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Abstract.

The analysis of burned human remains has given rise to many publications in the literature
and has caused great interest among forensic specialists and physical anthropologists due to
the difficulty in its analysis and interpretation. The main goal of this study has been to
measure the changes that occur in bone matrix as a consequence of the increased temperature
and establishing categories of histological morphology in relation to fire temperature. To this
end, a total of 150 bone cylinders from the ilium obtained by bone biopsy. These samples
have been obtained from forensic cadavers and burned at controlled temperatures between
100 and 1100°C in an oven. The samples were fixed in methyl methacrylate and stained with
hematoxylin-eosin, Goldner’s trichrome and toluidine blue stains. The samples were studied
using an optical microscope at 100x. Our study classifies the morphological changes that
occur in bone matrix in four stages as a result of the temperature.

Introduction

The analysis of burnt 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 determine the best
methodology for the preservation and interpretation of burnt bones as a consequence of
thermal processes. We include analyses of the distinction between burnt bones with and
without flesh, relation between the color and temperature reached by fire, contraction, and
macro-microscopic structural changes (1).

In the last decade, the investigations have been focused on the bone surface color and
the macroscopic and microscopic morphology of the crystalline structure in a controlled
environment (2,3,4,5). However, a review of the anthropological literature reveals that the
current methodologies for the burnt human bone analysis is still, at best, confusing. Presently
there are no publications centered on the histological structural changes caused by fire.

At a macroscopic level we can observe that during the cremation process, the fire and heat
modifies and destroys the bone structure in size, color and shape (6,7). Between 100 and 300
°C the bone dehydrates, causing a reduction in its size by 1-2 percent of its volume (8).

Afterward, between 300 - 600°C, begins a phase which produces a change to the primary



structural characteristics in the mineralized bone tissue. At a temperature of 600-800°C, the
organic material fully burns and bone structure contraction increases (9). At temperatures
higher than 800°C, the crystals, generated by the increase in temperature, melt into bigger
crystals and the bone structure becomes more fragile (10,11). The melting point is
approximately at 1630°C (12).

All of these microscopic changes have led to a wide variety of studies, the majority of
which are contradictory, and the few studies on the histological changes have been performed
with instruments that are too expensive for some laboratories.

Our research proposes an easily applied method with a simple microscope of which the main
purpose is to determine the changes produced in bone matrix 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 26 to 88 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 hours; 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 male and 63 were female.

The samples were obtained by bone biopsy with the use of Bordier's trocar in the left
ilium (Fig. 1), no more than 24 hours postmortem. In this step, a transiliac cylinder of 7 mm
in diameter and approximately 15 mm in length was obtained, approximately 2 cm from the
iliac border (Fig. 1). The samples were burned in a furnace at controlled temperatures ranging

from 100°- 1100° C for 20 minutes 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 methacrylate. Sections 3 mm thick were prepared using a
Reichert 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 100x, they were analyzed.

Results:

At 100°C, micro-fractures appear in the matrix, but the most characteristic sign is the cord-
like structure which corresponds to collagen fibers that tend to separate due to the effect of

heat and bone micro-fracture (Fig. 2), .

At 200°C The arrangement of the collagen fibers acquire a more rigid and compact tone,
leaving this cord-like arrangement from the previous phase to acquire a bar arrangement,

conferring a more orderly and parallel arrangement of the fibers (Fig. 3).

At 300°C This phase is very characteristic and the difference lies in that the structure begins
to fracture, the cord-like arrangement disappears to give rise to division and partition of the

fibers (Fig. 4).



At 400°C, General deformation of the tissue is seen, some of the fibers have been compacted
with others giving rise to an irregular surface where they begin to show formations that will

later become crystalline structures (Fig. 5).

At 500°C, the crystallization phase begins, the tissue that was previously chaotic becomes
crystalline, cubical crystals appear with the onset of this linear macromolecular crystalline

polymer phase (Fig. 6).

At 600°C, the cubical crystalline formations disappear and the matrix acquires an irregular
crystalloid structure characterized by a compact surface of irregular shapes without a fixed

distribution or geometric figures (Fig. 7).

At 700°C, the crystalline structures begin to appear again, this time large, predominantly

round structures are characteristic compared to the cubical form (Fig. 8).

At 800°C, the crystalline formations that had begun to form in the previous stage acquire a

larger size and even begin to melt with others (Fig 9).

At 900°C, the structure compacts, the large crystals from the previous phase have given way

to much smaller rounded crystals (Fig 10).

At 1000°C, the small rounded crystals from the previous phases disappear, giving way to a

compact surface made up of microcrystals (Fig. 11).



At 1100°C, the microcrystals tend to group together, leaving the previous compact form to

form linear cord-like reticular shapes, with large lacunae appearing between them (Fig.12).

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 reduce. The
final position of remains is thus affected by muscle and ligament contraction that initiates
after approximately 10 minutes at a temperature of 800°C. This muscle contraction will result
in greater exposure of certain anatomical areas and protection of others, not only in relation to
the tissue depth but also in relation to how those areas are positioned. These areas of exposure
can, in turn, help in obtaining a representative sample to understand varying temperatures
reached by the fire (18, 19, 20). The ilium was chosen for this study because it presents both
cortical and trabecular bone in an anatomical area not associated with limb attachment and
variable heat exposure.
Bone matrix is composed of an inorganic component, calcium phosphate in the form of
hydroxyapatite crystals, and an organic component, collagen fibers.
It has been shown that there is an intimate relationship between the organic (protein) and
inorganic (mineral) components in the phases that make up the bone matrix. Therefore,
incineration of bone affects both the inorganic matrix as well as the organic matrix, though it
does it differently in the latter (21).
As can be observed at 100°C, the first significant change is the cord-like separation of the
collagen (Fig 2). This is due to a denaturing of the collagen (22) when the structure acquires

greater mobility (23,24).



At 200°C, the arrangement of the collagen fibers becomes more rigid and compact because
the structure loses its thermal stability (25). From 300°C to 400°C the structure become
compact, giving rise to an irregular surface (Figs. 4 and 5). Conversely, linear
macromolecular crystalline collagen polymers appear beginning at 500°C (Image 5). This
process is due to the disassociation between hydroxyapatite which begins its crystallization

and the thermal destruction of collagen (26. 27).

The phenomena of fusion and recrystallization from thermal hydrolysis of the hydroxyapatite
and its derivatives is known as sintering and this is responsible for the histological changes in
the bone tissue (28). As the temperature increases, the hydroxyapatite has greater crystallinity,
in order to form more stable and larger crystals (29). Based on the results and images obtained
at 100x, the most important transformation starting at 600°C where the crystallinity of the
bone mineral increases, producing a vitreous structure (Image 6). This structure is probably
what causes bone remains to gradually lose their consistency at 600°C with the increase in the

combustion temperature (30, 31).

However, this tendency becomes inverted at 700-800°C where the crystalline structures
become large with predominantly rounded shapes (Image 7) compared to the cubic shapes
(Image 8). This is due to recrystallization and conversion of calcium phosphate into tricalcium

phosphate, causing greater hardness and mechanical resistance (32).

At temperatures approaching 900°C, large crystal structures are no longer identifiable.
As temperatures reach 900°C and higher, the bone matrix becomes completely crystalline, yet
amorphous 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 bursting and, finally,

cluster formations (33-35).

Conclusions:

To conclude, we have focused on the histological changes in the collagen
polymerization and hydroxyapatite crystallization processes. These temperature-related
changes can be classified into four distinct stages (Table 1). This classification can be made
by a simple bone biopsy and offers information about the temperatures to which human
remains were exposed. Of course, in casework other factors also should be considered, such

as duration of elevated temperatures and context.
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Figure 1: Location of bone biopsy taken from the ilium.
Click here to download high resolution image

ILIAC CREST BORDER



http://ees.elsevier.com/fsi/download.aspx?id=178179&guid=8766358c-bce5-4c0a-b2cd-d9eed9f1216d&scheme=1

Figure 2: Deposition of collagen fibers in the bone matrix. 100°
Click here to download high resolution image



http://ees.elsevier.com/fsi/download.aspx?id=178180&guid=41266df1-e5fc-478e-8f49-43f70c0abfdc&scheme=1

Figure 3. Deposition in bars. at 200°C
Click here to download high resolution image



http://ees.elsevier.com/fsi/download.aspx?id=178181&guid=40cda5c6-7341-43db-8bbb-6d2148f3eded&scheme=1

Figure 4: Fracture of the fibers at 300°C
Click here to download high resolution image



http://ees.elsevier.com/fsi/download.aspx?id=178182&guid=b3c2fb88-4c16-4caf-b96c-76f7fadaee96&scheme=1

Figure 5: Compacting of the fibers at 400°C
Click here to download high resolution image
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http://ees.elsevier.com/fsi/download.aspx?id=178183&guid=a0d21365-79da-4cde-96de-11c36273365b&scheme=1

Figure 6. Crystalline structure at 500°C
Click here to download high resolution image
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http://ees.elsevier.com/fsi/download.aspx?id=178185&guid=46d4a3e9-4a96-42e4-a960-e02514951c92&scheme=1

Figure 8. Rounded crystals at 700°C
Click here to download high resolution image



http://ees.elsevier.com/fsi/download.aspx?id=178186&guid=0c0b6b02-feb5-411b-91f7-7ef87f1366ee&scheme=1

Figure 9: Large crystalline formations at 800°C
Click here to download high resolution image



http://ees.elsevier.com/fsi/download.aspx?id=178187&guid=3111c965-2aae-411b-9791-9526310201d0&scheme=1

Figure 10: Round-shaped crystals at 900°C
Click here to download high resolution image



http://ees.elsevier.com/fsi/download.aspx?id=178188&guid=e395c287-c63e-43ad-bfea-652641dcffe3&scheme=1

rystals at 1000°C

Figure 11: Microc
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Figure 12: Microcrystals grouped together in cord-like shape.
Click here to download high resolution image
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Table

Table 1. Classification by stages of changes

Temperatures Histological Changes
From 100 to 300°C | Collagen deformation.
From 400 to 600°C | Vitreous crystalline formations. Crystalline polymers.

From 700 to 800°C

Presence of rounded and cubical crystals, loss of homogeneity.

Greater than 900°C

Granular surfaces




*Revision Notes

- The typos have been corrected.

- Graph 1 provides detailed information about the method of obtaining bone biopsy

- The evaluation of bone diagnostic and peri-implantary bone apposition requires laboratory
techniques that allow the evaluation of hard tissues without needing to decalcify them,
because the burned bone is very fragile, and when cut with a microtome easily breaks. The
relevance of this research it is the classification, the discussion of my point of view it is
complete and do not need more explication because is not necessary explain bone

histomorphometry in this paper.

Here you are the:
Captions (legends):

Figure 1: Location of bone biopsy taken from the ilium.

Figure 2: Deposition of collagen fibers in the bone matrix at 100°C.
Figure 3. Deposition in bars at 200°C.

Figure 4: Fracture of the fibers at 300°C.

Figure 5: Compacting of the fibers at 400°C.

Figure 6: Crystalline structure at 500°C.

Figure 7: Compact crystalline matrix at 600°C.

Figure 8: Rounded crystals at 700°C.

Figure 9: Large crystalline formations at 800°C.

Figure 10: Round-shaped crystals at 900°C.

Figure 11: Microcrystals at 1000°C.

Figure 12: Microcrystals grouped together in cord-like shape at 1100°C.



