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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 focuses primarily on the qualitative assessment 

of the size of the mastoid region as it varies between males and females.  This thesis 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 eight measurements, two of which use five non-metric scores, are 

recorded for 100 male and 100 female adult White crania from the Hamann-Todd Osteological 

Collection at the Cleveland Museum of Natural History.  It is hypothesized that a quantitative 

approach will either exceed or provide greater consistency in identification than the qualitative 

characterization of the mastoid region, as it is used almost exclusively in current practice.   

Descriptive statistics demonstrate patterns of sexual dimorphism in the mastoid region 

and univariate statistics reveal significant differences between the measurements among males 

and females.  A nonstandard measure of the height of the mastoid process, mastoid radius, is 

tested against the standard measurement, mastoid height.  Descriptive statistics reveal a strong 

correlation between the two measurements.  Univariate statistics show significant differences 

between the two measurements and variances around the mean suggest that the mastoid radius 

provides greater consistency as a measure of size than does the standard mastoid height 

measurement.  

The results from this study indicate that quantitative analysis of the mastoid process 

correctly classifies more individuals than qualitative scoring.  Further, scoring the size of the 



 ix

supramastoid crest produces a greater percentage of correct sex identification than the qualitative 

scoring the overall size of the mastoid process.  
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CHAPTER 1 

 

INTRODUCTION 

 

 

The study of human cranial morphology is important in terms of human variability as it 

may reflect relative genetic variation.  By studying the form of the human cranium, one can infer 

relationships that are at least of a relative genetic basis or a result of environmental factors.  

Patterns of variation within a species vary temporally and spatially, thus group specific variation 

within these parameters is observable.  This study examines patterns of variation within a group, 

particularly the variation between sexes.  Sexual dimorphism may differ from population to 

population, but it does not differ much from region to region (Frayer and Wolpoff 1985).  The 

term population can best be defined biologically using the biological species concept defined by 

Mayr (1982) as a group of actually or potentially interbreeding populations that are 

reproductively isolated from each other. The term species here should not be seen as types but as 

populations or groups of populations (Mayr 1982).  Male and female ranges of cranial 

morphometric traits are population-specific (VanVark and Schaafsma 1992).  Sexual 

dimorphism may differ between populations, but the overall trend of sexual dimorphism is 

relatively the same from region to region.  

In the field of biological anthropology, it is important to be able to identify skeletal 

remains of undocumented individuals from the past and present.  An integral part to establishing 

an identity is to examine and study sexual dimorphism in order to develop parameters when 

examining skeletal individuals.   

The topic of this study is the temporal bone of the cranium, more specifically, the 

mastoid process.  The mastoid process can be defined as a cone-shaped portion or process of the 

temporal bone located posterior to the external auditory meatus that projects inferiorly.  The 
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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.  The larger the muscle, the more surface area 

needed for attachment.  This qualitative observation of the mastoid process is typically one 

feature of the cranium used to determine the sex of a skeletal individual.   

Two standard measurements that may are commonly used to define mastoid size are 

mastoid height and mastoid breadth. Although these are accurate methods, they are not generally 

used by biological/forensic anthropologists to achieve what appears to be sufficiently successful 

description of the mastoid using a qualitative description of size or form.  Visual assessment is 

commonly used in estimation of sex from the mastoid region because it is fast.  The terms to 

describe the mastoid process are variable and reflect subjectivity in observation of the mastoid 

processes.  By quantitatively measuring the mastoid region, this study seeks to achieve greater 

consistency with which to define the actual mastoid process, thus improving sex identification of 

the cranium.   

Further, this research seeks to quantify sexual dimorphism of the mastoid process which 

is an area that is almost exclusively qualitative, or at least to determine if, indeed metric analysis 

is more consistent than qualitative observations when estimating sex from the shape and size of 

the mastoid region. 



 

                                                       

                                                                     

Morphology 

The temporal bone is a paired bone, found on both the left and right side of the cranium

and it forms portions of both the vault and cranial base.

squamous, petrous, and mastoid portions

portions of the temporal bone are preformed in cartilage, yet at birth no projecting mastoid 

process has developed” (Aiello and Dean 1

 

The squamous portion forms part of the lateral wall of the vault.

also known as a malar process, projects anteriorly from its roots, which are located on the 

squamous portion of the temporal bone, to articulate with

articulation point of the zygomatic process and

A tympanic ring of bone is the only thing supporting the tympanic membrane (ear drum) at birth 

Figure 1 
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CHAPTER 2 

 

BACKGROUND 

                 

                                                                      

The temporal bone is a paired bone, found on both the left and right side of the cranium

portions of both the vault and cranial base.  Each temporal bone consists of 

squamous, petrous, and mastoid portions (Figure 1).  “The petrous and most of the mastoid 

portions of the temporal bone are preformed in cartilage, yet at birth no projecting mastoid 

process has developed” (Aiello and Dean 1990:44). 

 

The squamous portion forms part of the lateral wall of the vault.  A zygomatic process, 

also known as a malar process, projects anteriorly from its roots, which are located on the 

squamous portion of the temporal bone, to articulate with the zygomatic bone.  Anterior to the 

articulation point of the zygomatic process and zygomatic bone is the external auditory meatus.  

A tympanic ring of bone is the only thing supporting the tympanic membrane (ear drum) at birth 

Figure 1 – Temporal bone (Aiello and Dean 1990) 

The temporal bone is a paired bone, found on both the left and right side of the cranium 

Each temporal bone consists of 

“The petrous and most of the mastoid 

portions of the temporal bone are preformed in cartilage, yet at birth no projecting mastoid 

A zygomatic process, 

also known as a malar process, projects anteriorly from its roots, which are located on the 

the zygomatic bone.  Anterior to the 

zygomatic bone is the external auditory meatus.  

A tympanic ring of bone is the only thing supporting the tympanic membrane (ear drum) at birth 



 

(Aiello and Dean 1990:45).  During about the first five years of life, a tympanic plate of bone 

grows laterally from the tympanic ring and forms the anterior part of the external auditory 

meatus (Aiello and Dean 1990:45).  

The very dense portion of the temporal bone is known as the petrous portion.  The 

petrous portion can be described as being pyramidal in shape 

portion medially across the cranial base and ends in a petrous apex between the basioccipital and 

sphenoid bone” (Aiello and Dean 1990:44). 

The mastoid portion of the temporal bone is known as the mastoid process.  It do

begin to grow and project inferiorly until about the end of the second year of life (Farrior 

1955:103).  It is located posterior to the external auditory meatus. 

2), the mastoid portion of the temporal bone has several d

 

 elongated groove in the mastoid portion of the temporal bone is known as the mastoid notch or 

digastric fossa and is located medial to the mastoid process.  The posterio

Figure

4

(Aiello and Dean 1990:45).  During about the first five years of life, a tympanic plate of bone 

from the tympanic ring and forms the anterior part of the external auditory 

meatus (Aiello and Dean 1990:45).   

The very dense portion of the temporal bone is known as the petrous portion.  The 

petrous portion can be described as being pyramidal in shape and it “projects from the squamous 

portion medially across the cranial base and ends in a petrous apex between the basioccipital and 

sphenoid bone” (Aiello and Dean 1990:44).  

The mastoid portion of the temporal bone is known as the mastoid process.  It do

begin to grow and project inferiorly until about the end of the second year of life (Farrior 

1955:103).  It is located posterior to the external auditory meatus.  From a basilar view (Figure 

2), the mastoid portion of the temporal bone has several distinguishing features.  A deep 

elongated groove in the mastoid portion of the temporal bone is known as the mastoid notch or 

digastric fossa and is located medial to the mastoid process.  The posterior belly of the digastric 

ure 2 – Basilar view (Aiello and Dean 1990) 

(Aiello and Dean 1990:45).  During about the first five years of life, a tympanic plate of bone 

from the tympanic ring and forms the anterior part of the external auditory 

The very dense portion of the temporal bone is known as the petrous portion.  The 

and it “projects from the squamous 

portion medially across the cranial base and ends in a petrous apex between the basioccipital and 

The mastoid portion of the temporal bone is known as the mastoid process.  It does not 

begin to grow and project inferiorly until about the end of the second year of life (Farrior 

From a basilar view (Figure 

istinguishing features.  A deep  

 

elongated groove in the mastoid portion of the temporal bone is known as the mastoid notch or 

r belly of the digastric 
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muscle, which aids in depression of the mandible, originates in this groove (Aiello and Dean 

1990:222).  Medial to the mastoid notch is a raised medial border which is called the 

juxtamastoid eminence.  Medial to the juxtamastoid eminence is an area of attachment for the 

superior oblique muscle which has a raised lateral margin known as the occipitomastoid crest.  

Between the juxtamastoid eminence and the occipitomastoid crest is the occipitomastoid suture 

which separates the temporal bone from the occipital bone.  A small groove is located near this 

suture for the occipital artery.  

 Several crests and ridges of bone are present on the squamous and mastoid portions of the 

temporal bone.  These areas on the external surface of the bone are for the purpose of muscle 

attachments.  A supramastoid crest is formed from the temporalis muscle.  Another muscle, the 

sternocleidomastoid muscle, forms another crest of bone, the mastoid crest (Aiello and Dean 

1990:43).  Between the supramastoid crest and the mastoid crest, a supramastoid sulcus may 

form.  Located above the external auditory meatus is a crest of bone, the suprameatal crest.  

The petrous and mastoid portions of the temporal bone become pneumatized during their 

development from the middle ear cavity unlike other air sinuses which grow out of the nasal 

cavity.  The petrous air cells are small and are not well formed at birth, but the mastoid antrum 

are well formed at birth and can be described more specifically as an air cavity (Aiello and Dean 

1990:45).  

 

 

Functions  

 

 Krantz (1969:591) points out that the manner in which the skull rests on the vertebral 

column in humans is unique among mammals.  A possible functional significance of the mastoid 

process may lie in the investigation of the sternocleidomastoid muscle, which inserts on the 
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mastoid crest.  The sternocleidomastoid muscle, a paired muscle, has two heads, a sternal head 

and a clavicular head.  The sternal head originates on the manubrium and the clavicular head on 

the medial 1/3 of the clavicle.  The muscle inserts on the mastoid process and lateral ½ of the 

superior nuchal line of the skull.  When one sternocleidomastoid muscle contracts, it rotates and 

draws the head to the shoulder on the contralateral side, but when both muscles contract together 

they flex the cervical spine.  

 When examining the evolution of the mastoid process along with the backward growth of 

the brain and erect standing posture, a possible correlation may be identifiable (Hooton 

1946:188).  Erect posture may be responsible not only for the development of the mastoid 

process but also for the mobility and rotation of the head.  Of course, it is not possible to be 

absolutely certain regarding the functional significance of the mastoid process, but the most 

plausible explanation is that its degree of development is due to the development of the muscles 

attached to the mastoid process along with the direction of pull from these muscles.  It is 

interesting to examine the anatomy of the mastoid process because it projects inferiorly, slightly 

anterior and medially.  This is the exact direction of pull of the sternocleidomastoid muscle.  

Krantz (1964:591) states though that this anatomical correlation cannot be an explanation for the 

purpose of the mastoid process since “muscles do not normally draw out their attachments in the 

direction of their pull.”  The main question is why does the mastoid process project?  The only 

thing contained in the mastoid process is air cells, which reduce the weight of the bone which 

Krantz (1964:591) views as a consequence rather than a cause.  By reexamining the insertion 

points and function of the sternocleidomastoid muscle, a possible functional significance may be 

found.  Krantz (1964:591) believes that mastoid process “moved the insertion of the 
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sternocleidomastoid off the main skull surface in order to provide some mechanical or leverage 

advantage.”   

As previously stated, contraction of only one sternocleidomastoid muscle rotates and 

draws the head to the opposite side.  Krantz (1964:591) ruled out the mastoid for providing a 

mechanical or leverage affect for this particular action because the mastoid process extends the 

insertion in the direction of the muscles pull.  When examining another action of this muscle, 

specifically, when the head is in the normal position (erect), both sternocleidomastoids are 

pulled, drawing the head and neck forward.  Krantz (1964:591) points out though that the 

sternocleidomastoids “counteract the pull of the nuchal muscles and function in maintaining the 

level position or ‘trim’ of the head, especially in walking or running.”  As with the first action 

discussed, the mastoid process extends the insertion in the same direction so it does not alter the 

action of the muscle.  

The final function of the sternocleidomastoid muscle is to return the head to the normal 

anatomical position after it has been extended backwards.  The head tends to fall forward a little 

in its normal position as it is not perfectly balanced on the vertebral column.  The nuchal muscles 

tend to act more here than the sternocleidomastoids in maintaining the normal position of the 

head, but when the head is bent backwards, the sternocleidomastoids pull the head upright into 

anatomical position (Krantz 1964:592).  When viewing the skull tilted back about 45°, the 

mastoid process is “no longer extending the insertion of the sternocleidomastoids in the direction 

of its pull, rather, it is now extending the insertion anteriorly” (Krantz 1964:592).  This is 

significant when taking into account the position of the transverse axis of rotation of the occipital 

condyles when the head is in a vertical position because the axis of rotation is in line with the  

 



 

 

 

direction of pull of the sternocleidomastoid muscle (Figure 3).  However, when the head is tilted 

backwards, the axis of rotation lies behind the pull of the sternocleidomastoid, thus when the 

muscle is contracted, the result is a downward pull of the mastoids, causing the skull to rotate 

forward (Krantz 1964:592).  If the mastoid processes were not where they are located on the 

skull and the sternocleidomastoid inserted on the temporal bone instead, the muscle would pass 

behind the axis of rotation of the occipital condyles.  The mastoid processes bring the insertion 

of the sternocleidomastoid muscle below the axis of rotation.  

process is only apparent then when the head is bent backwards.  The mastoids move the insertion 

of the sternocleidomastoids in front of the axis of the occipital condyles. 

 

 

  

 

 

Figure 3 - Relationships between the transverse axis of rotati

direction of pull of the sternocleidomastoid muscle in two positions (Krantz 1954).
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direction of pull of the sternocleidomastoid muscle (Figure 3).  However, when the head is tilted 

ion lies behind the pull of the sternocleidomastoid, thus when the 

muscle is contracted, the result is a downward pull of the mastoids, causing the skull to rotate 

forward (Krantz 1964:592).  If the mastoid processes were not where they are located on the 

skull and the sternocleidomastoid inserted on the temporal bone instead, the muscle would pass 

behind the axis of rotation of the occipital condyles.  The mastoid processes bring the insertion 

of the sternocleidomastoid muscle below the axis of rotation.  The functionality of the mastoid 

process is only apparent then when the head is bent backwards.  The mastoids move the insertion 

of the sternocleidomastoids in front of the axis of the occipital condyles.  

Relationships between the transverse axis of rotation of the atlanto-occipital joint and the 

direction of pull of the sternocleidomastoid muscle in two positions (Krantz 1954).

 

direction of pull of the sternocleidomastoid muscle (Figure 3).  However, when the head is tilted 

ion lies behind the pull of the sternocleidomastoid, thus when the 

muscle is contracted, the result is a downward pull of the mastoids, causing the skull to rotate 

forward (Krantz 1964:592).  If the mastoid processes were not where they are located on the 

skull and the sternocleidomastoid inserted on the temporal bone instead, the muscle would pass 

behind the axis of rotation of the occipital condyles.  The mastoid processes bring the insertion 

The functionality of the mastoid 

process is only apparent then when the head is bent backwards.  The mastoids move the insertion 

occipital joint and the 

direction of pull of the sternocleidomastoid muscle in two positions (Krantz 1954). 
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Previous Studies 

 

 

 

 Qualitative Studies 

Morphological observations have provided the basis for sex identification of the skull 

using the mastoid processes.  General characteristics used to describe the size and shape of the 

mastoid processes are ‘larger, heavier’ in males, and ‘smaller, more pointed’ in females (Acsádi 

and Nemeskéri 1970:76).  Other similar terms that may be used are the following: ‘low-narrow’ 

and ‘moderate’ to describe females or ‘medium’ and ‘heavy-massive’ to characterize males 

(Acsádi and Nemeskéri 1970:77).   More specifically, ‘high-massive’ or ‘broad-stubby-low’ is 

characteristic of males, whereas, female skulls are characterized by ‘low-narrow’ or ‘high-

pointed’ processes (Acsádi and Nemeskéri 1970:77).  Krogman (1962) describes the size of the 

mastoid processes ranging in size from medium to large in males and small to medium in 

females.  

When examining the mastoid processes, the observer typically looks at not only the 

inferior projection of the process, but also its mass; is the mastoid process wide (massive or 

broad are terms that can be used) or is it narrow.  In terms of its inferior projection, mastoid 

processes in males tend to be ‘free-standing’; the process projects inferiorly enough that it is 

projecting significantly away from the base of the skull whereas in females they are not ‘free-

standing’, but are close to the base of the skull.  They still project inferiorly, but not very much. 

  Qualitative research on the mastoid process is extensive.  Williams and Rogers (2006) 

tested 21 morphological characteristics of the skull for accuracy and precision to determine sex. 

One of the 21 traits included in their study was the size of the mastoid process.  They identified 

mastoid size as a high-quality trait because it has an intraobservor error of less than 10 percent 
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and accuracy greater than 80 percent (Williams and Rogers 2006).  Even though the size mastoid 

process can be classified as a high-quality trait, the visual assessment of its size when sexing a 

skull can be highly variable.  Several studies have been performed to analyze how variable it can 

be. 

 Weiss (1972) found that there can be a bias when sexing a skeleton.  A lot of traits are 

assessed as either male or female based on the “larger-smaller” scale (Weiss 1972:240).  The 

larger or more defined a trait is, the more likely it will be classified as male, whereas, the smaller 

a trait is or the absence of a trait is typically classified as female.  Since there can be in overlap in 

the size and degree of robusticity between males and females, Weiss (1972:240) found that too 

many skeletons from past populations are being classified as male because if a specimen has 

traits that are indeterminate in size, they tend to be classified as male.  Weiss (1972:247) believes 

that one can avoid the inaccurate sexing of a specimen once they are aware of the bias in the 

sexing procedures.  In more recent populations, environmental and behavioral patterns may have 

influences on robusticity, resulting in incorrect determination of sex (Krogman and Isçan 1986).  

Larger does not always mean that the specimen is male. 

 Since visual assessment of skeletal traits is subjective, interobserver variation can occur. 

Walrath et al. (2004) analyzed interobserver variation in the visual evaluation of 10 cranial traits 

among a homogenous archaeological group.  One cranial trait used was the size of the mastoid 

process.  Two observers in this study independently scored cranial traits for determination of sex.  

Walrath et al. (2004:132) does agree that the overlap in size between males and females is a 

major problem for sexing skeletal material, but it can be more accurate when you rely on the 

degree of dimorphism rather than the size.  Qualitative analysis, with an emphasis on shape 

rather than size, can be a valuable tool for the determination of sex.   
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 For the study carried out by Walrath et al (2004), a five-point scale ranging from -2 

(hyperfeminine) to +2 (hypermasculine) was used to assess the cranial traits. The individual 

features are then multiplied by one, two, or three, based on their significance for determining 

sex, thus creating weighted averages.  An index of sexualization (IS) as defined by Asçadi and 

Nemeskéri (1970) was calculated, where positive IS values indicated a specimen was male while 

a negative IS value indicated a specimen as female (Walrath et al. 2004:133).  If the score was 

zero or close to zero, it was classified as indeterminate.  The results found that among other 

traits, the mastoid process demonstrated a “significant interobservor reliability at p < 0.001” 

(Walrath et al. 2004:135).  The traits that are classified as reliable from this study have clear 

definitions and were accompanied by illustrations.  The clarity of definition, rather than the 

number of traits being used for sex determination, is critical for effective determination of sex.  

  

Quantitative Studies 

 Since there is subjectivity in observation of the mastoid processes, it is hopeful that by 

measuring the mastoid process, some consistency can be achieved.  There are several studies that 

evaluate measurements of the mastoid process for use in determination of sex of a skeletal 

specimen.  Researchers tend to agree that the selection of cranial measurements for sex 

determination should be based on the following: the measurements should be simple to take and 

they should apply to different anatomical regions of the skull (Keen 1950; Walrath et al. 2004; 

Bass 2005).   

As previously stated, there are two standard measurements of the mastoid process, 

mastoid height and mastoid breadth.  Demoulin (1972) found that a new measurement, sagittal 

length, which can be defined as the distance between porion and asterion, is the best to use 
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because it is easy to understand and has a precise definition.   Demoulin (1972:293) concludes 

that from the research, it is shown that the length of the mastoid (porion to asterion) is a better 

measurement than the standard mastoid height measurement in determining the sex of a cranium.  

A formula known as the mastoid module (height x porion-asterion) was also used to further test 

the accuracy of mastoid measurements for sex determination.  Demoulin (1972:263) concluded 

that the mastoid module is more valuable than the individual mastoid measurements and 

provided the best discrimination between sexes.  

 Sarangi et al (1992) used Demoulin’s (1972) criteria of the mastoid module when 

examining a sample of 103 adult skulls of both sexes from an Indian sample.  From their sample, 

they determined that the mastoid module is extremely significant with a ‘p’ value of 0.0001 

(Sarangi et al 1992:93).  Sarangi et al. (1992:92) is so confident in his findings that they went so 

far to say that “sex differentiation can be made with utmost confidence from a fragmentary piece 

of skull bone showing an intact mastoid process.”  

 Paiva and Segre (2003) used the craniometric point’s porion and asterion along with 

mastoidale to create a mastoid triangle (Figure 4).  The craniometric points were marked on 

xerographic copies of both the left and right sides of the cranium.  The area (mm²) of the triangle 

was calculated on each side as well as the total value of both measurements.  The results showed 

that the total value is more significant than the individual areas.  Sixty percent of the values of 

the male and female crania on the right side overlapped whereas on the left side, 51.67% 

overlapped, and for the total area, 36.67% overlapped (Paiva and Segre 2003:17).  The total area 

was the preferred measurement because it showed less overlapping of values between the sexes.  



 

    

 

Kemkes and Göbel (2006) evaluated the validity of Paiva and 

triangle method.  They do acknowledge that the mastoid triangle method does show mastoid 

differences between males and females, but the technique itself, according to them, is of “little 

practical meaning” (Kemkes and Göbel 2006:988)

the mastoid triangle area, which reduces its value as an indicator of sex.  Specifically, the 

differences in expression of sexual dimorphism as well as the location of asterion, which is 

population-specific, weaken the value of the mastoid triangle to be used as an indicator of sex 

Paiva and Segre (2003).  The sample from this study came from a collection housed in 

Guarulhos, Sao Paulo, Brazil. The mastoid triangle method was only tested on this one 

population and produced significant results.  Kemkes and Göbel’s (2006) evaluation of this 

method was tested on a German sample and did not produce statistical significance.  Kemkes and 

Göbel’s study shows that asterion maybe should not be used when measuring the ma

because its location is too population

Schulter (1976) carried out a study on population variations in the temporal bone.  Data 

on Eskimo, Native Americans, and White crania were collected from radiographs as well as 

Figure 4 –Lateral view of the cranium depicting the left mastoid triangle area as 

defined by the landmarks Porion (po), the Mastoidale (ms), and the Aster

(Kemkes and Göbel 2006
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directly from skulls.  Radiographs were used to measure several traits, including the height of the 

mastoid process because the irregular shape of the temporal bone caused difficulty in selecting 

reference points for accuracy in measuring specific traits.  To measure the height of the mastoid 

process, the landmark Porion was used to the tip of the process.  A correlation coefficient 

calculated, indicates that the height of the mastoid process is independent of the other variables 

tested in the study (Schulter 1976:463).  What is important here, in terms of it relating to the 

present study, is that Schulter (1976:465) found that the position of Porion is population specific. 

Both Native Americans and Whites differ significantly from Eskimos, but not from each other. 

Porion is more posterior in Eskimos.  In terms of sex identification among Native Americans and 

Whites, porion is more posterior within the squama in females than in males, but Schulter 

(1976:465) contends though that since the squama is more anteriorly placed in females, the 

relative position of porion evens out and should not differ between the two sexes among Native 

Americans and Whites.  Since the location of both Porion and Asterion (as previously discussed) 

are population specific, one should use caution or avoid using them for measurements in sex 

determination.  

Hoshi (1962) carried out a study on the difference in the shape of the mastoid process and 

its importance for sex determination.  The study was comprised of both male and female adult 

modern Japanese skulls which were scored as either ‘M’, ‘N’, or ‘F’ (male, neutral, female) 

instead of using a numeric scoring method.  ‘M’ is described as a mastoid process having a 

vertical apex, and when viewing the cranium laterally, there is a concavity above the base of the 

mastoid process which is typically found inferior to the supramastoid crest (Figure 5) (Hoshi 

1962:310).  The mastoid process is typically quite large or massive and has a rugged surface.  ‘F’ 

is described as having apex that points medial and there is no concavity, only a smooth line 



 

(Figure 5) (Hoshi 1962:310).  The mastoid process is small and somewhat slender and has a 

smooth surface.  If the mastoid processes fell in between these two criteria it was deemed 

intermediate and was scored as an ‘N.’  The

male and female characteristics, with a vertically pointed apex, which is typically seen in males, 

but a smooth line with no concavity, which is typically seen in females (Figure 5) (Hoshi 

1962:310).  

 

 The results of Hoshi’s study were found to be significant.  Of the 62 male and 41 female 

Japanese crania examined, 69.4% of the male skulls were scored as ‘M’

female crania were scored as ‘F’-

71.4% were actually male and among the crania scored as ‘F’

1962:313).  Therefore, there is a high probability 

female using the mastoid process and a slightly lower probability of correctly identifying a 

cranium as male using Hoshi’s technique of examining the direction of the apex of the mastoid 

process.  

Based on the previous studies of both qualitative and quantitative analysis, much was 

learned as to what measurements and landmarks to avoid using and which ones to employ for 

Figure 5 – Classification of the shape of the mastoid process (Hoshi 1962)
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this present study. As previously stated, there is variation in human cranial morphology.  For this 

study, patterns of variation between sexes are examined.  Data analysis of sexual dimorphism 

among skeletal specimens depends on both quantitative and qualitative data.  While it has been 

well demonstrated the value of these types of data regarding the mastoid process, it is equally as 

important to address this topic further and reevaluate how you assess mastoid size and shape. 

Quantitative analysis of the mastoid process has not been substantiated to a great extent. 

Assessment of the mastoid process using these traditional methods of qualitative assessment is 

something that is taught and is reflective of a person’s experience. 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.  
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CHAPTER 3 

MATERIALS AND METHODS 

 

 

Collection History 

 

The research for this study was carried out at the Cleveland Museum of Natural History 

(CMNH) in Cleveland, Ohio in June of 2008.  Housed at the museum is the Hamann-Todd 

Osteological Collection.  The history of the collection is well documented.  The Hamann-Todd 

collection consists of approximately 3,100 modern human skeletons and each skeleton has 

records of height, weight, age at death, sex, group affiliation, and cause of death. 

The collection was formed from cadavers in the anatomical laboratory of Western 

Reserve University, which was the unofficial permanent morgue of the city of Cleveland during 

the late 1800s and early 1900s.  Although the collection consists of bodies of the indigent poor, 

there are many bodies that were voluntarily donated by relatives of the deceased.  Many of the 

bodies are from the middle class, but the majority of them are from the lower classes of society.  

The Hamann-Todd Osteological Collection represents most likely a Central European 

sample even though the sample comes from Cleveland.  Todd and Lindala (1928:37) state that 

“In a city like Cleveland where three quarters of the population are foreign born or first 

generation of American born, [the Hamann-Todd Osteological Collection] in no way represents 

stable American stock.”  Among the White population in the collection, whether American born 

or not, includes a few French, Italian, and British individuals of birth or parentage, but a majority 

of them or their parents are from the region of Europe extending from “the Rhine to Riga and 

from the northern seas through the hinterland as far as the Danube” (Todd and Lindala 1928:38).  
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Materials and Samples 

 

Prior to engaging in this research, a standard protocol was established and defined in 

order to ensure that the collection of data was performed in a consistent manner.  Standard and 

non-standard measurements were used to establish ranges, patterns of variation, and mean values 

to generate quantitative measurements.  Preliminary research was performed on 21 crania from 

the Wichita State Biological Anthropology Laboratory (WSU-BAL) cadaver collection to test 

out the author’s methods and to allow for practice and accuracy of the measurements being 

taken.  Both the left and right mastoid processes of 8 males and 13 females were measured to see 

if there are any differences between sides.  The mean results indicate that there are no discernible 

differences between the left and right, thus only the left side, which is the standard side to 

measure, was measured and scored when collecting data from the Hamann-Todd collection.   

A Microsoft Excel® spreadsheet containing a database of the entire Hamann-Todd 

collection was used to select the sample for this study (Jellema 2007).  This is a blind study 

where the author did not know the sex of each cranium being measured. Each cranium was 

stored in a box with the specimen number, race, and sex written on the outside of the box.  Since 

the sex was written on the box, the author placed the labeled side of the box away from her so 

she would not know the sex of the specific cranium being measured.  

The sample consisted of 100 adult White males and 100 adult White females from the 

Hamann-Todd Osteological Collection.  For this research, a total of eight measurements were 

taken and recorded, including three mastoid measurements, three general cranial measurements, 

and two qualitative measurements. Table 1 lists and defines the measurements.  
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Recording Protocol 

 

The recording protocol for this research included eight measurements using three 

different instruments, including sliding calipers, spreading calipers, and a radiometer.  A 

demonstration of these eight measurements can be found in Appendix A.  Measurements and 

protocol are derived from standards developed by Howells (1973); Acsádi and Nemeskéri 

(1970); Moore-Jansen (n.d.); and Krogman (1962).  A data recording form was developed to use 

when collecting data at the Cleveland Museum of Natural History (Appendix B).  

All measurements are taken with standard calipers or a radiometer that measure to the 

nearest millimeter.  Measurements of the mastoid processes include the mastoid height and 

breadth, using sliding calipers.  A nonstandard measurement that the author uses to measure the 

mastoid process is the mastoid radius (MDR), using a radiometer and is defined by Moore-

Jansen (n.d.).  The latter is used as an alternative measure of height of the mastoid relative to the 

transmeatal axis, a fixed dimension, in contrast to the standard mastoid height which is measured 

from the Frankfort plane (a horizontal plane from Porion to the inferior orbital margin) and 

sighted to the tip of the mastoid process (Howells 1973:177).  Measuring the height using sliding 

calipers 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.).   Cranial measurements taken include 

nasio-occipital cranial length (NOL), bi-zygomatic breadth (ZYB), and bi-auricular breadth 

(AUB).  These three measurements are taken as a control to account for cranial variation in size 

and shape.  If differences in size of the mastoid processes exist within each sex, these three 

standard cranial measurements can account for the differences.  Nasio-occipital cranial length  
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2
0
 

Measurement Definition

Supramastoid Crest Size (SMC) 

-2    very faint

-1    faint

 0    indifferent

+1   prominent

+2   very prominent

 

Mastoid Size (MDS) 

Table 1. Measurements collected from the Hamann-Todd Osteological Collection

Greatest cranial length in the median sagittal plane, measured from nasion (Howells 1973).Nasio-occipital length (NOL) 

Mastoid Height (MDH) The length of the mastoid process below, and perpendicular to, the eye-ear plane, in the vertical plane (Howells 1973).

Bizygomatic Breadth (ZYB) The maximum breadth across the zygomatic arches, wherever found, perpendicular to the median plane (Howells 1973).

The least exterior breadth across the roots of the zygomatic processes, wherever found (Howells 1973).

Mastoid Breadth (MDB) 

Mastoid Radius (MDR) 

Biauricular Breadth (AUB) 

The overall size of the mastoid process as described by overall shape and projection. Females are typically described as 

low-narrow, moderate, or high-pointed. Males are typically described as broad-stubby low, medium, or high/heavy 

massive. A scoring method will be used as described by Acsádi and Nemeskéri (1970) on a scale from -2 to +2, where -2 

is considered hyperfeminine and +2 is considered hypermasculine. Zero is scored as indifferent.

The perpendicular to the transmeatal axis from the most caudal (inferior) apex (“tip”) of the mastoid process.  (Moore-

Jansen n.d.) 

The raised area of bone that forms the posterior root of the zygomatic process.  The crest is scored on a scale                                          

from -2 to +2.  

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

very small         small      medium          large            very large
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(NOL) measures the vault of the cranium.  If an individual has a large vault, the size of the 

mastoid processes most likely will be greater as well as is true for the opposite; a small vault can 

account for a reduced size of the mastoid processes.  Size differences within a sex do not 

necessarily mean that sexual dimorphism does not also exist.  

 

Analysis 

 Analytical methods for quantifying male and female shape variation in the mastoid 

process were composed using descriptive statistics, including means, standard deviations, and 

maximum and minimum values using Microsoft Office Excel ® (2007).  These summary 

statistics provided general information about the difference in overall size of the mastoid process 

between males and females. Statistics were grouped according to sex.  

The qualitative measurement statistics were performed separately since their numeric 

values are based on a scoring method and include negative values. The number of individuals 

scored using the five non-metric scores (-2, -1, 0, +1, +2) based on evaluation of SMC and MDS 

were summed and analyzed to determine how many individuals are correctly identified as male, 

female, or indeterminate.  Sectioning points were created using the mean of the male and female 

means of the mastoid measurements MDR, MDH, and MDB.  Each individual measurement was 

then categorized as male, female, or indeterminate based on the sectioning point for each of the 

measurements.  If the measurement fell above the sectioning point, it was classified as male and 

if the measurement fell below the sectioning point, it was classified as female.  If the 

measurement fell on the sectioning point, it was classified as indeterminate.  The number of 

individuals correctly identified as male or female using qualitative assessment was then 

compared to the number of individuals correctly identified as male or female using quantitative 
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analysis to determine which method is more accurate for determining the sex of an individual 

using the mastoid process.  

Another descriptive statistic performed was the Pearson correlation coefficient which 

quantifies the pattern in a relationship between two variables.  Correlation coefficients were 

performed on the three cranial and three mastoid measurements to find the strength of the 

correlation between the size of the cranium and the size of the mastoid process.  Correlation 

coefficients were also calculated for the three mastoid measurements.  In particular, a correlation 

was calculated for MDR, the non-traditional measurement of the height of the mastoid and 

MDH, the traditional measurement of height.  This statistical analysis was performed to find the 

strength of the relationship between these two measurements since they are measuring the same 

dimension using different techniques.  

 Univariate statistics were produced using Microsoft Office Excel ® (2007).  Independent 

samples t-tests, which is used for significance testing of two sample means from independent 

samples, were performed to assess the differences between males and females for each of the six 

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.   
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CHAPTER 4 

RESULTS 

 

 

 This chapter reports on the findings, including summary observations and descriptive 

statistics for six cranial measurements observed on a sample of 100 males and 100 females from 

the Hamann-Todd Osteological Collection.  The results address several questions put forth in this 

study relative to the size and shape of the basic human cranial parameters, and specifically, that 

of the mastoid region.  Subsequent findings include quantitative and qualitative data reporting on 

the identification of sex first using metric dimensions of mastoid height (MDH and MDR) and 

mastoid breadth (MDB), and second, using qualitative scores of mastoid size (SMC and MDS). 

Thirdly, the results testing for the correlation among variables MDR, MDH and MDB are 

presented. Finally, correlation coefficients were calculated among the six cranial and three 

mastoid variables.   

 

 

Descriptive Statistics 

 

 Descriptive summary statistics, identifying the sample size (n), means, standard 

deviations, and the minimum and maximum values (range) of the six cranial measurements are 

reported for males and females, and for a pooled sample of both sexes (Table 2).  Overall, male 

means exceed female means, with males exhibiting a longer nasio-occipital dimension than 

females by approximately 7 mm, a wider bizygomatic breadth by about a little over 8 mm, and a 

wider cranial base by nearly 6.5 mm (Table 2).  The mastoid process dimensions are also larger 

in males.  The mastoid radius and height measurements are approximately 3.5 mm and 3 mm 

larger in males than in females (Table 2).  Mastoid breadth is a little over 1 mm larger in males 

(Table 2).  



 24

Measurement Sex N Mean Variance SD Min Max Range

NOL Male 100 179.07 69.70 7.79 161 198 37

Female 100 171.71 52.69 7.26 152 192 40

Pooled 200 175.39 70.04 8.41 152 198 46

ZYB Male 100 131.08 32.94 5.76 118 151 33

Female 98 123.34 23.32 4.83 112 137 25

Pooled 198 127.85 48.24 6.95 112 151 39

AUB Male 100 125.14 26.19 5.14 113 140 27

Female 100 118.82 25.40 5.04 106 135 29

Pooled 200 121.98 35.80 6.02 106 140 34

MDR Male 100 26.86 9.84 3.15 19 33 14

Female 100 23.43 7.66 2.77 14 33 19

Pooled 200 25.15 11.69 3.34 14 33 19

MDH Male 100 28.43 10.34 3.22 21 36 15

Female 100 25.57 10.85 3.29 14 36 22

Pooled 200 27.00 12.61 3.49 14 36 22

MDB Male 100 12.83 5.07 2.23 8 20 12

Female 99 11.51 7.62 2.76 5 24 22

Pooled 199 12.17 6.71 2.59 5 24 22

Table 2. Summary of descriptive statistics of males, females, and the pooled sample

 
 

  

Quantitative Classifications 

 Table 3 reports the estimation of sex using sectioning points for mastoid radius (MDR), 

mastoid height (MDH), and mastoid breadth (MDB).  A total of 133 of 200 (66.5%) crania were 

correctly classified as males and females using the mastoid radius (MDR) (Table 3).  A total of 

46 of 200 (23%) were classified incorrectly as the opposite sex and 8.5% were classified as 

indeterminate.  A lesser number of individuals, 126 of 200 (63%) were correctly classified as 

males and females using mastoid height (MDH) (Table 3).  A greater number of individuals, 58 

(29%), were classified incorrectly as the opposite sex using MDH rather than MDR.  Eight 

percent or 16 of 200 crania were classified as indeterminate when using MDH.  Table 3 reports a 

total of 111 of 198 (56%) were classified as the correct sex when measuring the mastoid breadth 
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(MDB).  A total of 53 of 198 (26.8%) were incorrectly classified and 17.2% were classified as 

indeterminate.  

 
Table 3. Estimation of sex using sectioning points for MDR, 

MDH, and MDB in a sample of 100 male 100 female crania  

Observation Sex (%) (%) (%)

MDR Male (65) (23) (12)

Female (68) (23) (9)

Pooled (66.5) (23) (8.5)

MDH Male (61) (28) (11)

Female (65) (30) (5)

Pooled (63) (29) (8)

MDB* Male (53.5) (27.3) (19.2)

Female (58.5) (26.3) (15.2)

Pooled (56) (26.8) (17.2)

*MDB male and female sample size n = 99; N = 198
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Univariate Statistics  

 

The question of sexual dimorphism in size and shape of males and females is addressed 

further using a t-test to determine statistical significance of male-female size differences as is 

observed in Table 2.  Males tend to have longer cranial vaults (nasio-occipital lengths), wider 

face and cranial base (bizygomatic breadth and biauricular breadth), and a longer (mastoid height 

and mastoid radius) and wider (mastoid breadth) mastoid process than females.  The following 

six hypotheses and test implications about male female size difference were addressed using 

descriptive summary statistics.  
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H1  H0: Male Mean NOL = Female Mean NOL  T0: Identical means 

H1: Male Mean NOL ≠ Female Mean NOL  T1: The two means are not identical 

 

H2 H0: Male Mean ZYB = Female Mean ZYB  T0: Identical means 

H1: Male Mean ZYB ≠ Female Mean ZYB  T1: The two means are not identical 

 

H3  H0: Male Mean AUB = Female Mean AUB  T0: Identical means 

H1: Male Mean AUB ≠ Female Mean AUB  T1: The two means are not identical 

 

H4 H0: Male Mean MDR = Female Mean MDR  T0: Identical means 

H1: Male Mean MDR ≠ Female Mean MDR  T1: The two means are not identical 

 

H5 H0: Male Mean MDH = Female Mean MDH  T0: Identical means 

H1: Male Mean MDH ≠ Female Mean MDH  T1: The two means are not identical 

 

H6 H0: Male Mean MDB = Female Mean MDB  T0: Identical means 

H1: Male Mean MDB ≠ Female Mean MDB  T1: The two means are not identical 

 

 

The results reported in Table 4 identify the respective t-values and associated p values of the 

three cranial and three mastoid measurements, all indicating statistical significance (α < .05) 

Pearson’s correlation coefficients were calculated to show the strength of the relationship 

between these measurements, which will be discussed further below.  

 
Table 4. Male/Female t-statistics of cranial and mastoid measurements

Mean (Male) Mean (Female) t P value (1-tail)

NOL 179.07 171.71 6.91 3.22 E -11

ZYB 132.35 123.33 11.91 3.36 E -25

AUB 125.14 118.82 8.78 3.78 E -16

MDR 26.86 23.43 8.18 1.63 E -14

MDH 28.43 25.57 6.21 1.54 E -09

MDB 12.83 11.51 3.73 0.000125

 
 

Independent samples t-tests were also performed to assess the significance of differences 

between the measurements MDR and MDH for males and females.  The following three 

hypothesis and test implications about the differences between the standard and non-standard 
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measurements of mastoid height (MDH and MDR) were addressed using descriptive statistics 

and independent sample t-tests.  

 

H7 H0: MDH Male Mean = MDR Male Mean  T0: Identical means 

 H1: MDH Male Mean ≠ MDR Male Mean  T1: The two means are not identical 

 

H8 H0: MDH Female Mean = MDR Female Mean T0: Identical means 

 H1: MDH Female Mean ≠ MDR Female Mean T1: The two means are not identical 

 

H9 H0: MDH Pooled Mean = MDR Pooled Mean T0: Identical means 

 H1: MDH Pooled Mean ≠ MDR Pooled Mean T1: The two means are not identical 

 

The results in Table 5 identify the male and female means of MDR and MDH, and the respective 

t-values and associated p-values, which indicate statistical significance (α < .05).   

 
Table 5. MDR - MDH t-statistics within each sex

Mean (MDR) Mean (MDH) t P value (1-tail)

Male 26.86 28.43 -3.48 0.0003

Female 23.43 25.57 -4.97 7.12 E -07

 
 

 

Qualitative Classifications 

 

Table 6 is a summary of the qualitative observations scored for a sample of 100 male and 

100 female crania for two traits including the size of the supramastoid crest (SMC) and the size 

of the mastoid process (MDS). Table 7 is a summary of the pooled data of males and females 

using the qualitative scoring method.  SMC and MDS were chosen because they are the two 

qualitative measurements most commonly used to assess the mastoid process for sex 

determination.  Table 6 reports a total of 59% of males and 80% of females were scored correctly 

using the supramastoid crest (SMC).  A total of 19% of males and 7% of females were scored 

incorrectly as the opposite sex and 35 of 200 crania (17.5%) could not be identified for sex 
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(indeterminate) (Table 6).  A total of 53% of males and 61% of females were scored correctly 

using the size of the mastoid process (MDS) (Table 6).  Table 7 reports a total of 69.5% using 

SMC and 57% using MDS were correctly scored among both males and females. Using MDS, 

16% of males and 12% of females were scored incorrectly as the opposite sex and out of a total 

of 200 crania, 58 (29%) were classified as indeterminate.  A Pearson’s correlation coefficient 

was calculated to show the strength of the relationship of SMC and MDS. For males, r = 0.425 

and for females, r = 0.420. 

 
Table 6. Summary of qualitative observations in a sample of 100 male and 100 female crania

Observation Sex n (%) n (%) n (%) n (%) n (%) n (%) n (%)

SMC M 4 (4) 15 (15) 19 (19) 36 (36) 23 (23) 59 (59) 22 (22)

F 49 (49) 31 (31) 80 (80) 5 (5) 2 (2) 7 (7) 13 (13)

MDS M 2 (2) 14 (14) 16 (16) 31 (31) 22 (22) 53 (53) 31 (31)

F 25 (25) 36 (36) 61 (61) 10 (10) 2 (2) 12 (12) 27 (27)

Indeterminate

0Total

MalesFemales

-2 -1 +1 +2Total

  
 

 

Table 7. Summary of pooled (male and female) qualitative observatons (MCS and MDS) 

N = 200

N (%)

SMC

MDS

 Indeterminate

139 (69.5%) 26 (13%) 35 (17.5%)

114 (57%) 28 (14%)

Correct Incorrect 

58 (29%)

 
 

 

Correlation Analysis 

 

A Pearson’s correlation coefficient, which quantifies the pattern in a relationship between 

two variables, was performed to show how the three variables involved in measuring the mastoid 

process, mastoid height (MDR), mastoid radius (MDR), and mastoid breadth (MDB) relate.  It 

could also show if one or the other height measure is more strongly correlated with breadth.  The 
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correlation coefficient was performed on MDR, the non-standard measurement of the height and 

MDH, the standard measurement of height.  Figures 6 and 7 illustrate the relationship between 

MDH and MDR among males and females, respectively.  A strong correlation is observed in 

both groups, with an r = 0.87 in males and an r = 0.84 in females.   
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Figure 6. Pearson’s correlation coefficient of MDR and MDH, males 

Figure 7. Pearson’s correlation coefficient of MDR and MDH, females 
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A Pearson’s correlation coefficient was also performed on MDH, the standard 

measurement of height and the mastoid breadth (MDB) since these two measurements are most 

commonly used to measure the mastoid process.  Figures 8 and 9 illustrate the relationship 

between MDH and MDB among males and females, respectively.  A correlation is observed in 

both groups, with an r = 0.40 in males and an r = 0.51 in females.  
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A Pearson’s correlation coefficient was also performed on MDR, the nonstandard 

measurement of height and the mastoid breadth (MDB) to see if there is a difference between 

MDH and MDR when they are correlated with MDB.  The analysis will shed light on the 

relationship between height and breadth.  Figures 10 and 11 illustrate the relationship between 

the mastoid radius (MDR) and the mastoid breadth (MDB) among males and females, 

respectively.  A correlation is observed in both groups, with an r = 0.36 in males and an r = 0.51 

in females.  
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Table 8 provides a summary of the correlation coefficients of the mastoid measurements. The 

correlation of MDR-MDH is 0.8 for males and females. The correlation of MDH-MDB and 

MDR-MDB is equal among females and the r-value of MDH-MDB is only 0.4 points greater 

than the r-value of MDR-MDB for males.  

 

Table 8. Pearson's correlation coefficients of mastoid measurements

Correlations Sex r

MDR-MDH

M 0.873

F 0.846

MDH-MDB

M 0.406

F 0.516

MDR-MDB

M 0.364

F 0.517  
 

 

  Pearson’s correlation coefficients were performed for the three general cranial 

measurements (NOL, ZYB, AUB) against the three mastoid measurements (MDH, MDR, MDB) 

to produce nine correlation coefficients for males and nine correlation coefficients for females 
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(Table 9).  The purpose for calculating the correlation coefficient was to find out if there is a 

relationship between the cranial measurements and the size of the mastoid process. Each pair of 

correlation coefficients is less than r = 0.4.  

 
Table 9. Pearson's correlation coefficients of cranial and mastoid measurements

Correlations Sex r

NOL-MDH M 0.309

F 0.284

NOL-MDR M 0.395

F 0.184

NOL-MDB M 0.200

F 0.133

ZYB-MDH M 0.112

F 0.356

ZYB-MDR M 0.132

F 0.271

ZYB-MDB M 0.229

F 0.318

AUB-MDH M 0.191

F 0.318

AUB-MDR M 0.221

F 0.183

AUB-MDB M 0.266

F 0.277  
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CHAPTER 5 

 

DISCUSSION 

 

 

 It is clear that there is variation in the size (width and inferior projection) of the mastoid 

processes among males and females as demonstrated by descriptive statistics (Table 2).  For each 

measurement, the male mean is slightly larger than the female mean.  This is expected because 

males tend to have larger crania, including mastoid processes, than females, and this is found 

within the Hamann-Todd sample.  Independent sample t-tests were performed to assess the 

differences between sexes for each of the six quantitative measurements.  The results from Table 

4 show that there are significant differences between males and females, with all p-values much 

less than 0.05.   The main question to be answered from this research is which measuring 

technique is more consistent, qualitatively scoring the mastoid processes or quantitative 

assessment.  

 

 

Qualitative Measurements 

 

When examining the two qualitative measurements SMC and MDS (Table 6), 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.  Among the pooled 

sample of males and females, SMC correctly scored 12.5 % more correctly than MDS.  Thus, the 

statistics reveal that if there is a choice when scoring the supramastoid crest or the size of the 

mastoid process, the mastoid crest is more consistent for sexing an individual than scoring the 

overall size of the process.  The mastoid crest is much more consistent than the size of the 

mastoid process among females than in males.  Among males, there is only a 6 % difference 
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between the two measurements whereas among females there is a 19% difference.  This can 

possibly be attributed to the method of scoring.  If there is no supramastoid crest present or a 

faint crest, this is a clear indication that the score assigned should be -2 or -1, indicating a 

female.  The same is true for males, if the crest is present and it is distinct, it is assigned as +1 or 

+2.  For scoring the mastoid process, the process is always present.  There is never a question as 

with the crest of whether it is present or not.  Thus the scoring technique of MDS is more 

difficult than scoring using SMC and using SMC is more applicable towards females, since there 

is a higher rate of accurate scoring among females than males.  

A Pearson’s correlation coefficient was calculated for these two measurements to see 

what the relationship was between these two qualitative measurements.  Among males, an r = 

0.425 indicates that there is a correlation although it may be a weak correlation.  The same is true 

for females, where r = 0.420.  These two values are almost equal to each other indicating that 

there is no difference in the correlation of these two measurements between males and females.    

 

 

Quantitative Measurements 

 

Cranial Measurements and the Mastoid Process 

Three cranial measurements (NOL, AUB, ZYB) were taken as a control to account for 

cranial variation in size and shape.  If differences in size of the mastoid processes exist within 

each sex, these three standard cranial measurements can account for the differences.  Pearson’s 

correlation coefficients were calculated for the three cranial measurements against the three 

mastoid measurements (MDH, MDR, MDB) to find out the relationship between the size of a 

cranium and the size of the mastoid process.  The results from Table 8 indicate there are weak 

correlations between the three cranial measurements and the mastoid process among both males 

and females.  The strongest correlation among the results is between NOL and MDR among 
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males with an r = 0.395.  The weakest correlation is between ZYB-MDH among males with an   

r = 0.112.  The three cranial measurements were included in this research to see if there is a 

relationship between the overall size of the cranium and the mastoid process.  These results 

suggest that there is a weak relationship and cranial length (NOL) has the strongest correlation of 

all the measurements tested with the radius of the mastoid process (MDR).  Cranial length and 

width do not have a strong relationship with the size of the mastoid process.  

 

 

Mastoid Measurements 

 

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 (Table 3).  Of the three measurements, among males and females, 

MDR, the non-standard measure of height, classified the highest percentage of crania to the 

correct sex and MDB classified the least percentage to the correct sex.  Among the pooled 

sample of males and females, MDR correctly classified the greatest percentage, with MDH 

correctly classifying 3.5% less and MDB 10.5% less than MDR. When examining the pooled 

sample (Table 3), it is observed that MDR classified the least percentage of crania to the 

incorrect sex.  From the results, it is suggested that MDR is the most consistent measurement for 

estimating sex because it classified the greatest amount of males and females to the correct sex.       

Pearson’s correlation coefficients were calculated for these three pairs of measurements.  

The results in Table 8 show that there is a weak correlation between MDH and MDB as well as 

MDR and MDB.  This indicates that as height increases, it is not necessarily true that breadth 

increases.  However, between the two measurements of height, there is slightly stronger 

correlation between MDH and MDB than between MDR and MDB among males.  In females, 

the correlation is about equal between MDH-MDB and MDR-MDB. What can be concluded 
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from the results of these three pairs of measurements is that the measurement of the height of the 

mastoid process, whether using MDH or MDR, the measure of height is more accurate than 

breadth for estimating the sex of an individual.   

 

 

Mastoid Height versus Mastoid radius 

 

An additional question relating to the size and shape of the mastoid process pertains to 

the specific measurements for recording the size of the process, the height, and using, 

alternatively, the mastoid radius, in lieu of the mastoid height.  One of the goals of the present 

study is to assess the consistency of the two measurements used for recording height of the 

mastoid process.  There is the suggestion that one measurement, mastoid height is less 

consistently recorded because of the sighting involved in the establishment of landmarks used for 

taking the measurement.  In turn, the mastoid radius is offered as a more consistent alternative to 

this measurement. 

A Pearson’s correlation coefficient was calculated for the two measurements and among 

males, r = 0.87 and among females, r = 0.84.  Males and females both show consistent increases 

in both measurements.  MDR and MDH are strongly correlated within both sexes.  This is 

expected because the two measurements are measuring the same dimension, the height of the 

mastoid, but using two different techniques.  This strong correlation suggests any differences 

should occur in both sexes and the more consistent measurement should be applied.  Which 

measurement is more consistent will be discussed below.    

Independent samples t-tests were performed within males and females (Table 5) to test 

the differences in the means of MDR and MDH.  The results indicate the two measurements are 

significantly different within both males and females with p < .05, therefore, MDR and MDH are 

significantly different from each other but a correlation is present.   
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The null hypothesis that Mastoid Height Mean = Mastoid Radius Mean was rejected, 

suggesting that males are larger than females for both measurements tested, but the hypothesis 

that Mastoid Radius Variance (or SD) = Mastoid Height SD could be tested to show that they are 

either variable in the same way, or one is more variable than the other. From the results of the 

variances and standard deviations in Table 2, the mastoid radius variance and standard deviations 

≠ mastoid height variances and standard deviations. The mastoid radius variance and standard 

deviation among both males and females is less than the mastoid height values. This was 

expected because MDR measures the height of the mastoid relative to the transmeatal axis, a 

fixed dimension, in contrast to the standard mastoid height (MDH) which is measured from the 

Frankfort plane and sighted to the tip of the mastoid process.  Measuring the height using sliding 

calipers from a sighted reference point is likely to introduce both interobserver and intraobservor 

error, whereas a radius is expected to reduce this error (Moore-Jansen n.d.).  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.   

 

Qualitative versus Quantitative Measurements 

 

 When comparing the number of crania scored correctly and incorrectly using quantitative 

analysis (Tables 3), with the number of crania scored correctly and incorrectly using the 

qualitative scoring method (Tables 6 and 7), the results are the following.  When examining the 

percentage of crania (male and female) classified to the correct sex, the supramastoid crest 

correctly classifies the greatest number. However, the supramastoid crest only correctly 

classified 3% more than the mastoid radius.  The standard measure of height of the mastoid 

process, MDH, correctly classified 6.5% less than the supramastoid crest (SMC), but greater than 
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the scoring of the mastoid process (MDS).  Mastoid breadth (MDB) also correctly classified less 

than SMC and 1% less than MDS.  However, the supramastoid crest is not a trait that assesses 

the height of the mastoid. When examining the pooled results of MDR, MDH, MDB, and MDS, 

all which examine the overall projection of the process, the mastoid radius (MDR) classifies the 

greatest percentage, with MDH, MDS, and MDB following behind in order. Overall, when 

examining the inferior projection (height) of the mastoid, metric analysis, using the mastoid 

radius, provides the greatest consistency.  

 Examining the results of each measurement for males and females individually, among 

males the mastoid radius (MDR) classified 65% to the correct sex, with MDH, SMC, MDB, and 

MDS following behind; MDS classified the least percent correct.  Among females, however, the 

results are different.  The supramastoid crest provided greater consistency in measuring the 

mastoid, with 80% of females being scored to the correct sex.  MDR followed with 68% 

correctly classified; MDB classified the least percent correct.   

Comparing each of the three quantitative mastoid measurements (MDR, MDH, and 

MDB), the mastoid radius provides the greatest consistency for estimating the sex of crania using 

the mastoid process because the frequency of correct classification is higher.  These results show 

how important the non-standard measure of the radius of the mastoid process can be because it 

can provide greater consistency than the standard measure of mastoid height.   

 

Sources of Possible Error 

The researcher does acknowledge there are possible sources of error in this study.  Aside 

from potential sources of intraobserver error (recording errors, etc.) that can occur in every 

study, there are a few insights that could help improve future studies.  One source of error results 

from the manner in which some of the crania from the Hamann-Todd collection were sectioned 
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and held together.  A majority of the crania were sectioned along the sagittal plane and both 

halves of the cranium were held together with a pin.  When taking the NOL measurement, 

sometimes the pin inhibited the sliding calipers from sliding along the plane to obtain the 

greatest length.  Also, sometimes the pins were falling out of the crania, thus the two crania 

halves did not fit together well or were coming apart.  This could have caused an error when 

taking the measurements.  The author took great effort that if a cranium was not held together 

securely by a pin, then before taking the measurement, the cranium was not only held together 

securely, but also correctly aligned, which hopefully greatly reduced this source of error.  

Another source of error that needs to be mentioned but was most likely not introduced to 

this study is the way the crania were labeled.  Since this was a blind study (the author did not 

know whether the crania she was measuring were male or female), it was important to not 

observe the labeled boxes in which the crania were stored in.  Each box had the HTH# written on 

it along with the race and sex.  The author retrieved six boxes at a time, only selecting boxes 

from the list of Hamman-Todd numbers prepared prior to arriving in Cleveland.  The boxes were 

taken off of the shelves and the front of the box with the sex identification was placed away from 

the author so that she could not see the sex.  The author did not know how many males or 

females were present among the six boxes.  Since the author took a significant precaution in 

avoiding observing the sex of the individual labeled on the box, this possible source of error was 

most likely not even introduced into this study.  
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CHAPTER 6 

CONCLUSIONS 

 

 Data collected by the author shows that mastoid processes in males are larger than 

mastoid processes in females.  Independent samples t-tests show that among all six quantitative 

measurements, significant differences (α<.05) exist between each sex.   

The three cranial measurements tested, cranial length (NOL), bizygomatic breadth 

(ZYB), and biauricular breadth (AUB), have a weak correlation (r < 0.4) with the three mastoid 

measurements (MDR, MDH, and MDB).  The size of a cranium does not strongly correlate with 

the measure of the mastoid height or breadth.  

An important find from this study is regarding the non-traditional measurement of the 

mastoid radius using a radiometer.  The data reveals that there is a correlation between the 

traditional measure of height using sliding calipers and the mastoid radius using a radiometer; 

however t-tests reveal there are significant differences between the two measurements.  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 due to fewer variances around the 

mean and smaller standard deviations than the traditional measure of 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 of this thesis was devoted to testing whether quantitative analysis is 

more consistent than qualitative analysis.  Both types of analyses are excellent methods to use for 

measuring the mastoid process for sex estimation purposes.  The results suggest that among the 

three metric measures of height and the one qualitative variable, MDS, which examines the 

degree of inferior projection, quantitative analysis, is more consistent than qualitatively scoring 
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the mastoid; a higher frequency of crania were assigned to the correct sex using the mastoid 

radius, with the mastoid height measurement following closely behind.  However, when taking 

into account all five variables (3 metric, 2 qualitative), among males, the mastoid radius is the 

most consistent measurement, but among females, the supramastoid crest scored a greater 

percentage of crania to the correct sex.  

 Although qualitative assessment of the mastoid process has been widely used to 

determine the sex of an individual than quantitative assessment because it is a 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.  

To further address the findings presented here, additional studies of methodological 

issues, including interobserver error, need to be performed to examine the variance among 

trained observers when visually assessing the mastoid process.  Another avenue of further 

investigation would be to use multivariate analysis rather than univariate analysis, as used here, 

to further show the potential of using quantitative as opposed to qualitative measures of analysis.  
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APPENDICES 

  



 

DEMONSTRATION OF MEASUREMENTS

1.  Mastoid height (MDH) 

 

 

 

2. Mastoid radius (MDR) 
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APPENDIX A 

 

DEMONSTRATION OF MEASUREMENTS 

 

 

 

 

This measurement is taken using a 

sliding caliper and recorded in 

millimeters. The measurement is 

defined as “the length of the mastoid 

process, below, and perpendicular to, 

the eye-ear plane, in the vertical plane

(Howells 1973). 

 

 

This measurement is taken using a 

radiometer. It is defined as “t

perpendicular to the transmeatal axis 

from the most inferior apex of the 

mastoid process” (Moore-

This measurement is taken using a 

sliding caliper and recorded in 

millimeters. The measurement is 

he length of the mastoid 

process, below, and perpendicular to, 

the vertical plane” 

This measurement is taken using a 

radiometer. It is defined as “the 

perpendicular to the transmeatal axis 

from the most inferior apex of the 

-Jansen n.d.). 



 

3. Mastoid breadth 

 

 

4. Nasio-occipital length (NOL) 

 

 
 

5. Biauricular breadth (AUB) 
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This measurement is taken using a 

sliding caliper. It is defined as “t

width of the mastoid process at its 

base, through its transverse axis

(Howells 1973).  

 

 

This measurement is taken using

spreading caliper. It is defined as the 

“greatest cranial length in the median 

sagittal plane, measured from nasion

(Howells 1973).  

This measurement is taken using a 

sliding caliper. It is defined as “t

least exterior breadth across the roots 

of the zygomatic processes, wherever 

found” (Howells 1973). 

This measurement is taken using a 

sliding caliper. It is defined as “the 

width of the mastoid process at its 

base, through its transverse axis” 

This measurement is taken using a 

spreading caliper. It is defined as the 

reatest cranial length in the median 

sagittal plane, measured from nasion” 

This measurement is taken using a 

sliding caliper. It is defined as “the 

rior breadth across the roots 

matic processes, wherever 

found” (Howells 1973).  



 

 

 

6. Bizygomatic breadth (ZYB) 

 

 

 

7.  Size of the mastoid process (MDS)

 

 

 

 

 

 

 

8. Supramastoid crest size (SMC)
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APPENDIX A (continued) 

 

7.  Size of the mastoid process (MDS) 

 

8. Supramastoid crest size (SMC) 

 

This measurement is taken using a 

sliding caliper. It is defined as “t

least exterior breadth across

of the zygomatic processes, whereve

found” (Howells 1973).  

This qualitative scoring method is defined 

as the overall size of the mastoid process as 

described by overall shape and projection. 

Females are typically described as low

narrow, moderate, or high

are typically described as broad

medium, or high/heavy massive. 

scoring method is described by 

Nemeskéri (1970) on a scale from 

where -2 is considered hyperfeminine and 

+2 is considered hypermasculine. Zero is 

scored as indifferent. 
 

The supramastoid crest is t

area of bone that forms the posterior 

root of the zygomatic process.  The 

scoring method was developed based 

on Acsádi and Nemeskéri’s (1970) 

scoring method where the 

scored on a scale from -2 to +2.  

-2   very faint 

-1   faint 

0    indifferent 

+1  prominent 

+2  very prominent 

This measurement is taken using a 

sliding caliper. It is defined as “the 

least exterior breadth across the roots 

of the zygomatic processes, wherever 

 

This qualitative scoring method is defined 

he overall size of the mastoid process as 

described by overall shape and projection. 

Females are typically described as low-

moderate, or high-pointed. Males 

are typically described as broad-stubby low, 

medium, or high/heavy massive. This 

scoring method is described by Acsádi and 

Nemeskéri (1970) on a scale from -2 to +2, 

hyperfeminine and 

d hypermasculine. Zero is 

The supramastoid crest is the raised 

area of bone that forms the posterior 

root of the zygomatic process.  The 

scoring method was developed based 

on Acsádi and Nemeskéri’s (1970) 

scoring method where the crest is 

2 to +2.   
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APPENDIX B 

 

DATA RECORDING FORM 

 

 

 
KB #:_________

CMNH #:_________

Date:_________

Left

Left

Qualitative Observations Left

RECORDING FORM

6. Nasio-occipital cranial length (NOL)

8. Mastoid size (-2, -1, 0, +1, +2)

7. Supramastoid crest (-2, -1, 0, +1, +2) Very faint to very promiant

Sliding Calipers

1. Mastoid height (MDH)

Spreading Calipers

2. Mastoid breadth (MDB)

3. Mastoid radius (MDR)

5. Bi-auricular breadth (AUB)

4. Bi-zyogmatic breadth (ZYB)

Notes:


