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Abstract
Aim: Minimal intervention seeks to prevent and detect oral diseases at the earliest stage in order to minimize invasive treatment. 

The aim of this study was to compare the clinical and radiographic outcomes of permanent molar teeth with deep lesions treated by 
complete or partial removal of carious dentin after follow-up over a 24-month period. 

Methods: A total of 20 adolescents from Piracicaba, São Paulo, Brazil were screened; 11 had at least one deep carious lesion in 
permanent molars. Adolescents in whom 18 permanent molars required attention were randomly allocated to receive interventions. In 
the control group, nine teeth were submitted to complete removal of carious dentin, protection with calcium hydroxide and glass ionomer 
cement and restoration with resin composite. In the experimental group nine teeth were submitted to partial removal of carious dentin, 
protection with glass ionomer cement and restoration with resin composite. Radiographic examination and pulp vitality tests were 
performed 12-24 months after cavity sealing and the teeth were not reopened. 

Results: Complete data were available for 16 teeth. One volunteer in the experimental group felt pain during the pulp vitality test 
after 12 months; however, there was spontaneous remission of symptoms and no image suggestive of periapical lesion. No teeth 
presented unsatisfactory clinical and radiographic response to treatment.

Conclusions: The results suggest that partial removal of carious dentin in a single session in permanent teeth could be indicated 
to maintain pulp vitality since no unsatisfactory clinical and radiographic results were shown.
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Introduction
With the development of new adhesive materials and a more 

conservative approach, a new era of minimally invasive dentistry has 
dawned [1]. Also known as Minimal Intervention Dentistry (MID), in 
practice, it seeks to prevent and detect oral diseases at the earliest stage 
in order to minimize invasive treatment; and where clinical intervention 
is indicated, the least invasive restorative technique is used [2]. Thus, 
maintenance of pulpal vitality is the primary objective of conservative 
treatment of deep carious lesion [3] with partial caries removal being 
one of the possibilities of achieving this goal.

Dental caries is an infectious process caused by acids from bacterial 
metabolism diffusing into enamel and dentin and dissolving the 
mineral. There are many possibilities for intervening in this continuing 
process in order to arrest or reverse lesion progression [4] and one of 
these could be to modify the biofilm [5]. At an advanced stage of caries 
a cavitated carious lesion can retain the biofilm and careful brushing 
cannot remove it. Thus, the role of operative dentistry is to restore the 
integrity of the tooth so that the patient can clean effectively [6].

The treatment of deep carious lesions approaching the healthy 
pulp presents the practitioner with a significant challenge, and recent 
concepts in caries management have not yet been adopted in everyday 
practice [7,8]. Although partial caries removal would appear to be 
preferable to complete caries removal in deep lesions, in order to 
decrease the risk of pulp exposure [6,7,9,10], in a recent network survey, 
only approximately 20% of dentists favored partial caries removal 
techniques in deep lesions [11]. Thompson et al. [7] suggested that 
before this concept can be accepted by the dental profession, additional 
clinical trials will be necessary.

In addition to decreasing the risk of pulp exposure, a more 
conservative approach could be a patient-friendly treatment to repair 
the reversible damage of the disease [12]. Furthermore, preventing 

the need for endodontic treatment, which could be the next step after 
pulp exposure, would reduce treatment time and cost. Therefore, in 
community health dentistry, more patients would be treated with the 
same financial resources.

In developing countries, where the financial resources for health 
are limited and the majority of the population depends on the Public 
Health Services, the difficulty of access to specialized treatment is 
considered a risk factor for tooth loss. Patients without alternative 
prefer tooth extraction to enduring the pain. 

However, whilst there is evidence that partial caries removal can be 
the elective treatment, there is insufficient evidence to indicate whether 
it would be necessary to re-enter and excavate further in a stepwise 
excavation [9]. Considering that after sealing, the level of colonization 
in partial caries removal is similar to that in complete caries removal 
for all microorganisms [13-15] and carious lesions can be arrested if 
the restoration margins remain sealed [16,17], the aim of this study was 
to compare the clinical and radiographic outcomes of permanent molar 
teeth with deep lesions after partial caries removal in a single session, 
or complete caries removal and definitive restoration, during follow-
up over a 24-month period. The research hypothesis was that partial 
caries removal in a single session could be indicated for deep lesions in 
permanent molars in adolescents.
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Material and Methods

Ethics
This twenty-four month randomized controlled clinical preliminary 

study was conducted among adolescents residing in Piracicaba, São 
Paulo, Brazil. Approval was obtained from the Ethics Committee of 
the Piracicaba Dental School, University of Campinas (Report No. 
102/2006) and written terms of free and informed consent to participate 
in the study were obtained from the adolescent’s parents.

Sample size
The volunteers of this study took part in a previous study in which 

the prevalence of clinically undetected caries lesions was verified 
in Piracicaba, Brazil [18]. All adolescents that had at least one deep 
occlusal lesion in this previous study were invited to participate in the 
present study.

The following inclusion criteria were applied: adolescents from 12 to 
17 years old, with at least one deep carious occlusal lesion in a permanent 
molar, presenting a radiographic radiolucent image with extension 
equal to or greater than the middle third of the dentin, however, without 
attaining the pulp chamber. Adolescents were not admitted to the study 
if any of the following exclusion criteria were present: proximal, bucco 

lingual or palate lingual lesions and radiographic images suggesting 
periapical lesion in the tooth under study; spontaneous pain or 
exaggerated sensitivity response to vitality tests; insufficient address or 
unwillingness to return for follow-up. Twenty volunteers were screened 
and 11 were found to meet the eligibility criteria (Figure 1). In order to 
diagnose the lesion and include the tooth in the study, periapical and 
interproximal (bitewing) radiographs were taken. 

Randomization 

Adolescents in whom the 18 teeth required treatment had an 
equal probability of being assigned to the two groups. The sample was 
randomized using a random-number table. They were distributed with 
regard to the type of treatment to be performed, which effectively meant 
a total of 9 teeth in the control group and 9 teeth in the experimental 
group (Figure 1). The adolescent who had more than one lesion 
requiring treatment had probability of being allocated to the 2 groups, 
for example, volunteers 1, 6, 7, 8 and 9 (Table 1). 

Restorative procedure

All adolescents were instructed regarding oral hygiene procedures 
and received dental care at the Dentistry Clinic of Piracicaba Dental 
School where this study was conducted. 

Figure 1: Flow diagram of the progress through the study phases according to the CONSORT statement (Moher et al., 2001).
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There was only one trained operator who was an expert in clinical 
treatment. In both groups the area to be treated was anesthetized and 
isolated with a rubber dam. Some of the teeth had no cavity; that is to 
say, the enamel was whole and in these cases, access to the lesion was 
performed with high speed burs.

In the control group, conventional treatment was performed, with 
complete removal of carious dentin (TR) using low speed burs and 
an excavator. The complete removal of carious dentin meant removal 
all of soft tissue until hard dentin was reached. For lining, calcium 
hydroxide cement (Dycal, Caulk/Dentsply, Rio de Janeiro, Brazil) and 
conventional glass ionomer cement (Vidrion F, S.S.White Brazil, Rio 
de Janeiro, Brazil) were used as base. For the definitive restoration, an 
adhesive system and resin composite (Single Bond and Filtek Z 350, 
3M, St. Paul, MN, USA) were used. 

In the experimental group, the carious dentin was partially removed 
(PR) with an excavator for this purpose. The peripheral carious dentin; 
that is, the adjacent walls were completely removed; however, the 

carious dentin on the pulp wall was not removed. Conventional glass 
ionomer cement (Vidrion F, S.S. White Brazil, Rio de Janeiro, Brazil) 
was used for lining, and the definite restoration was performed with 
an adhesive system and resin composite (Single Bond and Filtek Z 350, 
3M, St Paul, MN, USA).

Radiographic follow-up and pulp vitality test

Radiographic follow-up was performed every six months over a 
period of 24 months, and periapical and interproximal radiographs 
were taken. Pulp vitality tests were performed with refrigerated gas 
(Aerojet, Rio de Janeiro, Brazil). These tests were performed in the 
first step before the restorative procedure, and at all the stages of 
radiographic follow-up.

Criteria for clinical and radiographic evaluation

The two types of treatment being studied were evaluated 
clinically according to marginal integrity (MI) and vitality tests (VT); 
radiographically according to eventual changes in periapical tissue (PT) 
and caries lesion (CL). The criteria ranged from the best to the worst 
rating. The result was considered good, satisfactory or unsatisfactory, if 
at least one of the criteria described in Table 2 were present.

Statistical analyses 

The Mann Whitney test was applied to compare the mean follow-
up time between the two groups, using the Microsoft Office Excel 
2003-2007software program.

Results
The characteristics of the sample are shown in detail in Table 1. 

The final sample consisted of 16 teeth in 9 patients, as two volunteers 
withdrew from the research, one being from the control and the other 
from the experimental group. The mean age of the participants was 
15.8 years and the teeth most commonly assessed were 16 and 46 (first 
molars).

Table 3 demonstrates the number of teeth followed-up in each 
group, and the success rate after radiographic and clinical examinations. 
There was no treatment considered unsatisfactory. Only one patient 
reported exaggerated response during the thermal test, however, with 
total remission of symptoms immediately after removal of the stimulus. 

This article was originally published in a special issue, Biomechanics and 
Clinical Dentistry handled by Editor(s). Dr. Kenko Jian-hong Yu, China 
Medical University, China

Volunteer Age Gender Tooth Follow-Up (Month)
1 17 M 17 24
1 17 M 27 24
1 17 M 37 24
2 15 F 47 18
3 12 M 16 18
4 15 M 46 X
5 15 M 36 X
6 12 M 17 18
6 12 M 26 18
7 13 F 46 24
7 13 F 47 24
7 13 F 37 18
8 12 F 27 24
8 12 F 16 24
9 12 F 36 18
9 12 F 46 18
10 12 M 26 12
11 12 F 16 12

Table 1: Characteristics of the sample. Piracicaba, Brazil. 2007.

Criteria

Clinical Radiographic

Marginal Integrity Vitalily Tests Periapical Tissue Caries Lesion

Good Without failure No sensitivity No image suggesting periapical lesion Apparent arrest of the carious process

Satisfactory Partial failure Sensitivity during test with total 
remission of the symptoms No image suggesting periapical lesion Apparent arrest of the carious process

Unsatisfactory Total failure Spontaneous sensitivity Image suggesting periapical lesion Increase of the lesion

Table 2: Criteria for clinical and radiographic evaluation.

Treament group and test
PR TR

RE VT RE VT

N % n % n % N %

Good 8 100 7 87.5 8 100 8 100
Satisfactory 0 0 1 12.5 0 0 0 0
Unsatisfactory 0 0 0 0 0 0 0 0
TOTAL 8 100 8 100 8 100 8 100

Table 3:  Rate of success after radiographic examination (RE) and pulp vitality test (VT) in the experimental group (PR) and control group (TR).
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This tooth (26) was part of the experimental group and it was rated as 
satisfactory response to vitality test. Apart from this case, all other teeth 
treatment were evaluated as good.

In the control group (TR) the mean follow-up time was 21 
(SD=3.21) months and in the experimental group (PR) it was 18.7 
(SD=5.01) months. This difference was not statistically significant 
(p=0.36), data not shown.

Discussion
The findings of this study show positive clinical and radiographic 

outcomes after partial caries removal in a single session, suggesting that 
there is no need for a complete caries removal since this could expose 
the pulp, and it is possible to perform the procedure in a single session. 
The partial removal of carious dentin has been documented [6,19-
23], and indicated as one step of the stepwise excavation procedure. 
However, the need to reopen the cavity has been questioned [9] and 
the results of this study suggest that this is unnecessary in the teeth of 
young patients. These results are in agreement with those of three other 
studies, Mertz-Fairhurst et al. [16] in permanent teeth, Ribeiro et al. 
[24] and Lula et al. [13] in deciduous teeth. 

Cavity sealing after partial removal of carious tissue may modify 
bacterial growth and drastically reduce the presence of cariogenic 
bacteria. Moreover, as seen in this study, their persistence does not 
seem to be a reason for reopening cavities in deciduous and permanent 
teeth after partial caries removal [10,13]. In addition, it does not 
depend on the type of filling material used [16,24,25] because the aim 
is to effectively seal the lesion from the oral environment. Although, 
in this study it was used different pulp treatments according to the 
group (complete or partial caries removal) and it can be considered a 
limitation of the study.

The possibility of indicating partial removal of deep carious lesions 
in a single session, as part of the public service protocol, would bring 
advantages to the patient and the service. The benefit to the patient would 
be a more conservative and simultaneously a less invasive approach to 
caries treatment, reducing widespread anxiety among dental patients 
[12]. As regards the service, decreasing the treatment from two to one 
session would be reduce both time and cost, allowing a larger number 
of patients to be treated, in addition to preventing pulp exposure and 
probably future need for endodontic treatment. Endodontic treatment 
should be indicated when all possibilities of less invasive treatment have 
been exhausted. Hommez et al. [26] demonstrated that when there was 
good coronal restoration in teeth with good endodontic treatment, 
22.5% of these teeth had apical periodontitis. In the mentioned study, 
this means that of the 182 endodontically treated teeth, 41 were 
unsuccessfully treated. 

During the vitality tests, one tooth presented painful symptoms 
after 12 months of the treatment, but the painful sensation ceased 
immediately after the stimulus was removed. In this case, the first 
permanent molar was the affected tooth and the patient was twelve years 
old. The lesion was clinically undetected and could only be diagnosed 
after the radiographic examination. The lesion was soft and wet, as were 
the majority of the lesions included in this study. This symptom could 
be associated with reversible pulpitis. This diagnosis implied that the 
pulp was vital, but had some areas of inflamed tissue that would heal 
after conservative vital pulp therapy [27]. Mild trauma with subsequent 
inflammation can cause small regions of neurogenic inflammation and 
sufficient mechanical damage to stimulate a nerve sprouting reaction 
[28] and thereby possibly cause exaggerated response to vitality tests, 
indicating more severe inflammation than is actually present.

Fifty percent of the teeth treated were clinically undetected lesions; 
this means that the lesions, in which the enamel was apparently intact, 
were detected by radiographic examination and not during visual 
examination. It shows that partial caries removal can be used in both 
clinically undetected and clinically detected lesions.

Five adolescents presented more than one tooth for assessment, so 
that they had the chance to be allocated to more than one group in this 
study, which might represent a limitation, such as the sample size. This 
sample was drawn from an epidemiologic survey that was carried out 
in 3 schools in the municipality, and among the school children who 
was examined; only 20 presented deep caries lesions. It is important to 
mention that of these, five volunteers presented dentin caries lesions 
that affected tooth surfaces other than the occlusal surface, or presented 
established periapical lesions. These volunteers were referred to the 
Faculty clinic for treatment.

Recent concepts, such as partial carious dentin removal have not yet 
been adopted in everyday practice [7,8]. Thompson et al. [7] suggested 
that before this concept be accepted by dental professionals, additional 
clinical trials would be necessary. Therefore, despite the limitation of 
being a preliminary study, our results add evidences to previous studies 
[13,16,24] and provide dental professionals with support to make 
decisions in caries management.

Conclusion
Maintenance of pulp vitality is the primary objective of the 

conservative treatment of deep carious lesions [3]. The results of this 
study suggest that the partial removal of dentin caries in a single 
session in permanent teeth could be the elective treatment to attain this 
objective, since no unsatisfactory clinical and radiograph results were 
shown for both partial and complete caries removal treatments.
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