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ABSTRACT

Rogers’ (1) method of sex estimation is a visual technique that evaluates morphological variation
in four traits of the distal posterior humerus. This method has the potential for widespread
application in biological anthropology, but previous tests have been unable to replicate Rogers’
initial accuracy rate of 92%. Additionally, the role of populations in the accuracy of the method
has not been sufficiently explored, as only one study (2) has controlled for it. Wanek (2) found
differences in the accuracy of Rogers’ method correlated with different populations but concluded
the method could be used on all human populations, regardless. This study tests Wanek’s (2)
conclusion through a blind test of Rogers’ (1) original method, though it differs methodologically
from previous studies (1-7) by seriating humeri according to trait expression, and by using logistic
regression for analysis of results. In conducting a blind test on a sample of American black and
white individuals from The Hamann-Todd Osteological Collection, I found that the method was
67% accurate overall, and that odds for a correct classification were 2.03 more likely for a white
individual than for a black individual. Prior to applying this method in the future, bioarchaeologists

and forensic anthropologists should consider these results within the context of their study.



Introduction

Rogers’ (1) method of skeletal sex estimation from the distal humerus is valuable in
estimating sex from fragmented, commingled, or subadult human remains. However, subsequent
tests of Rogers’ method (2—7) were unable to replicate her initial accuracy rate of 92%.
Additionally, with the exception of Wanek (2), scholarly tests of the method have failed to
control for population. Wanek found substantial differences in the accuracy of the method
correlated with different populations; nevertheless she concluded that the method could still be
applied on all human populations. This study set out to test Wanek’s conclusion by exploring
whether Rogers’ method is equally effective when applied to white and non-white individuals.
The methodology of this study differs from previous works in its use of a seriation technique in
testing Rogers’ method, and in its use of logistic regression analysis of the results.

The term ‘population’ generally refers to a group of people from a given area during a
given time period and their interactions with social, economic and environmental stressors (8).
Within the context of the present study, the populations investigated are American black and
American white dating from approximately 1910-1940 and located in Cleveland OH (9). It
should be noted that these categories are inherently biocultural, and that they, along with related
concepts such as biological ancestry, biological affinity, or race, are highly problematic. An
extended discussion of the limitations of these concepts is found in the discussion below.

Background

Accurate sex estimation of individuals is critical in bioarchaeology because it forms the
basis of many paleodemographic and societal inferences (10, 11). In forensic contexts, sex
estimation is valuable in identifying individuals (12). Biological anthropologists most often rely

upon macroscopic methods of sex estimation (13-15) that revolve around assumptions of sexual



dimorphism in skull robusticity (16) and pelvic adaptations for pregnancy and parturition in
females (17, 18). Reliance upon these methods is problematic, however. Visual morphological
methods tend to be subjective and, therefore, substantial rates of intra- and inter-observer error
have been established (19-21). Second, use of the skull and pelvis is not always possible when
remains are fragmented, incomplete, or commingled (22, 23). Furthermore, sexual dimorphism
of the skull and pelvis tends to emerge only post-adolescence, making these techniques less
useful for the evaluation of sub-adults. Advances in metric (e.g., 24-26) and genetic (27) sex
estimation methods have partly overcome these limitations; however, most metric methods are
population-specific, and there are often problems of cost, preservation, amplification, and
contamination in the application of genetic methods (28).

Rogers (1) developed a visual method of sex estimation for humans using the distal
humerus that she found to be 92% accurate. As a visual method, it is quick and inexpensive to
apply, and because the method uses the distal humerus as opposed to the skull or pelvis, it
overcomes many of the limitations caused by the overreliance upon dominant cranial and pelvic
methods outlined above. Additionally, Rogers (4) reported that the method is also useful in
estimating sex for adolescent individuals, which as noted above, is less reliable with the skull or
pelvis (28). Due to these clear advantages, the method has been widely applied in various
bioarchaeological and forensic contexts (30-39).

Rogers’ method relies on sexual dimorphism of the carrying angle in the elbow, which is
the angle formed by the lateral divergence of the forearm from the upper arm at the elbow joint
during supination (40). Studies have often found there are significant differences in carrying
angle between the sexes (41, 42). The average carrying angle for males is 11.6° £ 3.2 while for

females it is 16.7° + 2.6 (41). One hypothesis suggests that carrying angle is a secondary sex



characteristic; differences in carrying angle are caused by males having broader shoulders
relative to hips and by females having broader hips relative to shoulders (43, 44), although this
theory has been rejected by some scholars (40).

Rogers’ (1) method evaluates sexual dimorphism within the following four features of the
distal posterior humerus: trochlear constriction, trochlear symmetry, olecranon fossa size/shape,
and the angle of the medial epicondyle.

Trochlear constriction (Figure 1) refers to the extent that the trochlea appears ‘pinched’.
In males, the trochlea is less constricted whereas in females, the trochlea is more constricted,

resulting in a “spool-shaped” trochlea (1).

FIGURE 1—Trochlear constriction, from Rogers (1).

Trochlear symmetry (Figure 2) refers to the degree to which the medial edge of the
trochlea extends distally relative to the lateral edge. The male trochlea is typically assymetrical

while the female trochlea is typically symmetrical (1, 5).



The olecranon fossa (Figure 2) differs between males and females in shape and depth,

which males typically having a relatively shallower and more triangular fossa and females

typically having a relatively deeper and more oval fossa.

FIGURE 2—Trochlear symmetry and olecranon fossa size and shape, from Rogers (1).

Lastly, the angle of the medial epicondyle (Figure 3) refers to the extent in which the
medial epicondyle is raised relative to the trochlea (1). This trait is best assessed when viewed at
the distal end while placed on a flat tabletop, anterior side down. The medial epicondyle of males
is more or less parallel to the tabletop, while the medial epicondyle of females is angled upward

from the tabletop.



FIGURE 3—Angle of the medial epicondyle, from Rogers (1).

Rogers (1) developed her method by evaluating skeletal remains in the Grant
Documented Skeletal Collection (University Toronto), the Maxwell Documented Skeletal
Collection (University of New Mexico), and the William M. Bass Donated Skeletal Collection
(University of Tennessee) in which all evaluated individuals were identified as white (i.e.
considered of European biological ancestry). Rogers (1) acknowledged the lack of testing on
individuals of non-white populations and suggested that further research be conducted on
collections comprised of more diverse populations.

The accuracy of her method has since been tested numerous times (2—7); however, her
call for increased diversity has been insufficiently addressed, as only one study (2) has controlled
for population. Falys et al. (3), Rogers (4), and Watkinson (6) tested the method solely on
European skeletal collections. Vance et al. (5) and Harrison (7) tested the method South African
and American skeletal collections respectively, which were comprised of black and white
individuals, but neither study evaluated the role of population in the accuracy of the method.

Wanek (2) tested the method on a large sample stemming of the following categories:
American whites, American blacks, Native Americans, Alaskan Eskimos, Chinese, Alaskan
Aleutians, Japanese, and other (Egyptian, Australian Aborigine, Hawaiian, Arikara Indian,
Jamaican, Puerto Rican, Patagonian, Chilean). She argued that while differences exist in the

accuracy of this method across different populations (Table 1), the method can be applied on all



humans, regardless of population. Wanek’s test, however, is not an exact test of Rogers’ (1)

method because she used two additional features of medial epicondylar symmetry and distal

spool curvature in her analysis, and the overall accuracy rate of 84% reflects removal of the

trochlear constriction feature from analysis and exclusion of ambiguous cases from analysis.

Additionally, the sample sizes of different populations range to a considerable degree (e.g. only

five individuals comprise the Japanese subsample).

TABLE 1—Accuracy of Rogers’ method by biological affinity, from Wanek (2).

Overall Accuracy by Trait (%)
Accuracy Trochlear Trochlear | Olecranon Angle of
(%) Constriction | Symmetry | Fossa Shape | the Medial
Epicondyle
American whites | 85 70 74 82 74
(n = 208)
American blacks | 78 62 71 77 70
(n=234)
Native Americans | 80 70 59 70 76
(n=54)
Alaskan Eskimos | 83 69 73 77 66
(n=44)
Chinese 94 57 60 60 98
(n=41)
Alaskan Aleutians | 94 65 73 85 85
(n = 40)
Japanese 80 80 80 80 80
(n=5)
Total 83 65 70 77 74
(n =649)

In my study, I evaluated Rogers’ (1) four original features, restricting analysis to a

sample comprised of American black (n= 85) and American white (n=114) individuals. The

overall accuracy rate of this study reflects the accuracy of the four features, and any ambiguous

classifications were considered incorrect.




Materials and Methods
Data Collection

| tested the method on a sample of 199 humeri from the Hamann-Todd Osteological
Collection at the Cleveland Museum of Natural History. Often called “the unclaimed dead of
Cleveland” (2, 45, 46), this documented skeletal collection of more than three thousand
individuals was amassed by T. Wingate Todd in the early twentieth century (47). Like many
other American documented skeletal collections, the Hamann-Todd Osteological Collection is
mainly comprised of cadavers not claimed from the morgue (47).

Humeri of individuals classified in the collection as American black and white males and
females were selected by a third party to allow for a blind test. No additional steps were required
to ensure a blind test as no information beyond an individual identification number was written
on the skeletal elements. Similarly to Wanek (2) and Vance et al. (5), | evaluated left humeri to
maintain consistency.

Unlike previous applications of this method, rather than evaluating all four traits for each
humerus simultaneously, | instead assessed each trait independently by repeatedly seriating the
entire sample collection and assigning sex on a three-point scale for each individual trait (male,
ambiguous, or female). Between seriations, | randomized the order of the humeri, allowing me to
assess each trait without bias from my assessment of the previous trait. When compiling data
from all four traits, | assigned an overall sex to each humerus on a five point scale (male,
probable male, ambiguous, probable female, or female) based on the following criteria (Table 1).

TABLE 2—Criteria for overall sex assignment.

Assigned Sex Criteria
Male All four traits consistent with the male sex
Probable Male Three out of four traits consistent with the male sex
Ambiguous Two traits consistent with each sex
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Probable Female Three out of four traits consistent with the female sex
Female All four traits consistent with the female sex

As proposed by Rogers (1), olecranon fossa shape (if unambiguous itself) was given extra
weight for humeri classified as ambiguous by the above criteria (Table 1), allowing some
‘ambiguous’ humeri to be classified as probable males or probable females.

After completing the blind test of the method, | collected data on the actual sex, actual or
estimated age, and black or white designation of each individual, based on records. Potential
problems with these categories will be examined in the discussion.

Data Analysis

For each humerus belonging to a female individual, a classification was considered
correct if the humerus was assigned to the female or probable female category, and it was
considered incorrect if assigned to the male, probable male, or ambiguous category. Similarly,
each male humerus was considered correct if assigned to the male or probable male categories,
and it was considered incorrect if assigned to the female, probable female, or ambiguous
category.

Previous tests of Rogers” method have used Fisher’s Exact Probability Test (1), which is
beneficial for establishing statistical significance within small sample sizes, or Chi-Squared tests
(2, 3, 5) which assess the statistical significance of differences between expected versus observed
results of a single variable. However, | instead used logistic regression to evaluate the
relationship between the predictors of population and sex on the accuracy of the method. This
allowed me to assess whether the effect of population on the accuracy of this method is different
between males and females, or, in other words, whether there was interaction between the two

predictors of population and actual sex. The logistic regression was modelled by the following
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equation: logit(P) = Bo + 1 (Population) + B2 (Sex) + B3 (Interaction), in which the effect of
population, sex, and interaction on the dependent variable of accuracy (o) can be evaluated.

When interaction was shown not to be statistically significant, meaning that the effect of
population on the accuracy of this method is equally significant for both sexes, it was removed
and the logistic regression was accordingly modeled by the equation: logit(P) = Bo + B1
(Population) + B2 (Sex). Results from logistic regression are presented in an odds ratio as
opposed to standard probability.

Results

Overall, the method was 67% accurate, ranging from 58% accuracy for black individuals

and 73% accuracy for white individuals (Figure 4 and Table 3).

TABLE 3—Accuracy of Rogers’s method on black and white individuals.

Population Sex Overall Accuracy
Incorrect Correct

Black Female (n=35) Count 13 22
Individuals % 37 63
Male (n=50) Count 23 27

% 46 54

Total (n=85) Count 36 49

% 42 58

White Female (n=29) Count 8 21
Individuals % 28 72
Male (n=85) Count 23 62

% 27 73

Total (n=114) Count 31 83

% 27 73

Total Female (n=64) Count 21 43
% 33 67

Male (n=135) Count 46 89

% 34 66

Total (n=199) Count 67 132

% 33 67
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The highest overall accuracy is achieved when the four traits are analyzed in conjunction.
However, when examining the traits individually, olecranon fossa shape is the most accurate trait
and trochlear symmetry is the least accurate trait. However, this differs marginally when

controlling for population (Table 4).

TABLE 4—Accuracy of Rogers’ method by trait.

Trait Accuracy (%)
Black Individuals White Individuals Total
Females Males Females Males
Trochlear 51 54 41 58 53
Constriction
Trochlear 40 38 38 62 49
Symmetry
Olecranon Fossa Size 60 46 62 66 59
and Shape
Angle of the Medial 49 62 72 51 56
Epicondyle

The logistic regression results without interaction (Table 5) show that population is a
statistically significant predictor of accuracy (p < 0.05). As demonstrated by the results, the odds
for correct sex estimation using Rogers’ method are 2.027 times more likely for a white

individual than for a black individual.

TABLE 5—Logistic regression results (with interaction).

df P-value Odds
Population 1 0.419 1.551
Actual Sex 1 0.417 0.694
Interaction 1 0.552 1.480

TABLE 6—Logistic regression results (without interaction).
df P-value Odds
Population 1 0.022 2.027
Actual Sex 1 0.830 0.830
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To help understand how population is important, | assessed of the nature of the incorrect
classifications of sex (males, probable males, ambiguous, probable females, and females)
between the samples of American black and white individuals. As demonstrated by Figure 5,
there is a slightly smaller proportion of ambiguous classifications for the white individuals. In
addition, for the sample of black individuals, more females were incorrectly classified as males
or probable males; whereas for the sample of white individuals, more males were incorrectly

classified as females or probable females.

100%

90%

80%

70%

60% Black
Individuals

50%

== = \Nhite
40% Individuals

’I
10%
0 ,, \

0% T T T T 1
Male Probable Male ~ Ambiguous Probable Female Female

Sex Assignment Category

FIGURE 4—Proportion of incorrect classifications for black (n=36) and white (n= 31)
individuals.
Discussion
Comparison to Previous Studies

In this study, the method was 67% accurate, ranging from 58 to 73% accuracy for black

and white individuals respectively. The logistic regression model showed that the odds for a
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correct sex classification were 2.027 times more likely for a white individual than for a black
individual. The effect of population on the accuracy of the method did not differ between males
and females. Wanek (2) also found significant differences in the accuracy of this method
corresponding to population designations; the method was 78% accurate on black individuals
and 85% accurate on white individuals. However, she concluded that although differences exist
in the accuracy of the method among individuals of different populations, the method can still be
used on all human populations. My results do not support Wanek’s conclusion; the odds ratio of
2.027 suggests that the application of the technique to non-white populations may be more
problematic than Wanek concluded.

As shown by Table 6, the overall rate of accuracy of 67% is lower than that found in
previous tests of Rogers’ method. This is to be expected as most of these studies (1, 3, 4, 6)
tested the method on only white individuals, and the method has been shown to be more
effective on white individuals. Wanek’s (2), Vance et al.’s (5), and Harrison’s (7) samples
consisted of individuals from different populations, though only Wanek (2) evaluated the role of
population differences in the accuracy of the method. The results from this study are closest to
the accuracy rates from Vance et al.’s (5) and Harrison’s (7) studies, particularly in terms of the
accuracy of the individual features. However, as neither VVance et al. (5) nor Harrison (7)
controlled for population in their studies, it is impossible to draw direct comparisons between
their studies and this study on the role of population in the accuracy of Rogers’ method. Wanek’s
(2) study produced considerably higher accuracy, though her rate is inflated by her exclusion of

ambiguous classifications, and she tested the method on a wider range of populations.
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TABLE 7—Comparison of results of previous tests of Rogers’ method (to nearest whole number)

Study Overall Accuracy of Traits (%)
Accuracy Trochlear Trochlear Olecranon Angle of the
(%) Constriction Symmetry Fossa Shape Medial
and Size Epicondyle
Simpson 67 53 49 59 56
(current
study)
Rogers 92 74 74 91 86
(1999)
Wanek 84 65 79 77 74
(2002)
Falys et al. 79 69 79 82 75
(2005)
Rogers 81 — — — —
(2009)
Vance et al. 76 — 45-56 57-61 55-70
(2011)
Watkinson 83 74 65 78 76
(2012)
Harrison — 66 60 67 71
(2017)

In Rogers’ (1, 4), Falys et al.’s (3), and Vance et al.’s (5) studies, more females were

accurately estimated whereas in Wanek (2) and Watkinson (6), more males were accurately

estimated. In this study, differences between males and females were not statistically significant

and varied according to the different traits. This means that either there are subjective differences

in observer perception of traits or that the expression of these traits as more “male” or “female”

varies according to the sample analyzed. Tests of Rogers’ method also vary with respect to the

accuracy of the different features. For Rogers (1), Falys et al. (3), and this study, olecranon fossa

size and shape was the most accurate predictor of sex, but for other studies, trochlear symmetry

(2), or angle of the medial epicondyle (5, 7) was most effective.
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Limitations

There are some limitations to this study, particularly pertaining to the concept of race as
assigned in documented skeletal collections. There are some also limitations to using a
documented skeletal collection. The cadaver-based anatomical collections, including the
Hamann-Todd Osteological Collection, are biased samples of society often comprised of
individuals of lower socioeconomic status (47, 48). However, these collections are often treated
in scientific studies as representative cross-sections of populations. To further compound this
issue, the designations of ‘black’ and ‘white’ within these anatomical collections are a product of
the time in which they were made (47, 49). Todd assembled the Hamann-Todd Osteological
Collection in the early twentieth century, and his racial designations of individuals likely reflect
the notions of race of this time period—notions which do not align with twenty-first century
academic notions of race nor of biological ancestry.

It is outdated and problematic to assume that humans can be neatly bounded within
national or continental categories, and further problematic to assume that human variation and
diversity directly and unambiguously corresponds to said arbitrary divisions (50-52). In using
concepts such as race (or biological ancestry), there is in part a packaging together of various
biological traits, such as skin colour, into groupings that oversimplifies the reality of human
genetics (50). These typological designations are also often made within a social context in
which power differentials between the races partly dictates who is assigned to which group, and
these assignments often do not correspond directly with biological ancestry. An example of this

would be the ‘one drop’ rule prevalent throughout American history in which individuals were
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legally considered black if they had any African ancestry (53, 54). Consequently, it is difficult to
distinguish whether the variation exhibited by individuals of designated groups actually stems
from genetic differences or several other variables inherent in the life experiences of socially
constructed groups. In other words, is it possible that the variation between populations is
actually the skeletal manifestation of stressors and different life history traits (e.g. average age at
death) brought on by a legacy of marginalization toward the black individuals of this sample?

These limitations do not discount the value of this study; research has shown that the
accuracy of some sex estimation methods varies population-to-population (55). Researchers
cannot assume that such methods are universally accurate for all humans across time and space.
This study has shown that there are significant differences in the accuracy of Rogers” method
correlated with designations of race. This is not to say that there are differences in distal humerus
morphology inherent in all “black” and “white” individuals; it is important to consider the
alternative variables that may produce these results but that are masked by the concept of race or
biological ancestry. It was not within the bounds of this study to determine the extent to which
such variables had a role in the accuracy of Rogers’ method but future studies should attempt to
tease apart whether these significant differences can be attributed “biological ancestry” or
another source of variation.

Conclusions

This study tested Rogers’ method on a sample of American black and white individuals
from the Hamann-Todd Collection. Similarly to previous tests of Rogers” method (2—7), Rogers’
(2) initial accuracy rate of 92% was not replicated. Like Wanek (2), this study found that there
are significant differences in the accuracy of this method correlated with different populations;

however, the results from this study conflict with Wanek’s conclusion that the method can be
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applied on all human populations regardless of population. As this study evaluated the method
on American black and white individuals from the nineteenth and twentieth centuries and the
results may be a product of life experience variables, these results should not be generalized to
all individuals of African and European ancestry across time and space. However, prior to
applying this method in the future, professionals should be cognisant of these findings that
Rogers’ method is not consistently effective across all populations. Additional studies should be
conducted on more populations and attempt to determine the sources of variation for these
results.
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