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THE FORM, SIZE AND SEX OF THE HUMAN BODY

The human body is made up of the head (caput), neck (collum), trunk
(truncus), and two pairs of limbs, or extremities, the upper (membra s. ez-
tremitates [BNA] superiores) and lower (membra s. extremitates [BNA] in-
feriores). The following parts are distinguished in the head: the forehead
(frons); the highest point of the skull (vertez); the back of the head (occiput);
the temples (tempora) and the face (facies). The trunk consists of the chest
(thoraz), the abdomen (abdomen) and the back (dorsum). The following linest
are drawn for orientation on the chest surface: 1) midline (linea mediana
anterior); (2) sternal line (linea sternalis) stretching along the sternal bor-
der; (3) mamillary line (linea mamillaris s. medioclavicularis) passing through
the nipple or the middle of the clavicle; (4) parasternal line (linea paraster-
nalis) passing midway between the sternal and mamillary lines; (5) ante-
rior, (6) middle, and (7) posterior axillary lines (lineae azillarea anterior,
media and posterior), the first and last passing through the anterior and pos-
terior folds of the axilla, respectively, and the middle line passing through
the point midway between these folds; (8) scapular line (linea scapularis)
passing through the inferior angle of the scapula.

The abdomen is divided by two horizontal lines, one drawn between
the ends of the 10th ribs and the other between both the anterior superior
iliac spines, into three parts, one located above another: the upper part of
the abdomen (epigastrium), the middle part (mesogastrium) and the lower
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Fig. 7. Subdivision of the abdomen into regions

part (hypogastrium) (Fig. 7). Each of these three parts of the abdomen is
subdivided by two vertical lines into three secondary regions: the epigas-
trium is divided into a middle epigastric region (regio epigastrica) and two
lateral regions, the right and left hypochondrium (regiones hypochondriacae
dexztra and sinistra). The middle abdomen is divided in the same manner
into a medial umbilical region (regio umbilicalis) and two lateral, right
and left lumbar regions (regiones abdominales laterales, dextra and sinistra).
Finally, the hypogastrium is divided into the pubic region (regio pubica)
and two lateral, right and left inguinal regions (regiones inguinales, dex-
tra and sinistra). The upper limb is divided into the arm (brachium), the
forearm (antebrachium) and the hand (manus); the palm (palma manus), the
back (dorsum manus) and the fingers (digiti manus) are distinguished in the
hand. The lower limb, in turn, is divided into the following parts: the thigh
(femur), the leg (crus), and the foot (pes), in which the sole (planta), the
dorsum of foot (dorsum pedis), and the toes (digiti pedis) are distinguished.
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84 General Part

dia) or abnormal position of the viscera (situs viscerum inyersus) serve to
illustrate the point. Other anomalies are attended by 1mp.al'red_ function of
the organism or some of the organs. They disturb the equlhbrlum between
the organism and the environment (e.g. cleft palate, see Fig. 230) or are even
incompatible with life (e.g. absence of the skull or acrania, absence of the
heart or acardia, etc.). Such a gross developmental anomaly is called a mon-
strosity or a teratism. The branch of anatomy and embryology concerned
with the study of anomalies and malformations is called teratology (Gk teras
monster, logos science). Teratology is also part of pathological anatomy be-
cause it studies structures pathological in essence.

ANATOMICAL TERMINOLOGY

A person beginning to study anatomy is struck first of all by the copi-
‘ous terminology that must be firmly understood and completely mastered
by every student and physician. These terms usually designate spatial rela-
tions, the shape or size of various organs, and so forth.

In mathematics and physical geography, certain initial points and
planes are accepted from which distances are measured to establish spatial
relations. In anatomy as well, there are generally accepted designations of
perpendicular planes by means of which the position of organs or their parts
in space is determined exactly. Three such planes are of primary impor-
tance: sagittal, frontal, and horizontal. It should be borne in mind that the
planes are related to an erect human body (Fig. 10).

The sagittal plane is a vertical plane by means of which we divide the
body mentally (for example, a fixed, frozen cadaver) with an arrow (L sa-
gitta arrow) piercing it from front to back and with an arrow along the-length
of the body. The sagittal plane that passes through the middle of the body
and divides it into two symmetrical, right and left, parts is called the me-
dian plane (L medius middle) (Fig. 11). A plane drawn also vertically but
at right angles to the sagittal plane is called the frontal plane and is paral-
lel to the forehead (L frons forehead). The frontal plane divides the body
into the front and back parts. The third, horizontal, plane in accordance with
its name passes horizontally, i.e. at right angles to both the sagittal and
the frontal planes. It divides the body into the upper and lower halves.

The positions of the different points or lines in these planes are desig-
nated as follows: those located nearer to the median plane are called medial
(medialis) (L medius middle); those located further from the median plane
are designated lateral (lateralis) (L latus side). Points and lines found on a
front to back plane are designated as follows: those located nearer to the
front surface of the body are called anterior or ventral (ventralis) (L venter
belly); those nearer to the back are known as posterior or dorsal (dorsalis).
The following points and lines are distinguished in the vertical plane: those
nearer to the upper end of the body are called upper, superior, or cranial
(cranialis) (Gk kranion skull); those nearer to the lower end are referred to as
lower, inferior or caudal (caudalis) (L cauda tail)
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Fig. 10. Diagram of axes and planes of the human body.

1, vertical axis;

2, transverse axis;

3, one of the frontal planes;

4, horizontal and vertical lines on the
frontal plane;

5, the arm is drawn to the trunk (ad-
ductio);

6, the left upper limb is flexed at the
elbow joint (flexio);

7 and 17, transverse axis, one of the
horizontal axes in the frontal plane;

8, transverse plane (one of the horizontal
planes), the arrows on it indicate the
sagittal direction (from front to back)
and the transverse direction (from left
to right and from right to left);

9, the hand is pronated, the thumb is
directed at the trunk (pronatio);

10, change from the pronated position to

supin)ation, example of rotation (ro-

tatio);

11, the ring and little fingers are flexed
(flexio);

12, the hand is supinated, the thumb
faces outward (supinatio);

13, the thumb is drawn away from the
median line (abduction);

14, sagittal axis;

15, medial margin of the forearm;

16, lateral margin of the forearm;

18, the right upper limb is extended at
the elbow joint (extensio);

19, the arm is drawn away from the
trunk (abductio);

20, horizontal and vertical lines in the
sagittal plane (arrows);

21, one of the parasagittal planes;

22, median plane, plane of symmetry (one
of the sagittal planes)

The terms proximal and distal are used in reference to.the parts of
the limbs. Prozimal (L prozimus nearest) is applied to parts nearer to the
point of origin of the limb from the trunk; distal, in contrast, is a term ap-
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Fig. 11. Diagram of transverse
section through the trunk.

I, median line (mediana);
2, sagittal line;
2. -1 3, frontal line

plied to parts farthest from the trunk (L distare to be distant). On the upper
limb, for instance, the elbow is proximal in comparison to the fingers, while
the latter are distal in relation to the elbow.

¢ The terms external (externus) and internal (internus) are used mainly
to designate positions in relation to the body cavities and whole organs,
either outward or inward; the terms superficial (superficialis) and deep (pro-
fundus) are used for organs located “less deep” or “more deep” in relation to
the surface of the body or organ.

The commonly used terms for size are great (magnus); small (parvus);
greater (major); lesser (minor). The last two terms, major and minor, are
used to designate the comparative size of two related or identical structures,
e.g. tuberculum majus and minus on the humerus. The term magnus (great)
does not imply the presence of another identical but smaller structure. For
instance, nervus auricularis magnus, the great auricular nerve, is called so
because of its thick trunk; there is no nervus auricularis parvus.

The shapes of the various structures, particularly in osteology, have
many designations whose meaning is best mastered during study of these
structures.

A new anatomical nomenclature, the Paris Nomina Anatomica, was approved by
the Sixth International Congress of Anatomists held in Paris in 1955. This textbook,
therefore, uses the terms of the Paris Nomina Anatomica (PNA) with amendments and
additions approved by the seventh and eighth international congresses held in New York
in 1960 and Wiesbaden in 1965, respectively, and by the latest international congresses
including the tenth congress held in Tokyo in 1975. Some terms from the old Basle Nomi-
na Anatomica, from which the names of diseases were derived and which became firmly

new terms, followed by the letter s. (i.e. seu or) and by the abbreviation for the Basle
Nomina Anatomica (BNA). For example: axis s. e[)istropheus (BNA). This means that

e epistropheus is the old Basle term.
Some of the terms are given in abbreviated form: art.—articulatio (joint); lig.—ligament-
um (ligament), a.—arteria (artery), aa.—arteriae (arteries); v.—vena (vein), vv.—venae

(veinsi; 1)1.——nervus (nerve), nn.—nervi (nerves); m.—musculus (muscle), mm.—musculi
(muscles).






YMeTb npaBUINbHO onpeaendaTb OCU U NNMOCKOCTU
Ha CKerneTte U XKWBOM YerioBeke

MnockocTu:

Flopu3oHTanbLHas NNoOCcKOCTL - A4eNUT TyNoBULUe
Ha BepXHIOK (superior) u HUXxH (inferior)
NONIOBUHbI

®poHTanbHan NNoOcCKoOCTbL - AeNUT TYNOBULLE Ha
nepeaHolo (anterior) n 3agHioto (posterior)
NMONIOBUHDI

CarutranbHasi NMocKocTb - AENUT TYJIOBULLE Ha
npaByto (dexter) u neByo (sinister) NoNnoBUHLI

Ocu:

BeprukanbHas (Yepes cToslWero yenoBeka BAonb
Tena He3aBUCUMO OT MOSIOXeHUs)

®poHTanbHasa (cneBa Hanpaso)

CarutranbHas (B nepegHe3agHeM HanpaBneHuu)

Ocu U NNOCKOCTU Tena yenoBeka
1 - bpoHTanbHas

2 - carutranbHas

3 - ropu3oHTanNbHas




Anatomical position
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Initial reference point -
terminology used refers to
bodies in this position

Body is erect

Feet parallel

Arms hanging to side
Palms facing forward
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Regio parictalis
[l

Regio cervicalis anterior; Trigonum cervicale anterius;

emMeHHan obnacTeb Trigonum colli anterius ﬂ
Regio frontalis MNepeaHnas 06NacTs Wew; NepeaHuii TPEYroNbHUK Wweu
NoGHas oGnacte Regio mentalis ;'2_—01
Orbita NopBopoaoutas o6nacTs
[16] Cnasnnua
Réalo e : Regio cervicalis lateralis: Trigonum cervicale posterius:
[i5)Regio temporalis Trigonum colli laterale &)
BucoHan obnacte ‘-'. NatepansHas 06NACTs Wew; 3aAHWA TPEYrONbHUK Wew
7a) Regio nasalis \ ,. Reéeio AGvichlas
cgio clavicularis
06nacn', Hoca ’}5‘,‘ || e m;uy 22 // Palma; Vola; Regio palmaris &=
73}Regio oralis o YT (e B NA) Y/ Manons, nanonnas obnacts
O6nacts pra A\ N " Fossa Regio antebrachii anterior;
. - . — < .
[z} Regio sternocleidomastoidea ‘ﬁ,‘:’ ’ infraclavicularis - Regio antebrachialis anterior 3]
IPYAVHO-KANIO4MIHO-COCUEBHAHARA OONACTS ) Moaxno MIHan Mepennan 06NacTb NPEANNELA
Trigonum clavipectorale; ‘ J"/ Nges Regio cubitalis anterior
Trigonum deltopectorale ) A Tlepenrn nokTesan oonacTs (23]

[

KMoYn4HO-rpyaHon TpeyronbHuk;
AENLTOBUAHO-TPYAHON TPEYroNbHUK
[E Regio deltoidea
Aensvrosuanan obnacrs
(s}

Regio mammaria
Fpyaxas obnacro
Regio brachii anterior;
IE Regio brachialis anterior
MNMepeauxan obnacrs nneva
Ekcgio cubitalis posterior
Sanwss noxresas obnacTs
Regio antebrachii posterior:
Regio antebrachialis posterior
3aanss o0nacTs npeanneyss

Antebrachium
i3

AY
/46
i @

(5}

(%] Dorsum manus \
Toin kucTv
Regio antebrachii anterior;
D Regio antebrachialis anterior
Nepeanns obnacts Npeanneybs

o
A
{

[E Hypogastrium: Regio pubica
MNoaupesse; nobkosan 06nacTL
KR

Umbilicus; Regio umbilicalis

Mynok; nyno4xan oGnacte

s
J

Regio brachii posterior;
Regio brachialis posterior
3annan obnacrs nneva
Regio axillaris
NoameiweyHan obnacTs @
Regio pectoralis
pyanan obnacre @
Hypochondrium; Regio hypochondriaca @
Noapebepse; noapebepHan oGnacts
Epigastrium; Regio epigastrica; Fossa epigastrica @
Hapupesse; HapupesHas 00nacTb; HANYPEBHAN AMKa
Latus: Regio lateralis
Bok; Gokoean o6nacTe @
=

Inguen: Regio inguinalis
{33]

]

MNax; naxosas o6nacTe
Trigonum femorale

BeapeHHbii TpeyronbHmnk
Regio femoris anterior @
Nepeanss obnacts Geapa
Regio genus anterior (3]
Mepeauns oOnacTs konexa
Regio cruris posterior =
3apnnas 06nacTs ronexu D
Regio cruris anterior {3_—7]
Nepeaxss 06nacTb ronexu

1%

Regio talocruralis anterior

nepenum ronexocTonHas obnacrs
Regio calcanea
£ i 39 |
MNarounas obnacte

Dorsum pedis; Regio dorsalis pedis
[40]

Toin cTonsl; ToibHas 06nacTs CTonb

{38]




@ Regio zygomatica
Ckynosas obnacre
D Regio occipitalis
21
3atuinouynan obnacts
@ Regio cervicalis posterior: Regio colli posterior
3anuas obnacTs wewn
(9]

Regio suprascapularis
Haanonarouxas o6nacte (Het 8 NA)
Regio dorsalis manus
[E Tl KMCTH

Regio brachii anterior;
@ Regio brachialis anterior

Mepenxss obnacts nneva
Regio antebrachii posterior:
E Regio antebrachialis posterior
3anuas obnacTs npeanneybs
Regio brachii posterior;
D Regio brachialis posterior
15 3anuxan obnacts nneva
[‘__‘} Regio cubitalis posterior
3annss nokresan 00nacTsL
IE Regio infrascapularis
MoanonaroyHan oGnacTs
Regio vertebralis
| 12 }
Mo3eoHouHas obnacTs
Regio lumbalis
NosicHuyHan obnacts
[E Regiones abdominales, latus: regio lateralis
OGnacTu xuBoTa, DOK; 60koBan 0OGnacTs
y D Regio glutealis
9
Aroauynan obnacts
Regio sacralis
(&}
Kpectuoeas obnacre
Regio femoris posterior
3annan o6nacte Geapa
E Regio analis
BapHenpoxoaHan obnacTs
[5] Regio genus posterior /

=

11

3anHaa ob6nacTs konexa

Regio cruris posterior ‘

E 3anunas obGnacTs ronexn
Regio cruris anterior ‘

K,
Mepeaxnn 06NacTL roneHn
[_TJ Dorsum pedis: Regio dorsalis pedis
Tobin CTONBI; ThiNbHAA OBNACTH CTOND

Planta; Regio plantaris
Mopowsa; noaoweexHan obnacts &

KN,

Regio parietalis

TemenHas o6nacTs D

Regio temporalis
Bucouxas obnacts [24]
Regio frontalis 23]
NoGuas obnacrs
Orbita
Mhasuvua
Regio buccalis E]
LLleynas obnacts
Trigonum submandibulare

MoAHWXHEYENIOCTHON TPRYTONLHUK D
Regio sternocleidomastoidea

I PyAMHO-KNIOYUHHO-COCUeBMAHan 00nacTsb D

Regio acromialis

Axpomuanshas obnacts (Het B NA) @
Regio interscapularis

Mexnonaroyxas obnacts (HeT 8 NA) @
Regio deltoidea
LensToBnanas ocnacT@
Regio scapularis
NonaroyHas o6nacTh @
Regio brachii posterior;

Regio brachialis posterior
3aannn obnacts nne*caJ'E
{35]

Regio pectoralis lateralis
NarvepansHas obnacrs rpyav

Regio cubitalis posterior @
3aauan nokresas obnacrs

Regio antebrachii posterior:
Regio antebrachialis posterior @
3anuas o6nacTs NnpeanneYsLn
Regio antebrachii anterior:

Regio antebrachialis anterior D

MNepenuns 06NACTL NPEANNeYLs
Manus, palma; vola {3_—9]

Kucrb, nafoHs

Hypochondrium: Regio hypochondriaca D

Noapedepwe; noapebepHas obnacts

Regio calcanca

Narounas oGnacrb

m



CLASSIFICATION OF BONES

I. Tubular bones II. Spongy bones
| | | l
1. Long 2. Short 1. Long 2. Short 3. Sesamoid
I1I. Flat bones [V. Mixed bones

1. Skull bones 2. Girdle bones




Knaccudbukauma KoCcTteu

OcHoBa Knaccuukauum: gpopma n CTpoeHune
KOCTW, ee pa3Butue n QyHKUnu.

Fpynnbl KoCcTen: TpybyaTble, rybyaThble, !
10CKME (LLMPOKKE), CMeLllaHHbIe 1
‘ n —J _ 1o

-TpybuyaTtbie kocTu — 0Opa3yloT ckener f N
KOHEYHOCTEeN, OHN UMelT hopMy TPYBOK. 3TN , {
KOCTU NMEKT Teno (auadpuns) LnanHapuy4ecKon |
NN TpexrpaHHON (gOprl N ABa YTONLEHHbIX
KoHUa —3nudussbl. Cpeamn TpybHaThiX KOCTEN ' R alk
MNPVHATO BbIAENATL AJIMHHbIE (NN1eYeBas, ey (o
benpeHHas) N KOPOTKUE (NACTHbIE, NIKOCHEBLIE), -

-Tyb4aTblie KOCTH — pacrnosiaratoTca B Tex 3 ». | o TR
4acTAX CKeseTa, rae 3Ha4ynTenbHas |
NOABMXXHOCTb KOCTEN codeTaeTca ¢ 60abLon S 789
MeXaHU4YeCKOMN Har py3KOoW (KOCTWN 3anNAacTha U
NnpeantoCHbl). K3TOW rpynne OTHOCATCA U o (—> |
CecaMoBMAHbIE KOCTU, PACNONI0XKEHHbIE B TOJILL B ’ I\
CYXOXKWUJINN (FOPOXOBUAHAA KOCTb U 7;}( =
HaAKoJIeHHaa Yalle4yka). (b) Short bone (triquetral) )

-Mnockue KocTu — POPMUPYIOT CTEHKY
NOJIOCTEN, BbINOJIHAIOT 3aLLNTHbIE (DYHKLUUN R sermaoone b s
(KOCTU KpblWK Yepena, Ta3a, rpyanHa, pebpa). PO

-CMeLlaHHbIe KOCTH (HeEnpaBubHbIE) Nx
hopmy TpyAHO onucaTb (MO3BOHKN, N0BHanA
KOCTb BEPXHEYeloCTHaA KOCTh).

-B0o34yXOHOCHbIE KOCTH — COQepXaT
NOJIOCTWN, BLICTAI@HHbIE CIN3UCTON 000/104KOM U
3an0/IHEeHHbIe BO3AyXOM (N0BHas, KNIMHOBUAHA S
peweT4aTan, BACOYHbIE, BEPXHEYENCTHbIE
KOCTW Yepena).

{d) Irregular bone (verlebra),
" (1l left lateral view




; : Vertebral foramen /
Superior articular process
7 cervical vertebrae
—(CI-CVII)
Facat for articulation
Vestebralicramen with tubercle of rib V
Inferior articular process /12 theracic vertebrae
i (TI=TXIN)
Spinous process
.J Demifacet for articulation
Vertebral body / with it
Demifacet for articulation
with head of rib VI
TV vertebra
Superior articular process Vertebral foramen /
5 lumbar vertebrae
T (LILV)
(5 fused sacral
vertebrae |-V)

Coceyx
(3—4 fused coccygeal
vertebrae |-1V)
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may be located on the entire length of the vertebral column (in snakes), but
usually they develop in the thoracic part and are rudimentary and fused
with the vertebrae in the other parts. :

In most mammals, the ribs articulate with the spine in two places:
with the vertebral bodies and with the transverse processes. The ventral
ends of the ribs are attached to the sternum which is found only in terrestrial
vertebrates because of the development of the shoulder girdle adjoining it;
that is why animals who have lost the limbs, e.g. snakes, do not have a
sternum. The sternum of higher terrestrial vertebrates develops from the
ventral ends of the ribs which during embryonic life (in the second II.IOI'lth
in humans) join to form paired thoracic plates which fuse on the midline
into an unpaired bone. g 0

The skeleton of the human trunk undergoes changes in association
with the upright position of the body; as a result it differs from the skeleton
of other mammals who have four legs. The vertebral column (except for ghe
cervical segment) in these mammals has the shape of a shallow arch resting
on all four limbs. As the result of different static conditions, the hu_man spine
is a curved vertical column carrying the head at the top and resting on the
lower limbs (Fig. 24). The upritht pzz;ure also has an effect on the configu-

i cic cage (see rig. 3 U,
ratlonT(l)xfu;?et}igo.::eleton gof (the hugman trunk has the following charactgrtstzc
features determined by the upright posture and the development of the upper

limb as an organ of labour: . A
(1) a velgtical vertebral column with curvatures, particularly in the

i i i torium) forms;
sacral region, where an anterior prominence (promontorium ; '
(2) ggradual increase in the size of the vert‘ebral bodies in _the (]ilrelctxon
from top to bottom where, in the region of their connection w1thht 1e c?l:v;r
limbs through the pelvic girdle they fuse to form a single bone, the sa ;

consisting of five vertebrae; } : 3 ,
3) ga wide and flat thc;racic cage with a predominant transverse dimen

sion and an extremely small anteroposterior dimension.

THE VERTEBRAL COLUMN

The vertebral column (columna verteb
ric structure (a feature connecting the ver ;
tebrates) and consists of separialte tbgn:ﬂseygrgs:llez,
anoth(Ie'}‘u:zr:‘t?orsze%est,;z:};%nife'rsh: l‘spirrl)e agcts as the axial skelectlo? Euspp(;l;ttuilg
the body. It protects the spinal cord enclosed in its car&a:;; ; ;f tehepverte-
the movements of the trunk and head. The position an P

i i ition of man.
ermined by the upright posi | ;
g %)ilrilm;:lo:rfiza(zﬁtres of the vertebrae. In accordance with the three func

tions of the spine, each vertebra (Gk spondylos') has the following features
(Fig. 25):

1 Hence spondylitis, inflammation ©

ralis) or the spine has a metame-
tebrates with the earliest inver-
vertebrae, placed one over

f the vertebrae.

132 Weight-bearing and Locomotor System

(1) an anterior part, which is responsible for support and which
thickens in the shape of a short column, this is the body (corpus vertebrae);

(2) an arch (arcus vertebrae), which is attached to the posterior surface
of the body by two pedicles (pediculi arcus vertebrae) and contributes to the
formation of the vertebral foramen (foramen vertebrale); a series of these fora-
mina forms the vertebral, or spinal, canal (canalis vertebralis), which protects
the spinal cord lodged in it from external injury. The vertebral arch, there-
fore, primarily fulfils a protective function;

(3) the archalso carries structures permitting movement of the vertebra
called processes. A spinous process (processus spinosus) arises from the arch on
the m!dline; a transverse process (processus tronsversus) projects laterally on
each side; paired superior and inferior articular processes (processus articulares
superiores and inferiores) project upward and downward. The articular pro-
cesses bind notches on the posterior aspect; these are the paired incisurae
vertebrales superiores and inferiores from which the intervertebral foramina
(foramina intervertebralia) form when one vertebra is placed on another. The
foramina transmit the nerves and vessels of the spinal cord. The articular
processes serve for the formation of intervertebral joints at which move-
ment of the vertebrae is accomplished; the transverse and the spinous pro-
cesses serve for the attachment of ligaments and muscles which make the
vertebrae move.

: Some parts of the vertebrae in the different parts of the spine have a
distinctive size and shape and the following vertebrae are consequently
distinguished: cervical (seven), thoracic (twelve), lumbar (five), sacral
(five), and coccygeal (one to five). The weight-bearing part of the cervical ver-
tebrae (the body) is naturally relatively small (the first cervical vertebra
has almost no body), but from the head down, the vertebral bodies gradually
increase in size and are largest in the lumbar segment. The sacral vertebrae
carry the whole ‘weight of the head, trunk, and upper limbs, connect the

Fig. 25. Thoracic vertebra (vertebra thoracica). (Th).

a, viewed from the side; 6, processus spinosus;
b, viewed from above. 7, proc. transversus;

1, corpus vertebrae; 8, proc. articularis sup.;
2, arcus vertebrae; 9, proc. articularis inf.;
3, foramen vertebrale; 10, fovea costalis sup.;
4, incisura vertebralis inf.; 11, fovea costalis inf.;

5, incisura vertebralis sup.; 12, fovea costalis transversalis
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skeleton of these parts of the body with the bones of the pelvic girdle, and,
through them, fuse with the lower limbs to form a single sacral bone. In
contrast, the coccygeal vertebrae, which in man are remnants of a tail, are
small bony structures with a body that can hardly be detected and no arch.
The vertebral arch, as a protective part, forms a wider vertebral foramen
where the spinal cord is thickened (lower cervical, upper thoracic and upper
lumbar vertebrae). Since the spinal cord terminates at the level of the second
lumbar vertebra, the vertebral foramen of the lower lumbar and the sacral
vertebrae gradually narrows and disappears completely in the coccyx. The
transverse and spinous processes, the sites of muscle and ligament attach-
ment, are more pronounced in those parts to which the most powerful mus-
culature is attached (lumbar and thoracic segments); on the sacrum these
processes are diminished because the tail musculature has disappeared, and
they form small crests on the fused sacrum. As a consequence of fusion of
the sacral vertebrae, the articular processes disappear; these processes are
developed particularly well in the mobile parts of the spine, especially in
the lumbar segment. Thus, to understand the structure of the vertebral co-
Jumn, one must bear in mind that the vertebrae and certain vertebral parts
develop more in those segments which experience the greatest function_al
load. Reduction of the corresponding parts of the spine is encountered, in
contrast, in segments of which fewer functional demandg are made, for in-
stance, in the coccyx which is a rudimentary structure in man.

INDIVIDUAL TYPES OF VERTEBRAE

1. Cervical vertebrae (vertebrae cervicales) (Fig. 26). Since the load
sufiered by the cervical vertebrae is lighter than that suﬁereq by the more
distally located spinal segments, their bodies are correspondingly smaller.
The bodies are transverse-oval in shape, and the upper and lower surfaces
are concave. Each transverse process is characterized by tpe presence of a
hole (foramen transversarium), which forms as a result pf fusion of the trans-
verse process with the rib rudiment (processus costarius). The canal which
forms from a series of thest foramina protects the vertebral artery and the
vein that it transmits. This fusion is manifested on the end§ of the transverse
processes as two tubercles (tuberculum anterius qnd posterius). Th? anterior
tubercle of the sixth vertebra is enlarged and is called the carotu'i tub.ercle
(tuberculum caroticum) (the carotid artery can be compressed against it to
arrest bleeding). The spinous process is bifid, with the exception of that of
the sixth and seventh vertebrae. The seventh cervical Yertebra is distin-

ous process, and for that reason it is called the verte-

ished by a large spin ; i 3
%‘:fg:omﬁ'.ms. '%hispvertebra is easily located in a living person and is often

i ing diagnosis (Fig. 27). y
helpfu’[l‘hl: ilinr::‘ l:ngd slzf(lplnd ce(rv;gcal vertebrae have a specific shape because

they form the mobile articulation with the sk.ul.l. Most of the body of the

first vertebra, the atlas', remains separate and joins the second vertebra as a
1 It supports the skull as the mythical giant Atlas supported the heavens on his
shoulders.
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Fig. 26. Fourth cervical vertebra Fig. 27. Seventh cervical vertebra
(vertebra cervicalis IV) (C), viewed (vertebra cervicalis VII), viewed
from above. from above.

1, processus spinosus; 1, processus spinosus;

2, arcus vertebrae; - - 2, processus articularis inferior;

3, processus articularis superior; 3, facies articularis superior;
_ 4, foramen transversarium; 4, tuberculum posterius;

5, corpus vertebrae; 5, processus transversus;

6 and 7, tuberculum anterius et posterius 6, tuberculum anterius;

of the transverse process 7, corpus vertebrae;

&, foramen transversarium;
9, foramen vertebrale

tooth-like process, the dens. As a result only the anterior arch is left; to make
up for this, the vertebral foramen that receives the dens is larger. The anterior
(arcus anterior) and posterior (arcus posterior) arches of the atlas are connected
to each other by lateral masses (massae laterales). The superior and inferior
surfaces of each arch articulate with the adjoining bones: the convex supe-
rior articular facet (fovea articularis superior) receives the corresponding con-
dyle of the occipital bone; the flattened inferior articular facet (fovea articu-
laris inferior) receives the articular surface of the second cervical vertebra.

The outer surfaces of the anterior and posterior arches carry tubercles (tu-
berculum anterius and posterius) (Fig. 28).

The second cervical vertebra, the axis (consequently the axial verte-
bra) s. epistropheus (BNA) (Gk epistrephomati pivot, consequently the pivotal
vertebra) differs sharply from all the other vertebrae by the presence of the
tooth-like process, the dens (Fig. 29). The dens has articular surfaces, which
on the anterior aspect serve to articulate with the anterior arch of the atlas
and on the posterior aspect to attach the transverse ligament. Another dis-
tinction of the axis is that its superior articular surfaces articulating with
the atlas are not on the arch but on the superior surface of the body to the
sides of the dens.

9. Thoracic vertebrae (vertebrae thoracicae) (Fig. 30) articulate with
the ribs. Their distinctive feature, consequently, is the presence of articular
facets for the ribs, costal facets (fovea costales), on the body of each vertebra
close to the base of the arch. Since the ribs usually articulate with two adjoin-
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Fig. 28. Atlas, viewed from above. Fig. 29. Axis (episiropheus), viewed
from above and from the back.

1, tuberculum posterius;
2, arcus posterius, 1, dens axis;

z. fovea articularis sup.; 2. tacies articularis sup.;

4 inabssa lateralis; , processus transversus;

, tuberculum anterius; , processus articularis inf.;

5, arcus anterior; arcus vertebrae;
7, foramen transversarium; rocessus Spinosus;
y

8, processus transversus oramen vertebrale;
, foramen transversarium;
, facies articularis posterior dentis

'OQ‘\l‘mbg'hh

ing vertebrae, most vertebral bodies have two incomplete (half) costal
facets: one on the superior edge of the vertebra (fovea costalis superior) and
the other on the inferior surface (fovea costalis inferior). When one vertebra
is placed on the other, the two half-facets form a single whole articular fac-
et, which receives the head of the rib. The first thoracic vertebra is an ex
ception: it has a complete articular facet on the superior edge for the first
rib and a half-facet on the inferior edge for the second rib. The tenth ver-
tebra has only one half-facet for the tenth rib, whereas the eleventh and
twelfth ribs each have a complete facet for articulating with the corresponding
ribs. These vertebrae (first, tenth, eleventh, and twelfth) can, therefore,
easily be distinguished from the others. In accordance with the greater weight
they bear, the bodies of the thoracic vertebrae are larger than the bodies of
the cervical vertebrae. The articular processes are positioned frontally. The
transverse processes are directed laterally and to the back. They have a
small articular surface, transverse costal facet (fovea costalis processus transver-
sus) for articulating with the tubercle of the ribs. The transverse processes of
the last two vertebrae (eleventh and twelfth) lack these facets. The spinous
processes of the thoracic vertebrae are long and are inclined sharply down-
ward, as a result of which they overlie one another like tiles, mainly in the
middle of the thoracic part of the spine. Such. direction of the processes
limits extension of the spine here, which is a protective accommodation for
the heart. :

3. Lumbar vertebrae (vertebrae lumbales) are distinguished by a massive
body since they carry weight that is still greater than that borne by the
part of the spine proximal to them (see Fig. 30). The spinous processes are
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Fig. 30. 10th, 11th, and 12th thoracic
and 1st and 2nd lumbar vertebrae.

1, fovea costalis superior of the
10th vertebra (for the 10th rib);

2, processus articularis sup.;

3, fovea costalis transversalis;

4, processus articularis inf.;

5, processus transversus;

6, vertebra lumbalis II;

7, foramen intervertebrale;

8, vertebra lumbalis I;

9, vertebra thoracica XII;

10, vertebra thoracica X

directed horizontally, to the back. The articular processes are in the sagittal
plane. The main part of the transverse process is a rudimgntary rib fused
completely with a true transverse process, and a small part is preserved as a
small process on the posterior aspects of its root and erroneously called the
accessory process (processus accessorius) (Fig. 31).

4. Sacral vertebrae (vertebrae sacrales) fuse in youth to form a single
bone, the sacrum (Fig. 32). This fusion is an adaptation to the considerable

Fié. 31. Diagram of the development

of a rib (shaded) and its relation to =
the transverse processes of four 1
roups of vertebrae: cervical, thoracic, 2

umbar, and sacral.

1, processus transversus;

2. processus costarius (cervical vertebra); 3
3, processus transversus (thoracic ver-
tebra); 4

4. costa;
5, processus transversus;
6, processus costarius (lumbar vertebra);
7. processus transversus (sacral vertebra)

6

5

7
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load carried by the sacrum because of the upright posture of the human.The
sacrum is triangular in shape, and its base (basis ossis sacri) faces upward,
while the apex (apex ossis sacri) faces downward. The anterior border of the
base together with the body of the last lumbar vertebra forms an angle pro-
jecting forward, a prominence (promontorium). The ventral or pelvic surface
of the sacrum (facies pelvina) is concave. The sites of the fusion of the verte-
bral bodies are seen on it as transverse lines (lineae transversae) with the ante-
rior sacral foramina (foramina sacralia pelvina) at their ends. On the dorsal
surface there are, correspondingly, the posterior sacral foramina (foramina
sacralia dorsalia). Five crests formed by fusion of different parts of the ver-
tebrae stretch lengthwise on the dorsal surface: an unpaired spinous tubercles
of the sacrum on the median line (crista sacralis mediana) formed as the result
of fusion of the spinous processes; the articular tubercles of the sacrum (cristae
sacrales intermediae) (from fusion of the articular processes); and, lateral to
these, the transverse tubercles of the sacrum (cristae sacrales laterales) (sites of
fusion of the transverse processes). Lateral to the sacral foramina are the
lateral parts of the secrum (partes laterales) formed by fusion of the transverse
processes and the sacral ribs. They have on their lateral aspect an articu-
lar surface curved like the auricle, which is called the auricular surface (facies
auriculares). It serves for joining with the iliac bone. At the back of each
auricular surface is the sacral tuberosity (tuberositas sacralis) (the site of at-
tachment of muscles and ligaments). The sacral canal (canalis sacralis) passes
in the sacrum. It is a continuation of the vertebral canal. As a consequence

Fig. 32. Sacrum and coccyx.
6, crista sacralis interme-

dia;
7, crista sacralis lateralis;

a, posterior aspect;
b, anterior aspect

1, foramina sacralia pelvina; 8
2, lineae transversae; 8, cornu sacrnlle‘,r
[ 3 tacies auricularis; 9, hiatus sacralis;

s 10, cornu_coccyge

$ geum;
4, tuberositas et 11, foramina sacralia dorsalia

5 trista sacralis mediana;
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Fig. 33. Radiograph of the lum-
bar vertebral column in a
32-year-old male (anteropos-
terior view).

1, twelfth rib;

2, first lumbar vertebra;

3, vertebral body;

4, vertebral *waist’;

5, vertebral ‘angles’;

6, arch;

7, spinous process;

8, trapsverse process;

9, superior articular process;
10, inferior articular process

of the disappearance of the tail and reduction of the tail musculature in
man, the corresponding parts of the sacral vertebrae are reduced. Therefore,
the sacral canal is not closed in its distal part but opens as t' 2 sacral hiatus
(hiatus sacralis). Lateral to this hiatus are the sacral cornua (cornua sacralia),
remnants of the last sacral vertebra, which articulate with similar cornua
of the coccyx.

5. Coccygeal vertebrae (vertebrae coccygeae s. caudales) are remnants
of the tail and rudimentary structures fusing at middle age to form a single
bone, the coccyz (os coccygis). The first coccygeal vertebra is larger than the
rest and has on the dorsal surface two processes (cornua coccygea), which are
directed upward to meet the sacral cornua (see Fig. 32).

The X-ray image of an adult vertebral column. The vertebral body,
corpus vertebrae, of an adult (Figs. 33 and 35) is quadrangular on a radio-
graph. The angles of the body represent a conventional, purely radiological
concept associated with the projection of a cylindric body on the surface of
the radiograph; the apices of the angles are rounded. The outlines of the
body are clear and even. Lack of an increase in the height of the body from
vertebra to vertebra in the caudal direction is a pathological phenomenon.
The bodies of the lumbar vertebrae resemble a “reel” with a narrow “waist”
(see Fig. 33). The pedicle of the arch (pediculus arcus) is demonstrated on an
anteroposterior radiograph as a circular or oval contrast shadow superim-
posed on the shadow of the body. The arch in this case is projected as if in a
transverse section.




ANTERIOR

Location of
sacrum
and coccyx

Base of
sacrum

Sacral ala

Anterior

Superior articular process Superior articular facet

Sacral canal

,.

' A Sacral
\:\§ = "V

tuberosity

sacral
promontory

Anterior
sacral
foramen

Transverse
line

Auricular
surface

-

Lateral
sacral crest

Posterior
sacral foramen

Median
sacral crest

Sacral
cornu

Coccygeal
cornu

Sacral hiatus

Apex of
sacrum

Transverse
process

Coccyx

Co4
(a) Anterior view (b) Posterior view



ercreu U KONUYUK, BUA Cnepeau

Processus articularis superior D
», BepxHuii cycTaBHOM OTPOCTOK
Ala ossis sacri
(7]
KpecTuosoe Kpbifo
Pal‘S lateralis E]

JlarepanbHas 4acTb

|__5__} Basis 0ssis sacri
OcHoBaHue kpecTua

Promontorium
[4]
Mblc

Lincae transversae D
[NonepeyHblie NMHUK

E Foramina sacralia anteriora
MepenHue KpecTUOoBLIe OTBEPCTUS

@ Apex ossis sacri; Apex ossis sacralis

Bepxywka kpecTtua 3 g
Articulatio sacrococcygea D
KpecTuos0-KON4YMKOBbLIA CycTas
Os cocceygis:
1] - Coccyx [vertebrae coccygeae Col—ColV|

Konuuk [kon4yukoseie no3soHku Col-ColV]

I — Cocceyx [coccygeal vertebrae Col—-ColV]; 2 — Apex; 3 — Anterior sacral foramina; 4 — Promontory; 5 — Base of sacrum; 6 — Superior

articular process; 7 — Ala; Wing; & — Lateral part; 9 — Transverse ridges; /0 — Sacrococcygeal joint; // — Coceygeal cornu; /2 — Poste-

rior sacral foramina; /3 — Sacral canal; /4 — Sacral tuberosity; /5 — Auricular surface; /6 — Lateral sacral crest; /7 — Median sacral crest:
18 — Intermediate sacral crest; 79 — Sacral hiatus; 20 — Sacral cornu; Sacral horn



erCTeu U KONUYUK, BUA C3aau

- Processus articularis superior @
¥~ )\ BepxHuii CyCTaBHOI OTPOCTOK

R

Canalis sacralis
KpecTuoBslii kaHan

Tuberositas ossis sacrij'.:|

) ByrpuctocTk kpecTtua
Pars lateralis

(]
JlatepansHas 4acTb

Facies auricularis J\:I
YWKOBMAHAA NOBEPXHOCTh

Crista sacralis lateralis D
16

JlatepanbHblil KPECTUOBbIA
rpebeHb

Crista sacralis mediana @

CpefnHHbIN KPeCTLOBbIA
rpebeHb

Foramina sacralia posteriora
3aaHuve KpecTLoBLIE OTBEPCTUS

(2]

Crista sacralis medialis D
18

MeauansHbIi KPpecTuoBbIn
rpebeHb

Hiatus sacralis

{19]
KpectuoBas Wwenb
Cornu coccygeum

Kon4ynkosbi por

1]

d‘\ Cornu sacrale
= acre
&k KpecTuosslii por @

Articulatio sacrococcygea
KpecTuoB0-KONYMKOBLIN CycTas D

D Os coccygis; Coceyx [vertebrae coceygeae Col—ColV]
Konuuk [konyukoeble no3BoHkn Col-ColV]

—

I — Cocceyx [coceygeal vertebrac Col—ColV]; 2— Apex; 3 — Anterior sacral foramina; 4 — Promontory; 5 — Base of sacrum; 6 — Superior

articular process; 7 — Ala; Wing; § — Lateral part; 9 — Transverse ridges; /0 — Sacrococcygeal joint; // — Coceygeal cornu; /2 — Poste-

rior sacral foramina; /3 — Sacral canal; /4 — Sacral tuberosity; /5 — Auricular surface; /6 — Lateral sacral crest; /7 — Median sacral crest:
18 — Intermediate sacral crest; /9 — Sacral hiatus; 20 — Sacral cornu; Sacral horn



