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A comparative microbiological study to assess caries excavation by 
conventional rotary method and a chemo‑mechanical method
rAjesh t. ANeGuNdi, shruthi B. PAtil, viresh teGGiNmANi, sheetAl d. shettY

abstract
Aims: This study was aimed to determine the effectiveness of Papacárie® for caries removal as compared to the conventional 
method with respect to microbial flora, time, the amount of tissue removal, child’s behavior, pain perception, and preference of 
treatment. Materials and Methods: Sixty primary molars of 30 children of age 4‑9 years were selected randomly and divided into 
two groups of 30 teeth each: Group A treated by conventional method and group B with Papacárie® method. Results: Comparatively, 
no statistical difference was seen in microbial growth, total bacterial count, and lactobacilli count in both the groups (P = 0.36). 
The mean cavity entrance size with group A was 0.98133 mm and group B was 0.26083 mm (P < 0.001). The mean preparation 
time for group A was 4.7 Mins (minutes) and group B was 17.96 min s (P < 0.001). Majority of kids of both group A and B scored 
3 (Frankl Behavior Rating Scale) before and after the treatment showing no statistical difference in their behavioral score (P = 1). 
In group A 50% of children experienced no pain as compared to 86.7% in group B (P = 0.01). There was no statistical difference 
in the preference of treatment (P = 0.12). Conclusion: Thus, the Chemo mechanical caries removal method can be considered 
as an effective method to control pain and preserve sound tooth structure during caries excavation.
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introduction

In the distant past due to the absence of adhesive restorative 
materials, it was necessary to remove sound tooth structure 
just to make room for the restoration. Now-a-days the main 
aim of restoring a decayed tooth is to reinforce by preserving 
as much tooth structure as possible by limiting the extent 
of cavity preparation by removing only affected dentin. Due 
to better understanding of caries process and improved 
knowledge of the function of fluoride, it is possible to retain 
some of the demineralized enamel and dentin and allowing 
it to heal through remineralization.

Even though the rotary method of caries removal is widely 
accepted and quick technique, it is often associated with 

excessive cutting of uninfected dentin, pain, discomfort, 
noise, and fear. Hence, the quest for removal of caries 
with minimal pain and more tissue preservation has given 
rise to various alternative caries removal techniques. 
This includes air abrasion, atraumatic restorative therapy, 
chemo-mechanical system, and lasers.[1-4]

Chemo mechanical caries removal (CMCR) method is a 
non-invasive technique which eliminates infected tissues, 
preserving healthy structures, avoiding pulp irritation and 
patient discomfort. Papacárie® introduced in 2003 has 
claimed to preserve healthy dental tissue with benefits of 
minimal discomfort, antibacterial, and anti-inflammatory 
effects.[5]

This study was carried out to compare the clinical efficacy 
of a CMCR product in reducing cariogenic flora, duration of 
caries removal, the amount of tooth loss, child’s behavioral 
assessment before, during and after procedure, pain 
perception, and preference of treatment in comparison with 
the conventional method.

materials and methods

The study sample consisted of 60 primary molars from 30 
children, 2 teeth in each, between 4 and 9 years of age with 
broad cavitated occlusal lesions not involving the pulp. 
All patients were treated in the Department of Pediatric 
Dentistry, SDM School of Dentistry, Dharwad, India. The study 
was approved by the Institutional Review Board and informed 
consent was obtained from the parents. The study samples 
were divided into group A and B having 30 teeth in each. 
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Carious teeth in group A were treated by the conventional 
airotor method and group B were treated by Papacárie®.

Topical anesthetic gel was applied to reduce patient 
discomfort during rubber dam placement. After this, the 
patient was allowed to settle down for some time before 
starting the caries excavation to minimize its effect on change 
in the behavior of child during procedure. The administration 
of local anesthesia was not done as it would alter the pain 
perception of the patient.

Caries excavation in group A was done with help of airotor using 
a round bur (no. 008). In group B, caries excavation was done 
according to the manufacturer’s instruction using Papacárie® 
gel (Formulae Acao, Sao Paulo, Brazil). Complete caries 
excavation was confirmed by the tactile and visual method.

After completion of caries removal in each method, healthy 
dentin samples were collected using a sharp spoon excavator 
and immediately transferred to thyoglycolate broth for 
microbiological investigations. The broth was transferred 
into culture media using microbiological sticks. The diluted 
samples were plated on two different agar plates, i.e., rogosa 
agar plates and chocolate agar plates to determine the 
lactobacilli counts (LBC) and total bacterial counts (TBC), 
respectively.

The border of the lesion was marked and the greatest 
diameter of the lesion entrance was measured with a sterile 
divider (Ceto diamond, Mumbai, India) and recorded before 
and after the caries removal in both methods. To minimize 
bias, inter-examination of the cavities on both occasions 
was done and the mean was calculated. All the sample teeth 
were finally restored with miracle mix restorative material  
(GC corporation Tokyo, Japan). Time taken was recorded for 
both the procedure with the help of a digital stop watch.

The degree of cooperation by the child before, during and 
after caries removal was evaluated and recorded according 
to Wright’s modified Frankl’s Behavior Rating Scale. After 
completion of the caries removal procedure by each method, 
the child was interviewed regarding pain or discomfort and 
the preferred caries removal method.

results

Microbial growth was observed in 36.7% of group A samples 
and 56.7% of group B samples [Figure 1]. The mean TBC were 
0.9 × 102, 1.15 × 102 and LBC were 0.35 × 102, 0.41 × 102, 
respectively, for group A and B [Figure 2]. Although the 
mean TBC and LBC in the Conventional method was less 
than the Papacárie® method the results were not statistically 
significant (P = 0.36).

The mean cavity entrance size [Figure 3] with group A was 
0.98133 mm, and group B was 0.26083 mm (P < 0.001). The 

mean preparation time [Figure 4] for group A was 280.89 s 
and group B was 1077.60 s (P < 0.001).

Majority of kids of both group A and B scored 3 [Figure 5] 
before and after the treatment showing no statistical 
difference in their behavioral score (P = 1). In group A, 50% 
of children had no pain, 46.7% had slight, and 3.3% had 
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Figure 1: Microbial growth in both the groups. GP ‑ Growth 
present, GA ‑ Growth absent
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Figure 2: Mean total bacterial count and lactobacilli count in 
both the groups. TBC ‑ Total bacterial count, LBC ‑ Lactobacilli 
count
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unspecified pain. In group B, 86.7% of children had no pain, 
10% had slight, and 3.3% had unspecified pain [Figure 6]. There 
was statistical significance in the number of children who 
had no pain among the two groups (P = 0.01). Considering 
the preference 36.7% of children preferred conventional 
method, 60% preferred Papacárie®, and 3.3% preferred both 
the methods [Figure 7]. There was no statistical difference 
in the preference of treatment (P = 0.12).

Discussion

New methods of caries removal have always been a major 

objective for dental researchers seeking possible alternative 
to existing conventional methods in the field of pediatric 
dentistry. Factors, including speed, pain-free preparation, 
cost-effectiveness, clinical application, safety and proper 
conservative cavity preparation for the placement of advanced 
chemically adhesive restorative material has encouraged 
research in this field thus inventing new devices for this 
purpose. Among most caries removal methods, the CMCR 
system has found to be easy, simple and economic, as well 
as being effective in removing caries. Researchers claim the 
use of this technique for children who are basically anxious 
for dental treatment is interesting based on its simplicity.[6,7]

In this study, all the cavities were found to be clinically 
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Figure 4: Mean preparation time for both the groups
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Figure 5: Percentage of children scoring the various behavioral 
scores before, during and after the treatment in both the groups. 
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caries-free in both conventional and Papacárie® methods 
when observed by the tactile and visual method. The one used 
by Kidd et al., wherein they reported satisfactory results in 
assessing the caries-free status of lesion.[8] Bussadori et al.,[9] 
found that after 1 year of clinical and radiographic follow-up; 
caries-free teeth with good retention of restoration were 
found with Papacárie® method. It indicates the reduction in 
occurrence of secondary caries and retention of restoration.

Kidd et al.,[10] used a procedure for taking samples from 
residual dentin, by round bur of a defined size. In this study, an 
excavator was chosen to reduce the risk of accidental pulpal 
exposure, especially when sampling hard dentin, similar to 
the study done by Azrak et al.[11] and Subramaniam et al.[12]

Several investigations have shown that often a low number 
of residual microorganisms (101-103 CFU) remains behind 
in clinically sound hard dentin in spite of a significant 
reduction in the bacterial count. However, this low level 
of bacteria is considered to be clinically acceptable by 
several authors.[10,13,14] Residual bacteria cannot be held 
solely responsible for occurrence of secondary caries, since 
individual factors like oral hygiene and dietary habits of the 
patients also have a profound influence on caries progression. 
The study results are comparable with studies of Kidd et al.[13] 
and Heinrich et al.[15] as bacterial values were below 102 CFU’s 
for the streptococci and LBC in hard dentin.

According to the chart, Papacárie® takes about 4 times longer 
time than the conventional method. Reasons attributed for 
increased time taken in Papacárie® method could be multiple 
applications needed for complete caries removal, differences in 
type and size of the cavities, type of teeth and age of the patient. 
Similar results were seen in a study conducted by Ferrari et al.[16]

Bussadori et al.,[9] observed through scanning electron 
microscope that in Papacárie® method, there was more 
preservation of dentin structure. Though contrasting 
results have been put forth by Fure et al.,[17] In this study, 
the Papacárie® method was beneficial in preserving more 
amounts of healthy tooth tissue being minimally invasive.

Studies by Berggren et al. and Green et al., have revealed that 
the most feared events in dental treatment as ranked by the 
patients are cavity cutting, induction of anesthesia, and tooth 
extraction. Therefore, a CMCR method is more preferable for 
persons with dental anxiety.[18,19]

Wright’s Modification of Frankl’s Behavior Rating Scale[20] 
in this study were simple, sufficiently sensitive, and easy 
to record and widely accepted. According to Hosey and 
Blinkhorn,[21] Frankl’s Behavior Rating Scale showed a 
significant correlation with the newer scales.

In this study, there was deterioration of the behavior 
from positive to negative during the treatment with the 

Conventional method and after the treatment, there was an 
improvement in the behavior. However, in Papacárie® method 
there was no change in the behavior of children before, during 
and after the treatment.

The study results are in correlation with many others; wherein 
they had concluded that CMCR is well suited for dental treatment 
of anxious patients.[6,22,23] But, contradicting to these studies 
Inglehart et al., found that the subject’s fear of the dentists 
increased in the CMCR method, while it is slightly decreased in 
the conventional method. They have attributed this finding to 
the longer treatment time required for CMCR method.[24]

According to Ansari et al., the CMCR method not only prevents 
anxious patients losing their teeth at an early age, it can also 
be used successfully when the alternative treatment is under 
general anesthesia. It could also be beneficial to medically be 
compromised and immunosuppressed patients.[6]

Silva et al., demonstrated that caries removal using Papacarie® 
method is significantly less painful compared to the 
conventional method. It reduces the risk of pulpal exposure 
and thereby reduces the damage to healthy tissues, Silva 
et al., and Bussadori et al.,.[25,26]Anusavice and Kincheloe[27] 
demonstrated that cutting sound dentin often results in some 
level of pain. In this study, the age of participants limited the 
possibilities of obtaining a more complete description of the 
kind of pain felt during the caries excavation. However, the 
gel itself may have a thermal insulating function as it covers 
the cavity during the procedure.[28] In addition the method is 
expected not to open so many dentinal tubules as in drilling.[29]

Regarding preference, around 60% of the children preferred 
Papacárie® method [Figure 7]. Similar studies on Carisolv™ 
reported that most of the patients prefered CMCR method 
over the conventional method.[6,22,30] Contrasting results were 
reported by Maragakis et al., who claimed that only 31% of 
pediatric patients preferred CMCR method. The reasons for 
preferring conventional method was that “it was quicker,” “it 
tasted better,” and “they finished sooner.”[31] Another study 
by Zinck et al., reported that 93% preferred CMCR method 
more than conventional method. The reasons given were 
that they felt it decreased drilling time, did not cause pain 
and provided a general feeling of comfort and relaxation.[32] 
In this study, the children who did not prefer Papacárie® 
method gave the reason that it took a longer time than 
conventional method. Thus, the time factor may be crucial 
for the acceptance of the treatment by some patients, 
especially children, since it constitutes an important source 
of discouragement for them.

Conclusion

The results from this study indicate that the CMCR method is 
a safe and effective method for excavation of dentinal caries. 
As the efficacy of the active gel compared to traditional hand 
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excavation has been documented in vitro, this study showed that 
the chemo-mechanical method may reduce patient discomfort 
and decrease unnecessary removal of sound dental tissue.

It can be successfully employed to treat medically compromised, 
bed-ridden patients and in school dental camps. Thus, this 
method seems to be a promising alternative for conventional 
method of cavity cutting in pediatric dental use.
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