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PREFACE

This edition of Professor R.D. Sinelnikov's Atlas of Human
Anatomy is a translation of the 5th Russian edition. The Atlas was
first published in 1952-1958 and has for more than 30 years served
in training several generations of medical students and physicians
working in various branches of medicine. Adherence to the princi-
ples on which the book is based, as well as the continuing need for
it, explain why five editions of it in Russian, four in Spanish, and
two in Czech have been published. A translation of the Atlas into
Arabic is currently being prepared for publication. In preparing
every new edition extensive research was carried out to supplement
and improve the material of the boak and to update it on the basis
of the achievements of modern anatomical science. Up till 1981
work on the Atlas was conducted by R.D. Sinelnikov with the col-
laboration of Ya.R.Sinelnikov and in recent years only by
Ya.R. Sinelnikov.

Several new drawings have been added to this edition and new
sections introduced pertaining to age features, particularly to those
of children. To bring the fundamental theoretical discipline, which
is what human anatomy is, closer to clinical practice, much space
among the illustrations has been allotted to radiographs.

The illustrations and the terminology in the text conform with
the Paris Nomina Anatomica (PNA)'. However, some Latin names
on the illustrations are given according to the Basle Nomina Anat-
omica (BNA). Many drawings have been redrawn to show the ana-
tomical structures included in the new nomenclature, the text has
been supplemented accordingly, and the subject index has been
updated.

! English equivalents to the Latin terms are given according to

the Birmingham Revision (BR) of the Paris Anatomical Nomen-
clature (PNA) ( Butterworths Medical Dictionary, 1978, second edition,
Editor-in-Chief MacDonald Critchley).

The material is presented in line with the dialectical principles
of studying the body as an organic whole with consideration of all
the links binding its systems. Special attention is focused on the
data of macro-microscopic anatomy.

The material in this edition is arranged in the following man-
ner. The first volume consists of sections on osteology, arthrology,
and myology. The second volume is devoted to splanchnology and
angiology. The third volume provides descriptions of the nervous
system, the sense organs, and the endocrine glands.

The sections on the science of the muscles and viscera point
out the connection of every skeletal muscle and each internal or-
gan with its nerves and vessels. Moreover, the description of the
bony canals, grooves, and foramina is supplemented by informa-
tion about the nerves and vessels which they transmit, thus making
it easier to understand the interrelations of the body’s different sys-
tems. The Atlas contains illustrations of complex preparations al-
lowing simultaneous study of several parts of the body, which en-
sures a deeper knowledge of the links binding the different parts
into a single whole,

Some of the illustrations in the Atlas demonstrate not only the
features of normal anatomy, but the existing topographo-anatomi-
cal correlations so as to bring anatomical concepts close to the re-
quirements of medical practice.

The illustrations to this edition were made by different artists
over a span of more than thirty years, Foremost among these illus-
trators were A.A, Alekseev and F.K. Kovbasa, who made the grea-
ter number of original drawings. With the addition of new illustra-
tions which was necessary as the systematic revision of the Atlas
progressed, the old ones of the former editions were corrected and
updated.

Prof. Ya.R. Sinelnikov



ABBREVIATIONS AND SYMBOLS

A., a., Aa., aa,—arteria, arteriae.

V., v.,, VV,, vv.—vena, venae.

M., m., Mm., mm.—musculus, musculi.

Lig., lig., Ligg., ligg.—ligamentum, ligamenta.

Gl, gl., Gl gll.—glandula, glandulae.

N., n., Nn., nn.—nervus, nervi.

R., r., Rr., rr.—ramus, rami.

S., seu, sive—or.

C;, Gy, Cy—first, second, third cervical nerve.

Th;, Thy, Thy—first, second, third thoracic nerve.

L, Ly, Ly—first, second, third lumbar nerve.

51, Sqa, S3—first, second, third sacral nerve.

Constantly present nerve segments are put in round brackets, e.g. (C,, Cy), (Th,, Thy).

Inconstantly present nerve segments are put in round brackets which are enclosed within square brackets,
e.g. [Ci(Cy)-Ci(Cy)).

(%), (%) etc. in the captions show the proportion of the size of the drawings to the natural size.
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THE
SCIENCE
OF

THE BONES
Osteologia



The skeleton formed by bones and joints is the supporting
structure of the human body.

The bones (ossa) give rigid support to the soft tissues of the
body and form levers which move due to muscle contraction,

In the whole body the bones form the skeletal system (systema
skeletale) (Figs 1, 2, and 3b) which is made up of the axial skeleton
(skeleton axiale) and the appendicular skeleton (skeleton appendicu-
lare). The skull (cranium), the spinal column (columna vertebralis),
and the chest bones (ossa thoracis) form the axial skeleton. The ap-
pendicular skeleton consists of the bones of the upper limbs (ossa
membrt superioris) and the bones of the lower limbs {ossa membri infe-
rioris).

The skeletal system includes over 200 bones, 85 of which are
paired.

Each bone is a complex organ composed of various types of
connective tissue; it contains bone marrow which is supplied with
vessels and nerves.

Most bones of a human adult consist of a bony and cartilagi-
nous framework, as a result of which a bony part (pars ossea) and a
cartilaginous part (pars cartilaginosa) are distinguished in the skele-
tal system. The bony part makes up most of the bone. The articu-
lar cartilages (eartilagines articulares), the epiphyseal cartilages (ear-
tilagines epiphysiales) (Figs 5, 6, and 7), and the costal cartilages
(cartilagines costales) form the cartilaginous part of the skeletal sys-
tem.

On the outside the bone is covered with a fine connective-tis-
sue membrane, the periosteum (Fig. 4), in which a fibrous and an
osteogenic layer are distinguished. The superficially situated
fibrous layer is connected to the bone by fibres penetrating the
bone and contains blood and lymph vessels and nerves. From this
layer the vessels and nerves pass into the bone through nutrient
foramina (foramina nutricia) and thence into the nutrient canal
(canalis nutricus). The inner osteogenic layer contains osteogenic
cells (osteoblasts) which take part in the processes of development
and reorganization of bony tissue under normal conditions and af-
ter injuries and fractures. At the junction with the articular carti-
lage covering the ends of the bone, the periosteum is continuous
with the perichondrium. As a result the bone as an organ is
covered with a continuous connective-tissue membrane, This
membrane covers the surface of the bone and all the structures
situated on it: processes, spines, cristae, tubers, tubercles, rough-
ened lines (lineae asperae), pits and depressions (fovea, fossae), etc.

The bone is lined on the inside by a finer membrane, the en-
dosteum.

According to shape, long bones (ossa longa), short bones (ossa
brevia), and Hat bones (ossa plana) are distinguished (Fig. 3a). Some
bones contain cavities filled with air and are called pneumatic (ossa

pmeumatica).

The long bones (humerus, clavicle, femur, phalanges, etc.)
have a middle part, the diaphysis, and two end parts, the epiph-
yses. The epiphysis located closer to the axial skeleton is called the
proximal epiphysis (epiphysis proximalis), the epiphysis of the same
bone but situated further from the axial skeleton is called the dis-
tal epiphysis (epiphysis distalis) (Fig. 5). The wider parts of long
bones between the diaphysis and the epiphysis are known as meta-
physes. Their boundaries are visible only in the bones of children
and adolescents when a cartilaginous layer, the epiphyseal carti-
lage (cartilago epiphysialis) (Figs 5, 7), still remains between the di-
aphysis and epiphyses. The bone grows intensely in length at the
expense of this cartilage, which is later replaced by bony tissue
forming the epiphyseal line (linea epiphysialis), which can hardly be
detected with age.

In a cross-section of a long bone (Fig. 6) one can distinguish
the compact substance (substantia compacta) forming the outer lay-
ers of the bone and the spongy (cancellous) substance (substantia
spongiosa) found deeper than the compact substance, mainly in the
epiphyses and metaphyses. In the diaphyses of long tubular bones
the compact substance surrounds the medullary canal (cavitas me-
dullaris) shaped like a tube.

A cross-section of short bones (Fig. 3a) (vertebrae, carpal
bones, tarsal bones, etc.) reveals on the surface a thinner layer of
compact substance surrounding the trabeculae of the spongy sub-
stance which forms the greater part of the bone. The trabeculae of
the spongy substance form a complex meshwork but are arranged
in each bone of the skeletal system strictly in accordance with the
functional loads.

In the flat bones (Fig. 3a) (the bones of the skull cap, shoulder
blade, pelvic bone, etc.) the spongy substance, in contrast, usually
forms a thinner layer and is surrounded on both sides by plates of
the compact substance. In the bones of the skull cap, however, the
spongy substance is sufficiently developed. It is known as diploé
(Fig. 8) and is sandwiched between the outer and inner plates of
the compact substance (lamina externa and lamina interna). Diplo-
etic canals (canales diploia) providing for the passage of venous ves-
sels extend through the spongy substance of the skull-cap bones.

The meshes of the spongy substance and the medullary canal
contain the bone marrow (medulla ossium). Red marrow (medulla os-
sium rubra) and yellow marrow (medulla essium flava) are distin-
guished.

The red marrow possesses high functional activity and is ca-
pable of forming blood cells of the myeloid series. With the devel-
opment and growth of the organism, the red marrow is gradually
replaced by the yellow marrow. The yellow marrow is less active
and plays a reserve role, but under certain conditions it may be ac-
tivated.
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1. Skeleton, anterior aspect (%).
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THE SKELETON

2. Skeleton, posterior aspect (%,).
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3a. Bones of different shape.

1 —long bones fassa longi) {1 A—humerus; 1 B—metacarpal bone and phalanges); 2—short
bones fosta breves) (2 A—carpal bones; 2B —vertebra); 3—flat bone fas planum) (pelvic bone,

E coxae },




THE SKELETON OF THE FOETUS
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3b. Four-month-old foetus (drawing made from a
radiograph).

(Brown— bony tissue; blue— cartilaginous tissue; grey — connective tis-
sue between the bones of the skull.)
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~— Proximal epiphysis

Line of epiphyseal cartilage

External laver of periosteum

Internal layer of periosteum

Diaphysis

Line of epiphyseal cartilage

Distal epiphysis

- 'l - " . 1
4. Periosteum (). 5. Diaphysis and epiphyses (%)
(Right tibia, front aspect. The periosteum is cut (Right tibia, front aspect, The epiphyses are not
and drawn aside in the middle parts of the fused with the diaphysis.)

bone.)



THE COMPACT AND SPONGY SUBSTANCE OF THE BONE
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Line of epiphyseal cartilage

Substantia spongiosa

—= Substantia compacta

Cavum medullare

Line of epiphyseal cartilage

6. Compact substance of bone (substantia compacta);
spongy substance of bone (substantia spongiosa); mar-
row cavity, or medullary canal (cavum medullare) (Y5).

(Right tibia, frontal section.)
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THE DIAPHYSIS, EPIPHYSES

7. Epiphyseal cartilages (radiograph).
(Right knee joint of a 12-year-old child.)

1 —femoral diaphysis

2 —patelia

3—zone of epiphyseal cantilage
4—distal femoral epiphysis
d—proximal tibial epiphysis
G—zome of epiphyseal cantilage
7—tibial diaph}r;is

B— proximal fibular epiphysis
99— fibular diaphysis



THE SPONGY SUBSTANCE
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Lamina externa
Lamina interna

Cavum cranii

Canales diploici Diploe

8. Spongy substance of skull cap (diploé) (/).

{Skull, from the right side, with the lower jaw removed. The outer table, lam-
ina externa, of the skull bones is removed.) '



THE BONES OF THE TRUNK

Ossa trunci

The vertebrae, ribs, and the sternum are the bones of the trunk.

THE VERTEBRAE

The vertebrae, 33 or 34 in number, are rings placed one above
another which form a single column, the vertebral or spinal
column (columna vertebralis) (Fig. 9).

The vertebral column has the following parts: the cervical part
(pars cervicalis), the thoracic part (pars thoracica), the lumbar part
(pars lumbalis), the sacral part (pars sacralis), and the coccygeal part
(pars coccygea). In accordance with this, five groups of vertebrae are
distinguished: cerebral (vertebrae cervicae) (7), thoracic (vertebrac
thoracicae) (12), lambar (vertebrae lumbales) (5), sacral (vertebrae sac-
rales) (5), and coccygeal (vertebrae coccygeae) (4 or 5).

The vertebral column of a human adult forms four curvatures

in the sagittal plane: cervical, thoracic, lumbar (abdominal), and
sacral (pelvic). The cervical and lumbar curvatures are concave an-
teriorly, the condition being known as lordosis (Gk); the thoracic
and pelvic curvatures are convex anteriorly and are called kyphosis
(Gk).

In addition, all vertebrae are separated into two groups—true
and false vertebrae: the cervical, thoracic, and lumbar vertebrae
make up the first group, while the sacral vertebrae fused to form
the sacrum (o5 sacrum) and the coccygeal vertebrae fused to form
the coccyx (o5 cocoygis) belong to the second group.

THE VERTEBRA

The vertebra (see Figs 22 and 23) has a body, an arch, and pro-
CESSES,

The vertebral body (corpus vertebrae) is the anterior, thickened
part of the vertebra and is bounded superiorly and inferiorly by
surfaces facing, respectively, the adjacent proximal and distal
vertebrae, anteriorly and laterally by a slightly concave surface,
and posteriorly by a flat surface. The body of the vertebra, its pos-
terior surface in particular, has very many nutrient foramina (for-
amina nutriaa), which serve for the passage of vessels and nerves
into the bone substance. The bodies of the vertebrae are joined by
means of intervertebral discs (cartilages), as a result of which a
very flexible column, the vertebral column, is formed.

The vertebral arch (arcus vertebrae) forms the posterior and lat-
eral boundaries of the vertebral foramen (foramen vertebrale). The
foramina are placed one above the other to form the vertebral
canal (canalis vertebralis) which lodges the spinal cord. The arch
arises from the posterolateral edges of the vertebral body as a nar-
row segment, the pedicle of the vertebral arch (pediculus arcus verte-
brae). The superior and inferior surfaces of the pedicle bear the su-
perior vertebral netch (incsura vertebralis superior) and the inferior
vertebral notch (incisura vertebralis inferior). The superior notch of
one vertebra adjoins the inferior notch of the proximally situated
vertebra to form the intervertebral foramen (foramen intervertebrale),
which transmits the spinal nerves and vessels.



THE VERTEBRAL COLUMN
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The vertebral processes (processus vertebrales), seven in number,
project from the vertebral arch. One of them, unpaired, extends
from the middle of the arch and to the back and is called the spine
of the vertebra or spinous process (processus spinosus). The other
processes are paired. One pair, the superior articular processes
(processus articulares superiores) arise from the superior surface of the
arch; the other pair, the inferior articular processes (processus articu-

lares inferiores) project from the inferior surface of the arch; the
third pair, the transverse processes (processus fransversi), extend from
the lateral surfaces of the arch (see Figs 24-27).

The superior articular processes have superior articular facets
(facies articulares superiores); the inferior processes bear similar infe-
rior articular facets (facies articulares inferiores). Each vertebra articu-
lates with the adjacent distal vertebra by means of these facets.

CERVICAL VERTEBRAE

The cervical vertebrae (vertebrae cervicales) (Figs 9-21), seven in
number, are characterized by small low bodies (with the exception
of the first two vertebrae) which gradually become wider in the di-
rection of the last, seventh vertebra. The superior surface of the
body is slightly concave from right to left, while the inferior sur-
face is concave from front to back.

The vertebral foramen (foramen vertebrale) is wide and almost
triangular in shape.

The articular processes (processus articulares) are relatively short,
extend obliquely, and their articular facets are smooth or slightly
CONvex.

The spines or spinous processes (frocessus spinosus) increase in
length gradually from the second to the seventh vertebra. Except
in the case of the first and seventh vertebrae the spinous process is
bifid and slightly inclined downward.

The transverse processes (processus fransversus) are short and
project laterally. The superior surface of each process carries a
deep groove for the spinal nerve (sulcus neroi spinalis) (Fig. 13). It
separates an anterior tubercle from a posterior tubercle (fuberculum
anterius et fuberculum posterius) situated on the end of the transverse
process.

Tuberculum posterius

Arcus posterior

Sulcus arteriae vertebralis

Fovea articulanis

superior Foramen

transversarium

Arcus anterior

Tuberculum anterius

10. First cervical vertebra (atlas); superior
aspect ().

The sixth vertebra has a particularly developed anterior tuber-
cle. The common carotid artery (arferia carotis communis) stretches
in front of and close to the tubercle and can be pressed to it when
haemorrhage occurs, Hence the name carotid tubercle ftuberculum
caroficum).

The transverse process of the cervical vertebrae is formed of
two processes. The anterior one is the costal process (processus cos-
tarius), which is a rib rudiment; the posterior one is the true trans-
verse process (processus ransversus). Together they form the border
of the foramen transversarium transmitting the vertebral artery,
veins, and the attendant sympathetic nerve plexus.

In the cervical spine, the first vertebra, the atlas, the second,
the axis, and the seventh, the vertebra prominens, differ from the
common type of cervical vertebrae.

The first cervical vertebra, the atlas (Figs 10, 11, and 14) has
neither a body nor a spine but is a ring formed of two arches, ante-
rior and posterior (arcus anterior et arcus posterior), joined to one an-
other by two more developed lateral masses (massae laterales). Each
of these masses carries an oval concave superior articular facet (fo-
vea articularis superior), on the superior surface for articulation with
the occipital bone, and an almost flat inferior articular facet (fovea

Foramen vertebrale

Arcus posterior

Processus transversus

Fovea dentis

Processus costarius . - !
Fovea articularis inferior

Arcus anterior

11. Furst cervical vertebra (atlas); inferior
aspect ().

Foramen processus
transversarium
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articularis inferior), on the inferior surface for articulation with the
second servical vertebra.

The anterior arch (arcus enterior) bears an anterior tubercle (fu-
berculum anterius) on the anterior surface and a small facet for the
odontoid process (fovea deniis) on the posterior surface which ar-
ticulates with the dens of the axis.

The posterior arch (arcus posterior) has a posterior tubercle (tu-
berculum posterius) representing the spine. On the superior surface
of the arch is a groove for the vertebral artery (sulcus arieriae verte-
bralis); the groove is sometimes converted into a canal.

The second cervical vertebra, the axis (Figs 12-14), carries an
odontoid process (the dens) projecting upward from the body. The
atlas together with the skull rotates about the dens like about an
axis.

The anterior aspect of the dens carries an anterior articular

Dens

Facies articularis {

i 1
superior

Facies articularis
anterior

Processus
Lransversus )
Facies articularis

Corpus vertebrae Tt

12. Second cervical vertebra (axis); anterior

aspect ().

facet (facies articularis anterior) for articulation with fovea dentis of
the atlas. The posterior surface has a posterior articular facet (facies
articularis posterior), which the transverse ligament of the atlas (liga-
mentum transversum atlantis) adjoins. There are neither anterior and
posterior tubercles nor a groove for the spinal nerve on the trans-
VETSe Processes.

The seventh cervical vertebra, vertebra prominens (Fig. 19), is
distinguished by its long and non-bifid spinous process which is
easily palpated under the skin, thus the name. Furthermore, its
transverse processes are long, the foramen transversarium is very
small (it provides passage for the vertebral vein) and is even absent
in some cases.

A costal facet (fovea costalis), a mark left by articulation with the
head of the first rib, is often present on the lower edge of the
lateral surface of the body.

Facies articularis anterior
[ens

l Facies articularis posterior

Facies articularis superior

Foramen transversarium

Arcus vertebrae

Processus
spinosus

Processus articularis inferior

Corpus

¥ 5 LIS
vertehrae Processus

transversus

13. Second cervical vertebra (axis);
from the left side (!).
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Dens

Arcus anterior atlantis

Fovea ilrlii:lllﬂll'i‘. supenor

Processus
lransversus

Processus articularis
superior

é P Tuberculum

posterius

Tuberculum anterius Processus costarius

Corpus vertebrae

Arcus posterior atlantis

Processus spinosus Processus transversus

axis . !
Processus articularis
inferior axis Processus articulans inferior
14. First and second cervical vertebrae; from the 15. Sixth cervical vertebra (ver-

back and right side (). tebra cervicalis VI); anterior
aspect (1)

Processus spinosus

Arcus verlebrae i
- Processus spinosus

Incisura vertebralis _
superior Lamina
arcus vertebrae

Facies articulans
superor
Processus
ransversus
luberculum
posterius

Foramen

Facies articularis A
transversanum

inferior

i

o

. Processus
Processus costanus

transversus
Corpus veriebrae Corpus vertebrae
Foramen processus transversarium Tuberculum anterius
Tuberculum anterius Tuberculum posterius
16. Sixth cervical vertebra (ver- 17. Fourth cervical vertebra (ver-
tebra cervicalis VI); superior tebra cervicalis IV); inferior

aspect (). aspect (%).
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Processus articularis superior Processus articularis superior

Incisura vertebralis
superior

oo

) ) ) ) Tuberculum postenius
Facies articularis superior

Tuberculum
anterius

Processus spinosus

Processus spinosus

; . . Corpus vertebrae
Processus articularis inferior

Processus articularis inferior

) Incisura vertebralis inferior
Foramen transversarium

Processus

Corpus vertebrag Iransversus

18. Sixth cervical vertebra (vertebra 19. Seventh cervical vertebra (ver-

cervicalis V1); from the right side tebra fmminem); from the right
)

)

CA). side (

~— )
20. Cervical part of vertebral column 21. Cervical part of vertebral column; lateral
(radiograph). aspect (radiograph).

1 —body of fifth cervical vertebra 1 —first cervical vertebra

2—articulur process 2—second cervical vertebra

3—spinous process 3 =—transverse process

4 —spinous process
S—articular process
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THORACIC VERTEBRAE

The thoracic vertebrae (vertebrae thoracicae) (Figs 9, 22-25), 12
in number, are much higher and thicker than the cervical verte-
brae; their bodies gradually increase in size downwards toward the
lumbar vertebrae.

The posterolateral surface of the body carries two facets, the
superior costal facel (forea costalis superior), and the inferior costal
facet (fovea costalis inferior). The inferior facet of one vertebra joins
the superior facet of the adjacent distal vertebra to form a com-
plete articular facet, the site of articulation with the head of the
rib. The body of the first thoracic vertebra is an exception; it has a
complete costal facet for articulation with the head of the first rib
on the superior part of the posterolateral surface and a semifacet
for articulation with the head of the second rib on the inferior
part, The tenth vertebra has one semifacet on the superior edge of
the body. The bodies of the eleventh and twelfth vertebrae each
bear only one complete costal facet in the middle of each lateral
surface.

Processus spinosus

The arches of the thoracic vertebrae form nearly circular verte-
bral foramina which are, however, relatively smaller than those of
the cervical vertebrae.

The transverse process extends laterally and a little to the back
and carries a small costal facet (fovea costalis transversalis) for articu-
lation with the tubercle of the nib.

The articular surface of the articular processes lies in the fron-
tal plane and faces backwards on the superior process but forwards
on the inferior process.

The spinous processes are long, three-sided, pointed, and slope
downwards, Those of the middle thoracic vertebrae fit one over the
other like tiles,

The lower thoracic vertebrae are shaped more like the lumbar
vertebrae. The transverse processes of the twelfth thoracic vertebra
have on their posterior surface an accessory process (processus acces-
sorius) and a mamillary process (processus mamillaris).

Foramen Fovea mstal_is
Processus articularis vertebrale transversalis
Edrg Pediculus

Fobvea costalis
superior

arcus vertebrae

Corpus vertebrae

22. Eighth thoracic vertebra (vertebra thoracica V1I1I);

superior aspect ().
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Processus articularis superior

Fovéa coltilii transveiaatte Incisura vertebralis superior

Fovea costalis superior

s

Corpus vertebrae

Processus
transversus

7/

Processus articularis inferior

Fovea costalis inferior
Incisura vertebralis inferior

Processus spinosus

23. Eighth thoracic vertebra (ver-
tebra thoracica VIII); from the
right side (!).

Processus articularis superior

Incisura vertebralis superior

Processus

; Fovea costalis
mamillans # ;

transversalis  Corpus vertebrae

Processus |
ACCERSOTIUS

Processus

spinosus Incisura vertebralis inferior

Processus articularis inferior
Facies articulans inferior

24. Twelfth thoracic vertebra (vertebra 25. Thoracic part of vertebral column
thoracica X1I); from the right side (radiograph).
(%) | —first rib 4—transverse process

2 —costal facet 5—body of first thoracic vertebra
3 —spinous process
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LUMBAR VERTEBRAE

The lumbar vertebrae (vertebrae lumbalis) (Figs 9, 26-29), five
in number, are distinguished from other vertebrae by their large
size, The body of these vertebrae is bean-shaped, the arches are
strongly developed, and the vertebral foramen is larger than in the
thoracic segment and is shaped like an irregular triangle.

Each transverse process is in front of the articular process; it is
compressed from front to back, and projects laterally and a little to
the back. Its greater part is a rudiment of the rib and is therefore
called the costal process (processus costarius). On the posterior sur-
face of the base of the costal surface is a slightly detectable acces-
sory process (processus accessorius), which is a rudiment of the trans-
VETSE Process,

The spinous process is short and wide, thickened and rounded
at the end. The articular processes arise from the arch, project to
the back of the transverse process almost vertically. The articular
surfaces lie in the sagittal plane; the superior facet is concave and
faces medially, while the inferior surface is convex and faces later-
ally.

Upon articulation of two adjacent vertebrae, the superior ar-
ticular processes of one vertebra embrace the sides of the inferior
articular processes of the other. The superior articular process
bears a small mamillary process (processus mamillaris) on its postero-
lateral edge, the site of insertion of muscles.

Processus spinosus

Prosessus mamillans

Processus costarius

Processus articulars inferior

Processus articularis
superior

Pediculus arcus
veriebrae

—

Corpus vertebrae

&

26. Third lumbar vertebra (vertebra lumbalis I11); superior

aspect ().
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Processus articularis superior

Processus costarius

wiile] Y
i Corpus vertebrae

Incisura vertebralis superior

Processus 2o
mamillaris

Incisura vertebralis inferior
Processus spinosus

Facies articulanis inferior

27. Third lumbar vertebra (vertebra lumbalis 111); from the
right side (}).

Processus articularis superior y " ; )
Facies articularis superior

'y

+f
}
g

Processus mamillaris

Processus costarius

Probe in

foramen vertebrale Processus accessorius

Processus spinasus °

Processus articularis inferior

28. Third lumbar vertebra (vertebra lumbalis 111); posterior
aspect ().
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29. Lumbar segment of vertebral column (radio-
graph);

1 —twelfth thoracic veriehm 4 and 6—articular process

2—twelfth rib 5—spinous process
3—costal process 7 =first lumbar vertebra
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THE SACRUM

In an adult the sacral vertebrae (vertebrae sacrales) five in num-
ber, are fused to form a single bone, the sacrum.

The sacrum (os sacrum) (Figs 9 and 30-35) is wedge-shaped,; it
is located below the last lumbar vertebra and contributes to the
formation of the posterior wall of the true pelvis. The anterior and
posterior surfaces, two lateral borders, a base (with the wide part
directed upwards), and an apex (with the narrow part directed
downwards) are distinguished in the sacrum. A curved sacral canal
(canalis sacralis) runs through the bone from base to apex
(Figs 35-35).

The anterior surface of the sacrum is smooth and concave and
faces the pelvic cavity, thus it is called the pelvic surface (faces pel-
vina). It has traces of fusion of the bodies of the five sacral verte-
brae in the form of four parallel transverse ridges (lincae transver-
sae). Laterally to these ridges on each side are four anterior sacral
foramina (foramina sacralis pelvina), which lead posteriorly and me-

Foramina sacralia

pelvina

% \ : Basis ossis sacri
- o, ! |

dially into the cavity of the sacral canal (they transmit the anterior
rami of the sacral spinal nerves and the attendant vessels).

The dorsal sacral surface (faces dorsalis) (Fig. 31) is convex lon-
gitudinally, narrower than the pelvic surface, and rough. It carries
five bony tubercles descending one after another, They are formed
from fusion of the spinous, transverse, and articular processes of
the sacral vertebrae.

The spinous tubercles of the sacrum (orista sacralis mediana) are
formed as the result of fusion of the spinous processes of the sacral
vertebrae and are represented by four tubercles one above the
other, sometimes fused to form a single rough crest.

On both sides and lateral to the crista mediana and almost par-
allel to it stretches a weakly pronounced articular tubercle of sac-
rum (crista sacralis intermedia); it is formed by fusion of the superior
and inferior articular processes. Still laterally on each side is a well
pronounced series of transverse tubercles (crista sacralis lateralis),

Processus articulans
superior

\

/Pars lateralis

= [Lineae transversae

Apex ossis sacri

80. Sacrum (os sacrum); anterior aspect (7).

(Pelvic surface.)
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Foramina sacralia dorsalia

Processus
articularis
superior

Facies
auricularis

Crista sacralis
lateralis

Cornu sacrale '

Canalis sacralis

Processus articularis
superior

Tuberositas sacralis

Crista sacralis
imtermedia

F— Crista sacralis mediana

Hiatus sacralis

31. Sacrum (os sacrum); posterior aspect (7).

(Dorsal surface.)

which are formed from fusion of the transverse processes. On each
side between the articular and transverse tubercles there are four
dorsal sacral foramina (foramina sacralis dorsalia). They are some-
what smaller than the corresponding pelvic sacral foramina and
transmit the posterior rami of the sacral nerves,

The sacral canal {canalis sacralis) runs along the entire length of
the sacrum; it curves and is wider on top and narrower downwards.
[t is a direct downward continuation of the spinal canal. The sacral
canal communicates with the sacral foramina anteriorly and poste-
riorly via intervertebral foramina (foramina intervertebralia) lying in
the bone.

The base of the sacrum (basis ossis sacri) (Figs 30 and 35) carries
a transverse-oval depression for articulation with the inferior sur-
face of the body of the fifth lumbar vertebra, At the site of the ar-
ticulation the anterior border of the base projects markedly into
the pelvic cavity to form the promontory (promontorium). The supe-

rior articular processes (fprocessus articulares superiores) of the first
sacral vertebra project upward from the posterior part of the sacral
base. Their superior articular facets (facies articulares superiores) face
backwards and medially and articulate with the inferior articular
processes of the fifth lumbar vertebra. The entry into the sacral
canal is bounded by the posterior border of the base (arch) of the
sacrum with the superior articular processes projecting from it

The apex of the sacrum (apex ossis sacri) is narrow, blunt, and
has a small oval surface for articulation with the superior surface
of the coccyx. Here is the sacrococcygeal joint (junctura sacrococcy-
gea) (symphysis) (see Fig. 9).

Behind the apex, on the posterior surface of the sacrum, the ar-
ticular tubercles terminate as two small downward projections, the
sacral cornua (cornua sacralia). The posterior surface of the apex
and the sacral cornua form the borders of the opening of the sacral
canal, the sacral hiatus (hiatus sacralis).
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Processus articularis superior

Basis ossis sacn

Tuberositas
sacralis

Crista sacralis
mediana

Facies auricularis
Processus articularis
superior i

Basis ossis sacri

Crnista sacralis lateralis

Crista sacralis intermedia

Cornua sacralia A.J

Crista sacralis
mediana

32. Sacrum (os sacrum); from the

right side (%).

The superolateral part of the sacrum, lateral mass (pars latera-
lis), is formed by fusion of the transverse processes of the sacral
vertebrae.

The lateral surface of these parts (Fig. 32) has an articular au-
ricular surface (faaes auricularis), which articulates with the auricu- 33. Sacrum S(ﬂ 5 sam;m); from the
lar surface of the ilium (see The Bones of the Pelvic Girdle). i ght side ( )

To the back and medially of the auricular surface is a well pro- )
nounced sacral tuberosity (tuberositas sacralis), the site of attach- (Median longitudinal section.)
ment of the interosseous sacro-iliac ligaments.

The sacrum of a male is longer, narrower, and more curved
than that of a female.

Cornu sacrale
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Crista sacralis mediana

Canalis sacralis Processus articularis superior
L]

N

Pars lateralis
Basis ossis sacri

34. Sacrum (os sacrum); superior aspect (%).

Crista sacralis mediana

Canalis sacralis ]
[ A
k1

Crista sacralis intermedia

Foramen sacrale dorsale

“Lineae transversae

Apex 0ssis sacri

35. Sacrum (os sacrum) (¥;).

(Horizontal section through the second sacral vertebra.)
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THE COCCYX

The coccygeal vertebrae (vertebrae coceygeae), four or five and  articular processes in the form of small projections, coccygeal
less frequently three or six in number, fuse in the adult to form the  cornua (cornua coceygea), extending upwards and articulating with
COCCYX. the sacral cornua,

The coccyx (o5 coceygis) (Figs 9, 36 and 37) has the shape of a The superior surface of the coccyx has a slightly concave area
curved pyramid the base of which faces upwards and the apex  which articulates with the apex of the sacrum by means of the sac-
downwards. The vertebrae forming it possess only bodies. On each  rococcygeal joint (junctura sacrococcygea).
side of the first coccygeal vertebra are the remnants of the superior

Cornua coccygea

36. Coccyx (os coccygis) (Y1)
A—anterior aspect;
B —posterior aspect.

37 ” Sam'al ﬂﬂd cﬂ-cc‘}lggal Pa?‘t‘f l‘_‘?f 1 —fifth lumbar vertebra 4—pubic bone

L —szacrum 5—pubic arch

vertebral column (radiograph). 3 coceyx 6—ischial bone
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THE RIBS

The ribs (costae) (Figs 38-41) are narrow, curved strips of bone
differing in length. There are twelve pairs of them arranged sym-
metrically on both sides of the thoracic segment of the vertebral
column.

Each rib has a long bony part (s costale), a short cartilaginous
part, the costal cartilage (cartilago costalis), and two ends, an ante-
rior or sternal, and a posterior or vertebral,

The bony part of the rib has a head, neck, and a body, or shaft.
The head of the rib (caput costae) is at the vertebral end of the rib
and is a thickened part carrying the articular facet of the head of
the rib (facies articularis capitis costae). From the second to tenth rib
this facet is separated by a horizontal crest of the head of the rib
(erista capitis costae) into a smaller, superior, and a larger, inferior,
part, each articulating correspondingly with the costal facets of the
two adjacent vertebrae.

The narrowest and rounded part of the rib, the neck of the rib

Tuberculum costae 11

Tuberositas m. serrati /
anterioris .

Corpus —+
costag [1

Tuberculum —

costae l/

£

(collum costae) carries a crest (erista colli costae) on its superior border
(it is absent on the first and twelfth ribs).

At the junction with the shaft, the neck of the upper ten ribs
has a small tubercle of the rib (tuberculum costae), which has an ar-
ticular facet of tubercle of the rib (faces articularis tuberculi costae)
articulating with the transverse costal facet of the corresponding
vertebra.

The shaft of the rib (corpus costae) stretching from the tubercle
of the rib to the sternal end, is the longest segment of the bony
part of the rib. At some distance from the tubercle the shaft curves
considerably to form the angle of the rib (angulus costae). The angle
coincides only with the tubercle of the first rib, but on the other
ribs the distance between these structures increases (down to the
eleventh rib); the shaft of the twelfth rib does not form an angle.
The shaft of the rib is flattened along its entire distance and there-
fore two surfaces can be distinguished: an internal concave and an

Caput
e costae 11

Collum costae.11

Collum
costae 1
Caput costae |

Sulcus arteriae subclaviae

Tuberculum m. scaleni
ANterions

Suleus v, subclaviae

38. Right ribs (costae); superior aspect (7).

A —first rib;

B —second rib.
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Caput costae

Collum costae

Corpus costae

|

Facies articulans capitis
costae
Sulcus costae

3!/}. Right eighth rib (costa VIII); inner aspect
().

.

Crnista capitis
coslae

Facies articulans

tuberculi costae

Angulus costae

Corpus costae

40. Right eighth vib (costa VIII); outer and posterior
aspect (%).
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Corpus costae

Cartilago costalis

Facies articularis capitis

Caput costae

41. Right twelfth rib (costa XII); inner aspect (%).

external convex surface; and two borders: a rounded upper and a
sharp lower border. A costal groove (sulcus costae) (Fig. 39) lodging
the intercostal artery, vein, and nerve stretches on the internal sur-
face along the lower border.

The shape and position of a rib are as follows: the internal sur-
face is concave, the external surface is convex; the upper and lower
borders have the shape of a spiral; the rib itself twists about its
long axis.

The anterior end of the bony part of the rib bears a facet with
a slightly rough surface which is attached to the costal cartilage.

The costal cartilages (carfilagines costales) are a continuation of
the bony parts of the ribs. There are twelve pairs of them also.
They become longer gradually from the first to the seventh rib and
articulate directly with the sternum. The upper seven pairs of ribs
are referred to as true ribs (costae verae). The lower five pairs of ribs
are called false ribs (costae spuriae); the eleventh and twelfth ribs
are known as floating ribs (costae fluctuantes). The cartilages of the
eighth, ninth, and tenth ribs do not reach the sternum directly, but
each joins the cartilage of the rib directly above it. The cartilages
of the eleventh and twelfth (and sometimes the tenth) ribs do not
reach the sternum and their ends lie freely in the muscles of the
abdominal wall.

The first two and last two ribs possess some specific features,
The first rib (costa [) (Fig. 38) is shorter but wider than the other
ribs and its superior and inferior surfaces lie almost horizontally
like the external and internal surfaces of the remaining ribs. The
anterior part of the superior surface carries a tubercle for the at-
tachment of the scalenus anterior muscle called the scalene tuber-
cle (tuberculum musculi scalent anterioris). Laterally and posteriorly of
the tubercle is a shallow groove for the subclavian artery (sulcus ar-
teriae subclaviae) to the back of which is a small roughened surface
for insertion of the scalenus medius muscle (musculus scalenus me-
dius). To the front and medially of the tubercle is a less distinct
groove for the subclavian vein (sulcus venae subclaviae). The articular
facet on the head of the first rib has no separating crest; the neck is
long and thin; the angle of the rib coincides with the tubercle.

On its external surface the second rib {costa II) (Fig. 38) has a
roughened area, the tubercle for the serratus anterior muscle (tu-
berositas musculi serrati anterioris) from which this muscle arises.

The eleventh and twelfth ribs (costa X1 et costa X1I) (Fig. 41)
have articular facets which are not separated by a crest. The angle
of the rib, neck, tubercle, and costal groove are poorly marked on
the eleventh and absent on the twelfth rib,

THE STERNUM

The breast-bone, or sternum (Figs 42-44), is an elongated un-
paired bone with a slightly convex anterior surface and a corre-
spondingly concave posterior surface. It occupies part of the ante-
rior wall of the thorax. The manubrium, body, and xiphoid process
are distinguished on it. All these parts are joined to one another by
layers of cartilage which ossify with age.

The manubrium sterni is the widest part of the sternum, thick
in its upper part and thinner and narrower below. It bears on the
upper border the jugular notch (indsura jugularis) which is easily
palpated through the skin. Lateral to it on each side is the clavicu-
lar notch (incisura cdavicularis), the place of articulation of the ster-
num with the sternal end of the clavicle.
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Incisura jugularis

Incisura clavicularis
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—

42, Sternum; anterior aspect (%).
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= — Manubrium sterni
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Corpus sterni

Incisurae costales
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Incisura clavicularis

VY W —— Manubrium sterni
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VL VII — Angulus sterni
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Processus xiphoideus Incisura costalis IT%

Corpus sterni

Incisurae costales IT1, IV, V

\f 'I !

Incisurae costales V1, VII .4

48. Sternum; from the right side (%).

Processus xiphoideus
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A little lower on the lateral border is the costal notch for the*
first rib (incisura costalis I) providing for articulation with the carti-
lage of the first rib. Still lower 1s a small depression, the upper part
of the notch for the second rib. The lower part of this notch is on
the body of the sternum,

The body of the sternum (corpus sterni), though narrower, is al-
most three times longer than the manubrium. It is shorter in fe-
males than in males.

The anterior surface of the sternum bears poorly marked trans-
verse lines which are traces ol fusion during embryonal develop-
ment.

The cartilaginous union of the upper border of the body with
the lower border of the manubrium is called the manubriosternal
joint (synchondrosis manubriosternalis) (see Fig. 195). The body and
the manubrium meet at an obtuse open to the back angle of the
sternum (angulus sterni). This projection is on a level with the ar-
ticulation of the second rib with the sternum and is easily palpated
through the skin.

Four complete and two incomplete costal notches (incsurae cos-

tales) are distinguished on the lateral border of the body. They
serve for articulation of the sternum with the cartilages of the sec-
ond to seventh ribs. One of the incomplete notches is on the top of
the lateral border and corresponds to the cartilage of the second
rib, while the other is at the bottom of the lateral border and corre-
sponds to the cartilage of the seventh rib. The four complete
notches are arranged between them and correspond to the third to
sixth ribs.

The areas of the lateral borders between two adjacent costal
notches are shaped like crescentic depressions.

The xiphoid process (processus xiphoideus) is the shortest part of
the sternum and varies in size and shape. Its pointed or blunt apex
faces either forwards or backwards and has a bifid end or is perfo-
rated in the middle. A half-notch for articulation with the cartilage
of the seventh rib is located in the superolateral part of the pro-
cess.

By old age the xiphoid process undergoes ossification and be-
comes fused with the body of the sternum.

THE THORACIC CAGE

The thoracic cage (thorax) (Figs 44-47, a and b) is formed by
the thoracic segment of the spine, the ribs, and the sternum.

The thorax has the shape of a truncated cone with the wide
base facing downwards and the truncated apex upwards. An ante-
rior, posterior, and lateral walls and an upper (inlet) and lower
(outlet) apertures are distinguished in the thorax.

The anterior wall is shorter than the other walls and is formed
by the sternum and the costal cartilages. It slopes and therefore its
lower parts project forwards more than the upper parts. The poste-
rior wall, which is almost vertical, is longer than the anterior one
and is formed by the thoracic vertebrae and the parts of the ribs
from the heads to the angles.

On both sides of the external surface of the posterior wall, be-
tween the vertebral spines and the angles of the ribs, there is a
groove, the dorsal sulcus, accommodating the deep dorsal muscles.
On the internal surface of the wall, between the projecting verte-
bral bodies and the angles of the ribs, there are grooves, the pul-
monary sulci (suld pulmonale) (Fig. 46). The posterior borders of
the lungs adjoin these sulci.

The lateral walls are longer than either the anterior or poste-
rior wall. They are formed by the shafts of the ribs and are more or
less convex, depending on the individual features.

The spaces bounded by two adjacent ribs superiorly and inferi-
orly, by the lateral border of the sternum anteriorly, and by the
vertebrae posteriorly, are called intercostal spaces (spatia intercos-

talia). They are filled by ligaments, intercostal muscles, and mem-
branes.

The thoracic cavity (cavum thoracis) is bounded by the thoracic
walls and has two apertures (inlet and outlet).

The inlet of the thorax (apertura thoracis superior) is smaller than
the outlet and is bounded by the upper border of the manubrium
anteriorly, by the first ribs laterally, and by the body of the first
thoracic vertebra posteriorly. It is transversely-oval in shape and
lies in a plane sloping from back to front and downwards. The up-
per border of the manubrium sterni is on a level with the space be-
tween the second and third thoracic vertebrae.

The outlet of the thorax (apertura thoradis inferior) is bounded by
the xiphoid process and the costal arch formed by the ends of the
false ribs anteriorly, by the free ends of the eleventh and twelfth
ribs laterally, and by the lower borders of the twelfth ribs and the
body of the twelfth vertebra posteriorly.

At the xiphoid process the costal arch (arcus costalis) forms the
infrasternal angle (angulus infrasternalis) which is open downwards.

The thorax of different individuals varies in shape (it may be
flat, cylindrical or conical). A narrow thoracic cage is longer than a
wide one, its infrasternal angle is more acute, and the intercostal
spaces are wider, The thorax of males is longer, wider, and more
conical than that of females. Furthermore the shape of the thorax
depends on the individual’s age.
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44. Thorax; anterior aspect (%).
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Spatia intercostalia

45. Thorax; posterior aspect (%).
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46. Skeleton of thoracic segment (V).

(Relation of ribs to vertebra [fourth] and sternum.)
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47. Chest (radiograph).

1 —left clavicle 9 —ascending aoria

2 —descending aorta 10—apex of right lung
3—hilam of lung 11—arch of aorta

4 —pulmonary trunk 12—ribs

S5—heart 13—right clavicle
G6—left lung 14—right scapula

7 —diaphragm (left dome) 15—left scapula

8 —diaphragm (right dome)



DEVELOPMENT OF BONES AND AGE
FEATURES OF THE TRUNK SKELETON!

The skeleton develops from the mesenchyme which is poorly
differentiated embryonic connective tissue. The bones of the cal-
varia and those of the face develop in connective tissue (endesmal
or intramembranous ossification), others develop in cartilage, peri-
chondrally (later, with the appearance of the periosteum, perios-
teally) or endochondrally. All these processes begin at the end of
the second month of the intrauterine period, when all other types
of tissues are already present in the body of the embryo.

The bones forming in connective tissue are known as primary
bones and pass through two developmental stages: membranous
and bony. Bones developing in cartilage are called secondary and
go through three stages: connective-tissue, cartilaginous, and bony.

In intramembranous ossification, islets of ossification appear at
the site of the future bones as condensations of mesenchymal cells
(which take part in the formation of fibrous fibres) and a great
number of blood vessels. Osteoblasts differentiate from the mesen-
chymal cells and produce intercellular substance consisting of os-
sein and calcium salts. The fibrous fibres are impregnated with this
substance and the osteoblasts are embedded in them. After that
the osteoblasts develop into mature cells of bony tissue, the osteo-
cytes, Perichondral (periosteal) ossification occurs in a similar
manner at the expense of the cells of the perichondrium (perios-
teumn). Endochondral ossification takes place through growth of
blood vessels from the surrounding mesenchyme into the cartilagi-
nous germs of the bones. Mesenchyme adjoining the forming bone
develops into the periosteum. The external layer of the dura mater
serves as the periosteum for the internal surface of the skull bones,

The process of osteogenesis continues with the formation of
osteoclasts (bone destroyers) from mesenchymal cells surrounding
the vessels.

Cartilaginous tissue with a great number of ossification nuclei

' In view of the fact that students will study the age features af-

ter they are acquainted in detail with the anatomy of a human
adult, in this section as well as in other similar sections we dwell
only on some age peculiarities. For details of development we refer
the reader to a textbook of embryology.

called primary prevails in the skeleton of a newborn (Fig, 47a).
Secondary ossification nuclei appear later. The primary, like the
secondary nuclei, appear earlier in girls than in boys. In tubular
bones, the ossification nuclei first appear in the central parts of the
diaphysis and then in the epiphyses.

At the end of the second month of the embryonic period the
vertebrae (except for the coccygeal vertebrae) have two nuclei in
their arch, which form from the fusion of several nuclei, and one
main nucleus in the body. In the first year of life, the nuclei of the
arch develop dorsally and unite. This process occurs more rapidly
in the cervical than in the coccygeal vertebrae. The arches usually
fuse by the age of 7 years. An exception is the first sacral vertebra
(sometimes the sacral segment does not close until the age of
15-18 years). At the age of 3-6 years, bony union of the nuclei in
the arch with the nucleus in the body occurs, first in the thoracic
vertebrae.

Epiphyseal rings appear on the borders of the vertebral body at
the age of 8 years in girls and at the age of 10 in boys. The verte-
bral spines and transverse processes which have additional secon-
dary ossification nuclei on the apices are completely ossified in the
pubertal period or a little later.

The atlas and axis develop in a different manner. The anterior
and posterior arches of the atlas fuse to form a single bone at the
age of 5-6 years, Before the anterior bony arch forms, an area with
its own paired ossification nucleus appears in the cartilaginous
germ of the arch and fuses with the axis to form the dens at the age
of 4-5 years. The dens articulates with the internal surface of the
anterior arch of the atlas by means of the atlanto-axial articulation.

The five sacral vertebrae fuse to form the sacrum quite late, in
the 18-25th year of life. The three lower vertebrae begin to fuse
from the age of 15, the two upper vertebrae fuse by the age of 25.

The rudimentary coccygeal vertebrae are distinguished by the
extremely irregular appearance of the ossification nuclei: in the
2nd-3rd week after birth in the first vertebra, at the age of 4-8
years in the second, at 9-13 years of age in the third, and, finally,
at the age of 15 in the fourth vertebra. Their fusion, first the lower
and then the upper vertebrae, continues after the age of 30 years.
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BONES OF THE TRUNK OF A NEWBORN
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47a. Bones of trunk (of a newborn).

1 —second cervical verichra 4—sacrum
9 —third thoracic vertebra S—sternum
3 —second lumbar vertebra 6=—thorax
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THE LUMBAR SEGMENT OF THE VERTEBRAL COLUMN

R

47b. Sagittal section through lumbar segment of verte-
bral column of a child (photograph).






