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ORIGINAL  ARTICLE

ASSESSMENT OF ENAMEL MICROROUGHNESS  
IN PRIMARY AND PERMANENT TEETH WITH INITIAL  

CARIOUS LESIONS BEFORE AND AFTER ACID APPLICATION
R. Bogovska-Gigova1, K. Hristov1, N. Gateva1, L. Angelova2

1  
2              

Abstract. Aim: To evaluate the microroughness of primary and permanent teeth in the 
initial carious lesion (white spot) area before and after orthophosphoric and hydrochloric 
acid application. Material and Methods: 

Results: Higher microroughness values were found in the area of   the initial carious le
sion compared to the area with intact enamel for both dentitions. The microroughness of 
the enamel surface in the carious lesion area increased after applying orthophosphoric 
and hydrochloric acids in both primary and permanent teeth. The highest microroughness 

carious primary and permanent teeth showed increased microporosity after etching with 
Conclusion: Etching (with hydrochloric and orthophosphoric 

microroughness.
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INTRODUCTION

teeth from decay or sensitivity. Enamel consists of 

resilient against wear and tear from chewing and 

-
ences that could threaten the vitality of the dental 

-
sulting from bacterial metabolism or the erosive po-

-

processes is the development of an incipient cari-
ous lesion. 

are often accompanied by a change in the color of 

-
gest erosion of the carious surface area with 15% 

-
el surface is a standard approach in daily clinical 

It leads to the chemical dissolution of the enamel 
-

el surface and creating micropores into which the 
adhesive system can enter.

-

of oral microorganisms and the formation of dental 

-

Increasing surface roughness leads to faster coloni-
zation of microorganisms and enhanced maturation 

-

primary and permanent teeth are expected to be 
-

the enamel surface of primary and permanent teeth 

orthophosphoric and hydrochloric acid application. 
We are not aware of any such study being conduct-
ed to date.

MATERIALS AND METHODS

-
cally exfoliated primary teeth and permanent third 

included in the study were clinically examined with 
-
-

carious lesions on their smooth surfaces (32 primary 

smooth surfaces and had a size of at least 2 mm in 
-

from the study. 

signed by the patients or their parents for the use of 

committee approved the use of human teeth.

PREPARATION OF THE SAMPLES FOR SURFACE  
MICROROUGHNESS MEASUREMENTS 

and those present in primary teeth were removed. 
-

tion at 4°C until the beginning of the experiment. 

-
mens remained stable during the experiment (Fig-

in a specially made 3D-printed positioner (custom-

MICROROUGHNESS MEASUREMENT

-
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Table 1. Distribution of samples by type of dentition and 
health status of the studied enamel surface

Dentition 
Condition of the examined enamel surface

With initial carious lesion (N) Sound (N)

Primary
 1

2 

 

2

Permanent 
 2

2

  

2

-
roughness measurements were made in the central 

measuring device was placed in the central part of 
-
-

lus moved horizontally along the tooth surface over 
the carious lesion back and forth with a linear dis-

value of the Ra parameter in micrometers (arithmetic 
mean of the height of peaks and the depth of valleys 

-
ments were taken to obtain the average Ra value.

-

using the same methodology in the same areas cor-
responding to the localization of the initial carious le-
sions in the specimens with such lesions (groups 1 

-
corded and subjected to comparative analysis. 

-
roughness in the area of   the existing carious lesion 

the initial measurement of microroughness in the 

permanent carious teeth was randomly divided into 

and rinsed with a water-air spray for 30 or 120 sec-

initial carious lesion was measured again (accord-

A B 

C D 
Fig. 1. A, B C D – Surface roughness tester
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perfect repositioning accuracy is impossible at the 
-

were subjected to comparative analysis.

Table 2. Distribution of samples into groups according  
 

of exposure

Group Type  
dentition

Number  
of teeth

Acid Duration

 16   
acid

30 s

 6 a 16 3  s ic 
acid

30 s

 i a 16 1  d c ic acid 120 s
 a 16 1  d c ic acid 120 s

Statistical analysis

comparisons of the microroughness values between 
groups were performed using a pairwise Mann–Whit-

RESULTS

-
croroughness of sound and carious enamel of pri-
mary and permanent teeth.

the microroughness of intact enamel of primary and 

-
croroughness values were found in the area of   the 
initial carious lesion compared to the area with intact 
enamel for both dentitions.

changes after etching white carious lesions of prima-
ry and permanent teeth. 

applying orthophosphoric and hydrochloric acids in 
both primary and permanent teeth. A statistically 

within the respective dentition groups between 
-

-

-
ness was recorded after conditioning with 15% hy-

-
ences found between the teeth from both dentitions 

primary and permanent teeth after etching with 37% 
orthophosphoric acid showed almost the same re-
sults for microporosity.

Table 3. Microroughness of sound and carious enamel in primary and permanent teeth

Group Enamel surface Microroughness (μm)
Mean ± SD (μm)

Mann-Whitney U Test

 1 i a   i i ia  ca i s si 2 32  1 2 p1 2 0 0
p1 3 0 011
p2 0 01
p3 0 6

p 2 p a   i i ia  ca i s si 2 3  0 6 1

p 3 p i a   s d 1 30  0 0
p  p a   s d 1 0  0 6

Table 4. Microroughness of the enamel carious lesion of primary and permanent teeth – initial and after orthophosphoric 
and hydrochloric acid application.

Tooth Baseline 37% orthophosphoric acid 15% hydrochloric acid Mann-Whitney Test
Group Group 1 Group 5 Group 7

i a  2 32   0 31 3 162   0 136 106   0 01 p1 0 00
p1 0 001
p 0 001

Group Group 2 Group 6 Group 8
a 2 3  0 6 1 3 232   0 66 2 2   0 26 p2 6 0 00

p2 0 001
p6 0 006

a i  s t1 2 361 00  p 0 0 t 6 2 00  p 0 1 t 1 00  p 0 2
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DISCUSSION

microroughness of enamel in both dentitions after 
applying 37% orthophosphoric and 15% hydrochlo-

-
-

resulted in higher values   of surface roughness pa-

suggests an increase in the surface area available 
-

als for treating the lesions. 

permanent teeth and that over initial carious lesions 

-
tween the two groups – the microroughness of sound 

microporosity is due to both the subsurface demin-
eralization typical of the initial carious lesion and the 

-

Other studies have described results similar to ours 
-

oughness between sound and carious enamel with an 
initial carious lesion can be explained by the dissolu-

Etching with orthophosphoric acid is a conventional 
technique that creates microporosities by partially 
demineralizing the enamel surface (dissolving the 

concentration of etching agents are crucial for ma-

etching with 37% orthophosphoric acid increased by 
about one unit compared to the initial values   in the 

-

-

-

ing the resin to penetrate deeper. Our data showed 
a more than 1.5 increase in enamel microroughness 
after application of 15% hydrochloric acid compared 

Opalustre is another product on the market that uses 
hydrochloric acid’s erosive action in combination with 

-
nents work synergistically to remove the rough and 

smoothing and leveling of the enamel surface after 

present study had lower values   of microroughness 

undisputed for both dentitions. Mineral loss caused 

CONCLUSION

of initial carious lesions in primary and permanent 

which would lead to an increase in the contact area 
and increase the adhesion of various materials used 
to treat initial carious lesions. More pronounced 
microroughness is achieved after exposure to hy-

-

-
cates the lack of risk after application of hydrochloric 

has a lower degree of mineralization.

Funding: The article was developed with the support of a 

Ethical approval: All patients gave written informed con
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