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INTRODUCTION

ABSTRACT

Background: The cementodentinal junction (CDJ) forms a biological and
structural link between cementum and dentin. This biological link is regarded
as a distinct tissue in its own right. Certain important proteins responsible for
periodontal regeneration are said to be present in this tissue. Few studies
have described the structure and composition of this layer by light and electron
microscopy. Scanning electron microscopic studies pertaining to CDJ in
health and disease are few and documentation of periodontal pathological
changes of CDJ is unclear. In the first phase of our study, the collagenous
architecture of CDJ of healthy teeth has been reported. Aim: The objective
of this study is to observe and report periodontal pathological changes in
the fibrous or collagenous architecture of CDJ of periodontitis-affected
teeth and discuss the probable clinical implications of CDJ in disease.
Materials and Methods: Twenty periodontitis-affected teeth were collected
and processed for observing under a scanning electron microscope. Results:
The results are as follows: Increased width of interface at CDJ in periodontitis
samples (7.1 n) compared to that of healthy samples; fewer areas of fiber
intermingling at CDJ in periodontitis samples as compared to healthy samples;
frequent detachment of cementum from dentin during sodium hydroxide
maceration of samples. Conclusion: It may be inferred from results that there
is a possibility of a definite weakening of CDJ in periodontally affected root
surfaces and we believe that clinical procedures such as scaling and root
planning may have a detrimental effect on the cementodentinal attachment of
periodontally involved root surfaces.

Key words: Cementodentinal junction, cementodentinal junction width,
sodium hydroxide maceration

either cementum or dentin.’®” This junctional tissue plays
an important role in periodontal regeneration and it is

Cementodentinal junction (CDJ) is the area at the interface
between cementum and dentin.*? The attachment of
cementum to dentin is said to be due to the presence of
adhesive proteoglycans primarily and secondarily due to fiber
intermingling fortified by mineralization.

Studies on CDJ have proved that this junctional tissue is
a distinct tissue in its own right."*> The tissue is atubular,
has a unique organic matrix and is more mineralized than
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therefore imperative to develop a detailed understanding of
its architecture.

Pathological changes during periodontitis affect this junctional
tissue. Pathologic granules have been reported at or near the
CDJ in periodontally exposed root surfaces.® These granules
are also reported to be absent in health. Sites at or near the CDJ
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are said to be rich in unmineralized collagen and degradation
of this collagen by bacterial toxins penetrating the surface
of roots is said to be the etiology of the observed pathologic
granules.’54

Pathological granules, which are vacuoles due to collagen
degradation, are purely light and electron microscopic
observations of undemineralized teeth. Studying the
collagenous architecture of demineralized teeth is likely to
throw more light on the pathological alterations of exposed
root surfaces at CDJ. Scanning electron microscopy (SEM)
is superior to transmission electron microscope (TEM)
when extended sections of root are to be examined because,
with TEM, a sample can be viewed not as whole but at one
point only, and therefore, we chose SEM over TEM in our
study.

The collagenous architecture of CDJ of healthy teeth under
a SEM has been described in a few studies and in the first
phase of our study. CDJ appears as a fibril poor groove
under SEM and the width of a healthy CDJ is 2—4 um.'% A
PubMed search revealed no studies pertaining to pathological
alterations of fibrous architecture of CDJ as observed under
SEM.

The aim and objective of this study was to observe and
report the pathological alterations of the fibrous architecture
at the CDJ in periodontitis-affected teeth under SEM. Only
the collagenous architecture of the CDJ was studied under a
scanning electron microscope. The compositional differences
of this tissue in disease are beyond the scope of this study.

MATERIALS AND METHODS

Twenty healthy and periodontitis-affected noncarious teeth
were collected and processed. The periodontitis samples
comprised teeth with a hopeless prognosis from patients
with either chronic or aggressive periodontitis with no
prior history of treatment for periodontitis. Healthy teeth
samples comprised teeth extracted for orthodontic reasons.
All extractions were done in Department of Periodontics.
Written consent was obtained from all patients before
extractions.

The collected samples were preserved in 10% formalin and
sectioned into two halves. One-half of sample was processed
for light microscopy and the other half for SEM. The samples
for SEM were demineralized in 5% ethylenediaminetetraacetic
acid for 2-3 months. Extent of demineralization was
checked periodically by taking radiographs. When adequate
demineralization was confirmed by radiography, the samples
were immersed in 2.5% glutaraldehyde in 0.06M cacodylate
buffer (pH 7.4) for a week. The samples were then taken
up for sodium hydroxide (NaOH) maceration using 10%
NaOH for 2-3 days. We followed the methodology that was
suggested by Yamamoto et al.’-'% in their studies.

The macerated specimens were treated with 2% tannic acid (to
enhance electron density of elastin and collagen apart from
being a fixative and mordant),!" postfixed in 1% osmium
tetroxide (to stabilize proteins during alcohol dehydration).!'”
Then, they were dehydrated in graded series of alcohol, critical
point dried, coated with palladium and examined under a
scanning electron microscope.

SEM was chosen over TEM as samples cannot be viewed as a
whole but are viewed at one particular point only and findings in
one point cannot be generalized to the whole length of the root.

RESULTS

In the first phase of the study, the observations of healthy
CDJ were reported. This study reports only the collagenous
architectural observations of periodontitis-affected teeth CDJ.

Dentin

The identification of dentinal tissue was possible due to the
presence of numerous dentinal tubule openings that were
circular in shape [Figure la]. The collagen fibers appeared
to be inadequately demineralized and ran parallel to dentin
surface (in all periodontitis samples). Few fibers crossed the
CDJ and traversed toward cementum [Figure 1b]. The contact
of fibers from dentin and cementum at CDJ was mostly
point-like in nature.

Fiber intermingling

Fiber intermingling between dentin and cementum is
point-like. Extensive criss-cross intermingling of fibers were
not observed in both periodontitis samples [Figure la-f]
healthy samples [Figure 2a and b] and. It was observed that
the point-like contact was more frequently observed in healthy
samples as compared to periodontitis samples.

Cementum

In all images, collagen fiber architecture was better
appreciated in cementum compared to dentin probably
because demineralization was uniform and complete in
cementum compared to dentin. Both the extrinsic and intrinsic
fibers and the surface of cementum appear coarser than
that in dentin. More fibers from cementum crossed over to
dentin [Figure la-e].

In one sample, we observed an unusual honeycomb-like
pattern of collagen architecture [Figure 1b]. We are unable to
attribute any reason to this unusual appearance.

Detachment of cementum and dentin was observed in 7
out of 20 periodontitis samples. The detachment along
the entire surface of the root can be appreciated in lower
magnifications [Figure 3a-d].
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Figure 1: (a) Dentin shows numerous tubule openings. Cementum shows coarse and thicker collagen fibers. Arrow indicates areas of fiber
intermingling. The width at the CDJ is 9 pm. (periodontitis sample) D: Dentin, C: Cementum, CDJ: Cementodentinal junction (SEM, x750)
(b) Cementum showing unusual honeycomb appearance (periodontitis sample) (SEM, x1000). (c) Width at CDJ - 8 um (SEM, x750). *Incremental
layers of cementum. (d) Arrow denotes fiber intermingling (SEM, x1000). *Inner surface of cementum (e) fiber intermingling (SEM, x1500).

(f) Mean width measured (SEM, x1500)

Cementodentinal junction width

The CDJ appeared to be a fibril poor groove due to
demineralization of the interfacial proteolytic substance.
Width measurements were possible only in samples where
detachment was absent and was measured along two to three
sites along the length of the root [Figure 1b and e]. The
mean width of the CDJ in periodontitis samples was 7.1 W as
compared to 3.4 p in health. The inner surface of cementum
could be observed in some samples [Figure le].

DISCUSSION

Periodontally affected teeth undergo significant changes on the
root surface as well as at CDJ.!'>!4 Penetration of bacteria and
its products into cementum causes alterations in organic and
inorganic contents both on cemental surface and at CDJ.!'>'®! On
the external root surface of periodontally exposed root surfaces
areas of remineralization and necrotic bays are observed.!!”!

At CDJ due to seepage of bacterial products (endotoxins),
denaturation of collagen at the CDJ is said to occur.l'”? The
interface at CDJ is rich in unmineralized collagen which
gets easily denatured and degraded.™! When collagen and
other proteins are lost at the interface, there is a possibility of
increase in the width of CDJ and subsequent weakening of the
junction. It is therefore necessary to understand the pathologic
changes at the junction and the probable clinical implications
of a weak junctional tissue.

The objective of this study was to observe and report the
pathological alterations of the collagenous architecture that
occurred at CDJ in disease.

The fibrous architecture of CDJ of healthy teeth as observed
under scanning electron microscope was described
by Yamamoto et al.?" and they reported the width of healthy
CDJ as ranging between 2 u and 4 u which was in accordance
with the first phase of our study comprising of healthy samples
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Figure 2: Healthy sample: Arrow denotes fiber intermingling. Numerous dentinal tubule openings seen, Dentin (D) and Cementum (C) in close

S

approximation with fiber intermingling. Areas of fiber intermingling clearly seen. Width measured is 4.5 ym at cementodentinal junction (CDJ):

(a) SEM, x1000, (b) SEM, x2000
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Figure 3: (a) Arrow shows areas of cementum detachment. Width measurement not possible (SEM, x120) (b) Detachment of cementum present.
Area of fiber intermingling also present (SEM, x1000). (c) Arrow shows areas of cementum detachment. Width measurement not possible (SEM,

x170). (d) Cementum detachment (SEM, x190)

where the mean width of the samples was 3.9 . In this study,
we observed an increase in width at CDJ throughout the root
surface of exposed portions. The mean width of periodontitis
samples in our study was 7.1 w as compared to 3.9 u in healthy
samples.

Frequent detachment of cementum from dentin was another
significant observation in our study as compared to healthy
samples. Of 20 samples, 7 had detached cementum and dentin

whereas no detachment was observed in healthy samples for
the same period of NaOH maceration.

The reasons we propose for the detachment observed are:

. Increased denaturation and destruction of unmineralized
collagen fibers at interface manifesting as increased
width at interface

. Though detachment of cementum from dentin is expected
to occur in prolonged NaOH maceration (r), in our study,
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detachment was present only in periodontitis samples for
the same period of NaOH maceration in both healthy
and periodontitis samples. The only reason could be the
pathologic alterations at CDJ in periodontitis samples
causing detachment

. Cementum resorption could have caused thinning of
cementum which could have contributed to frequent
detachment in periodontitis samples.

A PubMed search revealed no studies describing the
pathological alterations of fibrous architecture of CDJ using
a scanning electron microscope and it was not possible to
compare our results with similar studies. Based on the
observations of our study, the possible clinical implications
of a weakened CDJ could be as follows.

Root planing on periodontally affected root surfaces, which
attempts to remove diseased and necrotic cementum,!822
could result in complete removal of cementum from root
surfaces. With the removal of cementum, are lost cementum
attachment proteins that are being increasingly implicated in
periodontal regeneration*2% and the barrier function that is
being attributed to this interfacial tissue.! For regeneration
of acellular cementum during wound healing, this interfacial
tissue is most important.>2¢! These important properties and
functions of this junctional tissue at CDJ should be kept in
mind during mechanical procedures such as root planing.

CONCLUSION

The shear strength of CDJ is unknown. Furthermore, the optimal
pressure for root planing that removes only necrotic cementum
without the risk of complete cementum removal is still to be
ascertained. It appears that it is required to develop pressure
sensitive curettes for root planing to avoid overzealous root
planing which can have a detrimental effect on CDJ. We like to
propose that it is time to revisit the root planing procedure, as
inadvertent root planing can remove this important biological link
between the cementum and dentin — the interfacial tissue at CDJ.
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