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Abstract
Purpose: Chemo-mechanical techniques are considered as a minimal intervention in caries removal. The purpose of this study was to evaluate the 
effectiveness of several organic acid reagents in caries removal.

Materials and Methods: Twenty-five human permanent teeth with caries at the cervical portion were removed by four organic acid reagents (10% 
of citric acid, tartaric acid, malic acid, malonic acid) and Carisolv. The treatment time was measured followed by examined the cavity floors by 
stereoscope and scanning electric microscope (SEM).

Results: The average caries removal times with 10% citric acid, tartaric acid, malic acid, malonic acid and Carisolv treatment were 8.44 min ± 0.67, 
9.12 min ± 0.96, 11.40 min ± 0.34, 12.20 min ± 0.46 and 11.16 min ± 0.63, respectively.

The same irregular surface condition was observed by stereoscope in all specimens. In SEM observation, the surface after 10% citric acid reagent, 
tartaric acid reagent and Carisolv treatment revealed many areas where the smear layer was removed and dentinal tubules were exposed. In 
contrast, the cavity surface was completely covered with debris like a smear layer after 10% malic acid and malonic acid treatment.

Conclusion: Based on treatment time and smear layer removal, citric acid and tartaric acid had almost the same level of caries removal effect. They 
seem to be very useful for carious dentin removal and might be good candidates for a new chemo-mechanical caries removal agent.
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Introduction
Dental caries are one of the most prevalent oral diseases. Carious 

enamel and dentin are generally removed by low-speed rotary 
instruments with stainless burs. Although these conventional methods 
for carious dentin removal are easy and less time-consuming, there 
is the risk of removal of excessive tooth structure including health 
sound dentin. Moreover, pressure and heat during treatment with a 
high-speed preparative instrument may cause pain and is sometimes 
capable of causing dental pulpitis eventually. To avoid this problem, 
the chemo-mechanical caries removal method was established a few 
decades ago [1-6]. Carisolv [7-9] and Papacarie [10-12] have already 
been in the market for few years. Carisolv mainly consists of 1.0% 
sodium hypochlorite and three types of amino acids (glutamic acid, 
leucine, lysine). Papacarie consists of papain that is an enzyme seen 
in papaya. These agents soften carious dentin selectively; as a result, 
carious dentin can be removed easily. Although this method seems 
to be very useful in terms of minimum intervention (MI), these 
chemo-mechanical agents require a long treatment time and are 
not cost-effective. Especially, treatment time is the most important 

factor to be considered in general dental treatment. However, several 
researchers reported that the caries removal time of Carisolv [13-
15] and Papacarie [16] was longer than when using conventional 
rotary instruments. Therefore, it would be more desirable to find a 
new chemo-mechanical agent with better cost-effectiveness and 
less working time. Some organic acids such as citric acid and malic 
acid have been used in detergents and toothpastes as a scavenger of 
the organic deposited. Few organic acids might also be effective in 
removing caries dentin similar to Carisolv and Papacarie. The purpose 
of this study was to examine the ability of organic acid reagents to 
remove carious dentin and analyze the applicability of these organic 
acid reagents for chemo-mechanical caries removal.

Materials and Methods
Preparation of samples and reagents

Twenty-five human permanent teeth with caries at the cervical 
portion, which were extracted for orthodontic and periodontal 
reasons with the consent of the patients, were used in the study. 
All caries with similar conditions were selected; therefore prior to 
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treatment, each carious dentin was analyzed according to the color, 
hardness of the lesion, and by dental radiography.

The teeth were brushed and washed with distilled water at room 
temperature. Four prototype reagents were specially prepared for 
this study. Reagent 1 (R1) consisted of 10% citric acid. Reagent 2 
(R2) consisted of 10% tartaric acid, Reagent 3 (R3) consisted of 10% 
malic acid and Reagent 4 (R4) consisted of 10% malonic acid. Other 
constituents included xanthan gum, and acid red was included as a 
thickener and dying agent in each prototype reagent, respectively. All 
reagents were originally prepared for this study. Each acid powder 
(used for chemical research) were diluted to 10% concentration with 
purified water and then used for this research.

Experimental procedures
Table 1 and table 2 showed the grouping of the sample, and the 

composition and pH of each reagent used for this study, respectively. 
All teeth were divided into 5 groups of 5 teeth each and express in 
the table. Group 1 to group 4 (G1 to G4) used reagents R1 to R4 
(experimental groups) and group 5 which used Carisolv served as a 
control group (G5). The schema of the experimental procedure shows 
in figure 1.

Four experimental reagents (R1 to R4) and Carisolv were applied 
for 30 seconds to each carious lesion in all groups. After the reagents 
and Carisolv were applied, carious dentin was gently removed with 
a scraping technique by using a hand excavator and the cavity was 

then rinsed with water spray. The caries removal was verified using 
a caries-detecting dye (Caries check; Nippon Shika Yakuhin Co, Ltd, 
Yamaguchi, Japan). The time required for caries removal was measured 
in all teeth.

After carious dentin removal was completed, the cavity floor was 
observed to verify the surface characteristics using a stereoscope 
(SMZ-10, Nikon, and Tokyo, Japan). All specimens were dehydrated 
by a graded series of ethanol, dried to a critical point with CO2, and 
mounted on aluminum stubs. They were sputter-coated with platinum 
at the thickness of 15 μm and then subjected to scanning electric 
microscope (SEM) examination (JSMZ-T220A, JEOL, Tokyo, Japan) 
for morphological evaluation.

Statistical analysis
Statistical analysis of the data was performed using the Mann-

Whitney U test and a value of p<0.05 was considered significant.

Results
Required caries removal time

The time required for caries removal is shown in figure 1. The mean 
± SD time required for G1, G2, G3, G4 and G5 were 8.44 min ± 0.67, 
9.12 min ± 0.96, 11.40 min ± 0.34, 12.20 min ± 0.46 and 11.16 min 
± 0.63, respectively. Meantime required for carious dentin removal 
by both 10% citric acid and tartaric acid reagents was statistically less 
than the other two organic acid reagents (10% malic acid and malonic 
acid) and Carisolv (p<0.05) (Figure 2).

Surface conditions by stereoscopic observation
The cavity surface after carious dentin removal appeared rough 

and irregular in all specimens. However, no specific problems such as 
fracture or hole were observed in any group (Figure 3). An illustration 
of a typical surface feature was showed in figure 4.

Group Reagent used Application time (s)

G1 (experimental) (n=5) R1: 10% citric acid group 30s

G2 (experimental) (n=5) R2: 10% tartaric acid 30s

G3 (experimental) (n=5) R3: 10% malic acid 30s

G4 (experimental) (n=5) R4: 10% malonic acid 30s

G5 (Control) (n-5) Carisolv 30s

Table 1: Grouping of the sample.

Reagent Main ingredients pH

R1

Citric acid (10%)

1.5
Xanthan gum

Acid red

Pure water

R2

Tartaric acid (10%)

1.5
Xanthan gum

Acid red

Pure water

R3

Malic acid (10%)

1.7
Xanthan gum

Acid red

Pure water

R4

Malonic acid (10%)

1.4
Xanthan gum

Acid red

Pure water

Table 2: Main ingredients and pH of each reagent.

Figure 1: The schema of experimental procedure.
(a) Apply each reagent on the carious dentin and stored for 30 
seconds.
(b) Removal carious dentin using hand excavator.
(c) Observation cavity surface (Red frame area) with stereoscope.
(d) SEM observation (Purple frame area).
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SEM observation
SEM observation revealed that the cavity surface was completely 

covered with debris similar to a smear layer in G3 and G4. In contrast, 
in G1, G2 and G5 the smear layer was removed in many areas and 
dentinal tubules were exposed in those areas. However, the smear layer 
remained in a few areas and dentinal tubules were covered (Figure 5).

Discussion
To evaluate the possibility of caries removal by acidic reagents, 

several acids were chosen in this study. Citric acid, tartaric acid, 
malic acid and malonic acid are all organic acids found in lemon, 
grape, apple and melon, respectively and they are known to effectively 
remove debris. Especially, citric acid has been used as an etching agent 
for composite resin filling. These four acids were uniformly used at 
a concentration of 10% in this study to standardize the experimental 
system for easy comparison of the acidic reagents.

This study demonstrated the possibility of caries removal by several 
organic acids. The average caries removal time of malic acid and 
malonic acid was around 12 minutes and almost similar to that of 
Carisolv treatment. While the required time for caries removal using 

10% of citric acid and 10% of tartaric acid was around 9 minutes, it 
was significantly less than the other two reagents and Carisolv. In 
terms of treatment time, citric acid and tartaric acid have almost the 
same caries removal effect and seem to be very useful for carious 
dentin removal. From the stereoscopic observation, the cavity floor 
surface appeared irregular in all groups as previously described [17]. 
This irregular surface may have occurred as a result of scraping the 
area with an excavator to remove carious dentin. This rough cavity 
surface shows similar features to caries removal cavity surfaces with 
hand instruments such as spoon excavator without using any caries 
removal agents. Previous studies demonstrated that the adhesion 
between dentin surface and composite resin was not influenced by 
these irregular surfaces when using chemo-mechanical caries removal 
reagent [18-20]. Furthermore, there were no problems such as cracks 
or holes on any cavity floor. It indicated that the organic acid reagent 
did not affect sound dentin. SEM observation also revealed that the 
cavity surface was completely covered by organic debris like smear 
layer after 10% of malic acid and malonic acid reagent treatment. On 
the other hand, the cavity surface treated with 10% citric acid, tartaric 
acid reagents and Carisolv showed smear layer removal and open 
microtubules. It can assume that the removal of the smear layer and 
opening of the dentinal tubules might facilitate the adhesion between 
the restorative material and the dentin surface. Although previous 

Figure 2: Time required for caries removal in each group.

 

Figure 3: Representative stereoscopic photographs of the treated 
surface.

 

Figure 4: Illustration of standard feature of cavity surface after 
carious dentin removal using hand instrument.

 

Figure 5: Representative photographs of the treated surface 
examined by the SEM.
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papers reported smear layer removal and open dentin microtubules 
on the cavity surface after Carisolv treatment [20-22], this paper 
demonstrated that the smear layer was not removed completely in 
many areas of the cavity surface and most microtubules were still 
closed by the remaining smear layer. Similar to Carisolv treatment, 
the smear layer was not removed completely from the cavity surface 
after citric acid and tartaric acid treatment, and smear layer and closed 
dentin microtubules were observed in several areas of the cavity 
surface. Previous papers suggested that root canal irrigation with 10% 
of citric acid enabled efficient removal of smear layer in root canal 
walls [23-25]. However, both 10% citric acid reagent and 10% tartaric 
acid reagent could not remove the smear layer completely.

The result of the present study also revealed that the concentration 
of citric acid and tartaric acid used in this study might not be enough 
to remove the smear layer when used as a caries removal reagent. In 
general, EDTA application was recommended to remove the smear 
layer after caries removal for composite resin filling because the 
pH of EDTA was almost neutral. Therefore, it could be more safely 
applied to oral tissues than phosphoric acid. Furthermore, it also 
inhibits excessive decalcification of healthy cavity dentin. Therefore, 
EDTA application after caries removal with these four reagents and 
Carisolv might be necessary to obtain complete smear layer removal. 
The reason why malic acid and malonic acid were not able to remove 
the smear layer compared with citric acid and tartaric acid was not 
clear in this study. However, Kaushal R et al., also reported similar 
findings in the removal of smear layer using citric acid and malic acid 
[25]. An accurate explanation for the difference in the smear layer 
removing ability was not revealed in this study. The pH values of the 
four reagents, 10% of citric acid, tartaric acid, malic acid, malonic acid 
were 1.5, 1.5, 1.7, and 1.4, respectively, and it was proposed that the 
difference in removal of smear layer effectiveness might not be related 
to pH of each reagent. Citric acid is known to have a chelating effect by 
binding free Ca ions as in EDTA [23,26,27]. Based on this evidence, the 
removal of the smear layer by citric acid may not be related to its pH, 
but its chelating effect similar to EDTA. Recently, several researchers 
reported that citric acid alone or the mixture of tetracycline and acid 
and detergent (MTAD) have a high smear layer removing effect [28-31].

Although the mechanism by which tartaric acid removes the smear 
layer has not been clarified yet, it seems to be similar to the mechanical 
action of citric acid. Therefore, future studies are necessary to clear this 
question. This study showed that the smear layer could not be removed 
by malic acid and malonic acid. However, several reports have 
described the plaque removing the effect of malic acid and this acid has 
already been incorporated into toothpaste, presently. Haznedaroğlu 
F, et al, reported that the efficiency of removing the smear layer was 
improved with a high concentration of citric acid compared with a 
low concentration even at the same pH [32]. Therefore, malic acid 
and malonic acid may be capable of removing the smear layer when 
the acid concentration is increased. Further investigations should 
determine the optimal concentration required improving smear layer 
removal and consequently, caries treatment without using EDTA can 
be expected in the future. Moreover, few researchers reported that the 
cytotoxicity effects of EDTA on NIH3T3 cell (fibroblast cells isolated 
from mouse embryo tissue) or macrophage was higher than citric acid 
[33-35]. Therefore, crown restorations should be performed without 
using EDTA. From the results of this study, reagents with citric acid 
and tartaric acid were effective in caries removal, and they may serve 
as new chemo-mechanical caries removal agents.

Conclusion
In terms of treatment time, citric acid and tartaric acid have almost 

the same caries removal effect and seem to be very useful for carious 
dentin removal. SEM observation revealed that the cavity surface 
treated with 10% citric acid, tartaric acid reagents showed smear layer 
removal and open microtubules, while the cavity surface treated with 
other acidic reagents was covered by the smear layer completely. The 
results indicated that 10% citric acid, tartaric acid reagents might be 
good candidates for a new chemo-mechanical caries removal agent.
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