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AssTrACT: Research of cremated human remains are limited by severe analytical constraints. Estimation
of basic anthropological parameters such as sex of individuals or their age at death is often uncertain.
A method for assessing the sex of cremated individuals measures the lateral angle of the petrous part (PP)
of the temporal bone, known as the lateral angle (LA) method.

In the cemetery of the Lusatian culture in Czernikowice (51.317389°N, 15.871469°E), 6 well-preserved
PP were identified. The analyzed PP belonged to 6 different individuals: 3 adults and 3 children. Based on
standard anthropological methods, sex was estimated for adults individuals: 2 males and 1 female. The
identified PP served as the basis for application of the LA method. The bones were scanned by computed
tomography (CT) and the tomographic imaging allowed measurement of the lateral angle.

The absolute values of intra-observer errors did not exceed 1°. Relative technical errors of measurements
(rTEM) fell in the range below 5%, which is indicative of their high precision. Individuals for which the LA
value was greater than or equal to 45.0° were qualified as females and those for which it was less than 45.0°
— as males. The LA values for female individuals ranged from 48.0 to 49.1°, (average 48.5=0.78°, median
48.4°) and for male individuals were in the range of 24.9-37.5° (average 33.4+5.80°, median 35.5°). The
absolute difference between the average values for female and male individuals was considerable (15.1°) and
statistically significant (p < 0.001).

The LA method provides good reliability of measurements when it comes to this analysis with regard
to cremated osteological material, and the use of non-invasive CT enhances its value in the context of
archaeological remains. However, its capability for sexing subadult individuals should be approached with
caution and requires further research.

Key worps: LA method, computed tomography, cremated human remains, Urnfield culture, Late Bronze Age

Original article
© by the author, licensee Polish Anthropological Association and University of Lodz, Poland
H This article is an open access article distributed under the terms and conditions of the
creauve
Creative Commons Attribution license CC-BY-NC-ND 4.0
commons
(https://creativecommons.org/licenses/by-nc-nd/4.0/)

Received: 2021-09-19. Revised: 2022-01-14. Accepted: 2022-01-20



https://doi.org/10.18778/1898-6773.85.1.04
https://creativecommons.org/licenses/by-nc-nd/4.0/%22 /t %22_blank

64 Agata Hatuszko, Maciej Guziriski

Introduction

When pursuing the research on commu-
nities connected with the Urnfield tradi-
tion on the present-day territory of Po-
land, we face a large-scale spatio-temporal
phenomenon; duration of some cemeter-
ies extended for over one thousand years
(Lasak 1996; Stolarczyk et al. 2020).
Identification of variability of biological
parameters of prehistoric communities is
crucial for analysing consequences of their
cultural progress based on the evolution of
adaptative mechanisms within the popu-
lation. Accordingly, anthropological data
can be of fundamental importance for
socio-cultural inferences and changes in
funeral rites. The current progress in an-
thropological methods based on advanced
technology provides new information that
is especially important in the research on
populations of the Urn field culture, as
their communities commonly used cre-
mation in their burial practices.
Investigations of cremated bioarchae-
ological materials are limited by consid-
erable analytical constraints. Estimation
of basic anthropological parameters such
as sex of individuals or their age at death
is very often uncertain. This is particu-
larly true for assessing the sex of indi-
viduals on the basis of cremated bone
fragments (McKinley 2015). Cremated
remains are generally considerably frag-
mented and deformed, which makes it
impossible to use the methods of sex
determination that apply to skeletal ma-
terials (Strzatko et al. 1973; Doklddal
1999; White et al. 2011). The methods
of estimating sex of subadult individuals
based on morphology of the mandible
and ilium (Schutkowski 1993; Loth and
Henneberg 2001), as well as biochemical
methods (Rebay-Salisbury et al. 2020;
Gowland et al. 2021), cannot be applied

to cremains. Of the methods employed
for sexing adult individuals, the use of
both the descriptive as well as metric
ones can result in errors due to a variety
of changes in shape and dimensions of
particular parts of a skeleton in the pro-
cess of cremation (Strzatko et al. 1973).

Petrous parts of temporal bones (PP)
are among bones with the best preserva-
bility (Masotti et al. 2013; Bonczarowska
et al. 2021). Therefore, several methods
of sexing were developed which use meas-
urements of different anatomical struc-
tures constituting PP (Wahl 1981; Schut-
kowski and Herrmann 1983; Wahl and
Graw 2001; Norén et al. 2005; Ward et al.
2020; Boucherie et al. 2021). One of them
is a technique based on the measurement
of PP’s lateral angle, known simply as the
lateral angle (LA) method. As extensively
presented in numerous publications on
the subject (cf. e.g. Wahl 1981; Graw et al.
2005; Norén et al. 2005; Kozerska et al.
2020), regardless of the adult age catego-
ries or origins of individuals studied, there
were significant differences between the
size of the LA in both sexes. The meth-
od has already been applied for estimat-
ing the sex of cremated prehistoric indi-
viduals, for instance, those discovered at
Stonehenge, dated to the Late Neolithic/
Early Bronze Age (Willis et al. 2016). Due
to its applicability to individuals from cre-
mation graves, the method gave basis also
to the analyses of such prehistoric finds
like the ones presented below.

Material and methods

The anthropological analyses were per-
formed on cremated bone remains from
the burial ground of the Urnfield culture
discovered at site 2 in Czernikowice, Po-
land (51.317389°N, 15.871469°E) (Sto-
larczyk et al. 2020).
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Osteological material was recovered
in the 1960s and 1970s and since then
most of it has been lost. Out of about
200 burials, cremains from just 24 fea-
tures, i.e. 20 graves and 4 bone clusters,
could have been reanalyzed. However,
for 100 burials archival anthropological
reports of Brunon Miszkiewicz survived,
and these were included in the current
analyses and interpretation of the burial
ground (Stolarczyk et al. 2020).

The majority of the graves (70.7%)
are dated to the Bronze Age (BA) 'V, 8.8%
of them — to BA IV, 8.0% — to BA IV-V,
and 3.2% — to the end of the Bronze Age
and the beginning of the Early Iron Age.
The remaining graves were dated gener-
ally to a long period lasting from the Late
Bronze Age to the Early Iron Age, viz.
around 1300-400 BC.

The weight of the cremated bones was
measured for 11.1% burials and ranged
from 2 to 1288g. Heavily burnt bone
fragments (97.4%) were of white, chalk-
white or cream colour.

The MNI value for 124 analysed
graves and bone clusters was estimated
to be 146, of which age at death was de-
termined in the case of 140 (95.2%) in-
dividuals.

The division into age categories was
used according to Kwiatkowska (2005):
Infans I (younger children) — from 0 to 7
years old, Infans II (older children) — from
7 to 14 years old, Juvenis (youthful ones)
— from 14 to 22 years old, Adultus (young
adult) - from 22 to 35 years old, Maturus
(middle adult) — from 35 to 55 years old,
senilis (old adult) — over 55 years old. The
most numerous age group was that of
children (69.2%: Infans I - 52.7%, Infans
II - 16.4%), less numerous was the set of
adults (13.0%), and the least numerous
were the oldest individuals (1.5%). Based
on the estimated ages at death and mor-

tality table, life expectancy at birth (e0)
was estimated to be 6.5 years, whilst in-
dividuals in the reproductive age on aver-
age did not live past 30 years (e, =8.9).
The value of the potential reproduction
index was high (R =0.883), but so was
the proportion of deaths in childhood
(79.1%). This situation was mirrored by
a low value of the biological state index of
the population (I, =0.179), indicating its
poor biological condition.

The sex of the individuals was es-
timated according to the methods pro-
posed by Strzatko, Piontek, Malinowski
(1973), based on morphological dimor-
phism of the skull and measurements
of the zygomatic bone and the bones of
the postcranial skeleton. The sex of most
individuals was indeterminable (72.1%).
This was caused by the predomination of
individuals classified within the young-
est age categories (69.2%). Based on
standard anthropological methods, from
among 146 individuals 22 were identi-
fied as males and 17 as females.

In the reanalysed osteological materi-
al, there were 6 well-preserved PP (4 right
ones — PP R, and 2 left ones — PP L) that
belonged to 6 different individuals of var-
ious ages at death and sex determined for
3 adult individuals using conventional
anthropological methods (Strzatko et al.
1973; Dokladal 1999). The sex of these 3
adult individuals was determined on the
basis of at least two features of the skull
morphology (individuals from graves 69
and 78) and measurements of the bones
of the postcranial skeleton (individuals
from graves 78 and Cz/18). On this ba-
sis, it was determined that an individual
from grave 69 had  80% probability of
being male, and an individual from grave
78 with a 56% probability of being fe-
male (Strzatko et al. 1973; Stolarczyk et
al. 2020). For the individual from grave
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78, the proximal femur epiphysis (head
diameter) was measured, identifying this
individual as female. Regarding an indi-
vidual from the grave Cz/18, measure-
ments of the humeral head and radius
were taken and classified as male.

The identified PP offered an oppor-
tunity to apply the lateral angle (LA)
method in order to assess the sex of in-
dividuals and determine the results for
individuals whose sex was determined
also with the use of standard anthropo-

Gr. 74

Cochlea

Ny

-

Vestibulum

logical methods (Strzatko et al. 1973;
Doklddal 1999; White et al. 2011; Sto-
larczyk et al. 2020).

The LA method relies on measuring
the angle between the internal audito-
ry canal and the medial surface of the
petrous part of the temporal bone (Wahl
1981). In this study, we applied the var-
iant of the LA method (Akansel et al.
2008) that is adapted to measurements
of the lateral angle made on tomographic
scans (Figure 1).

Gr. Cz/18

N¢ ®

o

Fig. 1. Preserved petrous parts (PP) of temporal bones of individuals from cremation graves (Gr.) from the
burial ground at Czernikowice and the technique of measuring lateral angle (LA). Bottom to the right —
the most easily recognizable inner ear structures: cochlea, vestibulum and internal acoustic canal (IAC).
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The CT examination of preserved
PP was performed in the Department
of General Interventional Radiology and
Neuroradiology of the Wroclaw Medi-
cal University with a VCT Lightspeed,
64-row scanner (GE Healthcare, USA).
The scanning parameters: tube voltage
120 kVp; beam collimation was 0.6 mm;
scan range cover all bones, scan rota-
tion time was 1 s., automatic exposure
control (AEC) was activated, the noise
index (NI) was 2.8. Scanning was per-
formed in sequential mode. The filtered
back projection (FBP) algorithm was used
for image reconstruction. Image ma-
trix size of 512 X 512 was the standard
for the CT application. Images were re-
constructed in axial and coronal planes
with a resolution ranging from 0.3 to
10.0 mm, according to requirements.
Image analyses were performed in soft
tissue and bone window. Image post-pro-
cessing techniques included 2D and 3D
reconstructions (MPR - multiplanar re-
construction, MIP — maximum intensity
projection, VR — volume rendering).

LA measurements on the CT scans
of each PP were taken twice at monthly
intervals. The intra-observer error was
calculated on the basis of the absolute,
as well as relative differences in values of
measurements and their standard errors
(SD; Popovi¢ and Thomas 2017). Addi-
tionally, technical errors of measurements
(TEM) and relative technical errors of
measurements (rTEM) were calculated.
In this case, the latter is equivalent to the
coefficient of variation expressed in per-
centage. Values of rTEM that are below
5% indicate that the repeated measure-
ments were precise (Ulijaszek and Kerr
1999; Weinberg et al. 2005) and should
be considered as reliable. A detailed in-
tra-observer error analysis was made for
each of the 6 investigated PP. Differences

in results of measurements in accord-
ance with age categories (between chil-
dren and adults) and sex classes (between
female and male individuals) were also
verified. For each of the four categories,
precision of measurements was verified
by calculating their coefficient of reliabil-
ity (R). R values range between 0 and 1,
where those equal or close to the upper
limit indicate that there was no meas-
urement error (Weinberg et al. 2005).
Differences in intra-observer errors for
measurements on the left and right PP
were not calculated, because there was
only one preserved PP for each individ-
ual. As all the measurements were taken
by a single person, inter-observer errors
were not taken into consideration.

The sex of each individual was de-
termined on the basis of the arithmetic
mean of the LA measurements. he ob-
tained value was then compared to and
classified in accordance with the known
ranges of its variation for male and fe-
male individuals. As a sectioning point
45.0° was applied. Individuals for which
the LA value was greater than or equal to
45.0° were qualified as females and those
for which it was less than 45.0° — as
males (F >45° < M), (Wahl 1981; Norén
et al. 2005; Akansel et al. 2008; Kozers-
ka et al. 2020). The small sample of the
PP was tested. Therefore the difference
between the mean values of LA measure-
ments performed for both the sexes was
tested with the use of the non-parametric
Mann-Whitney U-test.

Results

In the cases of individuals buried in
graves 69, 78 and Cz/18, their sex de-
terminations based on standard anthro-
pological methods were confirmed with
the LA method (Table 1). Also, the lateral



68 Agata Hatuszko, Maciej Guziriski

angle measurements made it possible to
estimate the sex of children from graves
22, 74 and 82. Individuals from burials

74 and 82 were determined to be males,

whereas the one from grave 22 — was fe-

male (Table 1).

Table 1. General characteristics of individuals and individual mean values of PP lateral angle with standard

deviation (SD); results of LA measurements are provided in degrees (°)

namber | Aeatdeah o e Mem =D o
22 Infans I Undetermined Right 48.0 = 0.6 Female
69 Maturus Male Right 36.5 0.3 Male
74 Infans II Undetermined Right 249 = 0.6 Male
78 Adultus Female Left 49.1 £ 0.9 Female
82 Infans I Undetermined Right 34.7 £ 0.9 Male
Cz/18 Adultus/Maturus Male Left 37.5+0.4 Male

The values of the LA angle ranged
from 24.9 to 49.1°, with the mean
of 38.4+9.02°. The LA values for fe-
male individuals fell in the range from
48.0 to 49.1°, with the mean value of
48.5+0.78°, and median of 48.4°. The
LA values for male individuals fell in the
range between 24.9 and 37.5°, with the

100

90
30
70
2 60
@
5
5 50 X
2 X
g 40 2 X
b
30

20

10

Akansel et al. 2008

Norén et al. 2005

mean value of 33.4+5,80°, and median
of 35.5° (Figure 2). The absolute differ-
ence between the mean values for female
and male individuals was high (15.1°)
and was proven to be statistically signifi-
cant (p < 0.001; Mann-Whitney U-test).
However, the low number of tested PP
should be taken into account.

[ Male
O Female
X
X
==
Wahl 1981 This study

Fig. 2. Comparison between the results of lateral angle (LA) measurements on male and female individuals
form Czernikowice with analogical ranges from selected studies (Wahl 1981; Norén et al. 2005; Akan-

sel et al. 2008).



Sex determination of cremains using LA method 69

The results obtained for intra-ob-
server errors indicate high repeatabili-
ty of the measurements. Absolute dif-
ferences between values of every first
and every repeated measurement were
lower than 1.0°, and the relative tech-
nical error of measurement (rTEM) for
particular individuals did not exceed

1.5% (Table 2). There were no differ-
ences in the precision of the measure-
ments, either in regard to the sex of in-
dividuals or their age at death. For all
the categories, values of the coefficient
of reliability (R) were close to 1.0 (Table
3), which confirms that the measure-
ments were repeatable.

Table 2. Intra-observer errors calculated on the basis of absolute and relative variability values of meas-

urements of lateral angles with their individual standard deviations (SD), as well as technical errors of

measurements (TEM) with relative technical errors of measurements (rTEM)

Absolute intra-observer

Relative intra-observer

variability variability

Grave number Difference  Individual SD  Difference (%) Individual SD (%) TEM  TEM
22 0.33 0.52 1.3 1.1 0.13 0.28

69 -0.40 0.28 1.0 0.8 0.16 0.45

74 0.20 0.52 2.3 2.1 0.08 0.33

78 -0.93 0.80 2.0 1.6 0.52 1.07

82 -0.73 0.80 3.3 2.3 0.30 0.86
Cz/18 0.53 0.38 1.3 1.0 0.22 0.58

Table 3. Mean values of lateral angle (LA) measurements and the parameters of their errors with the co-

efficient of reliability (R) for individuals categorized according to sex and age-at-death; SD — standard

deviation, TEM - technical error of measurement, rTEM - relative technical error of measurement

Category Mean + SD TEM rTEM R
Children 35.8 £ 10.6 0.19 0.54 0.9996
Adults 41.0 = 6.06 0.27 0.66 0.9980
Female 48.5 £ 0.90 0.28 0.59 0.9036
Male 33.4 £ 5.27 0.21 0.62 0.9984
Discussion would be of great importance not only for

The process of cremation negatively af-
fects the potential of anthropological anal-
yses performed on human remains. A vast
majority of the Lusatian culture cremains
belong to individuals of the subadult age
category (Szybowicz 1995; Stolarczyk et
al. 2020). Reliable assessment of their sex

reconstructions of sex structures within
the population but also for approaching
socio-cultural issues.

The LA method is among very few
procedures of sex estimation that are
applicable to cremated human remains
from archaeological contexts (Wahl
1981). It must be stressed, that hitherto
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no research on PP alterations (includ-
ing changes of LA) caused by the pro-
cess of cremation has been conducted
(Gongalves et al. 2015). However, the
studies based on modern cremains of
adult individuals have demonstrated that
LA values can correspond with their ac-
tual sex (Masotti et al. 2013). Addition-
ally, the research confirmed that there
were no statistically significant differenc-
es between LA measurements taken on
the right versus those taken on the left
PP of a given individual (Gongalves et al.
2015; Afacan et al. 2017; Kozerska et al.
2020; Bonczarowska et al. 2021). The
LA method has been tested on subadult
individuals, but despite statistically sig-
nificant differences between both sexes
(Gongalves et al. 2011), its use in sex es-
timation in children and juvenile is ques-
tioned (Akansel et al. 2008; Gongalves
et al. 2011; Afacan et al. 2017; Kozers-
ka et al. 2020), and in a recent study its
effectiveness is uncertain even for adults
(Bonczarowska et al. 2021).

Conducted clinical research also has
not confirmed differences between fe-
male and male individuals to be statis-
tically significant (Morgan et al. 2013).
Moreover, some scholars point out the
unreliability of the results regarding sub-
adult individuals and those over the age of
70, showing large discrepancies between
the already known sex and the one esti-
mated on the basis of LA measurements
(Masotti et al. 2013; Afacan et al. 2017;
Masotti et al. 2019). The applicability of
the LA method for sexing subadult indi-
viduals has been challenged by Afacan et
al. (2017). Their research conducted on
individuals in the age range from 0-18
years showed no differences between the
sexes, but age-related decrease of LA val-
ues were observed, especially in subadult
male individuals. Similar age-related ob-

servations have been reported by Akan-
sel et al. (2008). The method applied by
Afacan et al. (2017) was based on the
lateral angle measurements taken on im-
ages obtained with magnetic resonance
(MRI), and the sample group consisted
of children with different pathologies of
hearing organs, excluding patients with
severe pathologies from the study. There-
fore, even the authors themselves could
not exclude the possibility that their re-
search was conducted on a biased sample
and that the measurements were collect-
ed disregarding the previous procedure
(Wahl 1981; Graw et al. 2005).

Initially, the LA method was based
on the measurements of the angle tak-
en on a cast of the internal acoustic ca-
nal (IAC) made of dental casting material
(Wahl 1981; Graw et al. 2005; Norén et
al. 2005; Gongalves et al. 2011). However
simple the technique may appear, either
preparation of the casts without damaging
cremated bones, or repeatable LA meas-
urements made on them, were never easy
to perform. Therefore, the technique was
improved by intersecting the silicone rep-
licas with the aim of making their photo-
copies or scans. The measurements were
firstly taken manually on paper copies
(Graw et al. 2005), and then on digital
copies with the use of computer software
(Gongalves et al. 2011). From a bioarchae-
ological point of view, the most critical
phase of the procedure is the operation
performed prior to casting the silicon rep-
licas of the IAC. For the ease of extracting
solidified silicone-based material, the out-
er surface of PP and the inner surface of
the IAC must be covered with vaseline or
other substances with similar properties.
Since PP are commonly subject also to
biochemical analyses, including isotopic
ones (Harvig et al. 2014; Chmielewski et
al. 2021), any contamination with modern
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matter must not be accepted. Currently
used non-invasive methods based on com-
puted tomography are more appropriate
for the frangible and otherwise sensitive
archaeological osseous material (Akansel
et al. 2008; Panenkovi et al. 2009; Mor-
gan et al. 2013; Willis et al. 2016; Afacan
et al. 2017; Gibelli et al. 2021; Pezo-Lan-
franco and Haetinger 2021).

Based on the investigation conduct-
ed on the 6 PP from the burial ground
at Czernikowice, it can be argued that
the difficulties in applying CT scans to
LA measurements result first and fore-
most from poor preservation of the bone
structures. Additionally, any contami-
nation of anatomical structures of PP
with sediments also limit the possibili-
ty of their digital imaging and thereby
correct measuring of the lateral angle.
Moreover, sincepetrous parts of temporal
bones are usually separated from skulls,
placing them in the gantry of a scanner
in their anatomical position can be dif-
ficult. Consequently, in some cases, the
measurement of the LA value must be
taken on MPR or VR reconstructions in-
stead of axial reconstructions. However,
regarding the PP investigated within the
present study, this had no effect on the
repeatability of the measurements.

Various authors have been con-
cerned about low values of technical er-
rors for both intra- as well as inter-ob-
server measurements (Norén et al. 2005;
Pezo-Lanfranco and Haetinger 2021).
Discrepancies between the repeated in-
tra-observer measurements taken for the
needs of the mentioned studies generally
did not exceed 1°, and the highest T TEM
was approximately 1%. However, in
some research, the value of intra-observ-
er error was above the threshold of ac-
ceptance. This indicates that the overall
reproducibility of measurements was not

precise, while their repeatability (coher-
ence of measurements taken by a single
observer) was maintained (Gongalves et
al. 2011; Gongalves et al. 2015).

The most serious problem though,
is the considerable overlap of LA ranges
measured for female and male individu-
als (Pezo-Lanfranco and Haetinger 2021;
see Figure 2). In some studies, the differ-
ences between mean values of measure-
ments taken for individuals of the two
sexes turned out to be statistically insig-
nificant (Morgan et al. 2013; Gongalves
et al. 2015). Nevertheless, the majority of
works has already proven the difference
to be statistically significant (Graw et al.
2005; Norén et al. 2005; Akansel et al.
2008; Masotti et al. 2019). However, even
in these cases, the thresholds of discrim-
ination between LA ranges for both the
sexes differ considerably. The most often
provided value is that of 45° (Norén et al.
2005; Akansel et al. 2008), but others re-
port 41° (Masotti et al. 2019). Akansel et
al. (2008) not only measured the thresh-
old at 45° but also determined the prob-
ability of discrimination between both
sexes. Scholars calculated the limit value
of 60° for female individuals, where such
determination of sex has a 97% probabili-
ty, and the limit value of 35° for male indi-
viduals, below which such sex determina-
tion hasa 93% probability. Similarly, Graw
et al. (2005) provide the value of 65° for
females and 40° for males. In our study,
the threshold of 45° was accepted, and
individuals for which values were lower
than 40° were regarded as being males.
The difference between the mean values
calculated for both the sexes was consid-
erable and statistically significant, though
it must be underlined that the analysed
sample was very small (just 6 individuals).

Other important questions raised in
works addressing the subject concern the
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specificity of studied populations and pos-
sible differences between the cremation as
it is carried out nowadays, and the way it
was performed in prehistory. Modern hu-
man populations that were investigated in
regard to LA variability are characterized
by a relatively low phenotypic variabili-
ty (Pezo-Lanfranco and Haetinger 2021).
For that reason outcomes of these studies
might be irrelevant to the results of ana-
logical research conducted on prehistoric
populations, which have been character-
ized by a stronger dimorphism of LA. The
morphological diversity concerns also the
shape of the IAC. There are few main
morphotypes of the IAC that can be dis-
tinguished within modern populations:
the funnel-shaped, the cylinder-shaped
and the bud-shaped one (Marques et al.
2012). The variability is of great signifi-
cance for performing LA measurements.
Therefore, when applying the variant of
the LA method that uses tomograms, it
is proposed to take the LA measurement
starting from the apex of the IAC instead
of measuring it parallel to the anterior lip
of the IAC (Akansel et al. 2008; Gibelli
et al. 2021; Pezo-Lanfranco and Haetinger
2021). However, not all researchers using
the LA method based on CT imaging
take the lateral angle measurement in the
exact same way (Panenkova et al. 2009;
Morgan et al. 2013; Afacan et al. 2017).
This causes problems when comparing
research results, both in regard to the
obtained LA ranges, as well as threshold
values discriminating individuals between
the sexes. Therefore, the determinations
of LA ranges and thresholds for sexing
individuals from archaeological contexts
should be, at best, based on statistical cal-
culations made for each investigated pop-
ulation (burial ground).

With regards to the burial ground from
Czernikowice, the difference between the

sexes was apparent (Table 3), although it
must be kept in mind that the number
of studied individuals was low. In the
case of three adult individuals, sexing
with the use of the LA method confirmed
the results of earlier analyses based on
standard anthropological procedures.
Based on the adopted sectioning point
45° (F > 45° < M), the sex of subadult
individuals was estimated (Table 1). No
other method would allow determining
the sex of subadult individuals on the ba-
sis of their cremains. However, although
the LA method seems to be a promising
tool for estimating sex of cremated hu-
man bones, there is no certainty that the
estimated sex is the “real sex”, especially
for infant and juvenile individuals (Akan-
sel et al. 2008; Afacan et al. 2017).

Conclusions

The LA method based on CT imaging,
despite being widely questioned, can be
applied to cremated osteological material
from archaeological contexts. The use of
computed tomography scanning makes
the method non-invasive, non-destruc-
tive, thereby enhancing its value. The
method is also relatively inexpensive.
However, poor preservation of inner an-
atomical structures of the petrous bone
and its possible high density contamina-
tion with sediments can limit the effec-
tive use of the technique.

The LA method can be applied as an
ancillary protocol of sex estimation in
regard to adult individuals from archaeo-
logical contexts. However, its applicability
to the subadult individuals should be ap-
proached with caution, calling for further
comparative studies, as do the effects of
the process of cremation on the morphol-
ogy of petrous parts of temporal bones, as
well as age-related developmental changes.
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