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ABSTRACT

The anthropological analysis of cremated bone ma-
terial originating from the archaeological context
often poses a great challenge to the examiner due
to the high degree of fragmentation, thermally in-
duced shrinkage, and deformation. Histological
methods have proven useful for determining the
age at death in these osseous remains. Cross sec-
tions of long bones are used during the qualitative
histological examination. This allows for an assess-
ment of characteristics pertinent to this analysis
including individual structural elements such as
osteons, Haversian canals, the lamellar structure
or resorption lacunae. Histological features char-
acteristic for each age group are described. In addi-
tion, the implementation of tooth root cementum
examinations for aging, in which annual rings are
counted, is presented.

Animal bones are commonly found in crema-
tions, e.g. through admixtures. In the case of very
small diaphyseal fragments, morphological identi-
fication can often be very difficult. But a distinc-

tion between animal and human bones is usual-
ly possible based on the internal structure of the
compact bones.

11.1 INTRODUCTION

Anthropological ~examinations conducted on
burned bones are generally more difficult than on
unburned bones due to various thermic induced
changes incurred on them. Heavy fragmentation
and incomplete state of preservation complicate
diagnoses such as sex determination. In order to
assess specific morphological features, for example,
the sciatic notch or subpubic angle used in sex-
ing skeletal remains, a certain minimum in size is
necessary. Pelvic fragments characterized by large
amounts of cancellous bone are seldom preserved
in cremations. It is therefore necessary to assess
small scale aspects of these structures. In this way,
very small parts of the supra orbital ridge can be
examined to ascertain whether the edge is sharp

(female characteristic) or blunt (male).
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Completeness with respect to the amount and rep-
resentation of skeletal elements in the cremated re-
mains also play a significant role in the accuracy of
age estimation. In subadults, the size and wall thick-
ness of long bones, dental development and epiph-
yseal closure deliver sufficient information for aging
their remains. However, adult skeletons undergo
only gradual modifications with age. In unburned
skeletons, the pubic symphysis and auricular surface
of the pelvis are examined to identify these changes.
In addition, age-related degenerative changes seen
on the vertebrae or large joints of the extremities as
well as tooth wear can be assessed. The implementa-
tion of these diagnostic measures is often impeded
in the examination of cremated remains not only
because of fragmentation but primarily because of
the incompleteness in representation of the skele-
ton. Skeletal elements with diagnostically important
features such as the pelvis, vertebrae and epiphyses,
which however are largely composed of cancellous
bone tend to be underrepresented and tooth enamel
commonly fractures away entirely due to the differ-
ing expansion coefficients between enamel and den-
tin. The morphological estimation of age at death
in adult individuals is often reduced to an assess-
ment of skull suture obliteration. Suture closure is
not only characterized by a large span in individual
variation (e.g. Szilvassy, 1988; Jackes, 2000) but the
often very small cranial fragments exhibiting sutures
cannot always be associated with a specific suture
segment. However, this is a prerequisite for estimat-
ing age since, for example, there can be an approx-
imately 30 year difference between the ectocranial
obliteration of segment S2 of the sagittal suture and
segment L2 of the lambdoidal suture. Both seg-
ments possess a fairly tortuous meander that could
easily lead to possible confusion. As a result, age at
death estimations in cremations are often made in
broad categories like subadult and early or late adult.

11.2 HISTOLOGICAL INVESTIGATIONS

Because of this situation, it is advantageous to
prepare histological thin sections to help increase

Figure 1: View of a Biodur block with three embedded crema-
ted bone fragments.

the accuracy of age estimations (e.g. Cuijpers and
Schutkowski, 1993; Grosskopf, 2004). This meth-
od is benefited by the fact that it can be performed
on small fragments.

The proportions of different bone microstruc-
tures such as lamellae, osteons or resorption la-
cunae change throughout a lifetime. Numerous
quantitative methods for estimating age at death
have been developed which focus on the different
microstructures as seen in histological sections
(for an overview see Robling and Stout, 2000).
In 1976, Herrmann had already shown that the
fundamental microstructure of bone remains un-
changed following cremation. However, because
the shrinkage factor cannot be quantified, quanti-
tative methods should not be used for estimating
age at death in burned bones (Grosskopf, 2004).
Experimental cremation of bones from individuals
of known age shows that histologically estimated
age and the actual age are in accordance (Hummel
and Schutkowski, 1993).

When possible, the bone segment chosen for
histological age estimations should preferably
come from the femur, but not at the Linea aspera
(Grosskopf, 2004). Viewed in cross section, micro-
structures are not evenly distributed, as indicated
by Drusini (1996) and also personal experience
shows. It is therefore important that not just one
small femur fragment be examined, but multi-
ple (at least three to four). These can be embed-
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Figure 2: Schematic illustration showing age-dependent changes to the microstructure in a bone cross section. Left to right: age

class juvenile, adult, mature, senile, from Grosskopf (2004).

ded together in an epoxy (Fig. 1), allowing them
all to be sawed in a single step. The best medium
for fixation of bones and teeth has proven to be
Biodur epoxy made by Biodur Products GmbH
(Heidelberg). Subjecting the sample to a vacuum
ensures that the epoxy infiltrates the interstitial
spaces. After the epoxy has dried, thin sections are
made using a Leitz water-cooled saw microtome.
Usable sections can also be prepared with the help
of a sanding technique (Schultz, 1988; Novécek,
2012). Maat et al. (2001) describe a simplified
method which does not require sophisticated labo-
ratory equipment and can also be used to produce
adequate sections. Thin section thickness should
be less than 80-100pm, and based on material
quality and transparence, it is advisable to make
much thinner sections. In order to prevent very
thin sections from tearing away during sawing, a
cover slip can be glued directly over the cutting
surface of the embedded bone fragment.

11.3 AGE-DEPENDENT CHANGES TO
BONE MICROSTRUCTURE

A qualitative assessment for age estimations and
categorization into specific age groups is based on
the following characteristics as seen in a bone cross
section. A description of fundamental bone struc-
ture and individual components can be found in
every histology textbook.

Basic age-related changes are illustrated in
Fig. 2.

The bones of subadult individuals are com-
prised primarily of lamellae and relatively few os-
teons. Secondary osteons and intermediate lamel-
lae appear as singular structures. The number of
osteons increases with age. In the age class ,adult*
(20-40 years) a certain amount of lamellar struc-
tures are still observable.

While the areas containing lamellar structures
in the age class “early adult” are spread through-
out the cross (Fig. 3), their presence in the middle
adult age class is restricted to the periosteal region
and the unbroken, cortical lamellae continue to de-
crease into late adult age. Still, they appear in this
region even though osteons are not seen at the out-
er margin. A lamellar structure is also present end-
osteal, however, it is more difficult to evaluate than
the continuous layer of cortical lamellae at the peri-
osteum because of the transition area to the can-
cellous bone surface. The size and shape of osteons
in the age class “adult” is irregular as is the size of
the Haversian canals. This and the density chang-
es from the early adult to the late adult age class
generally making a distinction into early, middle
or late adult possible. The age class “mature” (40-
60 years) is characterized by densely packed osteons
that exhibit a similarity in size and shape (Fig. 4).
In the age class “early mature” some remnants of
the outer cortical lamellae are still recognizable,
while the age classes middle and late adult show the
presence of osteons up to the outer edge. One of
the main changes observable in the late mature age
class is the formation of large resorption lacunae at
the endosteal area. They are characterized by com-



198

BIRGIT GROSSKOPF

Figure 3: Bone cross section of an early adult individual sho-
wing lamellar structures at the inner and periosteal areas (the
latter is continuous) (scale: 500 pm).

Figure 5: Expanded resorption lacunae (scale: 250 pm).

paratively irregular surfaces, which make them easy
to differentiate from the Haversian canals (Fig. 5).
The histological picture of an individual from the
age class ,senilis“ is characterized by numerous re-
sorption lacunae spread throughout the entire bone
cross section and shows irregularly shaped osteons
most of which have relatively large Haversian canals
(Fig. 6). The older the individual, the less dense the
structure becomes. This loosely packed structure is
sometimes even identifiable with the naked eye at
freshly broken bone ends. However, caution should
be taken not to confuse resorption lacunae with
small tears caused by the heat. Confirmation using
a light microscope at high magnification is there-
fore advisable. Bone cross sections from individuals
with osteoporosis can exhibit similarities with the

W, 1 P
Figure 4: Bone cross section of an individual in the middle
mature age class. Osteons are densely packed and the osteons
reach all the way to the periosteal margin (scale: 500 ym).
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Figure 6: Numerous resorption lacunae in a bone cross section
from an individual in the senilis age class (scale: 500 pm).

age class senilis, since the same fundamental change
of increased reduction of bone substance coupled
with reduced formation is taking place. For this rea-
son, as is the practice for all anthropological assess-
ments of age or sex, a reliance on a single method
should be avoided and all features available should
be taken into consideration when possible. Particu-
larly with respect to the fact that the biological age
of an individual can be heavily influenced by vari-
ous endogenous and exogenous factors.

11.4 TOOTH CEMENTUM ANNULATION

Appositional rings in tooth cementum can be
counted in order to narrow down the actual
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Figure 7: Appositional rings in the cementum layer of a
premolar tooth belonging to a 57 +/-2.3 year old individual
(cremation from Cottbus).

chronological age of an individual (Grof3kopf,
1989; Grofikopf, 1990; Grosskopf and Hummel,
1992; Grosskopf and McGlynn, 2011). However,
compared with unburned tooth roots, those deriv-
ing from cremations often possess a grainy quality
in their optical appearance (Fig. 7). Therefore, as
many slices per tooth root as possible should be
prepared to ensure the greatest number of areas for
counting. In the event that the tooth root mainly
has opaque areas and no other roots are available
for testing, then under certain circumstances only
a minimum age estimation can be given. This is
also necessary when the tooth from which the
root originates cannot be specifically identified.
As a result, the age of eruption is unknown and
these years cannot be added to the number of rings
counted, which is necessary to acquire the age esti-
mation. In this case the earliest age of eruption for
a tooth is added. In a molar root this would be the
age of eruption for the first molar.

The great amount of time and effort required
by this method makes it less attractive in its use as a
standard method for large numbers of cremations.
When the histological picture is characterized by a
loose microstructure, yet the macroscopic assess-
ment indicates a younger age at death, then oste-
oporosis could be the causative factor (see above).
In this case, estimating age at death can be aided
by employing the tooth cementum annulation
method.

11.5 IDENTIFYING ANIMAL BONE

Animal bone fragments are often comingled with
cremation burials and usually represent meat or

Figure 8: Sheep bone above and a red deer bone below, left is
unburned and cremated at the right.

symbolic offerings that were burned together with
the dead. The animals bones often exhibit lower
burning temperatures than the human remains
(Wahl, 1988). Even though most of the animal
bones have been shown to stem from pigs (Wahl
and Kokabi, 1988), a detailed archacozoological
examination should nonetheless be conducted. In-
formation can be won to species, amounts of meat,
preferences to anatomical parts (whether rich in
meat or not), and correlation between sex and
slaughter age (Kunter, 1994; Wahl, 2001; Wahl
and Kokabi, 1988).

With the exception of phalanges from bears
and pigs, most parts of epiphyses are readily iden-
tifiable as human or animal since they possess
clearly different morphological features (Wahl,
2001). Animal bone diaphyses fragments are
sometimes discernable in cross section alone or
based upon their wall thickness combined with
the cross section. Another criteria used is the
bone’s surface, because animal bones tend to have
markedly smoother surfaces than seen in humans
(Fig. 8 above). In addition, an assessment of the
endosteal surface can be helpful since it is usually
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much smoother than in human long bones (Fig.
8). Unfortunately, the smaller the fragment, the
more difficult it becomes to examine the structure
of these surfaces. It is not always possible to as-
sess whether the surface is actually smoother or
chalky and must be rubbed with the fingers to
make this judgment. Chalky surfaces are generat-
ed at temperatures of ca. 700-800°C through the
conversion of apatite crystals (Herrmann, 1988;
Wahl, 2001). Temperatures can vary dramatical-
ly within a funeral pyre depending on how it is
constructed, the wood used, and oxygen availabil-
ity, and can all lead to a heterogeneous degree of
bone cremation. In rare cases animal bones can
be distinguished by an unusual breakage pattern
that is sometimes combined with engraved surfac-
es (Grosskopf, 2013). Dried bones react to heat
differently than fresh bones and exhibit straighter
rather than parabolic fracture lines (e.g. Binford,
1963; Buikstra and Swegle, 1989; Herrmann,
1972; Ubelaker and Scammel, 1992). When the
morphological determination of an animal bone
is not possible or uncertain, then a histological
cross section can be prepared to view the internal
microscopic structures. Many animal species ex-
hibit plexiform microscopic structures (Fig. 9). As
the animal’s age increases, this plexiform structure

can be replaced by osteon bone (Herrmann et al.,
2007; Robbins and Gray, 2011). Haversian canal
diameter is markedly larger than in animals (Tab.

Figure 9: Plexiform structures in a cross section of burned bone. Wild boar at left, sheep at right (scale 500um).

1) allowing for a measurable distinction. However,
shrinkage caused by high temperatures must be
taken into consideration when examining cre-
mated bones. Therefore measuring the diameters
alone is insufficient and it is advisable to compare
a histological thin section of the animal in ques-
tion with a section taken from cremated human
bone. This allows for a more accurate assessment
of size differences in Haversian canals.

11.6 EXAMINATIONS USING A
BINOCULAR LIGHT MICROSCOPE

If the examiner has profound experience with
the assessment of histological slides of bone cross
sections, then a determination of animal or hu-
man bone can also be made using a conventional
binocular microscope. If the bone edge is soiled
with sediment, a new edge should be made. If this
is not possible because the bone fragment is too
small or the bone is too massive for a piece to be
broken off, then the bone can be sawed. Follow-
ing this, it should be cleaned in an ultrasonic bath
to remove all sawdust residues. If a plexiform
structure is observable, then an identification is
easy. However, if osteon bone is present, then it
is advisable to make a direct comparison with
human bone under the binocular microscope to
better assess the size and distribution of the Hav-
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MIN OSTEON | MAX OSTEON | MIN HAVERSIN | MAY HAVERSIAN | AUTHOR
CANAL CANAL
Human | 277 352 58 76 Cattaneo et al. 1999
Human | 174 281 33 50 Dittmann 2003
Human | 244 508 56 74 Robbins & Gray 2011
Horse 158 205 26 33 Dittmann 2003
Horse 183 223 240 54 Mori et al. 2003
Cow 79 117 9 22 Mori et al. 2003
Cow 212 157 18 23 Dittmann 2003
Deer 67 143 17 29 Robbins & Gray 2011
Elk 108 157 14 30 Robbins & Gray 2011

Table 1: Osteon and Haversian canal diameters in unburned bones

ersian canals. For the experienced observer, this
saves time and energy and allows for the identi-
fication of even very small diaphyses fragments
that otherwise show no specific characteristics for
animal bones.

Because of the positive experiences made in ex-
amining bone microstructure using conventional
binocular microscopes, especially with respect to
the morphological and histological estimation of
age at death, an additional examination of the mi-
croscopic structures themselves is possible, leading
to excellent results.

Successful assessment is exemplified in the de-
termination of whether osteons reach the perioste-
al margin or if cortical lamellae are at the periosteal
edge (Fig. 10 and 11). Loosely organized structures
showing numerous large resorption canals are also
readily observable. Classification of the bone into
an age group adult, mature, and senilis is possi-
ble with the help of a binocular microscope under
high magnification. Conducting blind tests with
bone fragments versus histological thin sections
showed that those observers highly experienced in
microscopy were able to narrow down the actual
age estimation and that there were no discrepan-
cies between the histological examination and that
using the binocular microscope. This procedure
was successfully implemented, for example, in the
examination of the Roman cremation cemetery
Kaiseraugst ,,Im Sager“ (the final paper is in prepa-
ration by Amman et al.). Over 500 individual cre-

mation burials were recovered there. However, the
finances available for that project did not allow for
the preparation of histological thin sections for all
of the sometimes sparingly small amounts of burial
remains. As a result, sections of broken edges were
examined by Cornelia Alder and the author with
the help of a light microscope. Afterwards, histo-
logical sections made from the same bones were ex-
amined in a blind test. With only a few exceptions
in which the surfaces or microscopic structures did
not permit an assessment using the light micro-
scope, there was a very good agreement between
the age estimations made on the broken edges and
those based on histological slides.

This type of examination is only possible when
the person conducting the investigation has a
great deal of experience in the histological deter-
mination of age at death in burned and unburned
bones. The stereomicroscopic examination should
not replace the histological assessment. It should
only be used in cases where an age estimation
would otherwise be impossible. Imaizumi (2015)
recently described the option of using micro-com-
puted tomography (micro-CT) for examining mi-
croscopic bone structures. This offers a possible al-
ternative in archacological finds in which invasive
methods are not permitted. However, considering
the numerous small fragments available in cre-
mated burials and the work involved in preparing
histological sections, this method is not recom-
mended here.
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Figure 10: Broken edge section from cremation burial Polch
72, in which a clear lamellar area without Haversian canals is
visible, resulting in an age estimation of late adult.

11.7 CONCLUSIONS

Histological examinations show great potential in
the examination of cremations. They can be con-
ducted on highly fragmented material, allowing for
relatively accurate individual age at death estimations.
Estimating age at death in cremated material is not
limited to an assessment of epiphyseal closure or skull
suture obliteration, although some authors continue
to maintain this in the current literature (e.g. Piga et
al., 2015). The analysis of tooth root cementum is
shown to be an important tool in narrowing down
estimations of age at death. Discerning between hu-
man and animal bone is possible even with small di-
aphyseal fragments lacking any characteristic features,
simply based upon differences in their microscopic
structures. In addition to the methods presented here,
histological examinations can also provide valuable
insight in the assessment of pathological changes (e.g.
Novicek, 2012). When possible, histological analysis
should always be employed in order to realize the full
potential of this analytic method.
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