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Effect of Temperature on Bone Tissue:

Histological Changes

ABSTRACT: The analysis of burned human remains has been of great interest among forensic anthropologists largely due to the difficulty
that their recovery, classification, reconstruction, and identification present. The main purpose of this analysis is to present histological method-
ology for the interpretation of bones altered by thermal processes. We include analyses of the microscopic changes among bones exposed to
different temperatures, with the goal of establishing categories of histological morphology in relation to fire temperature. Samples of bone
(ilium) were exposed systematically to controlled temperatures. Analysis of the resulting histological changes has allowed the formation of a
clear four-stage classification of the alterations observed. This classification should prove useful in assessing bone changes in relation to
temperature of exposure, particularly in cases where this temperature was previously not known.
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The analysis of burned human remains has been of great inter-
est among forensic anthropologists largely due to the difficulty
that their recovery, classification, reconstruction, and identifica-
tion present. Previous investigations have focused on the study
of bone surface color and the macroscopic and microscopic
morphology of the crystalline structure in a controlled environ-
ment (1-5). However, a review of the anthropological literature
reveals that the current methodologies for analysis of burned
human bone are still, at best, confusing (1-8). Presently there
are few publications centered on the histological structural
changes caused by fire.

Macroscopically, during the cremation process, the fire and
heat modify and destroy the bone structure in size, color, and
shape (9,10). Between 100°C and 300°C, the bone becomes
dehydrated, leading to a reduction of the bone to 1-2% of its
volume (11). Then follows a phase of 300-600°C, where an
alteration of the main structural features of mineralized bone
tissue occurs (12). At a temperature of 600-800°C, the organic
material fully burns and bone structure contraction increases
(13). At temperatures higher than 800°C, the crystals transform
into larger crystals and the bone structure becomes more fragile
(14). The melting point is c. at 1630°C (15).
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These changes have been defined by a wide variety of some-
what contradictory studies (1-15). Some histological changes
have been examined, but generally using equipment and instru-
ments that are not broadly available (1,9—11). Our research pro-
poses an easily applied method using a simple microscope that
can examine the changes produced in cortical and trabecular
bone as a consequence of the increase in temperature. The study
of these changes is necessary due to the important effects that
fire and heat produce in the alteration of material evidence and
human remains.

Methods

A total of 165 samples were obtained from forensic cadaver
autopsies, with an age range of 2688 years. All individuals had
died from unexpected (not necessarily sudden) or violent death.
Of the collected samples, 15 were discarded for one or more of
the following reasons: time of death exceeded more than 24 h;
insufficient quantity of collected samples; error in sample
processing; and evidence of disease that could affect bone
metabolism. Of the 150 studied samples, 87 were those of male
cadavers and 63 were those of female cadavers.

The samples were obtained by bone biopsy with the use of
Bordier’s trocar in the left ilium (Fig. 1), no more than 24 h
postmortem. In this step, a transiliac cylinder of 7 mm in diame-
ter and 15 mm in length was obtained, ¢. 2 cm from the iliac
border (Fig. 1). The samples were burned in a furnace at con-
trolled temperatures ranging from 100° to 1100° C for 20 min
each. The following lists the number of samples exposed to each
temperature: 13 at 100°C, 10 at 200°C, 13 at 300°C, 15 at
400°C, 13 at 500°C, 15 at 600°C, 13 at 700°C, 15 at 800°C, 15
at 900°C, 15 at 1000°C, and 13 at 1100°C.

The bone samples were processed without decalcification
using dehydration in 96% alcohol and inclusion within methyl
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FIG. 1—Location of bone biopsy taken from the ilium.

FIG. 2—Longitudinal fractures in trabecular bone at 100°C. Goldner’s
trichrome 63 x.

methacrylate. Sections 3 mm thick were prepared using a Reic-
hert microtome. The sections were fixed on microscope slides
and stained using hematoxylin-eosin, Goldner’s trichrome, and
toluidine blue methods.

The samples were analyzed using a Leica DMLB microscope,
and the images were captured with a CCD Sony camera, adapted
for use with a digitalizing card. Once the bone section images
were obtained and digitalized at 10x, 20x, 40x, 63x and
100x, they were analyzed.

Results

At 100°C, osseous cells are visible, as well as the remains of
muscular tissue and blood cells. Longitudinal microfractures
appear in the trabecular (Fig. 2) and cortical bone (Fig. 3).
Haversian channels appear deformed (Fig. 3).

At 200°C, the remains of muscular tissue are still visible, as
well as osteoid elements. Osseous cells are still present. Longitu-
dinal microfractures appear in clustered form (Fig. 4). Polyhedral
crystalline formations begin to appear (Fig. 5).

At 300°C, agglutinated soft tissue remains. The trabecular
bone structure begins to deform, producing polyhedral crystalline
formations in the matrix of the connective tissue (Figs 6 and 7).
Osteoid formations still remain (Fig. 7).

FIG. 3—(A) Longitudinal fractures in cortical bone. (B) Haversian systems
appear deformed. 100°C. Goldner’s trichrome 20x.
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FIG. 4—Detail of a trabecular fracture at 200°C. Hematoxylin-eosin 4x.

FIG. 5—Crystalline formations in cortical bone at 200°C. Hematoxylin-
eosin 63x.

At 400°C, agglutination of longitudinal radial fractures occurs
with square-shaped crystalline formations (Fig. 8).

At 500°C, mineralized rings in the bone are clearly seen.
Cubic and clustered form structures are visible. (Figs 9 and 10).

At 600°C, the cortical bone has cubic crystalline formations.
The trabecular bone begins to appear increasingly rough
(Fig. 11).

At 700°C, there is a proliferation of the formation and size of
the cubic crystalline structures. Both areas of bone show increas-
ingly more agglutination (Fig. 12).
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FIG. 6—Deformed trabecular structure. 300°C. Hematoxylin-eosin 40x.

FIG. 9—Linear macromolecular crystalline polymers of collagen and
extracellular matrix. 500°C. Toluidine blue 20x.

FIG. 7—Crystalline formations in cortical bone. 300°C. Toluidine blue
40x.

FIG. 8—Crystalline formations in the trabecular bone. 400°C. Toluidine
blue 63 x.

At 800°C, the structure continues to become more aggluti-
nated and chaotic. The cortical bone areas appear fused to the
areas of spongy bone. There is significant shrinkage in granular
form of the spongy bone. The crystalline structures reach their
maximum size (Fig. 13).

At 900°C, there is an abundance of granulation of the trabecu-
lar bone. Crystalline structures no longer appear (Fig. 14).

At 1000°C, there is an absence of polyhedral crystals and
crystalline areas. The tissue is increasingly more granular
(Figs 15 and 16).

FIG. 10—Linear macromolecular crystalline polymers of collagen and
extracellular matrix. 500°C. Toluidine blue 40x.

FIG. 11—Crystalline formations in the trabecular bone. 600°C. Hematoxy-
lin-eosin 40x.

At 1100°C, the cortical and trabecular bone appear as granular
tissue (Figs 17 and 18).

Discussion

In this study, the ilium was chosen to represent the changes
that occur in both the cortical and spongy bone of most of the
skeleton (16,17). During the burning process, fire affects all the
muscles in an exposed body, causing muscle fibers to warm and
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FIG. 12—Crystalline formations in cortical bone. 700°C. Hematoxylin- FIG. 15—Increased granularity in trabecular bone. 1000°C. Hematoxylin-
eosin 40x. eosin 40x.

FIG. 13—Crystals in trabecular bone. 800°C. Hematoxylin-eosin 63 x. FIG. 16—Increased granularity in cortical bone. 1000°C. Hematoxylin-
eosin 63 x.

FIG. 14—Granulation in trabecular bone. 900°C. Hematoxylin-eosin 40x.
FIG. 17—Trabecular deformations. 1100°C. Hematoxylin-eosin 63x.

trabecular bone in an anatomical area not associated with limb
reduce. The final position of remains is thus affected by muscle attachment and variable heat exposure.
and ligament contraction that initiates after ¢. 10 min at a When the bone is exposed to temperatures of 100-200°C, the
temperature of 800°C. This muscle contraction will result in fundamental characteristic is the presence of longitudinal frac-
greater exposure of certain anatomical areas and protection of tures both in the cortical and trabecular bone (Figs 2—4), while
others, not only in relation to the tissue depth but also in relation crystalline formations appear from 200°C upward (Fig. 5).
to how those areas are positioned. These areas of exposure From 300°C to 400°C, the organic materials disappear (20,21),
can, in turn, help in obtaining a representative sample to under- fractures become more obvious and the connective bone tissues
stand varying temperatures reached by the fire (18,19). The ilium tend to become deformed (Fig. 6). Likewise, crystalline forma-
was chosen for this study because it presents both cortical and tions increase in size at this temperature (22, Figs 7 and 8).
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FIG. 18—Granular appearance in cortical bone. 1100°C. Hematoxylin-
eosin 63x.

TABLE 1—Sequential thermal-related histological changes.

Temperatures Histological Changes

From 100°C to 300°C Longitudinal fractures, presence of osseous
cells and organic tissue. First polyhydric
crystalline formations

Presence of cubic crystalline formations.
Crystalline polymers

The bone structure has become crystalline and
loses homogeneity

Clustered formation with loss of osseous structure

From 400°C to 600°C

From 700°C to 800°C

Greater than 900°C

From 500°C to 600°C, the crystalline linear macromolecular
polymers form in the collagen and extracellular matrix (Figs 9
and 10), which show metachromatic changes that suggest the
existence of sulfo and/or carboxymucins. The heat transforms
these crystals in the liquid or isotropic crystal phases (22).

Between 600°C and 800°C (Figs 11-13), crystalline forma-
tions increase in size and number. Likewise, the appearance of
the bone also changes from a laminar pattern with a homoge-
neous texture to a more crystalline texture, as other investigators
have also reported (23-25).

At temperatures approaching 900°C, large crystal structures
are no longer identifiable. As temperatures reach 900°C and
higher, the structure becomes completely crystalline, yet amor-
phous and granular in shape. This can be explained by the
recrystallization phenomena of the compounds derived from the
hydroxyapatite thermal hydrolysis, which results in retraction,
fracture, bone matrix vesicle formation, Haversian canals burst-
ing and, finally, cluster formations (26,27).

To conclude, we have focused on the histological changes in
the cortical and trabecular bones and the formations of crystalline
structures at different temperatures. These temperature-related
changes can be classified into four distinct stages (Table 1). This
classification can be made by a simple bone biopsy and it offers
information about the temperatures to which human remains were
exposed. Of course, in casework other factors also should be con-
sidered, such as duration of elevated temperatures and context.
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