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abstract

Introduction: Despite the evolution in the strategies used to prevent 

and treat dental caries, no consensus exists regarding the relation-

ship among caries depth and bacterial contamination. Objectives: 

To analyze the depth of the carious lesion after clinical removal of 

carious dentin, and assess the presence, location and distribution of 

microorganisms in the dentinal tubules, in different degrees of the le-

sion depth. Methods: 20 carious human premolars were evaluated 

to determine the relationship among bacterial invasion and clinical 

carious degree using Brown and Brenn’s bacterial stain. The data 

were subjected to Pearson’s correlation coefficient. Results: The 

correlation between the number of microorganisms found within the 

different caries degrees was considered slightly positive (r = 0.038). 

No correlation between the distribution and the location of microor-

ganisms in different caries degrees was verified. Conclusion: The 

presence of microorganisms in critical areas, such as the enamel-

dentin junction and in the deeper cavity floor suggests the influence 

of anatomical characteristics on caries pathology.
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Introduction
When analyzing dental caries from a historical 

perspective, it can be seen the evolution in strategies 
used to prevent their development and the therapeu-
tic strategies for treating them.1,2 However, no con-
sensus exists regarding the caries depth and the ac-
curacy in diagnosis methods3,4 or bacterial infection.5 
Consequently, there are different approaches to treat-
ing dental caries. 

The characteristic of carious dentin is a point 
of great controversy among researchers which in-
fluences the therapeutic strategy to be adopted.5,7,8 
Appraisal of dentinal color and hardness — both of 
which are criteria for diagnostic procedures — is sub-
jective, even when detector dye is used during caries 
removal.7,9 Despite these parameters do not allow an 
accurate assessment of the degree of bacterial infec-
tion and pulp injury, they are commonly used to sup-
port any particular intervention.9,10 

Although some studies point out that black or dark 
brown stained dentinal tissues generally indicate in-
fected tissue, other studies report that natural stains 
do not always show significant amounts of bacte-
ria.7,9,10 Inspite of the difficulties in distinguishing the 
clinically affected dentin, the presence of microor-
ganisms in dentinal tubules when caries are present 
is well established.11,12

Several investigations were conducted to evaluate 
the microbial status of deep dentinal caries and the 
possible effects of these microorganisms in intact or 
decalcified dentin, as well as in the dental pulp.5,7,13 
Though there is no consensus on the activity of re-
maining microorganisms inside the dentinal tubules, 
studies using bacteriological and histological meth-
ods have reported the persistence of bacteria in den-
tin even after the clinical removal of caries.5,8,14

The existing controversy regarding microorganism 
viability in relation to the demineralization of dentin, 
its location, and pulp response5,11 leads to an increase 
in acceptance of the minimal-intervention dentistry 
observed in recent years.7,9 A greater understanding 
of the impact of specific carious sites on tooth pa-
thology (as well as the relationship between bacterial 
penetration inside dentinal tubules and the clinical 
diagnosis) may help in making treatment decisions.

Hence, it was considered worthwhile to exam-
ine the remaining dentin of freshly extracted human 

premolars after clinical removal of carious dentin for 
the presence, location, and distribution of microor-
ganisms in the dentinal tubules in different degrees 
of lesion depth. It was hypothesized that the site and 
depth of the caries are strictly related to bacterial 
invasion inside dentinal tubules. The null hypothesis 
was that bacterial invasion of dentinal tubules is un-
related to clinical diagnosis of caries, using color and 
hardness criteria after excavation. 

Materials and methods
In this study, 20 human upper premolars presenting 

proximal and/or occlusal caries recently extracted from 
20 to 40 year-old patients for orthodontic or periodontal 
reasons were used (Table 1). The caries removal was 
done by a single calibrated operator. The bulk of carious 
dentin was removed using hand instruments followed by 
round low-speed burs (#2, #3, or #4). Throughout the 
entire clinical procedure, the cavity was irrigated with a 
saline physiologic solution. Carious tissue removal was 
considered complete when a probe running through the 
cavity floor demonstrated presence of hard dentin. The 
teeth were then split longitudinally in the mesiodistal di-
rection using a sterile diamond disk under a jet spray 
of distilled water, taking care to reach both caries and 
pulp in the same cut. The hemi-split teeth were evalu-
ated taking into account the enamel caries, and fixed in 
10% buffered formalin solution for 24–48 hours. 

The specimens were processed for routine histo-
logical examination, serial sections were cut with the 
microtome set at 5 µm thickness, and care was taken 
to obtain the whole carious lesion and the adjacent 
pulp tissue starting from the surface of each half of the 
tooth. Alternate slides were sequentially stained with 
Hematoxilyn-Eosin, for general examination, and mod-
ified Brown and Brenn technique for bacteria stain.15 

Analysis of Bacterial Stain and 
Carious Degree

In this study 60 surfaces (proximal and/or occlu-
sal) of 20 specimens were evaluated. The caries de-
gree was established after carious tissue removal by 
a single calibrated operator, according to the scores 
previously defined by Biffi et al:16 Absence of cavities 
(0), enamel caries (1), shallow cavity with up to 1/3 
of dentin compromised (2), average decay up to 2/3 
of dentin compromised (3), deep cavity with up to the 
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entire dentin compromised but no evidence of pulp 
exposure (4), and pulp exposure (5).

The presence or absence of microorganisms in 
dentinal tubules, the depth of penetration (superfi-
cial or deep), and the location of bacterial niches 
were evaluated.

For statistical analysis, the Pearson coefficient of 
correlation was used (-1 ≤ r ≥ +1) for the qualitative 
variables, presence of microorganisms, location in 
the enamel-dentinal junction and pulp floor, and car-
ies degree, to discover a possible positive, negative, 
or faintly positive correlation. 

Results
Of the 60 surfaces (proximal and/or occlusal) of the 

20 evaluated specimens, 37 were clinically diagnosed 
as decayed: 10 were of Degree 1, 10 of Degree 2, 8 
of Degree 3, 5 of Degree 4, and 4 of Degree 5. Table 
1 summarizes the number of cases evaluated, caries 
depth, microorganisms found in dentinal tubules, and 
observations concerning the depth and location of the 
microorganisms in the cavity. In the 10 Degree 1 car-
ies, the presence of microorganisms was detected in 
just 1. In cases 5, 8, and 10, even with loss of dentinal 
content, contaminated dentin was not detected. In the 
remaining specimens, in at least 1 of the carious sur-
faces per tooth, the presence of microorganisms inside 
the dentinal tubules was observed (Fig 1). 

The correlation between the number of microor-
ganisms found within the different caries grades was 

Table 1. Number of teeth (cases), caries depth*, microorganisms found in dentinal tubules and observations concerning the depth and location in 

the cavity. (M = Mesias surface. O = Occlusal surface. D = Distal surface)

Case
Carie Depth* Detected 

Microorganisms Observations
M O D M O D

01 0 1 0 x Shallow penetration in the dentin-enamel junction (Fig. 1A-F).

02 2 0 1 x (M) Deep penetrating the floor of the cavity and dentin-enamel junction.
(D) Not detected (Fig. 2).

03 2 0 1 x (M) Penetration on the floor surface and enamel-dentin junction. (D) Not detected.

04 1 0 4 x (M) Not detected. (D) Penetration in the floor surface.

05 2 0 0 Microorganisms undetected.

06 4 0 3 x x (M and D) Penetration on the floor surface and enamel-dentin junction.

07 3 0 3 x (M) Penetration on the floor surface and enamel-dentin junction. (D) Not detected.

08 3 0 0 Microorganisms undetected.

09 3 0 2 x (M) Penetration on the floor surface. (D) Not detected.

10 2 0 0 Microorganisms undetected.

11 3 0 1 x (M) Deep penetrating the floor and dentin-enamel junction. (D) Not detected.

12 2 3 1 x x (M) Deep penetrating the floor and dentin-enamel junction. (O) Penetration surface under 
restoration. (D) Not detected (Fig. 1G-K).

13 3 0 2 x (M) Penetration on the floor surface and enamel-dentin junction. (D) Not detected.

14 1 0 1 Microorganisms undetected.

15 1 0 1 x (M) Penetration at dentin-enamel junction. (D) Not detected.

16 5 0 2 x (M) Not detected. (D) Penetration in the floor surface and enamel-dentin junction (Fig. 3A-F).

17 4 0 4 x x (M and D) Penetration in the limit of dentin-enamel junction.

18 5 0 4 x x (M) surface penetration on the floor and walls of the pulp chamber. (D) Penetration in the 
floor surface.

19 2  5 x x (M and D) Penetration on the floor surface and enamel-dentin junction (Fig. 3G-N).

20 2 0 5 x (M) not detected. (D) Deep penetrating the floor and dentin-enamel junction.

* 0 = No caries, 1 = caries in enamel, 2 = shalow caries involving 1/3 the thickness of dentin, 3 = average decay involving 2/3 the thickness of dentin, 

4 = deep cavity involving 3/3 the thickness of dentin without pulp exposure, and 5 = pulp exposure.
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Figure 1. Illustrative images of cases evaluated in current research. Case 1 (A-F). A – Radiograph, diagnosis hypothesis – absence of occlusal caries. B 

– Longitudinal cut of teeth at center of pulp. Enamel caries evidence. C) Negative image of hemi-section, enamel caries confirmation. D) Microorganisms 

in dentin, subjacent to enamel caries (Brown e Brenn; original mag. 100X). E) Microorganisms in dentinal tubules after enamel caries removal (Brown 

e Brenn; original mag. 1000X). F) Microorganisms distribution, superficially (Brown e Brenn; original mag. 1000X). Case 12 (G-K). G - Radiograph, 

diagnosis hypothesis – proximal caries and occlusal amalgam. H) Microorganisms in mesial and occlusal surfaces subjacent to the amalgam restoration 

(Brown e Brenn; original mag. 100X). I) Longitudinal cut of teeth at center of pulp. Buccal hemi-section I1) and lingual hemi-section (I2). J) Deep 

penetration (conical shape) of microorganisms in dentinal tubules after caries removal (Brown e Brenn; original mag. 400X). K) Higher magnification of 

H (circle) (Brown e Brenn; original mag. 400X).

considered faintly positive (r=0.038). This statistical 
finding confirms that the location and distribution of 
microorganisms in the dentinal tubules were varied 
and independent of the caries depth.

When the correlation between microorganisms 
found in different caries degrees and their distribu-
tion (superficial or deep) and location (enamel-dentin 

junction and pulp floor) was established, the null cor-
relation was verified, demonstrating that the location 
and distribution of microorganisms in areas consid-
ered critical in this study did not correlate to caries 
depth. Figures 2 and 3 illustrate the lack of correla-
tion between the location of the microorganisms and 
classification of carious lesions.
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Figure 2. Illustrative images of cases evaluated in current research. Case 2 (A-G). A) Longitudinal cut of teeth at center of pulp. Hemi-section 

showing caries evidence at the bottom of cavity. B) Photograph of proximal caries. C) Photograph after caries removal. D) Radiograph, diagnosis 

hypothesis – deep proximal caries. E) Microorganisms in dentin (circle) (Brown e Brenn; original mag. 100X). F) After caries removal, deep penetration 

of microorganisms in dentinal tubules (Brown e Brenn; original mag. 100X). G) Higher magnification of F. Deep penetration in dentinal tubules (arrow) 

(Brown e Brenn; original mag. 400X).
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Figure 3. Illustrative images of cases evaluated in current research. 

Case 16 (A–F). A) Microorganisms at the enamel-junction, lower 

border of cavity; homogeneous distribution of microorganisms (arrow) 

(Brown e Brenn; original mag. 100X). B) Distal, Mesial caries with 

pulp exposure (HE; original mag. 100X). C) Radiograph, diagnosis 

hypothesis – proximal (M and D) caries. D) Longitudinal cut of teeth 

at center of pulp. Hemi-section showing cavity after caries removal. 

E) Higher magnification of B; pathologic pulp exposure (H.E. original 

mag. 400X). F) Dentinal chips in pulp chamber after caries removal 

(H.E. original mag. 400X). Case 19 (G-N). G) Hemi-section, presence of 

distal caries with pulp exposure. H) Radiograph, diagnosis hypothesis 

– proximal (M and D) deep caries. I) Pulp exposure  (HE, orig. mag. 

100X). J) Presence of contaminated dentine spicules (arrow) (Brown 

and Brenn. original mag. 10X). K) Higher magnification of K, (Brown 

and Breen. original mag. 400X). L) Generalized contamination of the 

dentinal tubules; (Brown and Breen. original magnifying 100X). M) 

Presence of microorganisms of the enamel-dentin junction; (orig. 

mag. 400X). N) Presence of microorganisms in the morphologically 

unchanged tubules, (Brown and Breen. original magnifying 1000X).
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Discussion
In the present study the null hypothesis was ac-

cepted: That the presence, location, and distribution 
of microorganisms in dentinal tubules is unrelated to 
clinical diagnosis of caries after removal. This find-
ing may have clinical implications and may help clini-
cians understand the differences on caries pathology 
and its relation to the site.

The destination of the remaining microorganisms 
in dentinal tubules is thought to be suspicious12 and 
there are directed researches to speculate whether 
the persistence of microorganisms after caries re-
moval could contribute to lesion progression and 
affect the prognosis of treatment.8,14 Although pa-
rameters related to caries inactivation with the ini-
tial excavation procedure has not been the focus 
of this study, we recognize the importance of such 
analysis to assess the effectiveness of indirect pulp 
treatment.5 For this purpose, several bacteriological 
studies have been conducted to evaluate what kind of 
bacteria predominates in lesions of different depths 
and if these remain viable after conservative restor-
ative procedures.5,8,11,14,15

Taking into account the fact that dentinal tubules run 
from the enamel-dentin junction to the pulp and have 
variable specific characteristics, depending on the ana-
lyzed area,17,18,19 we chose to assess the pulp floor and 
the enamel-dentinal junction, which are considered crit-
ical areas.20 According to Garberoglio and Brännström,17 
microorganisms located in the deeper layers of the pulp 
floor are not affected by isolation from the oral environ-
ment. They will stay alive and may have the potential 
to continue the carious process regardless of the type 
of restoration base or sealant used. The enamel-dentin 
junction is easily permeated by metabolic residue diffu-
sion, enzymes, bacterial toxins, and poisonous compo-
nents of restoring materials20,21 which can continue the 
carious process.

In present study, microorganisms were detected in 
the enamel-dentinal junction, showing both superfi-
cial and deep penetration. They were also detected 
under unsupported enamel, which functions as a bac-
terial niche, compromising the restoration by interfer-
ing with the marginal seal. Figure 3 (case 16) shows 
microorganisms in the enamel-dentinal junction. This 
study also demonstrated the presence of microor-
ganisms under amalgam restoration in the occlusal 

surface (Fig 1, case 12). However, it is not possible to 
determine if they came through the tooth-restoration 
interface or if they were already superficially estab-
lished in the dentinal tubules when the loss of enamel 
occurred. Furthermore, it takes special importance 
the persistence of microorganisms into dentinal tu-
bules, even after the removal of carious tissue and 
tooth restoration.

The bacterial stain also demonstrated that bacteria 
persisted in dentinal tubules, and there was not always 
a correlation between the location of the microorgan-
isms and carious lesions clinically classified as shallow, 
verification extended to the other caries grades. Fig-
ure 2 (case 2) confirms this finding. Another important 
finding was that caries removal based on clinical cri-
teria (such as hardness and color of the dentin) does 
not guarantee total elimination of microorganisms and 
a healthy pulp, because dentin remains contaminated, 
as it has been verified by several publications.14,22,23 In 
addition, the clinical evaluation of dentin can vary ac-
cording to the tactile and visual criteria inherent to 
each investigator, usually guided by his or her own 
sensorial responses and clinical experience, which 
motivates speculation regarding the persistence and 
location of microorganisms in dentinal tubules. The 
findings in this research confirm these statements. Fig-
ure 1 (case 1) demonstrates that, although caries had 
been clinically diagnosed as enamel caries only, it was 
histologically observed that microorganisms were al-
ready invading the tubules on the dentin surface.

Pulp exposure may result from clinical deep cari-
ous excavation, and preservation of the pulp tissue be-
comes challenging because the actual pathologic con-
dition cannot be clinically established. Furthermore, 
contaminated dentin debris may fall into the pulp 
chamber, compromising the tissue, as demonstrated in 
Figure 3 (case 19). The presence of microorganisms 
deeply embedded in dentinal tubules of morphologi-
cally unaffected dentin is also demonstrated in this fig-
ure. Clinical examination by the professional will give 
the impression of healthy dentin because of its hard-
ness. Figure 3 (case 16) shows pulp exposure on the 
distal surface and no contaminated dentin chips in the 
pulp space in a tooth where the caries was clinically 
classified as grade 2, while the mesial surface shows 
microorganisms in the entire cavity floor. This is a con-
dition that is impossible to diagnose clinically.
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On the other hand, the absence of bacteria in 16 
analyzed surfaces (43.25%, Table 1), which were clini-
cally classified as having caries and having evidence 
of loss of dentinal content under microscopic exami-
nation, does not assure the sterility of dentin or the 
complete clinical removal of caries. It can be specu-
lated that the process of demineralization may inter-
fere with the visualization and characterization of the 
microorganism. There are reports24 showing a severe 
reduction in number and in the staining capacity of 
Gram-positive bacteria when formic acid is used for 
decalcification. However, other methods commonly 
used in research, such as Polymerase Chain Reaction 
(PCR) or culture of the samples, also have limitations 
and would not be able to determine the presence or 
absence of microorganisms in the pulp wall – which 
is one of the objectives of the present study. 

It was observed in this study that bacteria were 
located in the dentinal tubules morphologically un-
affected, and penetrated following their curvature, 

becoming a cone in occlusal caries extending in an S 
form in sections of interproximal caries. In areas of 
superficial penetration, the microorganisms followed 
the dentinal tubules toward the pulp cavity and dis-
persed alongside in the intertubular dentin. In deeper 
penetration areas, some microorganisms dispersed 
only near the dentinal tubules, which is a histological 
finding in agreement with the study by Ozaki et al.25

The present study substantiates this problematic 
theme by demonstrating the presence of microorgan-
ism in areas considered critical, such as the enamel-
dentinal junction and the deep cavity floor; and the 
microorganisms persisted regardless of the caries 
grade. Though these data are supported by current 
literature, studies of this nature contribute to a better 
understanding of the process and to improving the 
care to be taken during any clinical management. We 
suggest further studies combining different method-
ologies for a better understanding both of the con-
taminated dentin and of the pulp response.
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