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H6 Bone Histomorphometrics and Sex Assessment
Lindsay H. Trammell, PhD*, Pima County Medical Examiner’s Office, 2825 E District St, Tucson, AZ 85714

After attending this presentation, attendees will gain an understanding of bone histomorphometrics as it relates to
partial estimation of the biological profile to identify unknown human remains from forensic settings. They will be
introduced to the utility of histomorphometrics in the estimation of sex.

This presentation will impact the forensic science community by expanding the knowledge and scope of bone
histology to include methodologies in addition to age-at-death estimation techniques thereby strengthening the overall
accuracy of the biological profile and, consequently, the likelihood of positive identification.

Histological analyses have proven valuable in discerning fundamental age information about individuals. In fact,
bone histology has been utilized to determine age-at-death for over forty years."® Histological analyses have not
particularly focused on assessing sex as part of the biological profile; however, some research has demonstrated the
need for sex-specific analyses when developing age-at-death regression equations.®” Studies have also noted that
the mean values of specific histological variables are significantly different between the sexes, possibly indicating
different rates of bone modeling and remodeling.>® Though past literature has not attempted to assess sex based on
histomorphometrics, the finding that differences in bone remodeling do exist and that sex-specific equations to
estimate age are potentially more reliable than sex-pooled equations indicate the utility of such methodologies.

This research was performed at the Department of Anthropology’s Mineralized Tissue Histology Laboratory and
the Forensic Anthropology Laboratory at the University of Tennessee Medical Center. Forty-eight white male and
female decedents of known age, sex, and ancestry from the University of Tennessee Medical Center were sampled
during autopsy to remove three one-by-one centimeter specimens from the sectioned margin of the left frontal,
parietal, and temporal bones. An additional 50 left frontal bone samples were procured from males and females with
known demographics from the Tennessee Medical Center. Complete medical histories were available, so
retrospectively, if outliers demonstrate differential bone remodeling or atrophy, they could be excluded from analyses.

Bone samples were given a unique numeric, cleaned and dried, and embedded. Three thin-sections were cut for
each sample and then ground and polished for analysis. A research light microscope and computer imaging software
were used to examine slides at various magnifications; photographic series of the entirety of each thin-section was
captured using a mounted digital camera attachment. Prepared thin-section slides were first examined to recognize
cellular structures, evidence of remodeling, and the distribution of remodeling prior to quantification of the following
histological features: external table thickness, number of secondary osteons, secondary osteon area, secondary
osteon perimeter, secondary osteon maximum and minimum diameters, secondary osteon diameter ratios, secondary
osteon Haversian canal area, secondary osteon Haversian canal perimeter, secondary osteon Haversian canal
maximum and minimum diameters, secondary osteon Haversian canal diameter ratios, number of secondary osteon
fragments, osteon population density, and osteon circularity.

This research created a discriminant function analysis based on the collected histomorphometrics to assess sex.
A jack-knifed discriminant function analysis was run separately for the frontal, parietal, and temporal bones and then
again to include all three bones to determine how accurate the histological features are at “discriminating” between
subgroups and predicting which subgroup (male or female) each individual belongs to. Using only the frontal bone to
assess sex resulted in a 67% correct classification, the parietal a 52% correct classification, and the temporal a 64%
correct classification. When the discriminant function analysis utilized a combination of sub-variables from the frontal,
parietal, and temporal to assess sex, it did so with 80% correct classification for females and 90% correct
classification for males with an overall 86% correct classification. These results lend credibility to the prospect of
using bone microstructure to assess sex.

In conclusion, bone histomorphometrics has potential in not only estimating age-at-death of unidentified
individuals, it also contributes to assessment of sex.
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