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Bacterial Distribution in Teeth with Pulp Necrosis

and Apical Granuloma

Francisco Carlos Ribeiro, Alberto Consolaro, Tiago Novaes Pinheiro

ABSTRACT

Aim: To evaluate the distribution of bacteria in teeth with pulp

necrosis and apical granuloma.

Materials and methods: Thirty-two extracted teeth with pulp

necrosis and apical granulomas and 16 cases of isolated apical

granulomas were sectioned and stained with Hematoxylin and

Eosin (H&E) and Brown-Brenn staining for microscopic

evaluation. The specimens were observed as to the location

and distribution of bacteria involved in the process of pulp

necrosis and their relationship with the periapical tooth

structures and soft tissues.

Results: Stainable Gram-positive and Gram-negative bacteria

were found in the entire root canal system. Bacterial biofilms

were detected in 81.2% of cementum root canal, 46.8% in apical

delta, 65.6% at the apical surface and 79.2% of the granulomas

above all the specimens. Bacteria and bacterial biofilms were

present in the entire root canal system of the infected teeth

with apical granulomas.

Conclusion: Our findings suggest that bacterial infections can

reach inaccessible areas to instrumentation.
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INTRODUCTION

Microbial biofilms are a very organized microbial structure

above a determined surface composed of a variety of

different microbial species sharing the same environment

in a synergic, antagonist or symbiotic way. The formation

of biofilms can occur on inert surfaces such as plastic or

metallic and even biologic surfaces like dental, mucosal and

bonny surfaces. As the biofilms thicken and mature, certain

adherent cells proliferate and elaborate exopolysaccharides

until they produce a microcolony in which morphologically

similar ‘sister’ cells are embedded in a thick polysaccharide

matrix. This intercellular ‘gel’ protects the microbial body

against antibodies, complement proteins, leukocytes and

medications. Therefore, the microbial biofilms promotes

protection and subsequent physical-chemical resistance to

bacteria that is related to its structure.1

Considering all sorts of living forms that can be part of

biofilm structure, such as fungus, virus and parasites,2 the

most precise nomenclature form should be ‘microbial

10.5005/jp-journals-10029-1047

biofilm;’ however, ‘bacterial biofilms’ is a very current form

also applied.

Bacteria play an important role in the etiopathogenesis

of pulp and periapical pathologies.3 Infected root canal

treatment consisting of cleaning and shaping reduces great

number of bacteria; however, it does not completely

eliminate them. This bacterial contamination brings about

inflammatory processes, either resorptive or of cellular

biopathology, ultimately leading to necrosis in case therapeutic

measures are not adopted.4

Bacterial seal of the root canal by filling is considered

critical to prevent reinfection of the canal system. Even under

the most ideal conditions, such extracted teeth, root fillings

may not be performed such that leakage of dyes, bacterial

elements and cells are prevented.5-7 A substantial number

of studies support one-visit endodontic therapy.8,9 It is

clinically well known that recurrent or refractory cases

exist.10 The means of dissemination of these microorganisms

in the root canal system and their biological characteristics

are important for the establishment of endodontic therapy

and are directly related to the chance of a successful

treatment.11-13

In this study, we investigated the distribution and

relationship of bacteria and bacterial colonies inside the root

canal system, in the structures of the mineralized root tissues

and periapical granulomas, either in isolation or combined

with the affected tooth. Moreover, an attempt was made to

identify the types of microorganisms related to these

pathological processes by means of Brown-Brenn staining,14

which highlights Gram-positive and Gram-negative bacteria,

besides verification of the means through which they are

related to the tooth structures and in the periapical granuloma.

MATERIALS AND METHODS

Criteria for Sample Selection

A total of 32 dental roots were selected, fulfilling the criteria

which displayed periapical lesions firmly adhered to their

apexes and had been previously microscopically diagnosed

as periapical granulomas; the sample also comprised

16 cases with sections of periapical granulomas, previously

submitted to microscopic evaluation as well. The dental

roots, as well as the periapical granulomas were selected

from the routine archives of the Pathology Laboratory at

Bauru Dental School. Consent for use of tissue from humans

was obtained by a research ethics committee.
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Tissue Processing

The specimens presenting with mineralized structures were

submitted to demineralization with 5% EDTA solution

(pH 7.0). After embedding in paraffin, the specimens were

divided into three groups: (A) comprising 16 teeth with

longitudinally sectioned periapical granulomas, (B)

composed of 16 teeth with transversely sectioned periapical

granulomas; and (C) including 16 periapical granulomas.

The specimens were semiserially sectioned at 5 µm, with

nine additional sections immediately after detection of a

section displaying the root canal lumen continuous with the

periapical lesion. After sectioning and mounting on slides,

two staining methods were employed: Hematoxylin and

Eosin (H&E), for general analysis of the structures;

and Brown-Brenn, for highlighting of bacteria and

bacterial colonies.

Analytic Procedure

Analysis of the results was followed by observation of the

microscopic morphologic findings, which were recorded in

tables and photomicrographed. Phenomena and

morphological aspects that could be recorded were grouped

according to the location, with special emphasis to the dentin

root canal, the dentin in the cementum root canal, the apical

surface and the periapical granulomas. Also the distribution

of bacteria and bacterial colonies involved in the process of

pulp necrosis, as well as their relationship with the periapical

tooth structures and soft tissues and the induction of apical

granuloma in the teeth affected was analyzed.

RESULTS

Distribution of the microscopic findings of the study is

displayed in Tables 1 and 2. The microscopic aspects of the

apical third, its relationship with the periapical granuloma

and the close association with the root canal system are

demonstrated in Figures 1A to D, which highlights the

presence of bacterial colonies inside the root canal lumen,

adhered to Howship’s lacunae at the apical surface, and also

inside the apical granuloma. Morphological analysis of the

inner root surface at the apical third in most specimens

highlights irregularities, with areas of reparative dentin, on

which bacterial niches are frequently found on the structural

defects.

Pulp nodules of different sizes were observed close to

the root canal walls or adhered to them in three specimens.

Table 1: Bacterial distribution according to the study groups, as to their location in the tooth structures and apical granulomas

Bacteria Location Groups Total Percentage (%)

Group A Group B Group C

Root canal Dentin root canal 16 16 – 32 100

Cementum root canal 11 15 – 26 81.2

Apical delta 7 8 – 15 46.8

Dentin Pulp third 6 9 – 15 46.8

Middle third 7 3 – 10 31.2

Surface third 2 3 – 5 15.6

Cementum root canal Lumen 8 15 – 23 71.9

Howship’s lacunae 10 8 – 18 56.2

Cementum 10 8 – 18 56.2

Dentin 4 6 – 10 31.2

Cementoplasty 7 8 – 15 46.8

Apical surface Present 10 11 – 21 65.6

Absent 6 5 – 11 34.4

Granulomas Extracellular 10 15 13 38 79.2

Intracellular 10 15 13 38 79.2

Central 3 5 0 8 16.7

Peripheral 1 3 3 7 14.6

Related to the apex 10 8 0 18 37.5

Table 2: Characterization of the bacteria as to their morphology and characterization, according to the Gram’s method,

in the different structures analyzed

Bacteria specimens Morphology resemblance Types

Cocci Bacilli Spirillum Gram + Gram –

Vibrio

Root canal 31 32 11 32 31

Dentin 29 29 0 29 29

Cementum root canal 25 25 5 25 24

Surface 20 19 2 20 19

Granulomas 38 26 2 38 27



Francisco Carlos Ribeiro et al

88

Figs 1A to D: Microscopic examination of the apical third of tooth

with pulp necrosis and apical granuloma (A). In (B and C) one can

notice bacterial biofilms present inside Howship’s lacunae at the

apical surface and also inside the apical granuloma (D) in a

transversal tissue section (Original magnification: A: 10×, B: 40×,

C: 100× and D: 400×, Brown-Brenn stain)

Figs 2A to E: In (A), the radiograph that came along with one of

the lesions included in this study: a mandible molar with a wide

coronal destruction caused by dental caries before the extraction.

Microscopically, the case was examined and diagnosed as apical

granuloma. The tissue section demonstrates the foraminal area

displaying a bacterial biofilm plugging the apical foramen (B to D).

Magnification of the area showed Gram-positive and Gram-negative

bacteria (E). Original magnification: B: 10×, C: 100×, D: 160× and

E: 1,000×, Brown-Brenn stain

Reparative dentin and areas of dentin and/or cementum

resorption were also found as major factors yielding

morphological irregularities at the apical surfaces and in

the root canal system. Some specimens displayed lacunae

in dentin, either empty or filled by necrotic remnants and/

or bacterial colonies.

The apical root dentin was disorganized in most

specimens, with obliteration of the dentinal tubules by

reparative dentin or cementum. The reparative dentin

induced by bacterial infection exhibits few and irregularly

distributed dentinal tubules, with cellular inclusions in some

cases. The low bacterial density inside the tubules contributed

to preservation of the tubules, with predominance of Gram-

negative species. Five specimens in ‘A’ had their dentinal

tubules obstructed by reparative dentin or cementum

projections at the most apical portion of the root.

The cementum root canal was characterized by the

presence of resorption of varying degree, yielding significant

anatomic alterations and acting as a niche for bacterial

adhesion in the area. On the other hand, the tubules in the

underlying dentin layer were free of bacteria. Two specimens

demonstrated the formation of biofilms plugging the apical

foramen (Figs. 2A to E). Another finding was the

accumulation of neutrophils, attracted by the large amount

of bacteria at the beginning of the root canal system.

Figures 3A to D displays bacterial colonies associated

to the root canal wall, as well as bacterial invasion into

dentinal tubules.

The apical surface exhibited irregularities secondary to

the cementum resorptions, which extended up to the

underlying dentin in some instances and might or not be

filled by predominantly Gram-negative bacterial colonies

comprising an association of bacilli, spirillum and cocci,

with observation of bacterial biofilm adhered to the apical

surface of 17 teeth (Figs 4A to F). The apical dentobacterial

plaque, or apical biofilm, was characterized by the presence

of bacterial colonies inside the root canal and bacteria

located in intracellular vacuoles of macrophages.

The 16 specimens in group A displayed bacterial

colonies containing Gram-positive and Gram-negative cocci

and bacilli, necrotic remnants, besides vegetal cells found

in seven specimens, probably of dietary origin.

A

C

B

D

E

A

B

C

D
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The periapical granulomas adhered to these roots

displayed a concentration of neutrophils close to the apical

foramen and frequently exhibited isolated bacteria or

bacterial colonies in the granulomatous tissue. Moreover, a

close relationship was found between the lumen of the main

canal, the accessory root canals constituting the apical dental,

and the inter-relationship between the lateral root surface

and the periapical granuloma in the 16 specimens in

group B. The openings corresponding to the foramens of

the apical delta were clearly visible in eight specimens.

The periapical granulomas adhered to these roots were

either laterally located or circumscribed the root apexes.

Moreover, in group A, Gram-positive and Gram-negative

bacteria were observed, in isolation and/or in colonies inside

the periapical granulomas. Group C, comprising the slides

of periapical granulomas, aided in the observation of the

organization of the inflammatory infiltrate and tissue

components. The most relevant findings were the concentration

of hyaline bodies of Russell, pseudoxanthomatous cells and

epithelial rests of Malassez, randomly distributed inside the

lesion. As to the presence of bacteria, there was

predominance of Gram-positive bacteria in isolation inside

the granulomas, either in the intercellular spaces or inside

macrophage cells.

DISCUSSION

The presence of a successful root canal obturation demonstrated

to play an important role in the absence of bacteria at the

apical third of teeth, even when satisfactory fillings are

lacking or crown fractures or even caries are observed, as

reported by Ricucci and Bergenholtz.15 Our findings also

led to a low incidence of bacteria inside the tubules at the

apical third of teeth, which may be one of the factors

influencing the high success rates of endodontic treatments.

This observation reinforces the importance of a good sealing,

so that bacteria occasionally remaining inside the dentinal

tubules will have no substrate available for their survival.

On the other hand, if proper root canal sealing is missing

or precarious, bacteria may be observed in all apical areas

and related apical lesions, as in the present study. The

irregularly distributed dentinal tubules found in some cases

may either impair bacterial penetration in the dentinal

Figs 3A to D: Transversal dental section shows bacterial

arrangement inside the root canal in (A). Note in (B) that the

magnification of the area shows a great number of bacterial

colonies well-organized (C and D) the presence of bacterial

profiles inside the dentinal tubules and in the root canal wall.

Original magnification: A: 40×, B: 400×, C and D: 160×, Brown-

Brenn stain

Figs 4A to F: Radiographic aspects of one of the cases studied

(A): a mandible molar with a wide coronal destruction caused by

dental caries before the extraction. Examination of apical tissues

showed bacterial biofilms adhered to the apical root surface,

constituted sessile or free-living bacteria (B and C). E and F: the

magnification demonstrates bacteria interacting with inflammatory

cells inside the lesion. Original magnification: B: 10×, C: 100×,

D: 160×, E and F: 1,000×, Brown-Brenn stain
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tubules or facilitate the housing of bacterial colonies in the

structural defects, whenever present.

Due to the large amount of bacteria present in the

mineralized structures of the roots investigated, especially

inside the main canal, even plugging the apical foramen as

biofilms, this content should be carefully removed. The

importance of root canal instrumentation associated to

irrigants with bactericidal property and low surface tension

in teeth with pulp necrosis must be emphasized. A step

regarded as useful in such situations is the utilization of the

crown-down pressureless technique, since it yields less

extrusion of necrotic and bacterial remnants.

The findings of this study are compatible to those of

Nair,2 who found Gram-positive bacilli inside accessory root

canals. The presence of bacteria inside the dentinal tubules

should also be taken into account, since Gram-positive and

Gram-negative bacteria were found inside the tubules, being

the Gram-negative cocci and bacilli the bacterial

morphotypes resemblance most frequently observed. This

bacterial content acts as a source of infection during or after

endodontic treatment.

The bacterial density inside the radicular tubules was

moderate, compared with the coronal dentin, on which

tubular alterations characterized by ‘varicosities’ are

common in the carious dentin, corroborating the studies of

Akapta and Blechman.16 The possibility of infection after

obturation should be emphasized, especially by bacteria

close to the cementum enamel junction.17 These

microorganisms may even remain undetected upon bacterial

culture of the root canal contents before obturation11 thus,

the bacteria may return to the root canal lumen from the

depth of the dentinal tubules if there are gaps in the obturation.

The present study found a larger presence of bacteria in

the cervical and middle thirds when compared to the apical

third based on the low bacterial density observed in the

internal root surface, and inside the dentinal tubules. Love13

had similar findings and suggested a clinical approach with

minimum apical preparation with wider coronal

instrumentation. The clinical practice based on this fact shall

promote the reduction or elimination of bacteria from the

pulp cavity and removal of the substrates they need.18

Bacteria and bacterial biofilms were also found in 81.2%

of the cementum root canals and in the apical delta 46.8%.

These findings indicate that insufficient cleaning of the

apical third might be the reason for many clinical failures

due to the great anatomical complexity of the root canal

system. Considering these findings, it is very advisable to

agree with Nair19 that microbial agents can stay located in

the uninstrumented recesses of the main canals, the isthmus

communicating between them, and in accessory canals.

Inflammatory resorptions associated to the chronic

periapical pathologies were found in most specimens, in

agreement with previous authors.12,20,21 Verification of the

presence of Gram-positive cocci and bacilli in lacunae left

by the disorganized deposition of reparative dentin and in

areas of resorption of cementum and root dentin corroborates

the findings of Lin et al.12 Siqueira and Rôças,20

demonstrated the presence of infected debris inside the root

canal and in the vicinity of the apical foramen.

Light microscopy revealed bacteria close to the apical

surface of 21 specimens of groups A and B. Such findings

are concordant with the investigation of Tronstad, Barnett

and Cercone,21 who observed bacteria at the apical surface

of 10 teeth with chronic lesions persisting after endodontic

treatment. Tronstad, Kreshtool and Barnett22 confirmed the

presence of biofilm, or dentobacterial plaque, firmly adhered

to the apical root surface.

Bacteria were found in 38 samples out of the 48

periapical granulomas analyzed, either in isolation,

organized in colonies, freestanding at the extracellular

spaces or inside macrophage cells. The Brown-Brenn

staining revealed predominance of Gram-positive and Gram-

negative cocci and bacilli. Winkler, Mitchell and Healey23

found similar results in 15 extracted teeth with lesions

adhered to their apexes, observing a uniform distribution of

bacteria with mild to moderate concentrations, with

prevalence of Gram-positive cocci and bacilli. Tronstad and

Sunde24 suggest that a periapical endodontic lesion is not

as hostile to microorganisms as many have thought,

indicating that an infection might not be limited to the root

of the tooth, but include the periapical lesion as well.

Differently than the present study, Langeland, Block

and Grossman25 found microorganisms in just one out of

35 biopsies analyzed. The small amount of microorganisms

observed in the apical region and periapical granulomas in

some investigations may be due to technical limitations.

The highest difficulty found in the utilization of the

Brown-Brenn staining lies in the observation of Gram-

negative bacteria, which are often not or mildly stained.

The cumulative effect of the chemicals employed for

specimen processing leads the tissues to lose their staining

affinity with the Brown-Brenn staining,26 and these limitations

may yield erroneous or poorly sensitive outcomes.

It may be undoubtedly concluded that utilization of a

method with higher sensitivity would add much value to

this study, e.g. the method of in situ hybridization for

identification of RNA in prokaryotic cells for bacterial

identification, or methods of immunohistochemical

staining.27 Despite these limitations, the results presented

and discussed demonstrated to be compatible with those
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obtained by other authors10,21,22,26,28 employing the same

method of tissue staining. Utilization of culture amplification

methods, such as the PCR, would not bring further benefits,

since it would not provide the location of the microorganisms

present, which was one of the main objectives of this study.20

CONCLUSION

This study demonstrates the distribution of bacteria and

bacterial biofilms in the entire root canal system of

infected teeth with apical granulomas. In biofilm,

different gradients of Chemicals, nutrients and oxygen

create microenvironments to which microorganisms must

adapt to survive.29 These findings suggest that bacterial

infections are capable to reach inaccessible areas that

cannot be removed by contemporary instruments and

irrigation alone.
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