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Abstract

This is a pilot study for testing sex estimation metric standards in Finnish skeletal material. The
focus of the study is to apply published standards of femoral and humeral head diameters to
Finnish skeletal samples to investigate their applicability. These measurements are commonly used
to support sex estimation but there are no standards based on Finnish population, and no actual
testing of how standards from other populations perform in Finnish samples. Four standards of
both diameters were tested on three samples including one anatomical sample from Helsinki, and
two archaeological samples from Porvoo and Renko. The rates of correctly classified individuals
were quite variable (60-100 %) depending on the standard, sex, and sample. The paper discusses
the potential explanations for the differences in the classification accuracies, and makes some

recommendations on procedures.
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INTRODUCTION

Sex estimation is one of the most foundational
aspects of osteological analysis of human re-
mains (see Ferembach et al. 1980 for more de-
tails on sex estimation). The most accurate and
reliable method of estimating sex is from the
morphology of the pelvis. However, it is quite
common that the os coxa and especially the most
sexually dimorphic portion, the pubic bone, is
not fully preserved in archaeological contexts
(Waldron 1987; Walker 2005). The greater sci-
atic notch usually preserves better, but it is not
as good an indicator of sex as the pubic bone
(Rogers & Saunders 1994).

Cranial morphology is also commonly used
in sex estimation (Buikstra & Ubelaker 1994),
but it encompasses several uncertainties. These

uncertainties include the subjectivity of scoring
the traits (Walrath et al. 2004; Walker 2008), and
temporal and geographical differences in mor-
phology (Walker 2008; Godde 2015). In addition
to genes, these differences between populations
are partly explained by different diets and activi-
ties influencing the muscle attachment sites that
are scored as cranial traits, however these effects
are difficult to quantify (Walker 2008; Kriiger et
al. 2015). In addition to non-metric traits, cra-
nial measurements have been used in assessing
whether the individual is male or female (for
example, Kajanoja 1966; Franklin et al. 2013;
Santos et al. 2014).

Sometimes the pelvis or cranium is not intact
or present for sex estimation, especially in cases
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of commingled human remains (e.g. Niskanen
2006), and postcranial measurements may be
used. Some studies have shown that long bone
measurements, especially the articular areas, are
more accurate for sex estimation than cranial
measurements (Spradley & Jantz 2011; Basi¢
et al. 2017). Specifically, femoral and humeral
head diameters have been utilized as indicators
of sex since the early 20™ century (Dwight 1905;
Pearson & Bell 1919; Stewart 1979). Spradley
and Jantz (2011) reported classification rates of
88 % and 83 % for femoral and humeral head
metrics, respectively, in their sample of modern
White Americans. These measurements were
ranked as the fourth (femur) and tenth (humerus)
best individual sex indicators among 44 postcra-
nial and 34 cranial measurements including the
mandible (Spradley & Jantz 2011).

Using measurements for sex estimation re-
quires standards from a reference sample that is
similar to the population under study (Gongalves
et al. 2014; Spradley et al. 2015). This can be
problematic, especially in cases where the popu-
lation is unknown, or appropriate reference sam-
ples are not available (Gongalves et al. 2014).
There are no postcranial measurement standards
based on Finnish skeletal samples, thus the ex-
isting standards from other populations have
been generally used in the osteological analy-
ses. Most of these commonly used standards
are based on American samples from the 19"
20™ century (Stewart 1979; Spradley & Jantz
2011). However, their suitability for Finnish
samples has not been investigated. This current
study tests humeral and femoral head diameter
standards from other populations against Finnish
skeletal samples to examine their applicability
for historic and archaeological Finnish samples.
The study combines three different samples: one
historic anatomical collection with known sexes
to test the accuracy of the standards and two
archaeological samples with estimated sexes to
test the internal consistency between the esti-
mates from long bones and other traits. Several
European- or American-based standards are
applied, and classification rates are calculated
for the total sample, and for the three samples
separately.
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MATERIAL AND METHODS

Three skeletal samples from Finland were
used for this study: Helsinki (19-20" century),
Porvoo (17-18" century), and Renko (17-19"
century). The Helsinki sample is an autopsy
sample housed at the Finnish Museum of Natural
History in Helsinki. The individuals with known
sex in this sample (N =134, 99 males, 35 fe-
males) were born between 1843 and 1911. The
collection consists mainly of crania, pelvises,
and long bones. Most of the individuals have
only upper or lower limb bones and sometimes
one side only (For more information, see for ex-
ample Telkkd 1950; Kajanoja 1966; Soderholm
2002). The two other samples are both archaeo-
logical materials that have been housed at the
National Board of Antiquities (now Finnish
Heritage Agency). The Porvoo sample (N = 22,
11 males, 11 females) is from a coastal town in
southern Finland. These individuals were possi-
bly of Swedish descent (For more information,
see Salo 2016; Niskanen et al. 2018). The Renko
sample (N = 30, 16 males and 14 females) is
from southern Finland as well but from a ru-
ral inland locality (For more information, see
Salo 2016; Niskanen et al. 2018). Sex estimates
for the archaeological materials were primar-
ily based on the pelvis. Cranial and mandibular
features were used if pelvis was not available,
but only if they could be calibrated against in-
dividuals with both pelvis and cranium (Salo
2016; Ruff 2018a). Only adult individuals with
fused long bone epiphyses were included in the
study. Individuals with pathological or traumatic
changes to the measured area were excluded.
Two measurements (vertical diameter of the
humeral head and vertical diameter of the femo-
ral head) were tested in this study. The Helsinki
collection was measured by the author in 2007,
except for seven female individuals that were
taken from Ruff’s (2018b) European dataset
(this measurement data is available online: htt-
ps://www.hopkinsmedicine.org/fae/cbr.html).
The Porvoo and Renko measurements are from
Ruff’s study as well (2018b; and the same on-
line dataset). For the Helsinki sample, both sides
were measured, if present. The same applies
to the humeral measurements in the archaeo-
logical samples, but their femoral diameters
were mostly collected from the right side. The



Table 1. The applied standards with their sectioning points and sample populations. Values below the
sectioning point are classified as females and values above it as males.

Humeral Humerus sectioning Femoral dia- Femur sectioning
Reference Sample . . .
diameter point (mm) meter point (mm)
Spradley & Jantz 2011 20th century Vertical Maximum 45
White Americans
Stewart 1979* 19-20th century Vertical F<43 Maximum F<42.5
Americans F? 43-45 F? 42.5-43.5
M? 45-47 ?43.5-46.5
M > 47 M? 46.5-47.5
M > 475
Tomczyk et al. 2017 18-19th century Vertical - -
Polish
Kranioti & Michal- 20th century Vertical 43.79 - -
odimitrakis 2009 Cretans
Slaus et al. 2003 20th century - Maximum 45.45
Croatians
Pearson & Bell 1919* 17th century - Vertical F<41.5
English F? 41.5-43.5
?43.5-44.5
M? 44.5-45.5
M > 455

*F = female, F? = probable female, ? = indeterminate, M? = probable male, M = male.

measurements were taken with sliding calipers
to the nearest 0.1 mm.

Four sex estimation standards were used as
references for the classification of humeral and
femoral head diameters (Table 1). The standards
and their sectioning points were chosen from
the literature, and their inclusion in this study
is mainly based on the fact that they are com-
monly used for sex estimation (Pearson & Bell
1919; Stewart 1979; Spradley & Jantz 2011)
and whether they are based on European ref-
erence samples (Slaus et al. 2003; Kranioti &
Michalodimitrakis 2009; Tomczyk et al. 2017).

The vertical diameter of the humeral head was
used in this study (Buikstra & Ubelaker 1994).
The measurement technique and definition of
femoral head diameter varies in the literature.
Three measurements are generally described
in the literature: vertical diameter, transverse
diameter, and maximum diameter (see Martin
& Saller 1957 for the first two; Buikstra &
Ubelaker 1994 for the last one). Three of the
applied standards in this study use maximum
diameter anywhere it is found (Stewart 1979;
Slaus et al. 2003; Spradley & Jantz 2011), but
Pearson and Bell’s (1919) study is based on the
vertical axis of the femoral head.

Regardless of the slight difference in the
femoral head measurements, this study used the
vertical diameter as an equivalent to the maxi-
mum diameter. The Helsinki data collected by
the author had both vertical and transverse fem-
oral head diameters, and the vertical diameter
was generally found to be greater in comparison
of the two. When the transverse diameter was
subtracted from the vertical, the mean differ-
ences were positive and less than one millimeter
(males (N=45) 0.76 mm and females (N=13)
0.93 mm). Thus, it is assumed that the vertical
diameter is closer to maximum diameter than the
transverse diameter. This is in accordance with
studies such as Curate et al. (2017) and Asala
(2001), but disagrees with studies that report
greater transverse diameter (Caiaffo et al. 2019;
Cuzzullin et al. 2020). Mall et al.’s (2000) study
showed almost equal values of transverse and
vertical diameters.

Since the study includes two different data
sets, inter-observer error was calculated for a
Helsinki subsample of 22 and 23 individuals us-
ing femoral head and humeral head diameters
respectively. TEM (technical error of meas-
urement) was used to calculate the difference
between the author’s and Ruff et al.’s (2018b)
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Table 2. Descriptive statistics for the vertical diameter of the humeral head (mm). N = sample size, SD

= standard deviation, R = right, L= left.

Helsinki males

Helsinki females

N Mean Median SD Min-max N Mean Median SD Min-max Eifzf:c:
Humeral 58 48.37 48.66 2.51 39.84- 19 4165 41.88 1.75 38.80-
head R 52.41 44.40
Humeral 64 47.76 47.77 2.42 39.55- 20 41.72 41.94 2.05 38.28-
head L 52.24 45.27
Humeral 70 47.63 47.71 2.53 39.55- 22 41.72 4194 2.14 38.28- 0.66
head* 52.24 45.27

Porvoo males Porvoo females

N Mean Median SD Min-max N Mean Median SD Min-max Eifzf:c:
Humeral 9 46.93 46.50 1.88 44.60- 7 41.08 41.30 1.38 39.30-
head R 51.10 42.70
Humeral 10 46.95 46.65 1.36 4580- 8 4193 41.60 1.84 39.70-
head L 50.30 45.00
Humeral 10 46.95 46.65 1.36 4580- 9 42.02 41.90 1.74 39.70- 0.84
head* 50.30 45.00

Renko males Renko females

N Mean Median SD Min-max N Mean Median SD Min-max Eifzf:c:
Humeral 13 46.06 45.50 2.43 42.60- 9 39.70 40.30 2.09 35.00-
head R 50.90 41.60
Humeral 11 45.70 46.30 2.35 41.30- 9 40.23 39.90 1.87 36.50-
head L 48.40 43.00
Humeral 15 45.92 45,50 2.44 41.30- 9 40.23 39.90 1.87 36.50- 0.79
head* 50.90 43.00

*Only left side per individual, unless left is missing then right side is used.
All the differences between sexes were statistically significant at the level of 0.05. Effect sizes, r, for Humeral

head* listed on the table.

Differences in Humeral head* between samples were statistically non-significant, except between Helsinki and

Renko males at the level of 0.05. Effect sizes, r, as follows:

Males: Helsinki-Porvoo 0.17, Helsinki-Renko 0.26, Porvoo-Renko 0.23.
Females: Helsinki-Porvoo 0.07, Helsinki-Renko 0.29, Porvoo-Renko 0.44.

measurements (See more about TEM; Ulijaszek
& Kerr 1999; Goto & Mascie-Taylor 2007).
Mann-Whitney U test for independent samples
was used to compare the diameter measurements
between the male and female samples from all
three materials separately and to compare the
diameters between these three materials. Non-
parametric test was applied due to small sample
sizes. IBM SPSS Statistics 24 was used for the
statistical analyses. Effect sizes for the differ-
ences were also calculated to quantify the size
of the differences (see Tomczak & Tomczak
2014). Classification rates were calculated as the
percentages of correctly classified males and fe-
males in the samples, both separately and com-
bined (total).
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RESULTS

The inter-observer error was assessed using
TEM, which was found to be small in both hu-
meral head (0.36 mm with relative TEM 0.77 %)
and femoral head (0.19 mm with relative TEM
0.49 %) measurements. Thus, combining meas-
urements from different datasets seems to be ac-
ceptable in this study.

The descriptive statistics of the humeral and
femoral diameters of the Finnish samples are
presented in Table 2 and 3. They show that the
male diameter means are greater in all sam-
ples. The differences between female and male
measurements were all statistically significant
(p-value level 0.05 with large effect sizes). The



Table 3. Descriptive statistics for the vertical diameter of the femoral head (mm). N = sample size, SD

= standard deviation, R = right, L= left.

Helsinki males

Helsinki females

N Mean Median SD Min-max N Mean Median SD Min-max
Femoral 39 48.03 48.67 2.40 41.39- 10 43.14 43.32 2.19 40.30-
head R 51.30 46.71
Femoral 45 48.04 48.46 2.39 41.09- 17 42.40 42.00 2.87 37.80-
head L 52.74 49.10
Femoral 49 48.06 48.46 2.30 41.09- 19 42.67 42.43 2.86 37.80-
head* 52.74 49.10

Porvoo males Porvoo females

N Mean Median SD Min-max N Mean Median SD Min-max
Femoral 10 46.95 46.30 2.08 4450- 7 43.01 42.90 1.30 40.90-
head R 51.10 44,70
Femoral - - - 3 42.53 43.20 3.35 38.90-
head L 45.50
Femoral 10 46.95 46.30 2.08 4450- 10 42.87 43.05 1.91 38.90-
head* 51.10 45.50

Renko males Renko females

N Mean Median SD Min-max N Mean Median SD Min-max
Femoral 16 46.93 47.25 2.78 40.40- 12 41.49 42.10 3.35 35.10-
head R 52.40 45.50
Femoral - - - 1 46.60 46.60 - -
head L
Femoral 16 46.93 47.25 2.78 40.40- 13 41.88 42.40 3.51 35.10-
head* 52.40 46.60

*Only left side per individual, unless left is missing then right side is used.
All the differences between sexes were statistically significant at the level of 0.05. Effect sizes, r, for Femoral head*

listed on the table.

Differences in Femoral head* between samples were not statistically significant at the level of 0.05. Effect sizes, r, as

follows:

Males: Helsinki-Porvoo 0.22, Helsinko—Renko 0.22, Porvoo-Renko 0.03.
Females: Helsinki-Porvoo 0.08, Helsinki-Renko 0.05, Porvoo-Renko 0.11.

Helsinki males exhibit the greatest diameters in
both the humerus and femur in comparison to
other materials. The difference is, however, sta-
tistically significant only in the humeral head
between Helsinki and Renko (p-value 0.01 with
small effect sizes) when using one side. In fe-
males, the Porvoo sample shows slightly higher
means for both bones in comparison to Helsinki
and Renko, but none of the comparisons between
female groups were statistically significant.
Table 4 shows the percentages of correctly
classified males and females combining all
three samples and left and right sides separately.
For humeral head diameter, the standard from
Kranioti and Michalodimitrakis (2009) seems
to work best for the Finnish sample when the
total classification rate (91-96 %) is taken into

account. Spradley and Jantz (2011) seems to
classify females (100 %) better than other stand-
ards, but classification rates for males (~76 %)
are lower than in other standards. When femo-
ral head diameters are examined, Spradley and
Jantz (2011) and Slaus et al. (2003) provide the
highest total classification rates (83—88 %) and
they classify females better than other standards.
Pearson and Bell (1919) classifies males (~90
%) better than other standards. Stewart (1979)
leaves about 15-28 % of the femoral diameters
indeterminate which is a much higher percent-
age (vs. 5—7 %) than in Pearson and Bell (1919)
which is the other standard with an indetermi-
nate category.

In order to examine whether there were dif-
ferences between the samples, percentages of
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Table 4. Humeral and femoral head diameters and percentages (%) of correctly classified individuals
with all samples together. Both measurements are vertical diameters.

Humerus Femur
Reference Males Females Total Males Females Total Indeterminate
Spradley & Jantz 2011
Right side 76.3 100.0 83.5 87.7 89.7 88.3 -
Left side 76.5 100.0 83.6 86.7 76.2 83.3 -
Stewart 1979*
Right side 85.0 100.0 89.6 69.2 62.1 67.0 27.7
Left side 85.9 91.9 87.7 77.8 76.2 773 15.2
Tomczyk et al.
2017
Right side 96.3 82.9 92.2 - - - -
Left side 95.3 73.0 88.5 - - - -
Kranioti & Michalodimitrakis 2009
Right side 95.0 97.1 95.7 - - - -
Left side 92.9 86.5 91.0 - - - -
Slaus et al. 2003
Right side - - - 815 89.7 84.0 -
Left side - - - 86.7 76.2 83.3 -
Pearson & Bell 1919*
Right side - - - 90.8 62.1 81.9 7.4
Left side - - - 88.9 76.1 84.8 4.5

*Combined groups: females and probably females, males and probably males.

correctly classified males and females were
calculated for all the samples separately. The
Helsinki sample’s humeral head diameter is
classified in a similar manner by all the stand-
ards, since the classification rates range from
85.9t0 90.2 % (Table 5). The Porvoo sample ex-
hibits a larger range of classification rates from
84.2-94.7 % with Stewart (1979) being the most
accurate standard. The classification rates for
Renko based on Spradley and Jantz (2011) and
Stewart (1979) are quite low (67-71 %) com-
pared to the other two standards (92 %). These
low total rates are a result of low classification
rates of males, indicating that the humeral head
diameters in Renko are smaller than in other
samples.

The classification rates are lower for femoral
head diameters than for humeral head diameters
in all samples (Table 6). Other methods, but
Stewart (1979), classify approximately 85 % of
the total Helsinki sample correctly (Stewart clas-
sifies 77.9 %). The Porvoo sample has the larg-
est range (60.0-90.0 %) for classification rates,
whereas the Renko sample’s rates vary between
62.1 % and 82.8 %. In all samples, Stewart
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(1979) provides the lowest rates. These results
indicate that the male femoral heads tend to be
smaller in Finnish samples than in Stewart’s
sample and particularly in these two archaeo-
logical samples.

DISCUSSION AND CONCLUSIONS

This pilot study tested humeral and femoral head
diameter standards in Finnish skeletal samples.
Four sectioning points of both measurements
reported in the literature were applied to this
study. Both diameter means of the more recent
Helsinki sample are somewhat bigger in males
than the ones in the archacological samples.
The difference might be due to the sample size,
since the archaeological samples are very small
in comparison to the modern sample. Another
explanation could be secular change, in which
femoral head size in the population would have
increased gradually over centuries, and thus
more recent 20" century samples exhibit larger
diameters when compared to the archaeologi-
cal samples. Although, the studies concentrating
on temporal changes of femoral head diameter



Table 5. Humeral head diameter and percentages (%) of correctly classified individual by sample (us-

ing left side, unless only right side available).

Helsinki Porvoo Renko

Males Females Total Males Females  Total Males Females Total
Spradley & 81.4 100.0 85.9 70.0 100.0 84.2 46.7 100.0 66.7
Jantz 2011
Tomczyk et  94.3 63.6 87.0 100.0 778 89.5 93.3 88.8 91.7
al. 2017
Kranioti 92.9 81.8 90.2 100.0 77.8 89.5 86.7 100.0 91.7
& Michal-
odimitrakis
2009
Stewart 88.6 90.9 89.1 100.0 88.9 94.7 53.3 100.0 70.8
1979*

* Combined groups: females and probably females, males and probably males.

Table 6. Femoral head diameter and percentages (%) of correctly classified individuals by sample (us-

ing left side, unless only right side available).

Helsinki Porvoo Renko

Males Females Total Males Females Total Males Females Total
Spradley & 87.8 78.9 85.3 90.0 90.0 90.0 81.3 84.6 82.8
Jantz 2011
Slausetal. 878 78.9 85.3 80.0 90.0 85.0 68.8 84.6 75.9
2003
Stewart* 79.6 73.7 779 50.0 70.0 60.0 62.5 61.5 62.1
1979
Pearson & 89.8 73.7 85.3 100.0 70.0 85.0 87.5 61.5 65.5
Bell 1919**

* Combined groups: females and probably females, males and probably males. Indeterminate: Helsinki 16.2 %,

Porvoo 40.0 %, Renko 31.0 %.

** Combined groups: females and probably females, males and probably males. Indeterminate: Helsinki 5.1 %,

Porvoo 5.0 %, Renko 6.9 %.

show varying results. Jantz et al. (2017) found
that femoral and humeral head dimensions were
not significantly affected by secular trends in
American Whites, whereas Gongalves (2014) re-
ported a significant increase in both humeral and
femoral head diameters between two Portuguese
samples dating from 19%-20% century and late
20" century. Cridlin (2016) noticed a significant
decrease in femoral head diameter after 1920 in
American Whites. This finding is different from
Duthie et al.’s (1998) findings, which showed
an increase in femoral head diameter in Scottish
samples that consisted of individuals who had
died between 190020 and the 1980s.

The accuracy for the Helsinki sample and in-
ternal consistency of the sex estimation for the
two archaeological samples vary depending on
the applied standards. When the total sample is

used, the standards from Tomzyk et al. (2017)
and Kranioti and Michalodimitrakis (2009) for
humeral head seem to correctly classify the in-
dividuals at a greater rate than the other two
(Spradley & Jantz 2011 and Stewart 1979). The
original populations of these two standards are
European (Polish and Cretan), which might
explain their slightly better performance over
the American standards. At least, the diameter
means are closer to the Finnish means in these
two samples, except for Polish males, which
is smaller than the Finnish and Cretan means.
However, the performance of the European
standards differs for males and females, and the
American standards seem to work better for the
Finnish females.

The total accuracy and internal consistency
for femoral head diameter are very similar in
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all standards, except Stewart (1979) which per-
forms clearly worse than others. The total femo-
ral classification rates are lower than for the
humeral head. This could possibly be explained
by the slightly dissimilar measurements. Three
of these standards use maximum diameter,
whereas the current study uses vertical diameter.
Nevertheless, Pearson and Bell (1919) utilized
vertical diameter, and only the male classifi-
cation rates are higher in comparison to other
standards.

The standards show some variation in their
accuracy and internal consistency depending on
the sample. Humeral head standards perform at
similar rates in the Helsinki and Porvoo samples,
but for the Renko sample European methods
work better than American methods. This is be-
cause the Renko humeral heads are smaller than
in other samples, as are the European standards.
In addition, Tomczyk et al.’s (2017) standard is
based on samples from the 18-19™ century, so
it is contemporaneous to the Finnish archaeo-
logical samples. In the case of femoral diameter,
Stewart’s (1979) standard seems to classify the
Finnish samples poorly compared to others. This
may be a result of the standard’s greater section-
ing points for males, and that diameters between
43.5-46.5 mm are considered indeterminate.
Pearson and Bell (1919) also have a range for in-
determinate (43.5-44.5 mm), but with a smaller
sectioning point for males, and thus the males
are classified more accurately.

It has to be pointed out that the overall inter-
nal consistency between the diameter measure-
ments and previously estimated sex can also be
influenced by the uncertainty of sex estimates of
the archaeological samples. Ruff (2018b) and his
colleagues used standard sex estimation meth-
ods from the pelvis and cranium, but it is pos-
sible that some of these archaeological individu-
als may have an incorrect sex assigned to them.
Studies have shown that the morphology of the
pelvis and cranium are generally in good agree-
ment with the sex estimates based on DNA, but
the results may depend on the traits used in the
morphological sex estimation (see Bauer et al.
2013; Inskip et al. 2019).

This paper has demonstrated how vari-
able the classification rates can be when ap-
plying various standards onto Finnish samples.
Nevertheless, direct recommendations cannot
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be made at this point. For the total sample, it
seems that the European-based samples provide
the most suitable standards for humeral head,
whereas Stewart’s sectioning points of femoral
head would not be recommended based on its
performance in this study. However, the success
in classification may depend on the sex of the
unknown individual.

Future studies require a bigger sample and
different measurements to be tested or even
used to create population-specific sectioning
points for the Finnish skeletal samples. The cur-
rent sample has more males than females, and
it should be balanced with more female meas-
urements. In addition, more archaeological in-
dividuals should be added to the sample, and
thus a more robust analysis of potential secular
change could be performed. At this point, it is
recommended, that caution should be used when
sex is estimated from femoral and humeral head
metrics in Finnish skeletal samples.
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