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Abstract.  The shape of the temporal bone of the adult human 
cranium, specifically the mastoid region, is documented 
widely in past literature as a measure of sexual dimorphism 
within and among human populations. Yet, past research 
focus primarily on the qualitative assessment of the size of the 
mastoid region as it varies between males and females. This 
study explores both standard qualitative and standard and 
nonstandard quantitative measures of variation, in both size 
and shape, of the inferiorly projecting cone-shaped process of 
the temporal known as the mastoid process. A set of five 
measurements, two of which use five non-metric scores, 
compiled or developed at the Wichita State University 
Biological Anthropology Laboratory (WSU-BAL) to better 
characterize the mastoid region, are recorded for 100 male 
and 100 female adult crania from the Hamann-Todd 
collection at the Cleveland Museum of Natural History. 
Descriptive statistics demonstrate patterns of sexual 
dimorphism in the mastoid region and the results indicate that 
a quantitative approach provides greater consistency in 
identification than the qualitative characterization of the 
mastoid region, as it is used almost exclusively in current 
practice.   
 
1. Introduction  
 

This study examines patterns of variation within a 
group, particularly the variation between sexes. The 
topic of this study is the mastoid process, which can be 
defined as a cone-shaped process of the temporal bone 
located posterior to the external auditory meatus that 
projects inferiorly. The mastoid process is typically 
more robust in males than in females and this is most 
likely due to the larger muscles that insert on the 
mastoid process in males.   

Visual assessment is commonly applied to the 
estimation of sex from the mastoid region because of its 
relative ease of use, but it is critical to note that the 
terms used to describe the mastoid process are variable 
and reflect subjectivity in observation.  This study 
seeks to achieve greater consistency by quantifying the 
sexual dimorphism of the mastoid process. It is 
important to try and define more specifically what is a 
small, medium, or large mastoid process, and 
measuring the mastoid process can hopefully clarify 
and provide a more consistent method for assessing the 

size and shape of the mastoid process for sex 
estimation.  
 
2. Materials and Methods  
 

The study sample consisted of 100 adult White males 
and 100 adult White females from the Hamann-Todd 
Osteological Collection, which represents a Central 
European sample.  The recording protocol for this 
research includes five measurements (Table 1) and are 
derived from standards developed by Howells (1973) 
[1]; Acsádi and Nemeskéri (1970) [2]; Moore-Jansen 
(n.d.) [3]; and Krogman (1962) [4].   

 
Table 1. Definitions of measurements collected from the Hamann-

Todd Osteological Collection 
 

 
Mastoid height (MDH) – The length of the mastoid process 

below and perpendicular to, the eye-ear plane, in the vertical 
plane (Howells 1973). 

Mastoid breadth (MDB) - The width of the mastoid process 
at its base, through its transverse axis (Howells 1973).

Mastoid radius (MDR) - The perpendicular to the 
transmeatal axis from the most inferior apex of the mastoid 
process (Moore-Jansen n.d.).

Supramastoid crest size (SMC) – The raised area of bone 
that forms the posterior root of the zygomatic process. The crest 
is scored on a scale from -2 (female) to +2 (male). 

Mastoid size (MDS) – The overall size of the mastoid 
process as described by overall shape and projection based on a 
scoring method as described by Acsádi and Nemeskéri (1970). 

 
 
A nonstandard measure of height, the mastoid radius, 

is tested against the standard measure of height, 
mastoid height. The mastoid radius measures the height 
of the process relative to the transmeatal axis, a fixed 
dimension, in contrast to the standard mastoid height 
which is measured from the eye-ear plane and sighted 
to the tip of the mastoid process (Howells 1973:177) 
[1]. Measuring the height from a sighted reference point 
is likely to introduce both interobserver and 
intraobservor error, whereas a radius, as defined in the 
MDR measurement, is expected to, if not eliminate, at 
least reduce this error (Moore-Jansen n.d.) [3].  
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Analytical methods for quantifying male and female 
shape variation in the mastoid process were composed 
using descriptive statistics. Sectioning points were 
created using the mean of the male and female means 
of the mastoid measurements MDR, MDH, and MDB.  

Independent samples t-tests were performed to 
assess the differences between males and females for 
each of the three quantitative measurements.  T-tests 
were also performed to test for significant differences 
between MDR and MDH. The α-level used is α=.05, 
where p < .05 is judged statistically significant.   

 
3. Results and Discussion 

 
It is clear that there is variation in the size of the 

mastoid processes among males and females as 
demonstrated by descriptive statistics.  For each 
measurement, the male mean is slightly larger than the 
female mean.  Independent t-tests reveal that there are 
significant differences between males and females, with 
p-values much less than 0.05.  

When examining the two qualitative observations 
SMC and MDS, the results indicate that scoring the 
supramastoid crest (SMC) is more consistent than 
scoring the size of the mastoid process (MDS).  Within 
males, using SMC scored 6% more correct than MDS. 
Among females, 80% were scored correctly using SMC 
versus 61% using MDS. 

Three paired quantitative classifications were 
calculated for the three mastoid measurements (MDR, 
MDH, MDB) for males and females to see which 
measurements are more consistent for determining sex.  
Of the three measurements, among males and females, 
MDR classified the highest percentage of crania to the 
correct sex.  Among the pooled sample of males and 
females, MDR correctly classified the greatest 
percentage and MDB the least. From the results, it is 
suggested that MDR is the most consistent 
measurement for estimating sex. 

One of the goals of this study is to assess the 
consistency of the mastoid height and mastoid radius, 
which are both used for recording the height of the 
mastoid process.  Independent samples t-tests indicate 
the two measurements are significantly different within 
both males and females. The data suggest that the use 
of the mastoid radius is associated with a smaller 
standard deviation and there is less variance around the 
mean of MDR compared to MDH which suggests that 
observer error is reduced. 

When examining the pooled results (qualitative and  
quantitative) of MDR, MDH, MDB, and MDS, all 
which examine the overall projection of the process, 

MDR classifies the greatest percentage, with MDH, 
MDS, and  
MDB following behind in order. Overall, when 
examining the height of the mastoid, quantitative 
analysis, using the mastoid radius, provides the greatest 
consistency.  
 
4. Conclusions 
 

An important find from this study is regarding the 
nonstandard measurement of the mastoid radius.  The 
variances around the means and the standard deviations 
of the two measurements reveal that the mastoid radius 
is more consistent than the mastoid height. This is 
important for future analysis of the mastoid process for 
sex identification purposes and this research suggests 
that the mastoid radius should be employed more often.  
The main research was devoted to testing whether 
quantitative analysis is more consistent than qualitative 
analysis. Although qualitative assessment of the 
mastoid process has been widely used to estimate the 
sex of an individual rather than quantitative assessment 
because it is faster than measuring, this study suggests 
that visual assessment using MDS to score the overall 
size of the mastoid process is not as consistent nor as 
efficient as measuring the mastoid using the mastoid 
radius or height measurements. Further, the mastoid 
radius measurement appears to be the least variable 
when compared to mastoid height.  
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