (Equation 1): 

( )
0

1 | |
L

Ra f x dx
L

= ∫  (1) 

The Ra measurements were made before and after the microabrasion treatment. 

Scanning Electron Microscopy (SEM) Evaluation 

Three samples from each group were randomly selected for SEM analysis. Three additional 
teeth were used as control for examination of enamel morphology without the microabrasion 
procedure. After the samples were dehydrated with silica gel in a container at 40◦C for three 
days17, they were mounted on an aluminum stub and sputter-coated with platinum-gold (SCD-
050 – Baltec, Balzers, Liechtenstein) and examined under SEM (Leo 1430 – Zeiss, Oberkochen, 
BW, Germany). Images were obtained at 2.000x and 4.000x magnification. 

Statistical Analysis 

Data analysis was performed with the GraphPad Instat version 2.0 (GraphPad software 
program, San Diego, CA, USA) with 5% of significance (α=0.05). All the variables tested satisfied 
the assumptions of equality and normal distribution (Bartlett and Kolmogorov–Smirnov tests, 
respectively). The paired-T test was used to compare the enamel weight loss and surface 
roughness before and after the microabrasion procedures. One-way ANOVA and Tukey tests were 
carried out for statistical comparisons of enamel weight loss and surface roughness among 
groups. 

RESULT 

Table 2 shows the average weight before and after the microabrasion procedure and enamel 
weight loss. There was a significant decrease in weight values after the microabrasion procedure 
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for all groups (p=0.004). For enamel weight loss, all groups showed negative values indicating 
loss of enamel structure. The 37% H3PO4 group showed lower enamel weight loss in comparison 
with the other groups (p=0.002). The 6% HCl + silicon carbide group showed intermediate 
enamel weight loss values. There was no statistical difference in enamel weight loss among 6.6% 
HCl + silicon carbide group, 6% HCl + silicon carbide group and 10% HCl + pumice groups 
(p=0.06). 

Table 2. Enamel weight loss measurements before and after microabrasion procedures expressed in grams 
(g) (mean ± standard deviation) 

Microabrasion agente Weight before 
(g) 

Weight after 
(g) 

Enamel weight loss 
(g) 

6.6% HCl + silicon carbide 4.114 ± 0.849A* 4.060 ± 0.849B -0.054 ± 0.009a** 

6% HCl + silicon carbide 4.201 ± 0.652A 4.156 ± 0.650B -0.045 ± 0.011a,b 

37% H3PO4 + pumice 4.139 ± 0.934A 4.102 ± 0.931B -0.037 ± 0.012b 

10% HCl + pumice 4.062 ± 0.759A 4.010 ± 0.745B -0.052 ± 0.017a 

*Same uppercase letters indicate that there was no significant difference between weight before and after microabrasion 
procedure for each agent (paired-t- test, p>0.05). **Same lowercase letters indicate that there was no significant difference in 
enamel weight loss among microabrasion agents (Two-way ANOVA and Tukey test, p>0.05). 

Table 3 shows the mean enamel surface roughness before and after the microabrasion 
procedure. There was a significant increase in surface roughness values after the microabrasion 
procedure for all groups (p=0.03). Before the microabrasion procedure there was no significant 
difference in surface roughness among the groups. However, after microabrasion 6.6% HCl + 
silicon carbide group, 6% HCl + silicon carbide group and 37% H3PO4 + pumice groups showed 
no significant difference among them, only the 10% HCl + pumice group had lower surface 
roughness value compared with other groups. 

Table 3. Surface roughness values (Ra) expressed in µm (mean ± standard deviation) before and after 
microabrasion procedures 

Microabrasion agent Surface Roughness before 
(µm) 

Surface Roughness after 
(µm) 

6.6% HCl + silicon carbide 0.25 ± 0.04A,a* 1.03 ± 0.06B,a** 
6% HCl + silicon carbide 0.23 ± 0.02A,a 1.17 ± 0.11B,a 

37% H3PO4 + pumice 0.20 ± 0.02A,a 1.22 ± 0.21B,a 
10% HCl + pumice 0.21 ± 0.01A,a 0.65 ± 0.09B,b 

*Same uppercase letters indicate that there was no significant difference between surface roughness before and after 
microabrasion procedure for each agent (paired-t- test, p>0.05). **Same lowercase letters indicate that there was no 
significant difference in surface roughness values among microabrasion agents (Two-way ANOVA and Tukey test, p>0.05). 

Figure 1 shows the SEM analysis. The microabrasion agents showed different patterns of 
enamel morphology. Control group specimens (without undergoing the microabrasion 
procedure) showed a smooth enamel surface (Figure 1A and B). The surface morphology of the 
6.6% HCl + silicon carbide group showed a selective etching pattern in the interprismatic region 
(Figure 1C and D). Microabrasion with 6% HCl + silicon carbide agent showed a surface with 
considerable irregularity and discrete enamel dissolution (Figure 1E and F). Microabrasion in 
37% H3PO4 + pumice group, showed a morphological pattern of etched enamel, characterized by 
the dissolution of interprismatic enamel (Figure 1G and H) and the surface morphology of the 
10% HCl + pumice group was slightly irregular, with a sandy appearance due to homogeneous 
dissolution of the enamel surface (Figure 1I and J). 
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Figure 1. SEM micrographs of the enamel morphology after microabrasion. A (x2.000) and B (x4.000) – control 

group showing a smooth surface; C (x2.000) and D (x4.000) – 6.6% HCl + silicon carbide group showing 
selective etching pattern in the interprismatic region; E (x2.000) and F (x4.000) – 6% HCl + silicon carbide 

group showing surface with discrete dissolution of enamel; G (x2.000) and H (x4.000) – 37% H3PO4 + pumice 
group showing surface with selective etching pattern in the interprismatic region. I (x2.000) and J (x4.000) – 

10% HCl+ pumice group showing surface slightly irregular with a sandy appearance. 

DISCUSSION 

Previous studies have investigated the effect of microabrasion agents with different 
concentrations and compositions of acids on the enamel surface3,6,9,18. However, there has been 
little investigation into the quantification of weight loss of enamel. The hypothesis tested was not 
accepted since there were differences in enamel weight loss, surface roughness and surface 
aspect among the microabrasion agents tested. 

The weight loss of enamel by the microabrasion technique may be associated with alterations 
in enamel composition, such as the inorganic components of hydroxyapatite, components of 
organic matrix and water loss. The diffusion of acids into the enamel structure can lead to 
cumulative loss of calcium ions by dissolution of the apatite mineral14 and alterations of the 
enamel proteins that may increase the accessibility of acids to enamel pores or decrease the ion-
diffusion processes inside the structure20. Water in enamel is important for a variety of 
properties, including optical and mechanical properties, transport and reactivity21. Thus, the 
change in the original ratio between the organic and inorganic components and water of enamel 
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can increase its solubility; and the weight loss of enamel structure can decrease its resistance to 
acid attack22. 

During the technique, the abrasive action of the particles of the acidic material corroborate to 
morphological changes on the surface of the dental enamel. Such alteration gives rise to the so-
called “corrosion effect”, attributing to the enamel particular histological and optical 
characteristics23. Besides that, the erosive and abrasive potential of microabrasion agents 
depends on several parameters: type, concentration and pH of acid, abrasive particles, time of 
application, type of instrument used (manual or mechanical) and pressure during 
application7,8,14,24. Unfortunately, these factors are poorly described in the majority of studies, 
making it difficult to compare their results. In the present study agents with different types and 
concentration of acids and abrasive particles were investigated for microabrasion procedures, 
but the same technique was used for application of agents, in order to standardize the effects of 
the technique on enamel and make a more accurate comparison for each product. Therefore, the 
technique established by the manufacturer of 6% HCl + silicon carbide (15 applications of 10s) 
was used, since no specific technique was indicated for the other agents. 

After the microabrasion procedure, all agents showed a decrease in enamel weight values 
(Table 2). This result was expected because during the microabrasion procedure, the acid used is 
able to penetrate into the enamel structure and cause displacement of hydroxyapatite ions9,17. 
This may increase the level of enamel porosity, facilitating acid transport and further 
demineralization9,17. Other studies have also reported loss of enamel structure by the 
microabrasion procedure8,14,20. However, the observed values are much lower than those 
obtained with a carbide bur21,25. 

The results of enamel weight loss showed that the higher the concentration of hydrochloric 
acid, the higher was the weight loss of enamel (Table 2), probably due to the higher degree of 
demineralization caused by more concentrated acid. Paic et al.10 also reported that 6.6% HCl 
removed significantly more enamel structure (µg Ca+2) than 1.5% HCl after 10, 20, 30, and 40s of 
application. The 37% H3PO4 + pumice group showed the lowest weight loss (-0.037g ± 0.012g). 
According to previous studies9,24,25 different acids promote different patterns of demineralization 
and morphological change, which could explain the distinct reactions of the specimens treated 
with phosphoric or hydrochloric acids. The phosphoric acid promotes a less aggressive 
decalcification25 and lower weight loss can occur in comparison with hydrochloric acid, which 
can dissolve the entire enamel surface after microabrasion25. In the study of Meireles et al.6 there 
was also a difference between enamel demineralization by HCl and 37% H3PO4 after the 
microabrasion procedure; 18% HCl showed 94.6 ± 22.7 (μm) depth of demineralization in 
comparison with 37% H3PO4, which showed 48.0 ± 17.8 (μm). 

In the present study, a significant increase in roughness values was shown for all groups after 
application of microabrasion agents (Table 3). This increase was suggested by Pini et al.18, where 
the author reports that the increase in the roughness of the enamel surface will suffer an increase 
in roughness regardless of the acidic concentration of the material used, whether phosphoric acid 
or hydrochloric acid with abrasive19. However, it was observed that enamel treated with 37% 
H3PO4 + pumice, 6.6% HCl + silicon carbide and 6.0% HCl + silicon carbide produced a rougher 
surface than enamel treated with 10% HCl + pumice (Table 3). The highest concentration of 
hydrochloric acid (10%) had the highest potential of enamel prism dissolution compared with 
lower concentrations, causing a non-selective etching pattern of enamel prisms and a 
homogeneous demineralization on the entire enamel surface, resulting in a smoother surface3,9,25. 
The SEM images demonstrated that the 10% HCl + silicon carbide group (Figure 1 – I and J) 
showed a smoother, slightly irregular surface, with a sandy appearance in comparison with 6.6% 
HCl and 6% HCl + silicon carbide groups (Figure 1C and D, E and F, respectively). The procedures 
performed in the 6.6% HCl and 6% HCl + silicon carbide groups showed a selective etching 
pattern in the interprismatic region and an irregular surface (Figure 1C and D, E and F). Similarly, 
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the phosphoric acid group (Figure 1G and H) had a selective enamel etching pattern with 
dissolution of the interprismatic region or center of prisms6,9,25, which could also promote 
irregularities and increase the surface roughness of enamel to the same extent as hydrochloric 
acid with 6 and 6.6% concentration18. 

The size and shape of abrasive particles in the microabrasive agents also can influence enamel 
roughness25. In the present study, the 6.6% HCl agent contained 20 - 60 µm silicon carbide 
particles, the 6% HCl agent contained silicon carbide particles with approximately 82 µm, and 0.8 
- 3.0 µm pumice particles were used with the 37% H3PO4 and 10% HCl acids. The granulation of 
silicon carbide particles was of a larger size and more irregular shape than the pumice particles24. 
These characteristics could contribute to a smoother enamel surface layer25. However, the results 
of our study showed little influence of the size and shape of abrasive particles on roughness and 
weight loss of enamel, since the 10% HCl + pumice group showed the smoothest surface, and the 
37% H3PO4 + pumice and 6% HCl + silicon carbide groups showed the lowest weight loss 
measurements. The concentration and the type of acid may probably have exerted more influence 
on the enamel structure than the size and shape of abrasive particles. 

Clinically, the polishing procedure is generally performed after the microabrasion technique 
to improve the tooth esthetics and prevent surface alterations3,14,18. However, in the present study 
this clinical step was not used because the real weight loss of enamel would be evaluated, and the 
polishing procedure could remove more sound enamel structure15,18. 

The microabrasion technique is highlighted as a micro-invasive procedure and should be used 
with caution to avoid excessive tooth sound structure removal14. Based on these considerations 
and on the results of this study that the 37% H3PO4 + pumice group showed the lowest weight 
loss of enamel and similar roughness values in comparison with the low concentration HCl agents, 
it can be suggested that the 37% H3PO4 + pumice microabrasion technique may be a more 
promising alternative in clinical practice due to better control of the wear of the enamel surface. 
Furthermore, phosphoric acid is easily available in the dental office for routine use in bonding 
procedures, dispensing with the need to acquire other specific commercial products. In addition, 
for use it in microabrasion procedures it can be safer for both patients and professionals, because 
it is a weaker acid than HCl9. 

CONCLUSION 

All microabrasion agents investigated showed weight loss and increase in roughness values 
after the microabrasion procedure. The in-office mixtures resulted in the lowest enamel structure 
loss (37% H3PO4) and the lowest surface roughness (10% HCl). 
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