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Abstract: Aim of the present study is to indicate the factors contributing in changes of the formation and
deposition of root dentine which results in translucency of the root dentine. The root dentine translucency of
human teeth is already proved to be a significant process in age estimation, since the creation of sclerotic
dentine 1s strictly related with the aging of the mdividual. Different factors seem to affect this deposition with
the environmental, one playing the most significant extraneous factor, changing the rate and type of creation
of translucent root dentine. The mechanical factors are analyzed in order to imprint all the factors that may
mterfere with the deposition process and as a result in the proper age estimation.
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INTRODUCTION

Dentine translucency occurs by the scattered light
inside the dentinal tubules due to its contents. Opacity is
present in zones of translucent dentine which depicts the
time of deposition. As it has been shown by numerous
studies, there is forensic use of this biological
characteristic. Not only the eruption status but also the
developmental state of the tooth can define the age of the
mdividual (Sengupta et al., 1999). This can be done by the
research process of the root dentine translucency as its
formation is strongly related with the mdividual’s age.
Translucency of dentine 1s the optical manifestation of
changes 1n the dentine. The only proof of age estimation
is the optical translucency that is optically recognized. As
it has been shown the dentine in the areas of high
mineralization allows the hight to pass through it and does
not reflect and scatter light as normal dentine does.
Brealthrough in the discovery and further investigation
was the use of Scanning Electron Microscopy (SEM) in
the examination of dentine root translucency. SEM gives
the opportunity to study structures about 0.2 pm in size.
This gives a great advantage to regard the organic
fractions and mineral crystals that cause the opacity of
the aging root (Vasihadis ef al., 1983, 2008, 2009). Age
estimation as it 1s very unportant in medicolegal cases for
establishing part of the identification process, needs a

variety of methods to be confirmed. In addition, ethnic,
humanitarian, archeological and demographic reasons
intrude a sufficient age estimation of individuals
(Harris et al., 2010). Thus, the dentine root translucency
becomes an important process 1 age estimation
(Sengupta et al., 1999). Apart from all these stated above,
the translucency of the dentine implies in certain
biological rules that alters its formation and deposition.
Factors such as the environment play a role mn the final
form of mineralization according to age. Some factors have
a more significant outcome than others and some do not
seem to intervene in this process (Vasiliadis, 1981).

Factors leading to the translucency of the root dentine:
There seems to be no doubt that the reason the root
dentine appears translucent is the occlusion of the
tubules by caleific material which has a refractive mdex,
very close to that of the rest of the dentine. Despite thus,
there is a fundamental disagreement between most
workers concerning the factors which result in the
occlusion of the tubules of the root dentine, whilst the
tubules in other areas of the dentine are not occluded and
consequently remain opacue.

As stated previously, the relationship between
translucency of the root dentine and mcreasing age was
shown during the 1940°s and used as one of the criteria
for age determination from human teeth by Gustafson
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(1950). This led to the belief that he root dentine
translucency is not only associated with age but arises
strictly as a result of increasing age. This was challenged
by Shroff (1952) who states that since the odontoblasts of
the root dentine are chronologically younger than those
of the crown dentine, it is unlikely that they would be the
first to age. He believed that the true reason for thus
condition 1s not increasing age but the different stimuli to
which the two groups of odontoblasts are subjected. The
odontoblasts of the crown are stimulated by positive
pressure transmitted to them by way of the enamel,
whereas the odontoblasts of the root are stmulated by
negative pressure by way of tension from the cementum
and periodontal fibres. Negative pressure results
i inactivity and partial atrophy of the odontoblasts
lining, the root canals and atrophy of thewr processes
which at a later stage become sclerosed. Shroff’s
hypothesis however, contradicts findings proving that
the pattern of translucency in the dentine of wmerupted
teeth corresponds to that of erupted teeth If Shroff 1s
correct then since no stimuli of the above kind are
received by the odontoblasts of unerupted teeth, all the
dentine including the coronal part should become equally
translucent. Bradford (1958, 1967) postulates that there 1s
a slow but steady deposition of peritubular dentine on the
walls of the dentinal tubules which leads ultimately to
obliteration of the lumen. The closure of the tubules
should therefore occur first m the narrowest tubules, 1.e.,
the tubules of the root apex (and the terminal branches for
that matter) and proceed coronally occluding the larger
tubules with increasing age. Contrary to Shroff (1952),
Bradford (1958, 1967) postulates that the ocelusion of the
tubules of the root dentine is the result of the normal
function of the odontoblasts.

Present knowledge about the dentinal tubules in the
crown and root dentine as well as the majonty of micro-
radiographic and SEM work done on this topic, supports
Bradford’s explanation. This seems to show that the
material occluding the tubules 13 mineralized to the same
degree as peritubular dentine and is continuous with it.
Studies by TEM however, show differences between
peritubular dentine and the occluding material, differences
i the development of these substances and also show
some physiologically occluded tubules m areas where
peritubular dentine is absent (Tronstad, 1973a). Also, the
disappearance of the odontoblasts and the predentine
layer under the translucent root dentine observed by
Miles (1961, 1972) as well as observations on the
odontoblasts of the root dentine (Selvig, 1968) are
findings which indicate that the normal reaction of the
odontoblasts of the root may not occur n the manner
argued by Bradford. Furthermore, histological studies on
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human teeth suggest that the part of the odontoblastic
process thought to be related to the formation of
peritubular dentine lies more pulpally than the zone where
occlusion of the tubule takes place (Symons, 1967a).
Findings of electron microscopists (Brannstrom and
Garberoglio, 1972; Garberoglio and Brannstrom, 1976;
Holland, 1975, 19764, b) mdicate that the odontoblastic
processes are not present in the peripheral parts of the
lumens. These observations do not support Branford’s
explanation, since the occluding material as opposed to
peritubular dentine 18 not deposited directly by the
odontoblast process.

Miles (1961, 1972) appears to be unconvinced that
root dentine translucency is an age change independent
of environmental influences. He suggests that it 1s more
plausible that this condition is related to periodontal
disease and is due to the reaction of odontoblasts to
bacterial toxins derived from the gingival margin. He
postulates that some degree of slowly progressive
periodontal disease 1s almost umversal and that the
process starts in young adult life. This would explain the
apparent correlation of apical translucency with age. He
argues that the toxins reach the apical part of the pulp as
a result of the pumping action of tooth movement and that
occasional pumping action of greater force would carry
toxing further into the pulp. This would tent to produce a
gradually extending effect because, like all random events,
1t would tend to accumulate with time. He postulates that
in the main, the toxins must act directly on the body
of the odontoblasts and not on the peripheral end of
the tubules because otherwise since, the fmal result 1s
the occlusion of the tubules, the procedure would be
self-limiting. Miles” main supporting evidence is the
observed disappearance of the predentine layer and the
odontoblasts under the translucent root dentine which he
believes shows that the changes of the translucency in
apical dentine are associated with the ultimate
disappearance of the odontoblasts. The previously
mentioned findings, however that the root dentine in
unerupted teeth becomes translucent in a similar way to
that of erupted teeth make Miles” explanation untenable
as toxins from the periodontal tissues could not affect
unerupted teeth.

RESULTS AND DISCUSSION

Under normal circumstances, there 1s no doubt that
every dentinal tubule passing through the predentine
corresponds to one odontoblast. Ultrastructural studies
of human dentine performed with TEM have shown that
at least in the predentine and mn the dentine adjacent to
the predentine, the odontoblastic process completely fills
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the lumen of the dentinal tubules {Shroft, 1952; Arwill and
Bloom, 1955; Frank, 1959, Awazawa, 1962, Arwill, 1967,
Brannstrom and Garberoglio, 1972; Jenkins, 1978). The
structural relationship of the odontoblast process to the
wall of the dentinal canal is of interest in relation to the
circulation of tissue flud within the dentine. For
continued mineralization of the tissue and sclerosis of
dentinal canals to take place, movement of electrolytes to
the peripheral areas of dentine is necessary. This could be
achieved without difficulty if a space existed between the
plasma membrane of the odontoblast process and the wall
of the lumen. However, if the odontoblast completely fills
the lumen as the above studies show extra cellular
circulation would be minimal. An intracellular transport
mechanism for the elements of the mineral component
must be considered (Tohansen and Parks, 1962; Johansen,
1967).

This tissue fluid as manifested by the formation of
pulp stones and pulpal calcifications in general, contains
a sufficient amount of minerals to promote calcification.
Consequently, the additional calcification of the dentine
that takes place behind the calcification front of the
normal dentine depends entirely upon the minerals
brought to that site by the odontoblasts through their
processes. The deposition of these minerals is highly
organized and results mn an increase i the mineralization
of the already highly mineralized intertubular dentine
(Amprino and Camanm, 1956; Takuma, 1960; Miller et af.,
1971; Tronstad, 1973b; Jenkins, 1978) and in the formation
of the peritubular dentine (Arwill and Bloom, 1955;
Blake, 1958; Atkinson and Harcourt, 1961; Harcourt,
1964, Frank, 1968). If for any reason, the sealing of the
pulpal end of the lumens of the tubules by the
odontoblastic processes is broken then there would be no
reasonn why the fluid in the pulp chamber and the root
canal cannot enter the dentinal tubules.

The organic matrix (Takuma, 1960; Johansen and
Parks, 1962; Frank, 1968, Boyde and Lester, 1967; Mjor,
1972, Shimauchi et al., 1973) and the apatite crystals
existing on the surface of the tubule wall act as
mineralization seeds. Hxperiments performed in vitro
under conditions as similar as possible to normal
physiological conditions (i.e., pH around 7, temperature
37°C and with the concentration and types of minerals in
the experimental fluids identical with physiological f1uid)
show that pieces of human dentine and predentine do act
as seeds for the precipitation of the minerals and do
calcify (Solomons and Neuman, 1960; Tomazic and
Nancollas, 1975; Tomson et al., 1977). Furthermore, the
in vitro experiment has shown that the degree of
mineralization of the pieces of the dentine and predentine
used as seeds increased with time. The findings of
previous researchers indicate that this may be the
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procedure by which the dentinal tubules of the human
root dentine become occluded and comsequently, the
corresponding areas of the dentine appear translucent.
These findings are; translucency of previously normal
dentine is the result of mineral deposition in the lumens of
the dentinal tubules with a in gradual reduction of the
diameter of the lumen of the tubules, eventually resulting
in the complete obliteration of the lumen. These mineral
deposits have a refractive index similar to that of the rest
of the dentine.

The absolute increase in the amount of minerals in
the zones of the translucent dentine proves that the
occluding minerals are not provided by the adjacent
inter-tubular dentine but orginate from another source.
This other source can only be the pulp chamber and root
canal since 1f it arose from an external source and passed
through the cementum, the process of translucency would
be self-limiting. Furthermore, the finding that the
amount of translucency in non-vital teeth is well below
that of vital teeth of corresponding ages supports this
conclusion (Bang and Ramm, 1970). Consequently, the
maintenance of the blood supply of the pulp 1s necessary
for the appearance of translucency in the root dentine
since, 1t represents the source of minerals.

Both TEM and SEM Thave shown that the
occluding material 13 eventually almost or completely
indistinguishable from peritubular dentine. However
according to present knowledge, the formation of
peritubular dentine is governed by the odontoblast and
its process. These teclmiques have shown that the
process of development and formation of the occluding
material 1s fundamentally different from that of the
peritubular dentine which proceeds in an appositional
fashion maintaining a clear forming front whereas the
occlusive changes occur rather diffusely (Takuma and
Eda, 1966) with the packing of the occluding minerals
increasing in stages with time. This process apparently
occurs without the necessity for a vital odontoblast
(Furseth, 1974; Holland, 1976b). Occlusion of the tubules
occurs despite uregularities m the development of the
peritubular dentine (Tronstad, 1973b) and in areas where
peritubular dentine is absent, 1e., mterglobular spaces
(Tsatsas and Frank, 1972). Symons (1967b) states that if
the conclusion from histo-chemical studies that the more
reactive, pulpal and part of the odontoblastic process is
related to the formation of the peritubular dentine 1s
correct then it may be that occiusion of the dentinal
tubules m a fully formed tooth 1s not produced by further
deposition of peritubular dentine proper but may be
brought about by a less orgamsed calcific deposit. The
finding by SEM of spherical bodies in the lumen of
the tubules, identical with those found by previous
researchers (Lester and Boyde, 1968; Brannstrom and
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Fig. 1:a) Fragments of a section (mn air) photographed
before mounting on stubs for SEM examination in
order to record the relationship between
translucent areas of dentine and fractured edges
{mag. X 8.0). Male, age 66, lower right camine; b)
section illustrating translucent (black), normal
(white) and semi-translucent (grey) areas of
dentine, (mag. X 13.0). Female, age 67, lower left
canine, unerupted (Vasiliadis, 1981)

Garberoglio, 1972) 1s another developmental difference
between the occiuding material and the peritubular
dentine. Based on the appearance and the locations of
these round bodies, the above researchers conclude that
such outgrowth may represent the first stage in the
occlusion of the tubules with material of the same nature
as the peritubular dentine. The next stage of the occlusion
of the tubules would be the confluence of these spherical
bodies and thus the formation of the occluding rods.
More impressive evidence is provided by the appearances
of these bodies and that of the material occluding the
tubules as it appears in specimens fractured transversely
to the long axis of the tubules (Fig. 1) which are
identical with the appearances of the minerals formed
during in vitre experiments in which human dentine and
predentine were used as seeds for mineralization
(Tomson et al., 1977).

Finally, the slight annular spaces occasionally
observed between peritubular dentine and occluding
material under SEM, support the conclusion that although
peritubular dentine and occluding material are of the same
nature, their development is fundamentally different. In
conclusion, it must be emphasized that the pattern of
deposition of the occluding minerals appears similar to
that of the in vifro calcification of dentine m both cases,
the packing of the mineral increases with time and there is
a striking similarity between the appearance of the
occluding  material  during  different stages of
mineralization and that of the in vitro calcifications. All
investigators who have studied the age changes of the
cervical and coronal part of the human pulp report a
reduction in the number of the sub-odontoblastic pulpal
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blood vessels with increasing age (Kramer, 1960;
Zerlott, 1964; Bemmett et al., 1965). Also, they report a
reduction in the number of the odontoblasts
(Zerlotti, 1964, Symons, 1967a, b). Despite the reduction
of the numbers of the odontoblasts and their blood
supply with age, the corresponding part of the dentine
does become translucent with age and furthermore at an
increasing rate. This was shown and by those of
Miles (1963), Johanson (1971), Azaz et al (1977) and
Vasiliadis (1981). Apparently therefore, the presence of
odontoblasts is not necessary for the development of
translucency. Miles (1963) reports that no predentine
and odontoblasts are present at the pulpal end of the
translucent zones of human root dentine. The important
question is whether the translucency is the result of the
disappearance of the odontoblasts or the disappearance
of the odontoblasts the result of the changes that
also caused the appearance of the translucency.
Miles (1963, 1976), reasoning that periodontal toxing by
affecting the corresponding odontoblasts result in the
appearance of the translucency, believes that changes
in the odontoblasts precede the changes responsible for
the appearance of the translucency. According to
Vasiliadis (1981) and also those of most previous
researches, support the explanation that translucency
arises after the changes in the odontoblasts. These
findings are; those which showed that the odontoblasts
apparently played no role in the formation of the
occluding material; the pattern of distribution of
translucency in the root dentine.

Areas of the pulpal surfaces of the teeth from which
predentine and calcospherites were absent but on which
patent tubule openings were found. The onset of the
changes of the pulpal surfaces appears considerably
before the appearance of translucency m the
corresponding areas of the root dentine.

That the number of the dentinal tubules per unit area
1s drastically reduced 1n the circumpulpal dentine (Kramer,
1951 ) and in the mineralizing front of the apica one third of
the root as compared with that of corresponding but more
coronal dentine (Whittaker and Kneale, 1979).

The findings of Seelig (1965) who studied H and E
stained sections of dentine of 250 decalcified human
teeth. Seelig observed atrophy and death of groups of
odontoblasts of the apical region of human teeth from
patients of different ages. This process commences only
1 or 2 years after full eruption of the tooth and extends
coronally m the same fashion with age. The areas of
pulpal dentine swface corresponding to the lost
odontoblasts were devoid of a predentine layer
Summarizing his findings, Seelig (1965) states that there is
a loss of odontoblasts which die m clumps m areas in
which there is no crowding. The loss of odontoblasts
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then proceeds upward from the apex of the roots,
generally to a greater extent in older individuals. This loss
of odontoblasts occurs early in the development of the
tooth, independent of local pathological changes mn the
dentine. The formation of tubular secondary dentine is
concomitant to the loss of the odontoblasts and in each
succeeding layer, the dentine has fewer tubules.

Mjor and Furseth (1968) and Furseth end Mjor (1972)
examined the dentine and pulp under corticosteroid-lined
experimental cavities prepared mn intact human young
premolars. The cavities were prepared in vive. The teeth
were then extracted after observation periods varying
from 14-38 days and processed for TEM. They found in
teeth with observation periods >20 days a localized
marked reduction or absence of the predentine layer
corresponding to the areas of the experimental cavities.
Since, adjacent areas had normal predentine, they
conclude that the predentine layer present before the
experimental cavities mineralized during the 1st 20 days
after the experiment and no further production of
predentine took place. They also found that odontoblastic
layer corresponding to the cavities was markedly reduced.
The odontoblasts were reduced both in size and number.
The typical palisade-like arrangement of the odontoblasts
was lost in these areas. They give convincing evidence
that the corticosteroid lining of the cavities and not the
preparation of the cavities was responsible for these
changes, 1e., by comparison with the changes
produced under similarly prepared cavities unlined by
corticosteroids and with similarly prepared cavities lined
by a material with very low corticosteroid concentration.
Although, they found no difference in the intertubular
areas, they found some of the tubules below the prepared
cavities, partly or completely obliterated. The partly
obturated tubules showed eccentric growth of mineral
tissue. The electron density of the obturating material was
in these cases, similar to that found in the peritubular
matrix. It should be emphasized that these electron dense
obturations in corticosteroid-covered dentine were found
i an area of the dentine where no highly mineralized
peritubular matrix is normally found. A structurally similar
type of obturation of dentinal tubules to that found in
corticosteroid-covered  dentine  has  also  been
demonstrated mn old sclerotic root dentine.

Apparently, the atrophy and disappearance of some
of the odontoblasts mitiates the mechanisms that cause
the corresponding root dentine to become translucent.
This process does not appear to be the result of local or
generalized pathological conditions external irritations
and crowding of odontoblasts. Furthermore, this
disappearance of the odontoblasts of the root prevents
the coronal part of the pulp from becoming strangled. The
disappearance of the odontoblasts of the root may well be
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a genetically programmed stage of tooth development.
Translucency appears to be a result of the disappearance
of these odontoblasts. This is very fortunate, since the
crown 15 the part of the tooth usually subject to external
irritations and the response of the pulpo-dentinal complex
to irritations may be vital for the survival of the tooth.

CONCLUSION

Bodecker (1925), Gustafson (1930) and others to
follow have thoroughly researched the age estimation
process via root transparency. This procedure starts with
the extraction of the tooth, section and polish before
examination (Harris et af, 2010). Sognnaes et al. (1985)
proposed a method of measuring the sclerotic dentine in
intact teeth. The gradual progressive sclerosis of the
tubules from the apex to the coronal creates the root
transparency (Vasiliadis, 1981; Tziafas, 1999). The dentinal
tubules narrow progressively from 3.2 u in young
individuals to about 1.5 p at 50 and down to 1.2 pat
70 years of age.

The changes in dentine usually are spotted at
adulthood but may start at late teenage hood
(Vasiliadis ef af., 1983). Opaqueness of young dentine 15
due to differences in the refractive indexes between the
crystalline and the mtratubular orgamc components.
Aging causes the refractive indexes to converge, making
the dentine transparent to transmitted light. There may be
other reasons for this phenomenon too; toxins for
diseased periodontal tissues may form sclerotic dentine,
absence of functional stimuli and the diminished
diameters of the dentinal tubules due to increased
mineralization of the intratubular matrix, especially at the
root apex (Whittaker and Bakri, 1996).

The use of methylene blue enhances the contrast
between the types of dentine if used in partial vacuum.
Also, dietary differences may alter the percentage of
sclerotic dentine, affecting less the older adults though
(Whittaker and Bakri, 1996).

In certain researches, it has been reported that there
is low correlation between the proportion of transparent
dentine and chronological age (0.84). The deviation by
=>5 years in the estimation was at least in 55% of cases
(Drusimi et al., 1991).
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