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ABSTRACT: This pilot study examined teeth subjected to ex-
treme heat under laboratory conditions, and the subsequent effect of
decalcification and histologic processing. Physical and microscopic
findings were evaluated in relation to temperature and duration of
thermal insult. Microscopic examination following decalcification
and histologic processing revealed changes including severe tissue
fragmentation, vapor bubbles within dentinal tubules, atered histo-
logic staining, charring and tissue shrinkage. Dentin appeared to be
the most reliable microscopic identifier of incinerated dental tis-
sues. Temperatures above 600°C strongly predicted tooth disinte-
gration following decalcification. This finding has implications in
incineration cases where histologic evidence must be maintained
and examined intact.
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A precise understanding of physical and histological changesin
teeth subjected to high temperatures is of great importance in
forensic medicine (1). The type and severity of structural damage
provide valuable clues in fire and criminal investigations, espe-
cialy when only dental evidence remains. For example, extracted
teeth when subjected directly to the fire of aBunsen burner will of-
ten crack like glass due to moisture content. Teeth subjected to
more gradual heating to the same temperatures will survive despite
charring and becoming very brittle (1,2). Preserving fragile incin-
erated teeth for physical examination and/or histologic preparation
is extremely important and relies on a thorough understanding of
the structural changesin dental tissues subjected to heat (3-5). The
main goals of this pilot project wereto investigate: a) the structural
damage in freshly extracted teeth subjected to heating at different
temperatures and for different lengths of timein thelaboratory, and
b) the effect of decalcification and histologic processing on these
heat-treated teeth. The results of this pilot project are not meant to
provide a direct description of what happens to teeth in an intact
body in area fire. The results will, however, provide heretofore
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unavailable but valuable data on the results of heating teeth to high
temperatures.

M ethodology

Incineration and Histological Methods

This pilot project used 66 freshly extracted permanent teeth ob-
tained as discarded waste from patients presenting to ageneral den-
tal office for treatment. There were 5 canines, 19 incisors, 15 pre-
molars, 26 molars, and one tooth, type not specified. Both carious
and restored mandibular and maxillary teeth were used in the study.
Teeth restored with full crowns and/or a history of endodontic
treatment were excluded. After extraction, the individual teeth
were debrided with a solution of 3% hydrogen peroxide and rinsed
thoroughly with tap water. Within 30 min the teeth were placed in
a preheated Ney Mark Four furnace and subjected to heating at
constant selected temperatures (ranging from 300°C to 1400°C) for
varying lengths of time (ranging from 30 to 90 min). On removal
from the oven, the teeth exhibited varying degrees of charring,
fragility, and tendency to crumble. They were alowed to cool and
then placed in closed storage containers at room temperature. After
one week, the teeth were fixed in formalin and subjected to a typi-
cal decalcification protocol in 1 M hydrochloric acid during which
42 of the 66 teeth (64%) completely disintegrated. Six of the disin-
tegrated teeth were selected randomly and the residue was filtered
and collected. Twenty-four teeth survived decalcification but be-
came extremely soft and gelatinous in consistency. The surviving
teeth and disintegrated tooth residue were submitted for routine
processing and embedding in paraffin. Finally, al specimens were
sectioned at 4 microns, mounted on glass slides, and stained with
hematoxylin and eosin.

Satistical Methods

Two methods were used to characterize which teeth disinte-
grated in deca cification: logistic regression and classification trees
(asimplemented in the S-Plus computing package, version 3.3, Re-
lease 1) (6). The logistic regressions used as their outcome the bi-
nary variable disintegrated/didn’t disintegrate, and used as ex-
planatory variables temperature and time (continuous variables)
and tooth type (a categorical variable). Explanatory variables were
tested for significance using the likelihood ratio test (7). The tree
analysis used the same outcome and explanatory variables. Its re-
cursive algorithm chose at each stage the split (or threshold) that in-
duced the maximum reduction in deviance (i.e., —2 X log-likeli-
hood). Splits were retained as long as the resulting deviance
reduction exceeded 3.84, the 95% point of the x2 density on 1 de-
gree of freedom.
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Results
Microscopic Findings

After sectioning, only two of the 24 surviving specimens (both
molars) grossly retained the morphological appearance of a tooth
on the glass slides. Enamel, normally completely removed by de-
calcification, was not present for histologic examination. Micro-
scopic evaluation of al specimens revealed fragmented tooth sec-
tions with identifiable dentin and, in 16 of 24 specimens, pulpal
remnants and cementum with or without attached periodontal tis-
sues (Table 1). Tissue fragments identified as pulp were located
within pulp chambers (Fig. 1). Periodontal ligament tissues were
identified adjacent to cementum-covered portions of root dentin.
Inflammatory and connective tissue cell nuclei, aong with small
vascular channels, were recognizable within some of the pulpal
remnants (Fig. 2). Both cellular and acellular cementum wereiden-
tified along with several tiny attached and unattached cementicles.

Thermal effects observed microscopically within the tissue sec-
tions included shrinkage, increased tissue fragmentation, charring,
and aterationsin hematoxylin and eosin stai ning. Fragmentation of
the dental tissues, particularly dentin (which makes up the bulk of
atooth), wasaprominent feature with the greatest destructionin ar-
eas where severe to total charring had occurred. The thermal insult
caused variations in tissue staining, often producing dramatic and

TABLE 1—Dental tissues identified in: (A) incinerated teeth surviving
decalcification and processing, and (B) residue of totally
disintegrated teeth.
(A)

Temp/Time/
Specimen Pulp Dentin Cementum PDL* Tooth#
1(R16) . . . . 300/30 (02)
2(R28) . . . . 300/90 (17)
2(R29) . . . . 400/30 (02)
1(R17) . . . . 400/30 (17)
2(R30) . . . . 400/60 (03)
1(R18) . . . . 500/30 (16)
1(R19) . . . . 500/30 (20)
2(R31) . . 550/30 (04)
2(R34) . 550/30 (10)
2(R32) . 550/60 (05)
2(R35) . . . 550/60 (08)
2(R33) . 550/90 (06)
3(R7) . . . . 600/30 (01)
3(R8) . . 600/30 (04)
3(R9) . . . 600/30 (07)
3(R10) . . . . 600/30 (14)
1(R20) . . . . 600/30 (16)
2(R37) . . 600/60 (06)
2(R38) . 600/60 (07)
2(R39) . 600/60 (09)
2(R40) . 600/60 (25)
4(R25) . . 650/30 (08)
4(R19) . 700/30 (15)
2(R41) . 700/30 (29)
(B)
4(R30) . 650/30 (02)
4(R28) . 650/30 (13)
4(R18) . 700/30 (14)
4(R17) . 700/30 (29)
4(R41) . 750/30 (02)
4(R39) . 750/30 (25)

* Periodontal ligament.

FIG. 1—Photomicrograph of pulp-dentin interface within pulp cham-
ber. (Hematoxylin and Eosin; original magnification x870).

FIG. 2—Photomicrograph of pulp tissue with identifiable small vascu-
lar channels and cell nuclei. (Hematoxylin and Eosin; original magnifica-
tion x87).

varied differences in coloration. Relatively normal hematoxylin
and eosin staining was observed in areas exhibiting the initial ef-
fects of heating such as vapor bubbles within the dentinal tubules.
Along the external surface of some sections of dentin, a discrete
bright orange-colored band was observed, possibly representing
thermal changes preceding charring. This orange coloration, in
more severely affected regions, gradually progressed to orange-
brown, then to orange-gray and finally to totally black charred ar-
eas (Fig. 3).

The tubular nature of dentin was identified in al 24 histologic
sections of the surviving teeth aswell asin al six histologic prepa-
rations of filtered residue from disintegrated teeth (Table 1). Denti-
nal tubules were identified cut either along their long axis or in
cross-section. Widening of the dentinal tubuleswas afeaturein re-
gions that exhibited initial thermal changes where the expansion
may have been promoted by intratubular water vapor (Figs. 4 and
5). A distinctive woven “wicker-basket” configuration, with sepa-
rations between the individual tubules, characterized regions with



FIG. 3—Photomicrograph of charred dentin. (Hematoxylin and Eosin;
original magnification x870).
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FIG. 4—Photomicrograph showing widening of the dentinal tubules.

(Hematoxylin and Eosin; original magnification X555).

FIG. 5—Photomicrograph showing intratubular water vapor bubbles.
(Hematoxylin and Eosin; original magnification x870).
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severe thermal damage (Fig. 6). This appearanceis likely dueto a
combination of loss of inorganic matrix from decalcification,
shrinkage due to drying and finally incineration and consequent
loss of the intertubular organic matrix. Exogenous metallic pig-
ment consi stent with amal gam was observed on one section within
the attached periodontal tissues and adjacent to the dentin surface
on several other sectionsthat did not exhibit charring. Grains of the
metallic material were observed to extend down within individual
tubules at some distance from the surface, providing evidence of
prior amalgam restoration at these sites.

Disintegration Findings

Table 2 givesthe numbers of teeth examined at each temperature
and time. Because of the exploratory nature of this pilot study, a
standard experimental design was not used. Instead, experimental
conditionswere selected in search of gross changesin the outcome.

Disintegration of heated teeth during decalcification was
strongly related to the temperature at which they were heated

FIG. 6—Photomicrograph showing “ wicker-basket” configuration of
incinerated dentinal tubules. (Hematoxylin and Eosin; original magnifica-
tion x870)

TABLE 2—Numbers of teeth at each temperature and time; percent of
teeth disintegrating at each temperature.

Time (min)
Temperature Total %
(°C) 30 45 60 90 n Disintegrating
300 1 0 0 1 2 0
400 2 0 1 0 3 0
500 2 0 0 0 2 0
550 2 0 2 1 5 0
600 5 4 5 0 14 36
650 11 0 0 0 11 91
700 17 0 0 0 17 88
750 7 0 0 0 7 100
800 1 0 0 0 1 100
900 1 0 0 0 1 100
1000 1 0 0 0 1 100
1200 0 1 0 0 1 100
1400 1 0 0 0 1 100
Total 51 5 8 2 66 64
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TABLE 3—Logistic regression results.

Variables Compared to X2 df p
temp null model 454 1 <0.001
time null model 10.2 1 0.001
tooth type null model 0.13 3 0.99
temp + time temp only 0.018 1 0.89
temp + time time only 35.2 1 <0.001
temp + tooth type temp only 111 3 0.77

(Table 2). Table 3 summarizes the logistic regression results. In
univariate logistic regressions, both temperature and time were re-
lated to the frequency of disintegration (p < 0.001 and p = 0.001,
respectively), while tooth type was not (p = 0.99). In multivariate
logistic regressions, the combination of temperature and time gave
asignificant gain in predictive power compared to time only (p <
0.001) but not compared to temperature only (p = 0.89). Thesere-
sults suggest that while temperature is truly predictive of disinte-
gration, time only appears to be predictive because it is correlated
with temperature in this experimental design. Specifically, the
longer times were tested only at the lower temperatures (Table 2).
Consequently, in the univariate | ogistic regressions, increased tem-
perature was associated with an increased chance of disintegration,
while increased time was associated with a decreased chance of
disintegration. Tooth type added no predictive power to tempera-
turein amultivariate logistic regression (Table 3; p = 0.77).

The tree anaysis produced only three splits. First, teeth were
split according to whether temperature was less than or greater than
625°C. Those with temperatures greater than 625°C were not split
further; 92% (36/39) of these teeth disintegrated. Teeth with tem-
peratures less than 625°C were split further into those with a tem-
perature of 600°C and those with lower temperatures. The latter
were not split further; 100% (12/12) did not disintegrate. Fourteen
teeth had atemperature of 600°C; they were split into those having
atime of 30 min (5 teeth), none of which disintegrated, and those
having times of 45 or 60 min, of which 56% (5/9) disintegrated.
The latter pattern is not as promising as it may seem, because all
four teeth heated at 600°C for 45 min disintegrated, while only one
of five teeth heated at 600°C for 60 min disintegrated. This
anomaly is not explained by tooth types.

Discussion

The study of incinerated teeth, including their histology, is an
important part of forensic science. Forensic investigators have
mainly used the unique nature of teeth to identify victims. How-
ever, morphologic and microscopic tissue alterations caused by in-
cineration may provide useful information about the temperature
and duration of exposureto fire. Controlled laboratory incineration
of teeth and their histologic evaluation have the potential to create
valuable data for these tissues.

Distinctive features of teeth and their prior restoration are pre-
served even after fragmentation and/or incineration. Scanning elec-
tron microscopy (SEM) of incinerated dental hard tissues shows
distinct surface changes, grooves, and striations from the use of a
dental drill (8). Linear and cross-sectional viewsof dentinal tubules
have been identified by SEM in amost totally destroyed human
dental remains, confirming that the residual fragments were teeth
(9). Globule or pearl formation of the dentin has been seen in some
teeth heated to around 1000°C, and variationsin the appearance of

dentinal tubulesin incinerated teeth, with distinct intertubular sep-
aration, have been observed (1,10). Microscopic examination of in-
cinerated teeth is complicated by the profound effects of dessica
tion and histologic processing on the organic and inorganic
components of dental hard tissues.

Enamel, which is approximately 96% minera, is highly suscep-
tible to the decalcification required for routine histologic section-
ing and is therefore not readily studied in this manner (11). Dentin,
approximately 70% mineral, 20% organic and 10% water, is sus-
ceptible to decalcification, but less so than enamel (11). This pro-
vides opportunity for studying dentin structurein routine histologic
sections. Approximately 56% of the mineral content of dentinislo-
cated within an organic matrix composed of type | collagen (11).
This mineral content may help stabilize the collagen in dentin
against thermal denaturation and shrinkage, as previously reported
for bone collagens (12). A framework of organic material, primar-
ily collagen, is left behind after decalcification and maintains the
form of atooth.

The organic component of the dental hard tissues, primarily col-
lagen within the dentin, is eventually totally destroyed by inciner-
ation at high temperatures. If decalcification follows the thermal
insult, asin this study, total disintegration results from breakdown
or loss of the organic component in addition to loss of the mineral
component. In the present work, all incinerated teeth were fixed in
formalin and decalcified with hydrochloric acid. Teeth surviving
decdlcification were semitranslucent and, for the most part, soft,
gelatinous, and difficult to section. Those that did not survive de-
calcification appeared as charred fragments and residue at the bot-
tom of the decalcification containers. Y umikura and Hirano fixed
incinerated teeth in formalin, decalcified them with nitric acid, and
then impregnated them with gelatin before histologic sectioning
(13). This method of impregnating incinerated teeth, to stabilize
structure during sectioning, aided in maintaining proper histologic
orientation of the tissues.

Several factors may have influenced the outcome of this study.
For example, since all the teeth were discarded as waste, data such
as patient age and eruption status of the tooth were not available. In
individuals below the age of 20, normal permanent teeth have high
volumes of well-vascularized pulp tissue containing many odonto-
blasts. This, in addition to the presence of odontoblastic processes
within dentina tubules, means that young teeth have high water
content. Older teeth, in contrast, have lower water content because
lifelong secondary dentin deposition produces progressively
smaller pulp chambers and less well-vascularized pulp tissue. In-
creased numbers of empty dentinal tubules (so-called “ dead tracts’
without odontoblastic processes), and reduced size of the dentina
tubules, due to deposition of intratubular dentin, further decrease
water content in older teeth. These age-related changes result in
more brittle teeth and less permeable dentin (11). Dentinal deposi-
tion, pulp, and odontoblastic changes are closely related to the
presence or absence of caries and dental restorations.

Restored teeth wereincluded in the study if they did not havefull
cast crowns or exhibit endodontic treatment. Measurements of the
teeth and estimates of the volume of restoration were not recorded.
The presence, absence, extent and type of existing restorations and
the presence, absence and extent of caries were not described for
the teeth. Only alimited number of teeth were incinerated and pro-
cessed in this pilot study, with irregular alocation of teeth to the
temperature/time combinations.

This pilot project, despite the small number of teeth used, pre-
sents severd interesting findings for forensic investigators. For in-
stance, the temperatures to which the teeth were heated appeared to



be strongly related to disintegration during decacification. This
finding has implications in incineration cases where histologic ev-
idence must be maintained and examined intact. If dental remains
have been subjected to temperatures over 600°C, the teeth, in al
probability, will disintegrate during decalcification, and other
methods of histologic evaluation, such as ground sections or SEM,
should be used.

Another finding was that dentin, with its characteristic tubules,
was the most reliable identifier of dental origin following thermal
insult, decalcification and histologic processing. Thiswas also true
for the six teeth that underwent complete disintegration after de-
calcification and before histologic processing. Thisfinding hasim-
plicationsin incineration cases requiring histologic examination of
incinerated fragments for evidence of dental origin. In cases where
such fragments have been decalcified and have disintegrated, the
residual debris should be filtered, processed, and examined micro-
scopically because evidence of dentinal tubules may still be pre-
sent. Further laboratory investigationsinto structural changesinin-
cinerated teeth may provide additional clues related to the
temperature, intensity, or duration of thermal insult.

Additional laboratory studies of tooth incineration are planned to
relate structural damage to time and temperature and to such fac-
tors astooth age, type and restorative history. It would be useful to
have away to stabilize incinerated dental remains for decalcifica-
tion and histologic processing. In the future, laboratory methods
can be applied to investigating more realistic situations including
teeth in intact incinerated bodies. Routine histologic evaluation of
incinerated dental remains can provide additional investigative av-
enues both in the areas of fire investigation and victim identifica-
tion for forensic investigators.
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