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Innominate
The innominate is made up of three bones which fuse late during the adolescent
phase, including the ilium, ischium, and pubis. The bones fuse together at the center of
the acetabulum, the fossa in which the femur articulates, each making up part of the
articulation.
Ilium
Iliac crest
Greater sciatic notch
Lesser sciatic notch
Iliac tuberosity
Preauricular sulcus
Auricular surface
Iliac fossa
Anterior superior and inferior spines
Ischium
Ischial tuberosity
Pubis
Pubic symphyses

Structures formed by the intersection of the three bones of the innominate:
Obturator foramen
Acetabulum
Lunate face
Fossa
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Innominate. Anterior view.
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Innominate. Posterior view.
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Non-Metric Traits of the Pelvic Girdle
Accessory iliac facet

Additional facet located on the iliac
tuberosity in the area that articulates with
the sacrum. May be unilateral or bilateral.

Accessory sacral facet

Additional facet located on the posterior
aspect of the sacrum near the first sacral
foramen. May be unilateral or bilateral.

Acetabular mark/notch

U-shaped depression located in the superior
aspect of the acetabulum on the lunate
surface. (Mann and Hunt 2005)
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Innominate
5

Sacrum
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Postcranial Measurements
For a complete list of standard postcranial measurements see Buikstra and
Ubelaker (1994). Buikstra and Ubelaker (1994) have proposed a set of standard
measurements and collection techniques to be employed by all practicing physical and
forensic anthropologists to aid in data collection and comparison between researchers.

Aging of the Postcranium
Few options are available in aging the postcranium including epiphyseal union,
bone measurements in infants, and degenerative change. Bone measurements exist for
fetal material through approximately six years of age; see Johnston 1962 for further
information. Degenerative change in the postcranium is similar to that seen in the
articulation sites in the skull, with osteophytosis and erosion. Epiphyseal union can be
extremely helpful in aging if no dentition is present or if you are working with a
commingled burial. Presence, absence, and fusion of the epiphyses to the shaft of the
bone is a relatively easy observation; see below for further information on aging using
fusion of the epiphyses.

Epiphyseal Union
As a child an individual my have up to 600 separate bones, but by adulthood only 206 are
present. This is due to the fact that there are both primary and secondary centers of
ossification; as an individual ages the secondary centers will fuse to the primary centers.
Below are some age estimates for when epiphyseal union occurs:

Clavicle

Sternal epiphysis fused by 25 years of age (Bass 1995)

Femur

Head and greater trochanter fused between 14-19 years of age
(Bass 1995)

Fibula

Proximal epiphysis fused by 14-22 years of age
Distal epiphysis fused by 11-20 years of age (Bass 1995)
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Humerus

Head fused by age 24 years of age
Medial epicondyle fused by age 19 years of age
Distal epiphysis fused between 17-18 years of age (McKern and
Stewart 1957)

Iliac Crest

Fused by age 23 (McKern and Stewart 1957)

Innominate

Pubis to ischium fused between 7-8 years of age
Fusion of the pubis/ischium/ilium at the acetabulum by at least 17
years of age (Bass 1995)

Ischial Tuberosity

Fused by age 24 (McKern and Stewart 1957)

Radius

Proximal epiphysis fused between 16-18 years of age
Distal epiphysis fused between 16-18 years of age (Bass 1995)

Ribs

Head and articular end fused between 18-24 years of age (Bass
1995)

Sacrum

Fuses from inferior to superior between the ages of 18-25 (Bass
1995)

Tibia

Proximal epiphysis fused between 14-23 years of age
Distal epiphysis fused between 13-20 years of age (Bass 1995)

Ulna

Proximal epiphysis fused by 19 years of age
Distal epiphysis fused between 17-20 years of age (Bass 1995)

Sex Estimation of the Pelvis
The pelvis is an ideal anatomical structure to use in sex estimations of adult
specimens, because of the obvious functional relationship between pelvic shape and
reproduction in the female. Many studies have been done to determine pelvic
characteristics useful in sex estimations. The most easily identified indicators will be
mentioned in this text. The first two are generally the most useful, especially for the
budding osteologist. Clearly, the more experience an osteologist has in making sex
estimations and the greater number and range of pelves examined, the better the
estimations will be.
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1.

Sub-pubic angle. The inferior angle that the right and left pubic bones make

when in articulation tend to be wider in females than in males; a wider angle produces a
larger pelvic outlet. Angles closer to 90 degrees suggest male sex, while those 120
degrees and over would suggest a female. The female pelvis is shorter and broad to aid
in the birthing process, since the male pelvis lacks this necessity it is slightly taller and
more narrow.
2.

Sciatic notch. A narrow sciatic notch is associated with a restricted pelvic outlet

and is more commonly found in males; the sciatic notch of females tends to be wider.
3.

Acetabulum. The acetabulum is larger in males, due to the larger size of the

femoral head in males. As males are generally larger, the femur is larger to transmit the
weight of the body.
4.

Obturator foramen. The obturator foramen tends to be larger in males and rather

oval in outline, whereas in females it is smaller and more triangular.
5.

Pre-auricular groove. The pre-auricular groove is found in some individuals of

both sexes but it tends to be irregularly pitted in females if the pelvic joint ligaments that
attach there are stressed in childbirth, thus a pitted pre-auricular groove indicates an
estimation of female sex. However, an absence of the groove or a non-pitted form does
not indicate male sex.
6.

Sacrum. The sacrum of the male tends to be relatively longer, narrow, and

curved. On the other hand, the female sacrum is broader, short, and straight.
7.

Pelvic inlet. The pelvic inlet of the male pelvis, when viewed from above with

the ventral aspect facing you, will be heart shaped in appearance. The female pelvic
inlet, when held in the same aspect, is described as elliptical in appearance.
8.

Dorsal pitting. Pits or depressions located on the dorsal aspect of the pubis, near

the pubic symphysis. One or more may be present. The pits have been associated with
pregnancy; number or pits does not necessarily represent number of births but the process
of stretching during the birthing process.
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Sex Estimation of the Non-Pelvic Postcranial Bones
Sex estimation of the non-pelvic postcranial bones can be very difficult, based on
research with accuracy well below 90%. Keep this in mind when employing sex
estimation on these bones. However, if observing several of the bones of a single
individual you will greatly increase your sex estimation accuracy. Those listed below
offer the highest levels of accuracy.

Humerus – A vertical (superior/inferior) measurement of the head, and a transverse
(anterior/posterior) measurement of the head can be used in sexing.

Vertical

Transverse

Female

42.67

36.98

Male

48.76

44.66

Femur – A measurement of the greatest diameter of the femoral head may be useful in
determining sex. Keep in mind there may be populational differences.

Female

Probable Female

White Femaleª

<42.5

42.5-43.5

Black Female*

41.52

Male

Probable Male

White Maleª

>47.5

46.5-47.5

Black Male*

47.17

ª Stewart 1979:120
*Thieme 1957: Table 1
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Stature Estimation
Stature or height can be measured using any of the long bones, although the femora are
considered the best option for obtaining the highest accuracy rate. A number of factors
appear to influence height including sex, nutrition, geographic location, and genetics. It
is suggested that stature formulae specific to sex and a particular geographic location or
ethnic group be used to ensure accuracy. Below several formulae are shown after Bass
(1995):

Male
Femur

Tibia

Fibula

Humerus

Radius

White

2.32(femur in cm) + 65.53 +/- 3.94

Black

2.10(femur in cm) + 72.22 +/- 3.91

Mongoloid

2.15(femur in cm) + 72.57 +/- 3.80

Mexican

2.44(femur in cm) + 58.67 +/- 2.99

White

2.42(tibia in cm) + 81.93 +/- 4.00

Black

2.19(tibia in cm) + 85.36 +/- 3.96

Mongoloid

2.39(tibia in cm) + 81.45 +/- 3.27

Mexican

2.36(tibia in cm) + 80.82 +/- 3.73

White

2.60(fibula in cm) + 75.50 +/- 3.86

Black

2.34(fibula in cm) + 80.07 +/- 4.02

Mongoloid

2.40(fibula in cm) + 80.56 +/- 3.42

Mexican

2.50(fibula in cm) + 75.44 +/- 3.52

White

2.89(humerus in cm) + 78.10 +/- 4.57

Black

2.88(humerus in cm) + 75.48 +/- 4.23

Mongoloid

2.68(humerus in cm) + 83.19 +/- 4.16

Mexican

2.92(humerus in cm) + 73.94 +/- 4.24

White

3.79(radius in cm) + 79.42 +/- 4.66

Black

3.32(radius in cm) + 85.43 +/- 4.57

Mongoloid

3.54(radius in cm) + 82.00 +/- 4.60

Mexican

3.55(radius in cm) + 80.71 +/-4.04
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Ulna
White

3.76(ulna in cm) + 75.55 +/-4.72

Black

3.20(ulna in cm) + 82.77 +/-4.74

Mongoloid

3.48(ulna in cm) + 77.45 +/- 4.66

Mexican

3.56(ulna in cm) + 74.56 +/- 4.05

White

2.47(femur in cm) + 54.10 +/- 3.72

Black

2.28(femur in cm) + 59.76 +/- 3.41

White

2.90(tibia in cm) + 61.53 +/- 3.66

Black

2.45(tibia in cm) + 72.65 +/- 3.70

White

2.93(fibula in cm) + 59.61 +/- 3.57

Black

2.49(fibula in cm) + 70.90 +/- 3.80

White

3.36(humerus in cm) + 57.97 +/- 4.45

Black

3.08(humerus in cm) + 64.67 +/- 4.25

White

4.74(radius in cm) + 54.93 +/-4.45

Black

3.67(radius in cm) + 71.79 +/-4.59

White

4.27(ulna in cm) + 57.76 +/-4.30

Black

3.31(ulna in cm) + 75.38 +/- 4.83

Female
Femur*

Tibia*

Fibula*

Humerus*

Radius*

Ulna*

*After Trotter and Gleser (1952:495, 1977:355)
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Post-Cranial Pathology and Trauma
Arthritis/Degenerative Joint Disease - Arthritis can be caused by a number of different
factors both genetic and behavioral. Age of the individual should be noted to make the
best possible diagnosis of type of arthritis observed. Osteophytes or small spicules of
bone may be present at the margins of the joint or within the joint itself. A ridge of
osteophytic change may also be present around the margin of the joint. Erosion is
frequently seen along with osteophytosis; which may be seen as increased porosity or
pitting.
Eburnation – Extreme erosion may occur when the soft tissue within a joint when
cartilage is no longer present. The result is bone on bone contact that creates grooving on
the surface of the joint, overall making a smooth shiny surface. (Aufderheide and
Rodriguez-Martin 1998)
Enthesopathy – Calcified muscular or ligamentous attachments. Most often seen at the
site of the Achilles tendon attachment site, ischial tuberosities,and ilial crests.
(Aufderheide and Rodriguez-Martin 1998)
Fractures – Several types of fractures occur in the postcranial bones including,
greenstick, impacted, simple, compound, comminuted, compressed, spiral, Colles’s, and
parry.
Schmorl’s Nodes - Depression or cavity caused by herniation of the vertebral disc.
Located on either the superior or inferior aspect of the body of a vertebra. The
depressions are oval or linear in shape, with relatively smooth margins. Generally seen
as a sign of advanced age. (Mann and Hunt 2005)
Spina Bifida - Incomplete closure of the neural arches of the sacral vertebrae. Note that
the sacral vertebrae four and five may be open naturally. This condition is both genetic
and environmentally controlled. (Mann and Hunt 2005)
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Dentition

Two parts make up the structure of teeth: a portion within the mouth called the
crown, and a portion within the jaw called the root. The outer surface of the crown seen
in the mouth is a hard white substance called enamel. Directly beneath the enamel is a
softer material called dentine. The central portion of the root contains the pulp or nerve
bundle feeding the tooth, called the pulp chamber. The root itself is made of dentine and
is covered on the outside with a protective substance called dentine.
Observe the crowns of the teeth as seen while in the jaw. Note that the number of
teeth is the same in both the upper and lower jaw. There are four types of teeth present in
the upper and lower jaw: 4 incisors, 2 canines, 4 premolars, and 6 molars for a total of 32
teeth. For comparative purposes in the study of evolutionary change, it is customary to
represent the dentition by the number of teeth in each quadrant of the mouth, as 2.1.2.3.
The incisors are generally chisel-shaped, though some persons including most
American Indians many have lateral ridges making them shovel-shaped (particularly the
upper incisors). The upper incisors are generally wider than the lowers. The canines are
more massive than incisors and when unworn are slightly projecting and pointed. Due to
the narrowness of the lower incisors the lower canine usually occludes slightly forward of
the upper one. The premolar or bicuspid teeth are distinguished by 2 cusps, one lingual
(on the tongue side) and one buccal (on the cheek side). In the molar teeth a distinction
may be made between uppers and lowers. The lower molars are square or rectangular in
shape, with 4-5 cusps. The more anterior of these are generally larger decreasing
posteriorly and have a more complicated cusp pattern. The upper molars are in general
smaller than the lowers, and also decrease in size posteriorly. Three to four cusps are
generally seen in the upper molars; if three are present, two will be on the buccal side and
one on the lingual. In addition, the outline of the upper molar tends to be slightly oblique
rather than rectilinear as in the lowers.
Roots of the teeth are also helpful in determining if they are uppers/lowers and
siding. The roots of the incisors and canines are single, rounded, and tapering, often
curved at the ends. That of the canine is considerably longer and stouter than those of the
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incisors. The roots of the premolars are wider and tend to be grooved in a fashion which
indicates an incipient tendency to be divided into a lingual and buccal root. The roots of
the molar teeth are quite distinct as between the upper and lower. The roots of the lower
molars are double, having an anterior and posterior component, each generally grooved
like the root of a premolar. The third lower molar generally has all parts of the root fused
and somewhat curved. The typical root pattern of the upper molar is two distinct roots on
the buccal side and one on the lingual side. In the second upper molar the three roots are
often less widely spread than in the first, and in the third a single massive fused root is
found. Individual variations make it difficult to identify loose molars exactly.
Many types of variation, often involving accessory cusps are found. Occasionally
deciduous teeth will be encountered. In addition to having smaller crowns, deciduous
teeth are recognized by the thinness and wide divergence of the molar roots.
Teeth of non-industrial peoples are often deeply worn, as more processing of food
occurs within the mouth. The type of wear seen in the dentition and the kind of
pathology present give an indication of the diet and the cultural habits of the individual.
Microscopic study of sections taken through the teeth can provide additional information
about the individual’s health and nutritional status.

Terms
Buccal – The surfaces of the premolars and molars facing toward the cheek.
Cusp – A protuberance on the grinding surface of the canine, pre-molar, or molar.
Distal – The tooth surface farthest from the median line of the dental arch (posterior
aspect).
Incisal edge – The cutting edge of an incisor.
Labial – The surfaces of the incisors and canines facing toward the lips.
Lingual – The tooth surfaces facing toward the tongue.
Mesial – The tooth surface closest to the median line of the dental arch (anterior aspect).
Occlusal surface – The biting or grinding surface of a tooth.
Ridge – A linear elevation on a tooth surface.
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Maxillary Dentition
Top – central incisor. Middle – lateral incisor. Bottom – canine.
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Mandibular Dentition
Top – central incisor. Middle – lateral incisor. Bottom – canine.
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Top – maxillary premolar 1

Top – mandibular premolar 1

Middle – maxillary premolar 2

Middle – mandibular premolar 2

Bottom – maxillary molar 1

Bottom – maxillary molar 1
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Top – Upper Molars 2 & 3

Bottom – Lower Molars 2 & 3
19

Dental Variation
Carabelli’s cusp – Additional cusp on the mesio-lingual border of the upper molars.
Seen at the highest frequency among those of European descent. (Hillson 1996)
Enamel extension – Found on teeth with multiple roots, enamel extends down the root.
Most commonly found in upper premolars and molars. (Hillson 1996)
Enamel pearl – Found in association with enamel extensions, except the enamel forms a
small nodule. Most commonly found in upper second and third molars. (Hillson 1996)
Shovel-shaped incisors – The marginal ridges on the lingual aspect of the incisor are
prominent with a deep central fossa. If on the lingual and labial surface this is termed
double shoveling.
Supernumerary – Additional teeth, may be seen at multiple locations within the maxillary
or mandibular alveoli. These teeth may be peg shaped.

For more information on non-metric dental variation see Hillson’s (1996) Dental
Anthropology or Turner et al. (1991) for an introduction to the series of dental casts of
several non-metric traits available through Arizona State University.

Dental Pathology
Abscess – Cavitations in the bone surrounding the tooth root, resulting in the loss of a
tooth and eventually absorption of the bone.
Caries – Destruction of one of the three dental structures (enamel, dentine, or cementum),
caused by bacteria in the mouth. These may be located on the occlusal surface, smooth
surface, within the pulp chamber, at the cemento-enamel junction, or on the root. May be
seen as a brown spot in the early phase, followed by creation of a cavity within the
affected structure.
Dental enamel hypoplasia – Defect in the enamel of the tooth caused due to
developmental issues during secretion of the structure. May cause bands of varying
thickness around the circumference of the tooth; also seen in the form of pitting. Thought
to be associated with a number of physiological stressors including but not limited to
malnutrition, parasites, and weaning.
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