P. Veleminsky/L. Pold¢ek (Hrsg.), Studien zum Burgwall von Mikuléice VIIL. Brno 2008, 177-208
Anthropological and epidemiological characterization of Great-Moravian population in connection with the social and economic structure

Skeletal Asymmetry of Locomotor Apparatus
at Great Moravian Population

MarTINA KujaNOvA! — Lucte Bicont! — JaNA VELEMINSKA! — PETR VELEMINSKY?

Monitoring the asymmetry rate of different parts of human body can contribute to population studies. It may be
connected with the social structure of society and the quality of living conditions. Asymmetry can be the result of
non-specific stress affecting the organism or preference for the right or the left side of body during specific activities. In
this paper, directional (DA), fluctuating (FA) asymmetry, the antisymmetry (AS) and possibly cross-asymmetry of the
dimensions of the upper and lower limb bones was assessed and these indicators were used to compare the differences
within and among the medieval, and the recent population. A sample of medieval population came from two Great-
Moravian cemeteries Mikulcice-Kostelisko (78 males, 132 females) and Prusdanky (66 male, 69 female). A collection
from Bohemia from the first half of the 20" century (143 males, and 157 females) was used as a comparative sample of
recent population. Only adult individuals were selected. Males and females were evaluated separately. DA was recorded
in most dimensions of the studied bones. In the upper limb it was mostly expressed on the humerus, and except for the
clavicle it was always in favour of the right side. On the lower limb bones, DA was less frequent than in the upper limb
bones and in most cases it was in favour of the left side. In addition, on the lower limb bones, it was more expressed
on the transversal, sagittal and circumferential dimensions of the diaphyses and epiphyses than on the length dimen-
sions. The FA values were very low and almost negligible in relation to the size, nevertheless FA was markedly more
[frequent on the lower than on the upper limb. In contrast to the Grear Moravian population, the recent population
had higher FA values and also DA was found more often there. All the long bones of the right upper limb as well as the
left femur of most individuals in both populations are statistically significantly longer. However, in most individuals
cross-asymmetry was not confirmed. AS was not observed.

Key words: Directional asymmetry — fluctuating asymmetry — antisymmetry — cross-asymmetry — bones of the
upper and lower limb — Great Moravian population — recent population

1. Introduction

Asymmetry is a feature commonly found in
nature, it is one of the fundamental characteristics
of living organisms. Of course, the human body
is also asymmetric — apart from striking varia-
tions, very slight deviations (in the range of 1%,
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or less from a trait size) are encountered which
cannot be noticeable at first sight. These devia-
tions may provide many clues about the person’s
living conditions, or about health (PALMER 1996).
But if the deviations are too marked, they may
be evidence of pathologic asymmetry (Burian
1939). Knowledge of asymmetry may be used
for the cognition of the ontogenetic principals
and their disturbances. Asymmetry indicates
fitness assessment of organisms, their evolutional
stability, health, etc. (PALMER 1996). From this
perspective, it is considered a useful source of
information about behaviour differences within
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populations and among them (Rurr/Jones 1981;
Fresia/Rurr/Larson 1990)

At this time we distinguish several asymmetry
types which may manifest in a similar manner
but arise from different causes (PALMER 1994);
they may develop in the prenatal (Scuurrz 1937;
PANDE/SINGH 1971), or postnatal period (STEELE/
Mays 1995), in childhood (Van Dusen 1939),
during adolescence (ScHELL et al. 1985), or
during adult life (LauBacH/McCoNVILLE 1967
MavrLiNna/BuscHANG 1984).

Origination and development of asymmetry is
affected by specific factors. Their intensity may be
inter alia assessed by the measure of asymmetry.
In summary, these factors have been described:
genetic, hormonal, environmental, biomechani-
cal, age, sex and body weight of individual. We
focused on the following of them: environmen-
tal factors involve stress of a different origin,
e.g. malnutrition, excessive noise, cold, heat,
etc., which increase asymmetry (Kieser/GROEN-
VELD/PRESTON 1986; ScHELL et al. 1985; Cuk/
LEBEN-SELJAK/STEFANGIE 2001). The degree of
asymmetry reflects also the biomechanical impacts
(GraHAM/FREEMAN/EMLEN 1993) — the force
which affected the right or left side. Then, the
localization of asymmetry on particular bones
indicates the type of the used force. The greater the
load affecting long bones, the more asymmetrical
their morphology results (Cuk/LEBEN-SELJAK/
STERANCIC 2001; ScHELL et al. 1985; RUFE/JONES
1981). The age of the individual may be another
factor. The dependence of the asymmetry rate on
age has been confirmed by B. SkvaRILOVA (1999),
Hermrampe/Fark  (1990), Rurr/Jones (1981)
but not confirmed by Rovy/Rurr/Prato (1994)
and J.H. Procrockr (2002). The sex of the indi-
vidual is also taken into account. Here again, the
conclusions are contradictory about the role of
this factor in asymmetry development. A list of
authors who did not find sex differences in the
degree of asymmetry include B. Skvakiovi
(1999), SteEL/Mays (1995), ScHELL et al.
(1985), Roy/Rurr/PraTO (1994). In some studies
the samples were not divided according to sex
(Cuk/LEBEN-SELJAK/STEFANCIC 2001; Roy/RuFrs/

Prato 1994). Other studies demonstrate that
this factor also contributes to asymmetry (FEik/
Taomas/CLEMENT  1996; Mays/STEELE/FORD
1999; Lazensy 2002). Seemingly, body weight
has no impact on asymmetry considering that the
lower limbs are under a higher load but exhibit
a less degree of asymmetry than the upper limbs
(ScHELL et al. 1985).

The basic asymmetry types are directional
asymmetry, fluctuating asymmetry, antisymme-
try, and cross-asymmetry. Directional asymmetry
(DA) is a type of bilateral asymmetry where in
the whole sample a statistically significant differ-
ence exists between sides and the side that is
larger is generally the same. The mean of values
[right side (R) — left side (L)] differs from zero
(see Figure 1b) (VAN VALEN 1962; PALMER 1994).
Fluctuating asymmetry (FA) is a type of bilateral
asymmetry where the mean value (R - L) is zero
all variations are normally distributed about the
mean (see Figure 1a). It may be assessed only if
DA or antisymmetry are absent (PALMER 1994).
Antisymmetry (AS) is the presence of bilateral vari-
ation where a statistically significant difference
exists between sides, but the side that is larger
varies among individulas. The mean (R - L) is
zero, and the distribution of variations around
this mean is platykurtic or bimodal (see Figure 1c¢)
(VAN VALEN 1962).

Cross-asymmetry has been described as the
phenomenon when in one individual the right
upper limb is more developed together with the left
lower limb, or vice versa. In general, the right-hand-
ers have a better developed right upper limb and left
lower limb (Rur¥/Jones 1981). According to Cuk/
LEBEN-SELJAK/STEFANCIC (2001), about 90% of
people have a more developed right upper limb,
and about 55-75% people have a more robust
left lower limb. The dominant lower limb has a
more robust structure of the tibia, and it is on
the opposite side to the dominant upper limb.
According to B.E. INGELMARK (1946) 85% of
right-handers have a longer left lower limb while
85% of left-handers have a longer right lower
limb. Disregarding handedness (see below), the

left lower limb may be more robust because its
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Figure 1. Three common distributions of the R - L difference in bilateral organisms: a) fluctuating asymmetry; b) direc-

tional asymmetry; ¢) antisymmetry (PALMER 1994).

function is to support while the right lower limb
is used for other functions (e.g. kicking) (SinGH
1970; Praro/Fox/GarruTo 1985; MacHO 1991;
CUk/LEBEN-SELJAK/STEFANCIC 2001). In conjunc-
tion with asymmetry of the limbs we encounter
the term ‘handedness, which means a preference for
one (right or left) hand for certain manipulations.
Handedness exerts an impact on the asymmetry of
the long bones of the limbs: they are longer and
larger on the dominant side. The general trend
is a preference for the right hand (STEELE/MAYs
1995; CUk/LEBEN-SELJAK/STEEANCIC 2001).
Investigations have been carried out both
on skeletal collections (Cuk/LEBEN-SELJAK/
STEFANCIC 2001; ALBERT/GREENE 1999; Mavs/
SteeLE/Forp 1999; ProcHockr 2002; STEELE/
Mays 1995; Stock/Prerrrer 2001; STIRLAND
1993) and on clinical material (most frequently
body dimensions, dermatoglyphs, X-ray prints)
(ScHELL et al. 1985; SkvaRiLovA 1999; Praro/
Woobn/Norris 1980; LauBacH/McCONVILLE
1967; FieLps et al. 1995; Roy/Rurr/Prato 1994;
Macuo 1991; LitTLE/ BuscHANG/MALINA 2002).
As a rule, the results show that bilateral asym-
metry is more expressed in the upper limbs. On
average, the long bones of the right upper limb
are 1-3% longer, and 2-4% heavier than the long
bones of the left side. The most asymmetric bone
is the humerus by which we can probably assess
the preference, and therefore also the dominance
of one or the other upper limb (Cuk/LEBEN-
SELJAK/STEFANCGIC 2001). As a rule, the left lower
limb is more robust (the results vary with regard
to the length dimensions) (LATIMER/LOWRANCE
1965; Rurr 1992; MacHo 1991). According to
Cuk/LEBEN-SELJAK/STEFANCIC (2001), the lower

limb bones, especially the femur, are longer and
heavier on average.

The diaphyseal widths and circumferences are
more asymmetric than the longest lengths of the
long bones. The proximal humeral epiphyses are
more asymmetric than the distal ones, and this
relation is reversed in the forearm bones; there-
fore, the wrist and shoulder joints are evidently
more ‘stressed’ than the elbow (Cuk/LEBEN-
SELJAK/STERANCIE 2001).

The upper and lower limb length as a whole
is less asymmetric than the length of particular
segments of the relevant limbs (Jurowska 1972;
SkvARILOVA 1999).

According to Mays/STEELE/FORD (1999), the
right clavicle is shorter and more robust in most
individuals, especially in adults. They did not find
any deviations in its curvature or in its vasculari-
zation. As a rule, the muscle and ligament inser-
tion sites were larger on the right side.

2. Material

Two osteological collections were used to
represent medieval and recent population.

A sample of medieval population dated to the
Great Moravia came from two archaeological sites
Mikul¢ice-Kostelisko (sub-castle of the centre)
and Prusdnky (hinterland). Only adult individu-
als with ascertained sex, estimated age at the time
of death and in good conditions of preservation
and completness were considered (DoBisfkovA
1999). On this basis, 78 males and 132 females
skeletons from the Mikulcice-Kostelisko necrop-
olis and 66 males with 69 females skeletons from
the Prusinky necropolis were selected.
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We used the so called ‘Pachner’s collection’ as
a comparative sample of recent population. The
uniqueness of this collection is that it consists
of more than 300 postcranial skeletons with
following documentation: name, sex, age, height,
and autopsy year of individuals. The collec-
tion came from thel930’s and involves Czech
inhabitants from socially less situated ranks. The
sex distribution is equal (PAcENER 1937). From
this collection 143 males and 157 females were
selected.

The bones of the lower limb (femur, tibia,
fibula), and the bones of the upper limb (humerus,
radius, ulna, scapula, clavicula) were used for the
analysis. Bones with pathologic findings were not
processed.

3. Methods

All age categories of the adult individuals
were assessed together. Both sexes were evaluated
separately.

In asymmetry assessment it is desirable to have
dimensions of both left and right bones and so
only cases where the individual’s paired bones
remained preserved were included. For assess-
ment of the difference between sexes or popula-
tions we also included cases where only one of the
individual’s paired bone remained preserved.

The defined metric dimensions (MARTIN/
SALLER 1957; VELEMINSKY 2000) were measured
— 21 linear dimensions on the upper limb, and
27 linear and circumferential measures on the
lower limb (for list of dimension see Table 1).

Apart from basic statistical characteristics, the
testing of repeatability was done. Both left and
right bones of 16 individuals were remeasured
(STEELE/MAYS 1995; Mavs/STEELE/FOorD 1999)
and the

using the reliability coefficient of the particular

interobserver error was calculated
measurements and of asymmetry scores (FIELDs
et al. 1995). The systematic error was assessed
using the paired t-test. The ANOVA test was used
to rule out the FA being caused by measurement
error (LrrrLE/BuscHaANG/MaLiNna 2002; Roy/

Rurr/Prato 1994).

The comparison of recent versus medieval
population and assessment of sexual dimorphism
was analysed using the t-test for independent
samples (confidence values: p-value < 0, 05).

Normal distribution of the difference between
the right and left side was expressed graphically
and also presence of antisymmetry (bimodal, or
platykurtic curve) was excluded.

The presence and degree of DA was deter-
mined using the paired t-test. Dimensions with
significant differences (p-value < 0, 05) between
the right, and the left side were considered to
be directionally asymmetric. On the remain-
ing dimensions where neither DA, nor AS was
manifested we tested for the presence of FA.
We used the formulas according to PALMER/
StroBECK (1986), specifically the values FAL,
FA2, FA4, and FAG. The values FA1 and FA2
yield the information about unsigned (absolute)
asymmetry — if and by how much on average the
magnitudes R and L differ. The values FA4 and
FAG provide information about signed asym-
metry — the direction of the asymmetry. FA2
and FAG are not biased by size-dependence of
the right-left difference (for the formulas see
Table 5).

In order to assess cross-asymmetry the sample
of individuals was divided into four groups
(according to the longest humerus length): hypo-
thetical ‘right-handers’ (longer right humerus),
‘left-handers’ (longer left humerus), and ambi-
dextrous (both bones equally long) (Cuk/
LEBEN-SELJAK/STERANCGIC 2001; STEELE/MAvs
1995). In subsequent processing, the percent-
age of hypothetic right-handers with longer left
lower limb bones, or left-handers with longer
right lower limb bones were compared. For
this analysis the maximum humerus length, the
maximum length of femur as well as the physio-
logical length of the femur, the overall and
medial tibia length, and the maximum fibula
length were used.

The software STATISTICA for Windows
version 5.0 and Microsoft Excel 1997 was used to
carry out the calculations.
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4, Results

No statistically significant differences between
repeated measurements were shown in the
measurement accuracy test by reliability calcu-
lation (reliability coeflicient), systematic error
testing, and the ANOVA test. The reliability coef-
ficient did not drop below 0.8, thus, all measure-
ments were meaningful and the variability
between traits was not caused by a measurement
error. But the repeatability of particular measure-
ments is not an adequate guide to the repeatability
of asymmetry scores derived from it — because it
depends both on measurement error and on the
size of the difference between sides (FIELDs et al.
1995; Mays 2002). In particular, in FA assessment
differences between sides are generally small, so
the contribution made by measurement errors in
asymmetry scores is larger than is the case for raw
measurements. Measurement error tends to have
a randomizing effect on the data. Hence in our
study FA (the greater the measurement error, the
greater the impact on the estimate of the subtle
asymmetries; PALMER 1994) was assessed only
on dimensions, where no measurement error was
noted in asymmetry scores.

Within the scope of sexual dimorphism moni-
toring males from recent population had all
dimensions statistically significantly greater than
females. In the Great Moravian population it was
the same, except for the left humeral head and the
length of the right ulna.

Tables 1 and 2 give the data of a population
comparison using the metric characteristics of the
upper and lower limb bones. When considering
the upper limb bones, it was found out that
males from both populations differed in 25% of
monitored traits. Males from the Great Moravian
population exhibited greater length dimensions
of the upper limb long bones whereas males from
the recent population had a significantly greater
vertical diameter of the left humerus head, and
sagittal diameter of the radius diaphysis. The size
differences between females of these populations
were more frequent than between males (45% of
monitored traits). For medieval females greater

Figure 2. Depiction of the dimensions of upper limb bones
in which DA was observed. Great Moravian Males.

Figure 3. Depiction of the dimensions of upper limb bones
in which DA was observed. Great Moravian Females.
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Graph 1. Histogram of R - L difference distribution
(females, Great Moravian population, maximum
length of the humerus).

Graph 2. Histogram of R - L difference distribution
(males, Great Moravian population, width of the
diaphysis of the ulna).

length dimension values of forearm bones were
characteristic. Females from the recent popula-
tion had higher values of most humeral, and
clavicular diameters, and of forearm bones width
parameters.

The situation is similar with lower limb dimen-
sions. Females from both populations differed
more than males (in 43% compared to males in
27% of measured traits). All statistically signifi-
cant as well as insignificant differences of the lower
limb bones were greater in recent than in medieval
females. In males, significant differences became
evident on the lower limb bones especially on the
femoral diaphysis and tibial length but it varied
according to the population. Comparison of the

average femoral and tibial dimension values in
males indicated, that medieval males were greater
in length dimensions; recent males mostly in the
dimensions of diaphyses and epiphyses.

The graphical analysis showed that the R - L
difference was normal distributed and therefore
antisymmetry did not manifest itself in any trait
(for example see Graph 1 and 2).

DA was more frequent in both populations
on bones of the upper limb than on bones of
the lower limb. Figures 2-5 illustrate the dimen-
sion in which DA was observed in the both
population.

In the recent population (Tables 3 and 4)
DA was present in almost all upper limb bones
studied (in 81% of metric traits in females and
67% in males) and with the exception of the
clavicular length it was always in favour of the
right side. It was most expressed on the humerus
(in all dimensions) and on the maximum lengths
of forearm bones, and least on the dimensions of
the scapula. The clavicle was shorter and more
robust on the right side in most individuals. The
differences between sexes were not very expres-
sive; however, greater differences between average
dimension values were noted in females.

DA in the lower limb bones of recent popula-
tion was recorded only in the size characteristics
of the femur; it was not manifested in the tibia
and fibula. DA was pronounced on 47% of the
dimensions in females, and on 33% of the dimen-
sions in males. The DA of the length dimensions
and the diaphyseal dimensions was directed to
the left in both sexes, in epiphyseal dimensions
it was directed to the right side. In males and
females, left side DA on the femur was recorded
in the physiological length and in most sagittal
diaphyseal diameters, in females moreover in the
diaphyseal circumference, and in some transversal
diaphyseal diameters. Right side DA on the femur
was manifested on the lower epicondylar width
in males, on the upper width of the epiphysis in
females.

In the Great Moravian population (Tables 5
and 6) DA of the upper limb bones was recorded
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less (in 38% of metric traits in females and 48%
in males), especially in the length dimensions of
all the long bones, except for the clavicle. With
regard to sexual dimorphism there were some
differences. On the humerus and radius asymme-
try was manifested in males almost in all dimen-
sions, in females only in the maximum lengths
and also on certain diaphyseal diameters of these
bones. On the contrary, the ulna was more asym-
metric in females (DA was seen in all dimensions);
in males it only involved the sagittal diaphyseal
dimension.

In the lower limb dimensions the presence DA
was recorded more frequently than in the recent
population, and it was always directed to the left.
It was manifested on the femur in 53% of traits
in males, in 33% in females; on the tibia in both
sexes in 18% of traits. On the femur, in males DA
was recorded in the length dimensions, in most
diaphyseal diameters, and also in the diaphyseal
circumference. In females it was less frequent;
it was observed in the physiological length, in
certain transversal diameters, and in the lower
sagittal diaphyseal diameter. The most statisti-
cally significant deviations were in the transversal
epiphyseal diameter. On the tibia, DA was mani-
fested in both sexes in the overall tibia length, in
males in the diaphyseal circumference, and in
females in the medial tibia length.

Neither population, with regard to the upper
limb, had more asymmetric widths of the long
bone diaphysis in comparison with their length
dimensions; this also applies to the comparison
of proximal and distal humeral epiphyses

The presence of FA (Table 7 and 8) on the
bones of the upper limb was very low; on the
lower limb FA was manifested much more
frequently in both sexes, but even there its values
were very low. FA attained the highest values in
the length dimensions (FA1, FA4) but if the FA
values were related to the size of the measured
trait it was almost negligible (FA2, FAG). Recent
population, where FA could be seen especially
in the scapula dimensions, reached higher FA
values in both upper and lower limb bones than
the medieval population. Higher FA values of

Figure 4. Depiction of the dimensions of lower limb bones
in which DA was observed. Great Moravian Males.

Figure 5. Depiction of the dimensions of lower limb bones
in which DA was observed. Great Moravian Females.
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the upper limb had the Great Moravian popula-
tion in the clavicle, and in the maximal length
of the ulna. In both populations lower limb
FA reached the highest values in lengths and
in circumferential dimensions in tibia and on
upper epiphysis of femur.

All the long bones of the right upper limb
(with the exception of ulna in Great Moravian
males) were significantly longer in most individu-
als from both populations. The same result was in
the case of left femora but these findings cannot
be interpreted as cross-asymmetry because they
do not tell us whether individuals with longer
long bones of the right upper limb had longer
long bones of the left lower limb at the same
time. In the Great Moravian population, subse-
quent analysis did not confirm cross-asymmetry
either in males or females who had a longer right
humerus. Individuals with a longer left humerus
could not be assessed because of the low number
of preserved bones. In the recent population,
only tibia and fibula lengths in males indicated
cross-asymmetry.

In both populations, the percentage of indi-
viduals with a longer right/left humerus, or with
both humeri equally long, corresponds to the
distribution of right-handers and left-handers,
and ambidextrous individuals in the recent Euro-
pean population.

5. Discussion

If asymmetry is considered — inter alia —
indicative of non specific stress affecting the
organism, it could be indirectly connected also
with the social structure of the society, the quality
of the living conditions (nutrition, individual
health, degree of stress of different origin, etc.
(e.g. GraHAM/FREEMAN/EMLEN 1993; Livs-
HITs et al. 1998), and also with influences from
biomechanical stress (Roy/Rurg/PLaTO 1994), or
with the activities carried out as well as with a
preference for the right or left side of the body
(STEELE/MAys 1995).

With regard to sexual dimorphism, males and
females from both populations differed markedly

in most assessed dimensions. It was noticeable
that in the Mikul¢ice-Kostelisko necropolis no
sexual differences were found in several dimen-
sions. This involves the maximum length of
the right ulna, and the maximum transversal,
and vertical dimensions on the head of the left
humerus. P. VELEMiNsSKY (2000) came to the same
conclusion about this necropolis. Similar results
were also available from other Great Moravian
burial-grounds — Josefov (STRANSKA et al. 2002),
and Bulhary (DoBrsikovA et al. 2003). According
to the publication of CernY/KoMENDA (1982),
quite reliable sex identification can be done from
the humeral head, which contradicts our results.
It is possible that this method cannot be applied
to the Mikulce’s Great Moravian population. Our
findings on the recent population comply with
the work of M. CernY (1971). The most signifi-
cant sexual differences were recorded in head
diameters, the circumferences and diameters of
the middle of the diaphysis, and in the maximum
femur length. On the tibia, in agreement with
the work of LEoroLp/MINUTH/KRUGER (1986)
and G. SinGH/S. SINGH/S.P. SiNngH (1975), the
most expressed sexual dimorphism was mani-
fested on the epiphyses, in bone length, and in
all circumferential dimensions. The differences
in the average dimension values of females
and males proved that sexual dimorphism was
more expressed in the Great Moravian popu-
lation. A high degree of sexual dimorphism is
considered to be a sign of good health, and low
stress (LazenBY 2002). If so, it can be presumed
that the medieval population was submitted to
lower environmental stress than the sample of
the recent population.

Comparing the size characteristics of single
dimensions using the t-test for independent
samples, certain differences between the two
populations were found. Size differences were
encountered more frequently in females than in
males. The upper limb long bones of males from
the Great Moravian population had greater length
dimensions. This could be affected by the fact
that individuals from the recent population had
in general a gracile figure (they came from a lower
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social status, PACHNER 1937). In comparison with
the medieval males, recent males had a shorter
but more robust femur and tibia; on the upper
limb they had only a greater vertical diameter of
the left humeral head. According to our investiga-
tions, medieval females had higher length dimen-
sions of the forearm bones. Females from the
recent population had significantly higher values
of most dimensions of the humerus and clavicle,
and they also had greater values of the forearm
bones width parameters. In the lower limb they
exibited greater dimensions of the diaphyses of
the studied bones. This was a surprising result
regarding the supposed gracility as a consequence
of the lower life standard of ‘Pachner’s collection’
individuals. Conversely, this might relate to the
secular trend for increased stature through time.

The scapula, clavicle, and fibula of the popu-
lations do not show any statistically significant
differences. However, in the case of the Great
Moravian population group the result for the
scapula and fibula may be affected by the low
number of observations.

For the comparison of the cemeteries Mikulcice-
Kostelisko and Prusdnky with other Great Mora-
vian cemeteries, Josefov (STRANSKA et al. 2002),
Breclav-Pohansko (Drozpovi 1997), and Bulhary
(Dosisikova et al. 2003) were chosen. We could
make a general conclusion about the wpper limb
bones that the greatest metric characteristics were
seen in Pohansko, and in the Prusdnky burial-place
(above all in males), whereas they were least in
the Mikul¢ice-Kostelisko cemetery, which could
be partially explained by the shortage of males in
this burial-ground. In the case of lower limb bones,
Prusdnky and Bulhary were about average but
when females femur robustness was concerned
they were among the greatest. Individuals from
the Mikulcice-Kostelisko cemetery had the most
gracile and shortest lower limb bones; their
dimensions most resemble those of Josefov.

We can confirm the assumption based on
prior investigations (e.g. Cuk/LEBEN-SELJAK/
STEFANGIC 2001; SkvARTLOVA 1999; STEELE/MaAYs
1995), that DA should be present in most bones

of the upper limb, and that it is most expressed in
the humerus, namely in favour of the right side.
VELEMINKY (2000) also recorded asymmetry of
the upper limb bones in favour of the right side
in the Great Moravian population.

In most of the studied upper limb bones DA
was shown especially on their maximum lengths,
and irregularly on the diaphyseal diameters. In
the medieval population, DA appeared less than
in the recent population (Pearson Chi-square
value=7.4; p=0.000). As the recent sample was
of a lower socially class, a certain non-specific
stress could be assumed because asymmetry could
also be caused by such an overload (long-lasting
unsuitable living conditions, insufficient nutri-
tion, or other stresses from the environment; inter
alia: Livsarrs/Kosyriansky 1987; GRraHAaM/
FREEMAN/EMLEN 1993). Again, STEELE/Mavs
(1995) presumed that the DA of limb bones
develops as a consequence of greater mechanical
stress affecting the dominant limb, and that it
increases with age (prolonged stress). It is possible
that in individuals from the recent population,
one (the dominant) upper limb was submitted to
greater stress.

Earlier studies (e.g. Mays/STEELE/FORD 1999;
HucGeare/HougHTON 1995) showed that the
right clavicle is shorter and more robust in most
individuals. Our study agreed with these results
in the case of recent males and females but in
the medieval population we did not confirm
this assumption. This phenomenon is explained
by the assumption that clavicle growth of the
dominant limb is inhibited due to the greater
muscle development in this area (Mays/STEELE/
Forp 1999).

Compared to earlier investigations (STEELE/
Mavs 1995; Mavs/SteeLe/Forp 1999; Cuxk/
LeBEN-SELJAK/STEFANCIC 2001) on the handed-
ness, it was found that in the recent population,
there were about 81% of right-handers. Therefore,
the majority of right-handers had a shorter and
more robust right clavicle, and primarily longer
and slightly more robust long bones of their right
upper limb. The differences were most expressed
on the humerus.
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In accordance with the results of most studies
(inter alia: SxvakiLovi 1999; Cuk/LEBEN-SELJAK/
Sterancic 2001) DA in the lower limb appeared
much less than in the upper limb, and this applied
to both populations. In the majority of cases,
it was directed to the left, and thus confirmed
the greater robustness of the left lower limb in
connection with stress affecting it during life
(Cuk/LEBEN-SELJAK/STEFANCIC 2001). In the
recent sample DA was shown only in the femur,
in the medieval sample it appeared also in certain
dimensions of the tibia. DA was not registered on
the fibula.

In earlier studies (Rurr 1992; LATIMER/
LowRraNCE 1965; SiNGH 1970) asymmetry was
usually not found in the bone lengths but only
in their robustness. To a certain extent, this
agrees with our results: DA was found rather
in the dimensions on the diaphyses than on
their lengths. According to Cuk/LEBEN-SELJAK/
SterANCIE (2001), this might be due to the fact
that the longitudinal bone growth is completed
between the 18" and 25" year of age, but the
width growth of the bones continues during the
rest of life.

Individuals from the Great Moravian popula-
tion exhibited little more DA in the lengths of
lower limb bones (namely the tibia and femur),
but there was no significant difference (Pearson
Chi-square value=1.20; p=0.274). The left femur
had a more robust diaphysis in both populations
(similar to CUk/LEBEN-SELJAK/STEFANCIC 2001;
Rurr/Haves 1983; MacHo 1991; VELEMINSKY
2000). According to many authors (e.g. RUFF/
Hayes 1983), the reason consisted mainly of the
stress resulting from the supporting function of
the lower limb. It is interesting, however, that
femur of recent females was little more asymmetric
than medieval females population (47% of traits
in recent compared to 33% of traits of medieval
females), whereas lower limb of medieval males
was little more asymmetric than in recent males
(38% of traits in medieval compared to 19% of
traits of recent males). In addition, recent males —
in contrast to the medieval males — had less sagit-

tal flattening of left femoral diaphyses than of

the right. Conversely, Great Moravian males had
left femur wider in the transversal direction. The
epiphyseal femoral dimensions showed DA in
favour of the right side only in the recent popula-
tion, although the right side was non-significantly
greater in medieval population as well. According
to Cuk/LEBEN-SELJAK/STEFANCIC (2001) this
might be the result of stress affecting the knee
(and the hip) of the right lower limb which has
not any supporting function.

The more robust diaphysis of the left tibia
in medieval males might be connected with the
dominance expression of the left lower limb (on
the opposite side to that of the dominant upper
limb; Cuk/LEBEN-SELJAK/STEFANCIC 2001).

If the sexual dimorphism was considered,
different conclusions were recorded as in earlier
studies. Some investigators did not find differences
between the degree of asymmetry and the sexes
(e.g. SkvaRiLovA 1999; STeeL/Mays 1995).
According to other studies, this factor contributes
to asymmetry (FEik/THOMAS/CLEMENT 1996;
Mays/SteeLE/FOrRD 1999; Scuurrz 1937). Our
investigations suggested that the differences were
not so substantial.

In the recent population DA occurred more
often in females in accordance with the study
of Scuurrz (1937; in 41% of traits in males,
in 52.3% in females). Conversely, in the Great
Moravian population DA occurred more often
in males as was confirmed by the investigations
of ScHELL et al. (1985), or Lazensy (2002) who
suggested that females are better able to buffer
detrimental effects of environmental stress. In
recent females, DA occurred in most dimensions
of the upper limb (in 81% of traits). In the Great
Moravian population DA was manifested in 48 %
of traits in males (mostly on the humerus); in
females it occurred in 38% of traits (mostly on the
ulna). P VELEMINSKY (2000) similarly confirms
greater asymmetry of femur in males from the
Mikul¢ice-Kostelisko necropolis  while Rurr/
Hayes (1983) found more asymmetric femora
in females. Like our study, C.B. Ru¥r (1992) did
not register sexual differences in femur length
asymmetry.
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Based on these observations, it could not be
unequivocally established if males or females were
in general ‘more asymmetric’, neither could the
impact rate of this factor regarding DA on the
upper limb be defined.

For the assessment of fluctuating asymme-
try (FA) it was chosen the procedure published
by PaLMER/STROBECK (1986). FA evaluation is
often criticised if it was present prior to exclu-
sion of antisymmetry or DA. Unfortunately,
a comparison with other studies is not possible
because FA has not been monitored so far in the
bones of analogous populations. When studying
FA, it is very important to remove or qualify the
measurement error. In this study the measure-
ment of the bones of 16 individuals was repeated
(STEELE/MAYS 1995, MAays/STEELE/FORD 1999).
FA was assessed only in dimensions where no
measurement error of raw measurement and also
in asymmetry scores was recorded (FIELDS et al.
1995; Mays 2002). Yet, our results agreed with
a study of the upper limb performed on clinical
material (SkvakiLovi 1999) which showed that
DA occurred above all on the bones of the upper
limb. In our study FA values were very low, and
if related to the size of the measured trait it was
almost negligible. In spite of the low values, in
the recent population higher values of FA were
noted, particularly in the scapula. In the medieval
population, relatively higher FA values appeared
in the clavicle. Possible explanation was that DA
appears often in this dimension (Mays/STEELE/
Forp 1999), but this was not confirmed in our
sample. Higher values were also observed on the
ulna length but also in this case, this is a dimen-
sionwhere DA occurs very often, according to our
results. On the other hand, in clinical material,
SkvARILOVA (1999) assessed the presence of FA
on the forearm length. She registered FA of the
width of the distal epiphysis of the humerus. We
did not find similar results in either population.

With regard to the lower limb, the highest
variance values (FA4), and absolute FA deviations
(FA1) were registered in the length dimensions,
lower values were registered in the diaphyseal and
epiphyseal metric characteristics. But as soon as the

FA size was related to the trait size (FA2 and FAG)
the result was negligible, as in the upper limb.

The FA of limb bones reached higher values in
the recent population than in the medieval sample.
Some studies connect higher FA with increased
environmental stress (VAN VALEN 1962; PALMER
1994; Zaxkaarov/GraHAM 1992). This might
also confirm the results of sexual dimorphism
where more expressed differences were found
between sexes in the medieval population — and
a high degree of sexual dimorphism is considered
to be a sign of good health, and low environ-
mental stress (LAzENBY 2002). Accordingly, the
recent sample (lower social class) was subject to
higher environmental stress than the group from
Great Moravian period.

The length dimensions of the long bones of
the upper limb (humerus + radius) as well as
the lower limb (femur + tibia) were summarized
to compare the maximum lengths of limbs and
their asymmetry. The limb lengths asymmetry
was similarly assessed inter alia by INGELMARK
(1946). The relevant number of observations was
so low, however, that we could not proceed to any
assessment.

In general, right-handers have a better developed
right upper limb, together with a better developed
left lower limb (Rurr/Jones 1981; SiNIARSKA/
Sarna 1980). Therefore, all groups were divided
according to their maximum humeral length
into hypothetical ‘right-handers’ (longer right
humerus), ‘left-handers’ (longer left humerus),
and into ambidextrous individuals (both humeri
of equal length) (inter alia according to Cuk/
LEBEN-SELJAK/STEFANCIC 2001; STEELE/Mavs
1995). The results for the Great Moravian popu-
lation were: 95.8% of males had a longer right
humerus, 4.2% had a longer left humerus, and
any case of equally long humeri was found. In
females from Great Moravia, 73.3% had a longer
right humerus, 20% a longer left humerus, and
6.7% had both bones equally long.

In the recent population results indicated that
81.2% of males had alonger right humerus, 12%
had a longer left humerus, and 6.8% of males
had both humeri equally long. In recent females,
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the results were similar: 81.6% of females had a
longer right humerus and 13.6% of females had
a longer left humerus while 4.8% of females had
both humeri equally long. Our findings corre-
spond with the following investigations: ANNET/
KiLsaaw (1983) (82% right-handers, 15% left-
handers, and 3% of ambidextrous individuals),
STEELE/Mays (1995) (81% right-handers, 16%
left-handers, and 3 % of ambidextrous indi-
viduals), Cux/LEBEN-SELJAK/STEFANCIC (2001)
(87% longer right humerus, 10% longer left
humerus, and 3% both bones equally long).

In subsequent analyses, the percentage of
hypothetic ‘right-handers” and ‘left-handers’ with
longer left/right lower limb bones [e.g. accord-
ing to INGELMARK (1946) 85% of right-handed
individuals had a longer left lower limb while
85% left-handers had a longer right lower
limb]. Among males and females from the Great
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