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PRESENCE OF BACTERIA IN DENTINAL TUBULES
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ABSTRACT

T his study demonstrated that a significant number of bacteria is present in the radicular dentinal tubules of periodontally
diseased human teeth. Ten periodontally diseased teeth were prepared and stained by Brown and Brenn technique for
histological examination. Bacteria were detected in all teeth. It is suggested that bacteria may invade dentinal tubules exposed
to periodontal pocket and are very hard to be eliminated by conventional mechanical and chemical periodontal therapy.
Contaminated dentinal tubules of periodontally diseased teeth can thus act as active bacterial reservoirs to promote recolonization
of mechanically treated root surfaces, which could interfere with the periodontal healing and progression of the disease.
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INTRODUCTION

Since bacteria gain access to the periodontal pocket, they
can invade the epithelium, connective tissue and radicular
hard tissue, such as cementum and dentin, of periodontally
diseased teeth!>!'¢!® These sites can serve as bacterial
reservoirs from which periodontal bacteria recolonize root
surfaces after periodontal therapy'®.

Dentin is one of the most important root structures that
permits bacterial invasion. Depth of bacteria penetration into
the dentinal tubules is variable and frequently cannot be
reached by mechanical periodontal therapy. Bacterial invasion
of dentinal tubules commonly occurs when dentin is exposed
following a breach in cementum integrity during periodontal
disease'"!!. Bacterial products can diffuse through the
dentinal tubules towards the periodontal pocket and produce
inflammatory changes that will influence periodontal repair
and may be responsible for persistence of the periodontal
infection.

This study was undertaken in an effort to discuss the
importance of dentinal tubule invasion by bacteria originating
from periodontal pockets in periodontally diseased human
teeth.

MATERIALAND METHODS

The experimental group consisted of 10 periodontally

diseased human teeth with extensive loss of periodontal
supporting tissue, which were extracted from 10 fifty-year-
old male patients, randomly selected from a private dental
office. All participants were fully informed on research
purposes and methodology and signed an informed consent
form for participation in the study.

All extractions were performed under local anesthesia.
Care was taken to avoid mechanical damage to root surface.
Immediately after extraction, blood and saliva were removed
by rinsing the teeth with sterile saline. No scaling or root
planing were performed.

The specimens were fixed in a 10% neutral buffered
formalin solution and decalcified in formic sodium citrate acid.
Root segments were prepared for histological analysis in the
usual manner, i.e., paraffin embedding, serial sectioning to an
average thickness of 6 um and staining by the Brown and
Brenn technique®.

RESULTS

Bacteria were identified in all analyzed histological
sections.

The histological examination of periodontally diseased
human teeth demonstrated that loss of cementum due to
periodontal disease exposed the dentinal tubules, allowing
penetration of bacteria. Bacterial invasion in dentin occurred
to such a depth that would be hard to reach by periodontal
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FIGURE 1- A — A survey view of the segments of the roots. B — The loss of cementum exposes dentinal tubules, allowing
bacterial invasion of dentin. C — The bacteria are in depth in the dentin that is difficult to be eliminated by using periodontal
mechanical therapy (original magnification, x4(A), x10(B), x40(C)

FIGURE 2-When cementum is present over the dentin layer
no contamination was observed in dentinal tubules
(original magnification x 10)

therapy (Figure 1).
No contamination was observed in dentinal tubules when

cementum was present over the dentin layer (Figure 2).

DISCUSSION

An essential change in the bacterial flora of the gingival
margin during plaque development is necessary to produce
clinical gingivitis. Nevertheless, gingival alterations are
dispersed throughout the dentition, and the time required to
develop clinical gingivitis varies considerably, despite the
fact that bacterial colonization of gingival margin is almost
the same in any individual'”.

Although there is a general agreement that bacteria
colonizing and growing at the gingival margin in the gingival
sulcus cause inflammation, the mechanism that conducts
gingivitis to periodontitis is not completely understood'”?".
It seems that gingivitis is almost always dependent on
endogenous bacterial plaque accumulation and probably
aggressive anaerobic bacteria are not predominant in the initial
phase of periodontitis. On the other hand, in the periodontal
pocket, exogenous anaerobic bacterial plaque is always
present and predominant'®.

As plaque age increases, alterations occur in the relative
composition of the bacterial flora. Nevertheless, other
etiologic factors have necessarily to act together with bacteria
in order to induce periodontitis only in a determined tooth or
tooth region'*!”. Indeed, pocket depth varies in the same
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diseased individual. This means that if periodontal pocket
were promoted only by bacteria, periodontal disease would
probably be active in all teeth at the same time, producing the
same pocket depth with the same bacterial plaque, or only in
areas with poor plaque control. The multifactorial etiology of
periodontal disease, however, clearly indicates that bacteria
alone are not sufficient to produce periodontal pocket. It seems
that the initial phase of destructive periodontitis is dependent
on the association between endogenous bacteria and other
etiologic factors to produce the ideal environment as
periodontal pocket to be infected by exogenous anaerobic
bacteria. In fact, periodontal disease produces destruction
and deep pockets only in some regions (i.e., around a single
tooth, in an interproximal space or at one side of a single
tooth), which are under influence of other predisposing
etiological factors™*. It is thus difficult to find generalized
destruction caused by periodontal disease in all teeth of the
same patient'>?!,

When severe periodontitis-induced loss of supporting
bone is localized in one tooth, the bacterial species involved
in this deep pocket are very different from those of the
gingival sulcus of the adjacent teeth!®17:20232426 " Thig
phenomenon may be attributed to the fact that contaminant
bacteria require an anaerobic favorable environment, such as
periodontal pocket, to survive.

When an established gingivitis becomes a destructive
periodontitis, pocket formation is the most important clinical
and pathological alteration associated with inflammatory
periodontal disease?. In this stage, etiologic factors of
periodontal disease could change mainly the contaminant
bacteria that colonize periodontal pockets, as a result of
repeated infection by the various species or combinations of
species. Considerable variation has been reported in the
profile of bacterial species present in subgingival plaque
samples from different individuals and from sites of the same
individuals. Discreet complexes of bacterial species have been
described in association with periodontal disease status and
progression®. Plaque samples from periodontally healthy
subjects consist largely of Gram-positive aerobic species'®.
A shift towards increasing numbers of Gram-negative species
occurs in samples from subjects with plaque-induced
gingivitis?®, The flora associated with periodontitis is
predominantly Gram-negative, anaerobic and motile®.
Colonization with a specific periodontal pathogen seems
necessary but not sufficient for periodontal disease
progression, since most colonized sites remain quiescent for
long periods®*. However, some of these Gram-negative
anaerobic or facultative anaerobic bacterial species
themselves may destruct host defensive cells®.

Periodontal tissues are destructed during the short
inflammatory acute phase of periodontitis. However, the most
prevalent inflammatory phase is chronic and reparative®,
which always allows repair of the attached connective tissue
zone that separates the underlying destructed alveolar bone
from the apical end of the pocket epithelium, and also permits
repair of the cortical bone inside the bone defects created by
periodontal disease'?. Because of this reparative process,
osseous graft surgical procedures require mechanical

debridement with curettes and fine rotary instruments in order
to promote an intra-marrow penetration into periodontal bone
defects, allowing the vascularization ingress and access to
osteogenic bone cells in the marrow bone and periodontal
ligament before grafting®.

Periodontal disease is more quiescent than destructive
most part of the time. Although several bacteria that act as
primary etiologic factors are present in a stable periodontal
pocket, it is likely that they can only restart periodontal
destruction if the bacteria-induced inflammatory acute phase
occurs at exactly the same time as the inflammatory acute
phase determined by other predisposing etiological active
factors. All these inflammatory acute processes must act
simultaneously to alter the zone of gingival attached
connective tissue (biological width), which is the main barrier
against destructive phase of periodontal disease. To be
coincidental, these acute phases could be aided by other
debilitating conditions, such as alterations in host defense
mechanisms or even systemic, emotional and local factors.

Bacteria may be inaccessible to mechanical periodontal
therapy® in concavities, lacunae and especially in dentinal
tubules. Dentinal tubules’ microflora associated with a
periodontal pocket could act as a reservoir for pocket
recolonization!>!!. Most species retrieved from radicular
dentin are Gram-positive bacteria, such as P. micros, S.
intermedius, A. naeslundii, with smaller numbers of Gram-
negative organisms, such as P. gingivalis, P. intermedia,
Bacteroides forsythus, F. nucleatum and V. parvulla®.

Bacterial invasion of dentinal tubules commonly occurs
when dentin is exposed following physicochemical and
structural alterations of the cementum, such as localized
resorptive lacunae or demineralization promoted by bacterial
enzymes and acidic metabolites®. The depth of bacterial
invasion in dentin, which depends in part on the dentinal
tubule diameter, may be of such an extent that cannot be
reached by conventional mechanical and chemical periodontal
therapy.

Bacteria that are able to invade radicular dentin tubules
from the periodontal pocket may release bacterial products
that diffuse through the dentinal tubules towards the pocket
and evoke an inflammatory response, contributing to infection
persistence'>. The conditions under which established but
stable periodontitis develops into destructive periodontitis
are among the most interesting research issues of
periodontology because, in some cases, periodontal lesions
remain quiescent for a long time, while in others they cause
aggressive breakdown'6%,

This study discussed about bacteria, which are primary
etiological factors of periodontal disease and will always be
present in the mouth, having the potential to invade dentinal
tubules during periodontal disease and being hard to eliminate
in some cases. However, in spite of the persistence of bacteria
in the periodontal tissues, periodontal disease may either be
stable and quiescent or cause destruction, depending on
whether or not other predisposing etiologic factors act
together with the pathogens to develop a coincidental
inflammatory destructive acute phase. Preventing and treating
periodontitis are thus of key importance to understand,

207



208

PRESENCE OF BACTERIA IN DENTINAL TUBULES

diagnose, control and/or eliminate bacteria and other
predisposing etiologic factors implicate in this disease.

CONCLUSIONS

Bacteria may invade dentinal tubules exposed to
periodontal pocket and are very hard to be eliminated by
conventional periodontal therapy. Contaminated dentinal
tubules of periodontally diseased teeth can thus act as active
bacterial reservoirs to promote recolonization of mechanically
treated root surfaces, which could interfere with the
periodontal healing and progression of periodontal disease.
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