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1. Characteristics of Human Bones

Compared with the bones of other mammals, with the
exception of large animals such as horses and cattle, human
bones are characteristically larger and longer than those
of other animals. An adult human has approximately 206
bones. Some bones, including the cranium, separate in the
growth stage, eventually fuse into one, thus changing the
total number of bones. The human skeletal system is roughly
divided into cranium, axial skeleton (truncus), bones of the
upper limbs, and those of the lower limbs (Fig.1). Compared to
other mammals, human bones are, generally, characteristically
porous on the surface. Although this feature is held in common
with cetaceans and pinnipeds, human bones are rather lighter.
Observing fragments of human humerus and femur, they are
seemingly reminiscent of the brown bear (Ursus arctos) and
Asiatic black bear (Ursus thibetanus) in the cross section of
the shafts, muscular tuberosities, and the straightness of the
bones. On the other hand, the bones of animals such as wild
boar (Sus scrofa), sika deer (Cervus nippon), and Japanese
serow (Capricornis crispus) are distinguishable from human

bones by their smooth and dense surface.

Skull

Cranium

[Calvarium:Brain-case]
Frontal (1), parietal (2), occipital(1l), temporals (2),
sphenoid (1), ethmoid (1).
*three pairs of auditory ossicles (malleus, incus, and
stirrup) in the middle ear.

(Face]
Zygomatic (2), maxillae (2), nasal (2), palateine (2),
lacrimal (2), inferior nasal concha (2), vomer(1)

Mandible , Hyoid

Trunk
Vertebral column

Cervical (neck) (7) : The 1st(Atlas) and 2nd(Axis) cervical
vertebrae are specialized.
Throracic (12) : Have facets for articulation with ribs.
Lumber (5)
Sacral (5) : Commonly united to form the sacrum.
Coccygeal (4 or 5)
Ribs(12 pairs)
Sternum (Manubrium, Body and Xiphoid precess)

Upper limb (each one pair)
Clavicle, Scapula, Humerus, Radius, Ulna, Carpal bpne (8
each hand: scaphoid, lunate, triquetral, pisiform, trapezium,
trapezoid, capitate, and hamate), Metacarpal bones (5 each
hands) , Phalanges(14 each hand).
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Lower limb (each one pair)
Coxal bones (formed with agglutinated ilium, ischium and
pubis)
Femur, patella, Tibia, Fibula, Tarsal bones(7 each limb : talus,
calcaneus, navicular, cuboid, medial cuneiform, intermediate
cuneiform and lateral cuneiform), Metatarsal bones (5 each

foot), Phalanges(14 each foot).

2. Observation/ldentification of Human
Bones

Human bones carry the agglomerated life history of the
person in various places. For instance, muscular tuberosities
suggest the degree of physical labor of the individual. The
existence of a squatting facet found at the tibia and talus
proves that the person squatted regularly during his or her
life, and osteomata of the external auditory meatus indicates
the probability that the person was engaged in frequent
diving. The pathology of bones is another factor in the
telling of one's life history. For example; (i) Harris lines in the
epiphyseal regions of the four limbs detected on soft X-ray
are evidence of malnutrition during the growth period; and,
(ii) the porous texture of the anterior region of the orbital roof
proves anemia due to iron and vitamin A deficiency, disclosing
the living environments of an ancient person whose bones
were unearthed. Furthermore, physical damage to bones may
provide evidence of the cause of an individual's death. It is
obviously important to identify whether a scar on a bone of
an individual was; (i) made and healed during the lifetime;
(ii) the cause of his or her death; or, (iii) made after his or her
death. However, many such examinations require the technical
support of skilled physical or forensic anthropologists. In the
event that human bones are unearthed during an excavation,
prior to picking up the bones, it is highly desirable to invite
such experts to the site to observe the bones from a range of
viewpoints and to undertake discussions between the team of

archaeologists and anthropologists.
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Cranium

The human cranium is thicker than that of other large
mammals; in particular, the inner surface of the neurocranium
is uniquely shaped with vascular grooves that can easily be
distinguished from other animal bones. The cranium consists
of 23 parts including the frontal, parietal, temporal, and
occipital, which are both intricately connected with each
other through cranium-specific articulations called “sutures’,
and complicatedly agglutinated with age. Furthermore, the
cranium mainly consists of the viscerocranium, the facial
portion, and the neurocranium, the brain container. Within
the neurocranium, the portion constituting the ceiling of
the cranium is referred to as the calvaria. The sutures of the
cranium mainly consist of the coronal suture that articulates
with the frontal and parietal bones, the sagittal suture that
articulates with the right and left parietals, and the lamboid
suture that articulates with the parietal and occipital bones.

The frontal bone forms the forehead, the glabella, and the
supraorbital margin. It adjoins the zygomatic at the outer
edge of the orbit, and the nasal at the inner edge of the orbit.
The supraorbital region is particularly thick, and thus often
unearthed. The parietals are left-and-right paired bones
occupying a large part of the calvaria. The temporals are also
left-and-right paired bones forming the lateral sides of the
neurocranium, inside which there are the zygomatic process
that articulates with the zygomatic bone, the external auditory
meatus that forms the earhole, and the mandibular fossa that
articulates with the mandible. The lateral-inferior portion
of the temporals (pars petrosa) is particularly thick, and is
thus frequently unearthed. The occipital bone articulates
with the parietal bone, forming the posterior portion of the
neurocranium. The vertebrae run through the foramen magnum
of the occipital bone. The external occipital protuberance
(occipital external protuberance) is more developed in males
than in females. The maxillae are the paired bones that form
the most central region of the viscerocranium to which
muscles are attached. The maxillary teeth are arranged in the
alveoli. The piriform aperture, adjoining the nasal bone at the

upper part, is where the nose was located in life.
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Mandible

The mandible is divided into two parts: (i) the mandibular
ramus that adjoins the cranium; and, (ii) the body of the
mandible, in which the teeth are arranged. The mandible forms
the mouth orifice, paired with the maxilla. The mandibular
ramus has a coronoid process in the anterior region to
articulate with the cranium, and an articular process in the
posterior region. The condyloid process articulates with the
cranium to form the mandibular joint. The mental foramen, a
symmetrical pair of foramina, is located at the lower portion
of the premolars in the body of the mandible. In some rare
cases there are two pairs of mental foramen. The body of
the mandible is highly likely be unearthed, because the adult
mandible is thick enough to anchor the teeth; and even the
infant mandible is thick enough to hold the crown of the teeth
before eruption. For all that, care should be exercised during
excavation not to overlook the teeth buried in the ground,
since the pars alveolaris can be hollowed into cavities, from

which the teeth could fall and shattered into pieces.
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Fig.2. Structure of human teeth Modified from Fujita (1949)

Teeth

Tooth enamel is the hardest and the most decay-resistant
of the human body tissues. Therefore, among human hard
tissue, teeth are the most frequently found through excavation.
However, being small in size, they tend to be lost in the soil
during excavation; very careful attention is therefore required
when retrieving teeth.

A tooth consists of the crown, the neck, and the root. The
crown is covered with hard tissue of enamel, inside which
there is dentin (Fig.2). Cementum is a hard membrane covering
the root, which has a pulp cavity in which nerves and blood
vessels reside. Tooth-related expressions differ from those
of other skeletal parts (See the illustration of the mandible).
Especially, in directional terms, the positions facing the cheeks
are referred to as “buccal’, and those facing the tongue are
referred to as “lingual”. However, in the case of the incisors
and canines, the outer portions are called "lavial”, instead of
buccal. The anterior position in which the incisors are located
is called “mesial”, and the posterior positions in which molars
are located are called “distal”. Furthermore, in the case of
the occlusal surface of tooth too, the buccal is called the
“buccal surface”, and the lingual is called the “lingual surface”;
meanwhile, the anterior position is called the “mesial surface”
and the posterior position is called the “distal surface”.

There are 32 permanent teeth in total: 8 incisors, 4 canines,
8 premolars, and 12 molars. Since the third molars (ak.a. the
"wisdom teeth”) do not necessarily erupt, depending on the era
and individual, some jaws are found with only 28 teeth. Unlike
adult teeth, deciduous teeth include no molars; consequently
there is a total of 20 such teeth: 8 incisors, 4 canines, and
8 premolars. Approximately 6 months after birth, the lower
central incisors (deciduous teeth) start to erupt. The first
permanent molar, the earliest permanent tooth, erupts at about
6 years of age. This is why the first permanent molar is called
the 6-year-old molar. The third molars, “wisdom teeth”, usually
erupt at ages 15 to 28, varying between individuals, and in
some cases they never erupt. The age estimation based on the
state of tooth eruption above is the most accurate among some
existing age estimation methods (Fig.3).

At six months of age, most deciduous teeth have not yet
erupted; however, some are in the preparatory stages in the
alveoli. Furthermore, incisors erupt in this phase, followed
by the upper deciduous incisors (the central incisors and
the lateral incisors, in that order). By 24 to 30 months of
age, all the deciduous teeth have completely erupted. The
first deciduous molars erupt at 15 to 20 months of age, and
the second start at 22 to 26 months. By 18 months, all the
deciduous incisors have erupted, and the deciduous canines
and deciduous molars begin to erupt. At the same time, the
crown of the first permanent molars and incisors come under

preparation in the alveoli.
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By three years of age, all deciduous teeth on both upper and
lower jaws have erupted; however, the roots of some deciduous
teeth are incompletely formed. The crown of the first molar is
completely formed in the alveoli. Furthermore, the crowns of
incisors, canines, and premolars are also growing in the alveoli.
At the age of four, the crowns and the roots of all deciduous
teeth are completely formed. The formation of the second
permanent molars starts in the alveoli. By the age of six, the
crowns and the roots of all deciduous teeth are completely
formed. The permanent first molars start to erupt; meanwhile,
the second molars begin to form the crown in the alveoli in
preparation for eruption. The formation of the crowns of
the incisors, the canines, and the premolars are completed
inside the alveoli. By the age of eight, the deciduous incisors
disappear, and both the permanent central incisors and the
lateral incisors start to erupt. The formation of the crowns
of the canines, premolars, and second molars are completed
within the alveoli. By the age of 10, almost all deciduous
teeth disappear except the deciduous canines and the second
deciduous molar. Although the incisors and the first premolars
erupt, the formation of the roots still continues. The third
molars begin to form the crowns in preparation for eruption
within the alveoli. By the age of 12, all the deciduous teeth
have fallen out. The second molars start to erupt, and the
incisor roots are complete. By the age of 15, except for the
third molars, the crown and the root of all permanent teeth are
complete. The crowns of the third molars are completed within
the alveoli.

By the age of 21, all 32 permanent teeth have erupted. (In
some cases the third molars do not erupt.) From this stage,
dental attrition resulting from the mastication of foods begins
to be conspicuously identifiable. Age estimation based on
dental attrition is possible to some extent for adults of 21
years or older. However, the progress of attrition varies greatly
depending on factors including foods, groups, era, living

environments, etc.

Types of teeth (Fig.3)

Permanent teeth
1. Incisors

The incisors function to bite off food with their two pairs of
teeth (central/frontal) on each of the upper and lower jaws.
The crown is wedge-shaped. Unlike the labial surface, the
lingual surface is concave to form a lingual fossa. The root is
single and generally conical in shape. The mesiodistal width of
the upper incisor root is comparatively larger, whereas that of
the lower incisor root is narrower to make the root shape flat.
In some cases, in the Late Jomon sites, the lower incisors may
not be found because the people of those days customarily

extracted the teeth.
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1-1. Upper central incisor

The upper central incisors are the largest incisors on either
side of the median line. This pair of teeth is conspicuous when
the mouth is open, being the foremost and important element
of appearance. Their distinctive feature lies in the notably
large width of the crown. The overall shape is bilaterally
symmetric. The lingual surface is very concave at the center
with developed marginal bulges. Incisors with this feature are
called shovel-type and are often seen in the bones of the Yayoi
people or later ones, but rarely found in those of the Jomon
people.
1-2. Upper lateral incisor

The upper lateral incisors adjoin on the distal side of the
central incisors. Despite their similarities in shape to the
central incisors, the upper lateral incisors are distinctive
due to their smaller size, more rounded distoincisal angle of
the crown, and thin, long root. As with the central incisors,
the lingual surface of people of the Yayoi period and later is
often shovel-shaped. The roots are quite similar to the central
incisors, except for the comparatively longer length and the
nearly egg-shaped cross section. In most cases, the apex of the
roots is inclined or curved distally.
1-3. Lower central incisor

In the upper jaw, the central incisors are larger than the
lateral incisors. In contrast, in the lower jaw, the central
incisors are smaller than the lateral incisors. Hence, the
lower central incisors are said to be the smallest of all teeth,
although their length is no different to other incisors. Without
a developed marginal bulge on the lingual surface, which is
prominent in the upper jaw, the lower central incisors are

not as concave as shovel-type teeth. The root is mesiodistally
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squashed and the horizontal cross section is nearly oblong. The
mesial surface of root often has a vertical ridge at the center.
The distal surface of root, on the other hand, is sunken and
commonly has a shallow groove; this provides an important
indication of whether a lower central incisor is located on the
right or left side of the mouth.
1-4. Lower lateral incisor

These teeth look quite similar to the lower central incisors.
The degree of similarity is much higher than that between
the upper central incisors and the upper lateral incisors. In
the event that a lower incisor is found at an archaeological
site, it would be extremely difficult to distinguish it between
the central incisor and lateral incisor. These teeth are slightly
larger than the central incisors. Furthermore, the incisal edge
of the central incisor is almost horizontal, while that of the
lateral incisor inclines distally. The root is almost the same
as the central incisors, but the apex of the root of the lateral
incisors inclines or curves distally. The ridge on the menial
surface and the concave distal surface of the root are clearer
than in the central incisors. This feature enables determination
between the mesial or distal side, serving as an important sign
to indicate the difference from the central incisors as well as to

distinguish between left and right.

2. Canines

The canines are located on the outer side of the incisors.
There is a pair of canines on each of the upper and lower jaws,
four in total. They are just at the angle of the mouth, and also
known as “eyeteeth”. Tallest among all teeth, canines stand
higher than the neighboring teeth, out of the tooth alignment.
The point of the root is deeper in the jawbone than the other
teeth. The crown is characteristically cuspidate in a conical
shape. There is only one root. The lingual surface is rhomboid-
shaped and inclines labially with a slight concave. These teeth
were often extracted in the Jomon period and are rarely found,
especially in the late Jomon sites.
2-1. Upper canines

The longest of all teeth. The labial surface of the crown is
pentagonal. The distal incisal edge is longer than the mesial,
giving an impression that the distal line angle is projected
distally. The roots look similar to those of the upper incisors
except that the shape is mesiodistally pressed.
2-2. Lower canines
The lower canines are basically the same in shape as the upper
canines, but smaller in size. The size difference is not as great

as that between the upper and lower incisors.

3. Premolars
Following the canines, the premolars are two pairs of teeth
on each of upper and lower jaws. Many non-human mammals

have very large premolars; and, some mammals have bigger
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premolars than the molars located behind them. Therefore, in
animal osteology, the premolar is also called the bicuspid In
addition, the premolar is outstandingly characteristic of its two
cusps on the buccal and lingual sides. Accordingly, this tooth is
also referred to as the two-pointed tooth.
3-1. Upper first premolars

The major characteristics are the two chiseled and high
cusps and their mesiodistally flat overall shape. The buccal-
lingual diameter is larger than the mesiodistal diameter. On
the occlusal surface of the crown, the buccal cusp looks larger.
Some roots diverge into two (buccal and lingual), some have a
single root or an intergrade-type root.
3-2. Upper second premolars

These teeth are similar to the first premolars in shape. When
one premolar is unearthed, it may be impossible to identify
between them. Generally, the crown is smaller than the first
premolars. The overall shape is rounder than the first molars.
The buccal and lingual cusp sizes are smaller than the first
molars. Nearly 95% of them have a single root. The end of the
root is distally inclined.
3-3. Lower first premolars

The buccal surface of the crown is similar to the upper
premolars. Howerver, as the lingual surface is less developed,
nearly the entire occlusal surface looks buccal surface. They
have a single root with a mesiodistal diameter comparatively
larger than the buccal-lingual diameter.
3-4. Lower second premolars

The shape is similar to the lower first premolars. Generally,
the size is slightly larger than the first premolars. The
occlusal surface is larger with the lingual side of the crown
characteristically more developed than in the first premolars.
The root is single, and the length is almost the same as the first

premolars.

4. Molars

Behind the premolars, there are three pairs of molars on
each of the upper and lower jaws, 12 in total. The major
difference between the upper and lower molars is the number
of roots. The first and second molars on the upper jaw have
two buccal roots and one lingual root, three roots in total.
Those on the lower jaw have one menial root and one distal
root, two in total. This does not necessarily apply to the
third molars which are highly individual. The crown has four
cusps; two on the buccal side and two on the lingual side (i.e.,
paracone, metacone, protocone and hypocone). The lower
molar also has a fifth distal cusp (a.k.a. hypoconulid). The third
molars (wisdom teeth) vary widely; a molar that shares no
characteristic with the first or second molars is likely to be the

third molar.
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Although third molars erupted at a high rate during the
Jomon period, they became less frequent in the medieval and
later ages, and seldom erupt in modern times.

4-1. Upper first molars

The overall shape of the crown is nearly cubic or square, but
somehow rhombic with slight mesial-buccal and distal-lingual
projections. The buccal-lingual diameter is slightly larger than
the mesiodistal diameter.

4-2. Upper second molars

The shape is almost identical to the first molar, except that
the mesial-buccal and distal-lingual projections are larger than
the first molars, giving a more flattened impression.

4-3. Lower molars

As with the upper molars, the shapes of the second and the
third molars vary little by little from the basic shape of the first
molars. The shapes are more cubic than the upper molars. In
the lower molars, the mesiodistal diameters are slightly larger
than the buccal-lingual diameters. There are five cusps, three
on the buccal side and two on the lingual side. Among the
cusps, the protoconid is the largest and the hypoconulid is the
smallest. In addition to the five cusps, a supernumerary cusp
(the sixth cusp) appears occasionally between the hypoconulid
and the entoconid. Another supernumerary cusp (the seventh
cusp) may appear between the two lingual cusps. Some
researchers are attempting to determine appearance ratios of

these supernumerary cusp in different groups.

Primary teeth

The first series of teeth to grow after birth are called the
primary teeth, and the following teeth are called successional
teeth (permanent teeth). Falling out before successional teeth
erupt, the primary teeth are also called deciduous teeth.
The primary teeth basically have shapes quite similar to the
permanent teeth that erupt later.
Compared to permanent teeth, they are characteristically
smaller in size, and less likely to be found at archaeological
sites.

As the teeth ranging from the primary incisors to the
primary canines are shaped quite similarly to the permanent

teeth, their descriptions are omitted.

Primary molars

All primary molars have shapes completely different from
their successional teeth.
Upper first primary molars

The shape of the upper first primary molars is significantly
different from that of the first premolars. They have a large
buccal cusp and a small lingual cusp. The buccal and lingual
cusps correspond to protoconid and metaconid of the molar
respectively. The distal cusp is only vestigial, distally pushed

away and reduced. The buccal surface is quadrate-like. The
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lingual surface is smaller and rounder than the buccal surface,
and convex. There are three roots, two on the buccal side and
one on the lingual side as with upper molars.
Upper second primary molars

The shape is completely dissimilar to the second premolars
(i.e. successional permanent), but quite similar to the first
molars. The crowns have four cusps on the rhombic occlusal
surface, and three roots. Carabelli cusps often appear on these
teeth.
Lower first primary molars

The crown of this tooth has prominent cusps and is buccal-
lingually flat. These teeth commonly have four cusps, and
sometimes five cusps. They have a mesial root and a distal
root, similar to the lower molars. The difference between the
shape of these teeth and their successional first premolars is
more acute than that between the upper first primary molars
and the first premolars.
Lower second primary molars

As the upper second primary molars are shaped similarly
to the upper first molars, the shape of these teeth is similar
to that of the lower first molars. The crown is nearly cubic
with five cusps, and two roots, mesial and distal. The occlusal
surface is a more complex shape than the first molars, often
with six cusps. The roots are far flatter than the molar roots,
and are widely dilated. The mesial root is larger than the distal

root, and is curved at the end.
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5. Axial skeleton

Vertebrall column (spinal column)

The vertebrall column is located at the center of the body
trunk, forming the body axis. It consists of 32 to 35 vertebrae:
(from up to down) 7 cervical, 12 thoracic, and 5 lumbar,
followed by the sacral (5 sacral vertebrae form one sacral
bone) and the coccygeal (3 - 6 coccygeal vertebrae form one
coccyx).

Cervical vertebrae

The cervical vertebrae are 7 neck vertebrae located at the
top of the vertebral column. The first cervical vertebra is called
the atlas, and the second vertebra is called the axis. Although
the cervical vertebrae increase in size from upper to lower in
stages, the vertebral body is smaller and thinner than those of
the lumbar and the thoracic vertebrae. In standing posture, as
an entire connection, these vertebrae curve forward. On each
side, there is one transverse foramen to house the vertebral
artery and vein. The vertebral foramen through which the
spinal cord passes is triangular, and the spinous process
projects backwards almost horizontally. The spinous and
transverse processes of the third to sixth cervical vertebrae
are split in two at the end, whereas the spinous process of the
seventh cervical vertebrae is not split. The spinous process of
the seventh cervical vertebrae is also known as the "vertebra
prominence” and is used as the reference point for the
positions of the vertebrae. With the exception of the atlas and
axis vertebrae, the vertebrae consist of a vertebral body and
the vertebral arch. With growth, the vertebral body and the
vertebral arch fuse together to form the vertebra.

First cervical vertebra

The first cervical vertebra (atlas) articulates with the
cranium occipital, and rotates upon the dens of the second
cervical vertebra (axis). Unlike general vertebrae, the atlas has
no vertebral body, and is ring-shaped. On the upper face of
the transverse process, there is a large, oblong groove called
the superior articular facet for articulation with the occipital
condyle, whereas on the lower face there is the circular inferior
articular facet.

Second cervical vertebra

The second cervical vertebra (axis) has a column-like process
projecting toward the cranium from the upper portion of the
vertebral body. The odontoid process forms a pivot for the
rotation of the atlas and cranium. It is said that the odontoid
process is the parts, which were supposed to become the body
of vertebra; but were separated from the first cervical, and
fused with the second cervical. Incidentally, after a cremation
in Japan, this odontoid process, called “Nodo-botoke (lit.

Buddha in the throat),” is picked up and treated carefully.
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Thoracic vertebrae

The thoracic vertebrae consist of 12 vertebrae in the chest
region, each of which has articular surfaces joined to ribs. In
a standing posture, as an entire connection, these vertebrae
curve backward. The first to the ninth thoracic vertebrae have
both superior and inferior costal facets for articulation with the
ribs. However, the tenth thoracic vertebra has superior costal
facets only. The eleventh and twelfth thoracic vertebrae have
costal facets at the center of the lateral surface of the vertebral
body. The vertebral body increases in size from upper to
lower. The body of the upper thoracic vertebrae is oval in the
lateral direction, similar to the body of the cervical vertebrae.
The body of the mid thoracic vertebrae is heart-shaped and
oval in the anterior-posterior direction. The body of the lower
thoracic vertebrae is long laterally and oval-shaped similar to
the body of the lumbar vertebrae. The spinous process is long,
projecting downward steeply. The lateral processes are well
developed, increasing in size from superior to inferior, attain
the maximum size at the eighth thoracic vertebra, and then
decrease toward the furthest inferior.
Lumbar vertebrae

The lumbar vertebrae consist of five large and firm
vertebrae. The vertebral body is oval-shaped, long laterally,
and the largest of all vertebrae. The lower the location is,
the larger the width increases. The vertebral arch is thick
and solid with a prominent superior vertebral notch and an
inferior vertebral notch. In a standing posture, these vertebrae
curve forwards. The spinous processes are larger but shorter
than those of the thoracic vertebrae, and project almost flatly
backward.
Sacrum

The sacrum is a single bone. However, it is formed by the
fusion of five sacral vertebrae. The sacrum also forms the
posterior wall of the pelvis. The shape is an inverted triangle.
The lower the location is, the smaller the thickness becomes.
The sacrum curves forwards. The anterior surface is smooth
and the posterior surface is an uneven convex with five long
vertical ridges, which are the remains of the piled sacral
processes. The configurations of the sacrum differ noticeably
between the sexes. The female sacrum is wider, shorter,
and less curved. The male sacrum, in contrast, is narrower,
longer, and more fully curved. Below the sacrum is the coccyx,

comprising three or six coccygeal vertebrae fused together.
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6. Bones of upper limbs

Scapula

The scapula is a triangular, flat bone in the region of the
upper dorsal thorax between the second and eighth ribs. It is
an important bone forming the pectoral girdle and connecting
the humerus with the axial skeleton. On the upper external
border is the glenoid cavity where the humerus articulates.
The coracoid process is on the anterior surface and the
spine of the scapula is on the posterior surface. Although it
is uniquely shaped, this element is thin and flat, and thus is
rarely retrieved without damage due to factors such as earth

pressure.

Clavicle

The clavicles are long bones gently twisted in an S-shape
located on both sides of the upper chest. The medial (sternal)
end is circular in cross section. With the subclavian groove
and other muscular tuberosities, the inferior surface is rougher
than the superior. Unlike the round sternal end, the acromial

(lateral) end expands flatly.

Sternum, Ribs

The sternum is a flattened bone, forming the anterior wall
of the thorax. Its upper end supports the clavicles, and its
margins articulate with the cartilages of the first seven pairs of
ribs. It consists of three parts, named from above downward,
the manubrium, the body or gladiolus, and the xiphoid process.
The junction of the manubrium and the body forming the
sternal angle.

The ribs are elastic arches of bone, which form a large part
of the thoracic skeleton. They are twelve in number on either
side. The first seven are connected behind with the vertebral
column, and in front, through the intervention of the costal
cartilages, with the sternum. The ribs increase in length from
the first to the seventh, below which they diminish to the
twelfth.

L’_ﬂ;
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Humerus

The humerus is a thick, long bone comprising the shaft
and the proximal and distal epiphysis. Its proximal epiphysis
forms the shoulder joint with the scapula. The head of the
humerus, which articulates with the scapula, is hemispheric. In
the region slightly above the center of the shaft is the deltoid
tuberosity, which is more developed in males than in females.
The proximal half of the shaft is cylindrical, while the distal
half is triangular and rather flattened in the anterior-posterior
direction in the portion close to the distal end. Unlike the
proximal, the distal articular surface is formed for trochlear
articulation with the forearm (radius and ulna). There are the
coronoid fossa above the trochlea, and radial fossa above the
capitulum at which the coronoid process of the ulna and the
anterior surface of the head of radius fit on the anterior face,
and a deep olecranon fossa on the posterior face of the distal
end. The distal and proximal ends are in a skewed relationship.
The degree of the skew increases as age nears maturity, and
is known to be greater in the male than in the female. The
union of the distal epiphysis completes earlier than that of the
proximal; the completion of both occurs at approximately 20

years of age.

Radius

The radius is a long bone in the lateral antebrachium-
thumb side of the forearm. At the proximal and distal ends
it articulates with the ulna in the medial antebrachium. The
head of the radius proximally articulates with the humerus.
The distal portion is broadened in stages. The central portion
of the shaft is teardrop-shaped in cross section. The shaft is
slightly dented inside, showing a gentle curve as a whole, and
the inner distal end projects toward the ulna. The tubercle
on the anteromedial side of the proximal radius is the radial
tuberosity. The proximal epiphysis fuses completely earlier
than the distal; however, the distal epiphysis also fuses

completely at approximately 20 years of age.
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Ulna

The ulna is another long bone located inside the medial
forearm (i.e. the little finger side), adjacent to the radius.
Contrary to the radius, it narrows distally. The position of the
distal end is almost the same as the radius, notwithstanding
that the proximal end of the ulna is far more superiorly
positioned than the radius. At the proximal end is the
olecranon, which forms the elbow joint along with the humerus
and the radius. At the distal end is the styloid process on the
side of the little finger. The central portion of the shaft is
acutely triangular in cross section. The fusion of the proximal
epiphysis completes earlier than the distal epiphysis; however,
the distal epiphysis also fuses completely at about 20 years of
age (Fig.8).

Bones of hand

A hand has 27 bones in total (54 for both hands), including
8 carpals, 5 metacarpals, and 14 phalanxes (5 proximal
phalanxes, 4 middle phalanxes, and 5 distal phalanxes. The
thumb does not have middle phalanxes). In the anatomical
position, unlike tetrapods, the thumbs are exterior, the little
fingers are interior, the palms are anterior, and the back of the

hand is posterior.
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7. The lower limb

Coxa

The human coxa is characteristically shaped for bipedal
walking, and is easily distinguishable from large quadrupedal
mammals. The coxa is the left-and-right paired bones which
articulate with the femur at the acetabulum and posteriorly
connect with the sacrum to form the pelvis. The coxa was
originally formed through the fusion of three bones: the
ilium, pubis, and the ischium. These three bones meet at the
acetabulum forming a Y-shaped cartilage. At this acetabulum,
the coxa articulates with the femur. The fusion of the coxa
completes at approximately 16 years of age; age estimation
based on the progress of fusion is therefore possible. Since the
coxa is the part at which differences between the sexes can be
identified most significantly among whole body, and is useful
for sex determination and the estimation of age, it is highly

desirable that it is handled carefully during excavation.
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Femur

The femur is the largest and the longest bone in the human
skeleton. The head of the femur articulates with the coxal
bone. It is spherical in shape, and the size of a ping pong ball.
In the proximal portion are two processes, the greater and
lesser trochanters to which muscles linking to the coxal bone
attach. On the posterior face of the shaft is the linea aspera for
muscles related to motion of the lower limbs. The linea aspera
of the Jomon people developed prominently to form a pilaster.
Above the linea aspera is the gluteal tuberosity, to which the
gluteus maximus muscle attaches. In some cases, the gluteal
tuberosity is extremely elevated to form the third trochanter.
Although the shaft is hollow, excavated femurs are less fragile
than any other elements of the skeleton due to the thick
cortical bone and the solid epiphysis. Since the femur is most
directly proportional to height, it is possible to estimate the
height of an individual by measuring the femur. As differences
in the size of the caput femoris (head) and the diaphysis (shaft)
between the sexes are comparatively clear (male > female),
the femur is also usable for sex determination. For all that, as
the characteristics of each individual bone very depending on
era and living environments, the sex determination requires
comparison between many individuals unearthed at the same
site. The proximal ends completely fuse prior to the distal ends;
at approximately of 20 years of age the growth is complete
(Fig.8).
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Tibia

The tibia is a thick and long bone in an anteromedial position
below the femur, postlaterally articulating with the fibula at
both proximal and distal ends. The proximal end is particularly
enlarged with a medial condyle and a lateral condyle. On the
proximal face are oval-shaped medial and lateral condyles, and
a slightly concave smooth articular facet for the medial condyle
and the lateral condyle of the femur. The front of the anterior
surface is elevated sharply anteriorly. The anterior surface
(shin) separates the shaft into the medial and lateral sides.
The medial side extends longer distally to form the medial
malleolus. The medial malleolus forms the inner ankle. On the
posterior surface, the soleal line crosses from superolateral to
inferomedial. Inferior to the soleal line is a linea aspera called
the vertical line. The vertical line is prominent in the Jomon
people, and often absent or obscure in modern people. The shaft
is triangular and thins distally. It is slightly twisted outside
to present a gentle S curve. The cross-sectional shape is not
necessarily triangular; it can be a rhombus with a developed
vertical depending on living environments. The union of the
distal epiphysis occurs prior to that of the proximal. Overall

growth completes at approximately 25 years of age (Fig.8).

Fibula

The fibula is a long bone in the postlateral portion of the
lower leg. It articulates with the tibia at the proximal and
distal ends, not articulating directly with the femur. The fibula
is extremely thin in comparison with the tibia. The distal
end projects more inferiorly, forming the lateral malleolus.
The head of the fibula is swollen to a pyramid form. The
lateral malleolus forms the lateral ankle. Union of epiphysis
completes earlier in the distal. Proximal growth completes at

approximately 20 years of age (Fig.8).
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Patella

The patella is a large sesamoid bone (i.e. bone fragment
found in the tendon or the articular capsule that fused with
the tendon) in the tendon of the quadricepts, and is located in
front of the knee joint. It has an inverted chestnut shape and is
commonly referred to as the knee cap. Posteriorly, the articular
surface is larger on the lateral side than that on the medial
side. Accordingly, if a body is laid so that the articular surface
is directed downward, it inclines towards the lateral side.
Careful attention should be paid not to overlook the patella
during the excavation of a hole-shaped grave; because, in the
case of flexed burials, it may be found earlier in the upper

layers than other bones.

Bones of foot

The skeleton of the foot consists of three parts: the tarsus,
metatarsus, and phalanges. The tarsal bones are seven in
number, viz., the calcaneus, talus, cuboid, navicular, and the
first, second, and third cuneiforms. The metatarsus consists
of five bones which are numbered from the medial side (ossa
metatarsalia 1.-V.); each presents for examination a body and
two extremities. The phalanges of the foot correspond, in
number and general arrangement, with those of the hand;
there are two in the great toe, and three in each of the other

toes.

Talus/Calcaneus

Of the tarsals, the talus is located at the highest position
between the ossa cruris and other proximal tarsals. It
articulates proximally with the tibia, posteriorly with the
calcaneus, and distally with other tarsals. It bears the
full weight to the foot. In some cases a "squatting facet",
considered to be caused by frequent squatting, is observed.
Therefore the talus is an important bone for life environment
research. The calcaneus, or “heel bone”, is one of the tarsals
linking to the talus. With an anteroposteriorly long, irregular,
and boxy shape, it is the largest bone among the tarsals. The
anterior portion, the calcaneus body, is where the talus rests.
The tarsals also include one navicular, three cuneiforms, and

one cuboid.
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3. Estimation of sex and age

[Determination of sex]

As infant bones generally show no significant differences
between the sexes, in many cases, precise determination is
quite difficult. After puberty, the differences between the sexes
can be found in each part of the whole skeletal structure as
listed below. The shape of the pelvis closely related to birth
delivery especially shows a significant difference between the
two sexes.

a. Cranium: Degree of development of glabella/superciliary
arch, mastoid, and occipital external protuberance (male >
female)

b. Coxa: Sulcus preauricularis (more developed in the female),
subpubic angle (female > male), opening of the greater
sciatic notch (female>male), pubic length/ischium length
(female>male)

c. Bones of extremities: Size of the circumferential length of a
body or the caput of bone (male > female);

Degree of the development of the region where muscles are
attached (e.g. linea aspera of the femur, deltoid tuberosity of
the humerus, etc.; (male > female))

Incidentally, morphological features often vary depending
on population and period of time. For example, the Jomon
people generally had sturdy skeletal structures in contrast
to the Edo people who were slightly built. Accordingly, after
the observation of many Jomon bones, one may misidentify
the sex of the males of the Edo Period as female. Therefore,
sex determination based on the cranium and or the bones of
extremities should be made by taking into consideration the
information about the time period or area the group of the

individual targeted for determination belonged to.
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The pelvis is the bone used for the determination of sex and
estimation of age, and holds rich information for the research
of human bones. Since it is closely related to childbirth, it
bears the most prominent differences between the sexes
among the whole skeletal structure. the sub-pubis angle in
the anterior part of the pelvis is acute in the male and obtuse
in the female. The female pubis is long and rectangular. The
angle of the greater sciatic notch is larger in the female than
in the male. As a rough criterion for instant sex determination
at an excavation site, if the angle of the greater sciatic notch is
closer to the angle made between the second and third fingers,
it indicates a high probability of being male. If the angle is
closer to that made between the thumb and second finger, it
indicates a high probability of being female. The obturator
foramen is generally larger in the male. The female auricular
surface is elevated with a groove in the supraposterior portion.
The iliac tuberosity is more protuberant and the postauricular

sulcus is absent in the male.

Sulcus preauricularis (Pregnancy imprint)

The sulcus preauricularis (pregnancy imprint) means the
grooves or concave areas found on the lower regionof the coxal
bone surface (auricular surface) articulating to the sacrum.
These grooves or concave areas are considered as “pregnancy
imprints”, which are caused by pregnancy or delivery. In short,
the sulcus preauricularis is useful for determining sex, because
if a pregnancy imprint is found on an unearthed coxa, the
buried person can be considered female. For all that, attention
should be given to the possibility that in some cases, shallow
grooves are formed even on the male coxal bone surface. The
grooves or concave areas of the pregnancy imprint vary in
width and depth; clearer grooves or concave areas suggest
multiple deliveries. Therefore, the existence or nonexistence
of a pregnancy imprint on ancient human bones or the depth
of the imprint groove or concave area provide clues to the
birth rate or population of the group to which the buried
person belonged. Incidentally, the coxa is fragile with a twisted
and complicated shape; particular care should therefore be

exercised when picking them up at the site.
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[Estimation of age]
Estimation of age at death is made based on observation on

the following areas in which aging alteration is comparatively

clear:
L e RIS S b N NIorS
A WOBIRD (REMO ) 5 & UIBHEE A. State of tooth eruption (only growth period) and the degree
B. SsERE & OWEIE of tooth attrition
C. BB ANE B. Degree of agglutination of cranial suture
D. IE#E4Sm C. Degree of agglutination of epiphyseal lines
E. 58 5 R D. Symphysial surface
E. Auricular surface of coxa
BORERR, & L OB State of tooth eruption and the degree of tooth attrition
TR OHEEIZ DWW T, IO T LB~ As explained in the chapter of teeth, the Age at Death”,
TWAD, EIIREICE> THE D S KA. B~  the deciduous teeth of mammals are replaced by permanent
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KRELREZET LR D, WP HBEAICVZZERET
B L 72 N OAE#HEE I, B il th o HE1T B B AT
ROEEESFE . (K4, 5, 7) Tz, s,
TR X ) FEAHEAT T 5 DT, ZORFEITH
O BBLEZOERBEETTETH D, 72720,
DIRFEIIEATFTOENICE ) KE B SNL DT,
REAG IS & B BB A K & v, B 21, MSTA
uﬁﬁﬁA CHARTHE LS OISR L, BIE
ETLEWMECETTVH-TLEIZLLE
L<&wobtﬁof v OISR X B A
FEVNIERENDOEEBHIINETH .

teeth during an individual's growth. Furthermore, each of the
loose cranium elements fuses with the neighboring elements
to eventually form one large cranium. For the estimation of
age at death of someone who died during the growth stages
from infancy to adulthood, the phase of dental eruption is
the most reliable criterion (Fig.4.5.7). In addition, since teeth
attrition progresses due mainly to mastication after eruption,
they enable rough estimation of age based on the degree of
attrition. Nonetheless, tooth attrition heavily affected by the
differences between eating habits makes a large difference
between groups, depending on time period and area. For
example, the tooth attrition of the Jomon people progressed
quite rapidly compared to near modern and modern Japanese
people, and their teeth commonly wore out close to the root
when they attained an older age. Accordingly, the estimation

of age based on the degree of tooth attrition requires

consideration of differences between groups.
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Fig.4. Estimation of age from dental development Modified from Brothwell (1963)
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Fig.5. Eruption stage of every age
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Degree of agglutination of cranial suture

The estimation of age based on the cranium generally
depends on the state of progress of calvarial sutures. After
growing up, calvarial sutures gradually close up with age. The
lamina interna (inside) starts agglutination earlier than the
lamina externa (outside). However, this method of estimation
is quite rough. It is particularly difficult to figure out the state
of the lamina interna during an excavation survey, unless it is

broken when picked up.

Degree of agglutination of epiphyseal lines

Length increases of the bones of the extremities due to
the growth of the cartilage layer between the joint region
(epiphyseal region) and the shaft (diaphyseal region). The
thickness increases due to the ossification of the periosteum
which wraps the bones. After growth ends, the cartilage layer
ossifies, meanwhile the epiphyseal and the diaphyseal regions
are unified (agglutinated)) to each other. If an individual died
before his or her long bones had completely ossified, the
cartilage layers will disappear into the earth, and the joint
region and the shaft will be separated. Therefore, it is not very
difficult to determine whether the individual was still growing
or a grown-up. Since the age at which ossification stops in
each region is fixed to a certain degree, a rough estimation
of age is possible by observing the state the progress of
ossification of the epiphysial lines of unearthed human bones
(Fig.8). Furthermore, it is also possible to estimate the age of
an individual who was still growing by measuring the length
of the bones of the extremities (in most cases, the maximum
length of the diaphysis (shaft) is adopted, excluding the length
of the epiphyseal region).

Age estimation using symphysial surface

The symphysial surface area is extremely fragile, and the
complete form is rarely excavated. For all that, the symphysial
surface of a fully-grown individual is useful for the estimation
of age, because it alters from an uneven surface to a flat,
smooth surface with age. Todd describes the changes in the
shape of the symphysial surface with age. (Todd 1920, Seto,
Yoshino, 1900 Fig.6).
1. 18-19 years: Symphyseal face rugged, traversed
anteroposteriorly by horizontal ridges separated by well-
marked grooves. Nodules fusing with the surface not present.
Il. 20-21 years: Symphyseal surface still rugged. Horizontal
grooves are becoming filled near their dorsal limit with new,
finely textured bone. Dorsal delimiting margin begins to
develop. Ventral bevel commences. No delimitation of the
extremities.
I11. 22-24 years: Symphyseal face shows progressive
obliteration of ridge and furrow system. Commencing

formation of a dorsal platform. Bony nodules may be present.
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Definition of dorsal margin. Ventral bevel more pronounced.
IV. 25-26 years: Increase of ventral beveled area. Commencing
delimitation of lower extremity.

V. 27-30 years: Besides sporadic invasive development of
ventral margin, little change in symphyseal face and dorsal
platform. Lower extremity better defined. Upper extremity
forming.

VI. 30-35 years: Greater differences between individuals and
increased difficulty of sexing. Completion of oval outline
of sympyseal face. Increasing definition of extremities.
Completion of ventral rampart. Retention of some granular
appearance of symphyseal face

VII. 35-39 years: Face and ventral aspect change from granular
to fine-grained bone from diminishing. Sification of tendinous
and ligamentous attachments.

VIIl. 39-44 years: Symphyseal face and ventral aspect of pubic
bone generally smooth and inactive. Oval outline complete.
Extremities clearly defined. No distinct "rim" to symphyseal
face. No marked lipping of ventral or dorsal margin.

IX. 45- 50 years: Symphyseal face presents a marked rim.
Dorsal margin clearly lipped; ventral margin irregularly lipped.
X. 50+years: Rarefaction of face and irregular ossification.
Ventral margin eroded. Age estimation based on the pubic
symphyseal method is reliable for ages up to 39 years. The
range of variation among individuals over 40 years increases

with age. Age estimation of the age over 50 is quite difficult.

i
X 6

REREHEICKSEHAE (Todd 1920)

i X

Fig.6. Age presumption by facies symphysialis Modified from Todd (1920)
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Fig.7. Deciduous and permanent dentitions of Homo sapiens and domestic animals. Average dates of eruption and replacement of teeth
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