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ABSTRACT 1t is difficult to determine the sex of subadult skeletal remains
because there is little sexual dimorphism present pre-pubertally. In a historic
sample of 24 children aged 0-4 years from St. Mary’s Anglican Church,
Marion, South Australia, the robustness of femora and of humeri was
correlated with sexually dimorphic mandibular morphology. Ratios of
midshaft circumference to diaphyseal length of humeri and femora and the
ratio of minimum circumference to diaphyseal length of the humerus showed
correlation with sex determined by mandibular morphology, male indices
being greater than the female ones. The humerus midshaft circumference index
showed the greatest difference between sexes (P value=0.0002). The results
need confirmation on known-sex skeletal remains, but for the moment this
robusticity dimorphism seems to be a new discovery for osteological practice.
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I ntroduction

The largest problem associated with
the analysis of immature skeletal re-
mains is the lack of reliable methods to
determine sex. Inability to determine sex
of subadults limits seriously usefulness
of palacodemographic analyses, inter-
pretation of roles of immature males and
females in prehistoric societies, and of
parental investment in upbringing of
boys and girls and, finally, efficiency of

forensic identifications of skeletons of
infants and children. Efficient methods
for sex determination of adult skeletons
exist, but most prove unsuccessful for
infant remains. There have been attempts
to develop methods appropriate for
subadult skeletons, but most are unable
to classify individuals more than 50%
[WEAVER 1980; ST. HOYME and ISCAN
1989; HUNT 1990; SCHUTKOWSKI 1993].
A method using discriminant functions
generated from adult remains to infer
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sex from subadult permanent dentition
has been suggested [ROSING 1983], with
high levels of reliability (85-95%).
These figures, however, are based on the
percentage of adults correctly classified,
as the sex of the subadults in the study
was unknown. It is obviously applicable
only to the skeletal material with suf-
ficiently well preserved dentition.

Limited availability of large skeletal
samples of subadult remains of known
age and sex is a hindrance to developing
accurate methods and many studies are
based on small sample sizes [SCHUTKO-
WSKI 1993; WEAVER 1980; SUNDICK
1977, STEYN and HENNEBERG 1996;
MOLLESON and CRUSE 1998]. Recently,
LOTH and HENNEBERG [2001] proposed
a method of sexing skeletal remains of
young children with 81% accuracy using
the mandible, based on a collection of
known age and sex (the Dart Collection
at the University of the Witwatersrand).
This method has yet to be tested.

The fragmentary nature of subadult
skeletons may limit efficiency of sexing
by dentition, mandibular or pelvic mor-
phology alone. Furthermore, sexual di-
morphism in children is slight and the
more ways there are of determining sex,
the more likely a positive classification
can be made [RATHBUN and BUIKSTRA
1984]. This is of specific importance for
(1) forensic cases, where sex determi-
nation will reduce the uncertainty of the
identification process by about half, and
(2) by adding to the limited information
associated with subadult samples, allow-
ing reasonable conclusions to be drawn
regarding the organization of past popu-
lations [ SCHEUER and BLACK 2000].

DNA analysis of ancient bones has
been used to provide sexual diagnosis of
subadult remains [FAERMAN et al. 1997;

PALMIROTTA €t al. 1997; CIPOLLARO €t
al. 1998]. However, these methods are
still in development and sex determi-
nation of subadult remains proves less
successful than that of adults. Sex de-
termination is based on nuclear DNA
that is preserved in smaller quantities
than mitochondrial DNA and thus is
often unrecoverable from archeological
remains. It is also an expensive pro-
cedure that is not routinely available to
archeologists. Therefore, although devel-
opments in DNA analysis provide new
methods of determining sex of subadult
remains, there is still the need for quick,
skeletal-based methods.

Individuals experience two periods of
sexual differentiation throughout their
lives. The initial stage is during fetal
development to primarily differentiate
secondary sexual characteristics while
tertiary sexual characters may be less
strongly altered. The second is during
puberty and this has a much greater
effect on skeletal morphology [SCHEUER
and BLACK 2000]. Both of these periods
of change are associated with endocrine
activity. In fetal males, sex differen-
tiation of soft tissues is a direct result of
significant prenatal testosterone secretion
[WEAVER, 1980]. These hormone differ-
ences could therefore produce differ-
ences in male and female skeletons due
to the hormone receptors at various
skeletal sites being exposed to fluctuating
hormone levels in utero [LOTH and
HENNEBERG 2001].

It has been suggested [WEAVER 1980]
that characteristics used for sex differen-
tiation in adults could present, though in
a slightly modified version, in subadults
and therefore similar methods to those
used for adults could be successful
in subadults. These particularly include
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characteristics that are not associated
with modifications for reproduction at
puberty: e.g., robusticity, mandibular
morphology, dental development. Since
the sexual dimorphism of long bone ro-
busticity is well recognized in adults
[SAFONT et al. 2000], it may be of value
to investigate its presence in children.

In subadults, individual growth plays
a greater role in size determination
than sex does [MALINA and BOUCHARD
1991], so most of the adult metric meth-
ods using absolute dimensions of bones
are not appropriate to use on subadults.
The robusticity index of a bone is a
relative geometric property rather than a
size characteristic, such as length. It is
described as the percentage of shaft
circumference to bone length ratio [ST.
HOYME and ISCAN 1989]. At birth, dif-
ferences between sexes are seen in the
greater muscle mass and higher average
birth weight of males [MALINA and
BOUCHARD 1991]. Boys are continually
heavier and taller than girls from birth
until about the age 9 years, when girls
enter puberty. The greater weight and
muscle mass of males may be signifi-
cantly reflected in their skeletons, with
males having a higher robusticity index
than females.

Sex determination of adult skeletons
achieved by metric analysis of post-
cranial skeletal elements reduces the
subjectivity of sexual diagnosis based on
descriptive traits even though these latter
may produce rather reliable diagnoses
[ST. HOYME and ISCAN 1989]. The use
of robusticity analysis should allow for
the determination of sex from any type
of fragment, however, those of greater
density are usually better preserved
[SAFONT et al. 2000] and these include
the diaphyses of long bones.

Any method that could possibly sep-
arate the youngest males and females to
provide a valuable tool when assessing
immature skeletal remains must be inves-
tigated. This study therefore examined
the possibility that sexual dimorphism is
exhibited in the robusticity index of long
bones, specifically the femur and hu-
merus, of infants and young children.

Materials and methods

This study is based on 24 historical
subadult skeletons from St Mary’s
Anglican Church (1847-1925), Marion,
South Australia. Individual graves were
unmarked thus not allowing for individ-
ual identification. There are, however,
written records of burials at the Church’s
Office. The graves were known as ‘pau-
per’ burials and belonged to new white
settlers of Adelaide who could not
afford to buy a burial plot. Hence skele-
tons of children analyzed here are those
of Europeans of low socio-economic
status. The records indicate that both
male and female infants were buried in
unmarked graves. As this study exam-
ined skeletal dimensions, it is important
that the age of the remains was deter-
mined by the eruption and formation of
teeth [UBELAKER 1989], which are
morphological traits. If age was deter-
mined by examining ossification centres
[FRANCIS 1939] or diaphyseal lengths of
bones, circular reasoning would result,
as long bones would be providing both
age and experimental data. Since the sex
of the remains was not known, the only
way to study sexual dimorphism in bone
robusticity was to observe a coincidence
of values of the robusticity indices with
sex determined by another method. The
chosen method was sexually dimorphic
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mandibular morphology [LOTH and
HENNEBERG 2001]. The shape of the
inferior border of the mandibular corpus
is a descriptive morphological trait which
is clearly different from any metric
property of the long bones. Although
this method only produced 81% accu-
racy of sexing on a known sex and age
sample, the coincidence of higher ro-
busticity indices with male mandibular
morphology, and vice versa for female
traits, should be indicative of the exis-
tence of sexual dimorphism in bone
robusticity.

Of the 37 children present in the
sample, 24 have both an intact mandible
and at least one long bone present
(Table 1 and 2); these became the basis
of the study. Their age did not exceed 24
months, with the exception of one indi-
vidual whose dental age was 3-4 years.
Not every individual in the sample had
complete preservation of all four long
bones. Dentitions were incomplete due
to young age or poor preservation, thus
we were unable to use sex determination
methods based on dental traits [ROSING
1983].

ST. HOYME and ISCAN [1989] state
that robusticity is calculated as 100xmid-
shaft circumference/maximum length ratio
(C:ML) or 100xepiphyseal width/max-
imum length ratio (EW:ML). In sub-
adults the long bone epiphyses do not
start to fuse with diaphyses until around
the age of puberty [BASS 1987], so the
metaphyseal width (MW) was used
instead. SAFONT et al. [2000] showed
that the minimal circumference of the
humerus (HMC) was the most sexually
dimorphic circumference of a long bone
in adults. Therefore a robusticity index
was also calculated for the humerus as
HMC:ML. The femur was measured for

maximum diaphyseal length (ML), meta-
physeal width (MW) and midshaft cir-
cumference (C), while the humerus had
these three measurements plus HMC
taken. Measurements were taken for both
antimeres, where bones of both sides
were preserved. All the circumferences
were measured in millimeters by a stan-
dard tape, and length and width by
sliding calipers, following standard an-
thropometric techniques. Only intact
bones were measured. Therefore, some
skeletons may not have had all five
indices calculated due to poor preser-
vation of particular bones.

The linear regression of age against
robusticity index for a single sex for
each bone was calculated, keeping an-
timeres separate. Results indicated no
significant change with age within the
range studied (Fig. 1). Therefore age was
not taken into account in further anal-
yses. Histograms were created to deter-
mine if the indices show asymmetry for
each bone and sex (Fig. 2). Since no
asymmetry was evident, the mean of left
and right sides was calculated for each
individual who had bones of both
antimeres present. Ultimately, each indi-
vidual was thus represented by one value
of each index for each bone.

The mean, median and standard de-
viation for each index was calculated
in groups determined as having male or
female mandibular morphology. As not
every individual had each index calcu-
lated, most mean comparisons were only
based on 20 individuals. The significance
of differences between group means was
tested by unpaired Student’s t-test. His-
tograms were created for robusticity
indices for each group to indicate the
amount of possible discrimination be-
tween sexes.
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Fig. 1. Plot of selected robusticity indices against age. Note that none of the indices shows significant correlation

with age.

Results

Tables 1 and 2 present a list of the
skeletal remains and the measurements
taken for each individual. Also listed are
the calculated robusticity indices for
each antimere and their means. Individ-
uals are listed by mandibular sexually
dimorphic morphology and sorted into
increasing mean robusticity index of
either the femur C:ML or humerus
HMC:ML.

Within each putative sex group there
is considerable variation, but when
listed in order of increasing robusticity
index there is an apparent sexual diffe-
rence. The lowest value for all “female”
indices is always smaller than that of the
“males” and the largest “male” indices

are always larger than those of the
“females”, with the exception of the fe-
mur MW:ML index.

Table 3 shows the mean, standard
deviation and median for each of the
five indices for male and female bones
and the result of the Student’s t-test.
The only means that did not show
sexual differentiation were for the
humerus metaphyseal (MW:ML) robus-
ticity index. Although the males had
a slightly higher mean and median to
that of the females, which follows the
trend, they were not significantly differ-
entiating. This could be due to the very
small sample size, incorrect sex deter-
mination through mandibular morpho-
logy or just inability of that index to
differentiate sex.
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Tahle 3. Sexmal dirorphismn of long bone robusticity indices
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The mean femoral metaphyseal index
(MW:ML), though clearly indicating
a difference between male and female
means, has a large standard deviation
for the females, which overlaps into
the mean of the males. This produces a
P value of 0.07, which is slightly greater
than 5% and reduces the significance
of this result. However, there is one
female (aged 1.5-2.0 years) who has a
large index value and this distorts the
results.

Both circumference indices for the
humerus clearly indicated sexual differ-
entiation with P values of 0.0002 and
0.0006 for midshaft and minimal cir-
cumferences, respectively. The median
values were very similar to the means,
showing that even in this small sample,
indices are represented evenly and no
one value has distorted the means. They
also have the greatest number of stan-
dard deviations separating the means of
both sexes, being nearly two standard
deviations in both cases, clearly indi-
cating a difference between males and
females as determined by mandibular
morphology. For HMC:ML, females con-
sistently show smaller values than the
males, with only three males over-
lapping into the female range out of 13.

The means for the femur C:ML
robusticity index were also significantly
differentiating between sexes with the
P value of the t-test being 0.0096.
The means were separated by more than
one standard deviation and the medians
were also similar to the means, although
the difference was slightly larger than it
was for the humerus. Also, the P value
for the femur was higher than that of the
humerus and this could be due to the
one problematic female in the sample,
which increased the standard deviation.
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Figure 3 shows distribution graphs for
the four differentiating indices, though
the femur MW:ML is not statistically
significant. Overlap is seen in all four
graphs, however, there are also signif-
icant areas where only one sex is repre-
sented. The femur C:ML best separates
females and males. It suggests that a
femur with a robusticity index less than
24 will be from a female and greater
than 28 will be from a male. Femur
MW:ML suggests an index less than 22
represents a female and those greater
than 26 are males. However, the one prob-
lematic female appears in this region.
The humeral index is less capable of
identifying females, but any value above
26 could indicate a male for the HMC:ML
index and any index for C:ML above 28
will suggest the individual is a male.

Discussion

One problem addressed when dealing
with immature skeletal remains is that
the collections, which are available, are
usually of sick or diseased children.
However, these diseases are most likely
to be acute conditions of short duration
[STEYN and HENNEBERG 1996] and
therefore the effect would normally not
be exhibited in the osteological pattern
of the bones. If an individual had en-
docrine abnormalities, this would distort
the basis of the mechanism that is pro-
posed to lead to differences in ro-
busticity between sexes. Receptors for
specific hormones in susceptible skeletal
sites would therefore not experience
normal hormonal levels and could pro-
duce differences that do not reflect what
is seen in healthy children. There is no
evidence that such endocrine abnormal-
ities were common in the past.

Studies of skeletal material are often
hampered by small sample sizes
[SCHEUER and BLACK 2000] and this is
also the case here. The results of the age
correlation with robusticity index and
the antimere comparison allowed the
pooling of all age groups and a mean
for the antimeres to be calculated, keep-
ing males and females separated. This
allowed for the creation of a larger
sample size thereby increasing statistical
power. The size of this sample is still
low and the unequal proportion of males
and females leads to gaps in the results
and conclusions. Despite those reser-
vations, results obtained show in many
cases high levels of significance indi-
cating good diagnostic value of indices
studied here. It must be kept in mind
that the tests used here are not only
sensitive to differences in means but
also to sample size. Were our sample
sizes greater, the significance would
increase even if differences between
means remained as found here.

The results obtained from the St
Mary’s Anglican Church sample indi-
cate that there is significant difference
seen between female and male ro-
busticity indices, with males having a
higher robusticity index than females.
On comparison of the indices those of
the femur were most differentiating
when the distribution of values was ana-
lyzed. However, the humerus circum-
ference indices had the smallest P values.

Epiphyses are considered the best
variable in adults for sex determination,
but become a problem when there is
poor preservation in ancient remains,
preventing accurate measurement [BLACK
1978; SAFONT et al. 2000]. This was
also found for this subadult sample
when assessing metaphyses. The femur
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MW:ML did show a difference in the
means of females and males, however,
the standard deviation was high and this
resulted in a P value of 0.07. The same
index mean for the humerus was even
less significant. This could be due to the
small female sample size, but could also
be attributed to the deterioration of the
bone and the difficulty experienced in
obtaining accurate measurements. There
is some indication that there is a differ-
ence between sexes, but it is suggested
that these measurements be tested on a
sample which is better preserved before
conclusions are drawn.

The robusticity indices for midshaft
circumference and minimal humerus cir-
cumference were significantly differ-
entiating. HMC is the least subjective mea-
surement as it is taken as the smallest
circumference able to be measured,
whilst a midshaft circumference is likely
to change slightly depending on the exact
proportions of the bone. This therefore
suggests that the HMC robusticity index
will present as the best index from
which to judge sex. The initial results
of this study do however indicate that
the humerus C:ML is the most differ-
entiating.

There was one problem female (burial
#24), which distorted the femur ro-
busticity values. There is no humerus
available for this individual so this
cannot be compared and therefore only
the femur results are distorted. The
mandible clearly suggests that this is a
female, although its robusticity indices
are placed clearly in the region where
males are predominant (Fig. 3). The
mandible method is only 81% accurate,
so it is possible that this is a male, which
emphasizes the usefulness of having
additional methods which can be applied

to either support or contradict sex esti-
mations based on morphology, or den-
tition (if appropriate). It could also,
however, represent variation that is
present in human populations, indicating
that a large sample size is needed before
discriminant functions are created. Per-
haps without this individual the femur
could actually present as having the
most sexually dimorphic indices. There-
fore, further study should include all
indices studied here.

This study is based on a sample where
sex has been determined by a method
that is only 81% accurate. Using this as
a basis for robusticity comparison, sig-
nificant differences have been found be-
tween males and females. This indicates
that sexual dimorphism in robusticity
indices can be even more pronounced
when true sex of individuals studied is
known.

The one limitation of this study is that
the results are based on another method,
which has yet to be proven by an out-
side source. The fact that robusticity
indices appear to follow the proposed
sex groupings of the mandible method
indicates that the same factors are in-
fluencing these two traits. Clearly, there
is a factor acting to create two distinct
groups for two different characteristics
and the most likely factor is sex hor-
mones during development. The initial
result of this study, showing robusticity
indices are grouped into two statistically
significant groups by mandibular mor-
phology, therefore also supports mandib-
ular morphology as a successful tech-
nique for sex determination.

In conclusion, the results presented
here suggest strongly that there is a differ-
ence between the robusticity indices of
the humerus and femur of boys and girls
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aged 0-4 years. Further investigation
should be carried out on larger samples
of known sex, with the purpose of
creating discriminant functions for the
indices analyzed in this study. This
should be carried out for samples from
various populations and also include
individuals aged older than 4 years to
determine until what age this proposed
method is successful.
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Streszczenie

W okresie przedpokwitaniowym dymorfizm szkieletu ludzkiego jest nieznaczny totez
istnieje niewiele metod oznaczania pici na szczatkach szkieletowych matych dzieci
i niemowlat. Ze wzgledu na znany dymorfizm plciowy rozmiaréw uzebienia i z powodu
roznic w wydzielaniu i oddziatywaniu na szkielet hormonéw plciowych w czasie Zycia
wewnatrzmacicznego, daje si¢ zaobserwowaé roznice plciowe w ksztalcie trzonu zuchwy
dziewczat i chtopcow [LOTH, HENNEBERG 2001]. Wiarygodno§¢ oznaczania plci na
podstawie trzonu zuchwy sigga zaledwie 81%, 1 nalezy poszukiwa¢ innych metod
oznaczania plci na szkieletach dziecigcych celem podwyzszenia rzetelnosci ocen. Ozna-
czanie w materiale archeologicznym plci przy pomocy jadrowego DNA, jakkolwiek
w niektorych przypadkach mozliwe, jest mato uzyteczne z powodu niejednakowej trwatosci
DNA w indywidualnych szczatkach szkieletowych 1 zrdéznicowanego stopnia jego
degradacji. Prowadzi to do braku mozliwo$ci oznaczania ptci wielu osobnikow. Co wigcej,
analizy DNA sa drogie i niemozliwe do przeprowadzenia w warunkach polowych.

W niniejszej pracy przedstawiamy prosta metode oceny plci na podstawie masywnosci
kosci dhugich wyrazonej w postaci wskaznikow ilorazowych. Wskazniki te to stosunek
obwodu w §rodku trzonu do dtugosci maksymalnej trzonu kosci (C:ML), stosunek minimal-
nego obwodu kosci ramiennej do dtugosci trzonu (HMC:ML) i stosunek szerokosci konca
trzonu (metafizy) do maksymalnej dlugosci trzonu (MW:ML). Wskazniki te zostaty
okres$lone dla 23 szkieletow dzieci w wieku 0-24 miesigcy 1 jednego dziecka zmartego
w wieku 3-4 lat (Tab. 1 i 2). Kazdy ze szkieletdéw miatl zachowana co najmniej jedna kosé
ramienna lub udowa i zuchwe. Wszystkie szkielety zostaly odkopane na cmentarzu przy
anglikanskim Kosciele Swigtej Marii w Adelajdzie (potudniowa Australia). Na cmentarzu
tym chowano kolonistow brytyjskich zmartych w latach 1847-1925). Dla kazdego dziecka
okreslono ple¢ na podstawie morfologii Zuchwy i obliczono wartosci wskaznikow (Tab. 1
i 2). Wartosci te nie zmienialy si¢ z wiekiem (Fig. 1) i nie wykazywaty lateralizacji (Fig. 2).
Srednie arytmetyczne i mediany wartosci wskaznikow roznily si¢ pomiedzy szkieletami
oznaczonymi jako dziewczgce i chtopigce (Tab. 3). W przypadku wigkszosci wskaznikow
roznice pomiedzy plciami sg statystycznie istotne. W przypadku obwoddéw kosci ramiennych
$rednie chtopcow i dziewczat roznia si¢ niemalze o dwa odchylenia standardowe, a w przy-
padku obwodow kosci udowych, o ponad jedno odchylenie standardowe. Rozktady wartosci
wskaznikow chtopcow i dziewczat sa wyraznie przesuni¢te wzgledem siebie (Fig. 3).
Istnienie wyraznie wigkszych wartosci wskaznikow masywnosci szkieletow oznaczonych
jako chtopiece na podstawie morfologii zuchwy, w poréwnaniu ze wskaznikami szkieletoéw
posiadajacych zenska morfologi¢ zuchwy, wskazuje na: (1) istnienie dymorfizmu piciowego
masywnosci koséci dlugich niemowlat i matych dzieci i (2) wiarygodno$¢ ocen plci na
podstawie morfologii zuchwy. Nalezatoby sprawdzi¢ rzetelno§¢ oznaczen pici przy pomocy
wskaznikow masywnosci uzyskanych na materiale szkieletowym dzieci o udokumentowanej
ptci. Taki materiat jednak jest trudno dostgpny. Niniejsza praca sygnalizuje uzyteczno$é
wskaznikow masywnosci do oznaczen pflci szkieletow dziecigcych i by¢ moze przyczyni si¢
do zbadania pod tym wzgledem materiatu szkieletowego o udokumentowanej pici i o wigk-
szej liczebnosci.



