eperal Anatomy

General Anatomy

The Body
Parts of the Body (A, B)

The body is divided into the main parl ol
the body (trunk in the broad sense) and the
upper and lower limbs, or extrenities, The
trunk is divided into the head, the neck,
and the torso (trunk in the narrow sense).
The torso consists of the thorax, ubdotien,
and pelvis.

The upper extremity is joined to the trunk
by the shoulder girdle and the lower ex-
tremity by the pelvic girdle. The shoulder
girdle consists of the clavicles (1) and the
scapulas (2), which lie on the trunk and
move upon it. The pelvic girdle, which con-
sists of the two hip (coxal) bones (3) and
the sacrum (4), forms an integral part of
the trunk.

General Terms (A-G)
Principal Axes

The longitudinal (vertical) axis, or long axis (5) of
the body, is vertical when the body is in an
upright posture.

The transverse (horizantal) axis (6) is perpendic-
ular to the long axis and runs from left to right.

The sagittal axis (7) runs from the back to the
front surface of the body in the direction of the
arrow (Gr: sagitta) and is perpendicular to the
other two axes.

Principal Planes

Median plane, the plane through the longitudinal
axis and the sagittal axis; it is also called the mid-
sagittal plane (8). [t divides the body into two al-
most equal halves, or antimeres (hence is also
called plane of symmetiy]. It includes the longi-
tudinal and sagittal axes.

Sagittal or paramedian plane (9), any plane that is
parallel to the midsagittal plane.

Frontal or coranal plane (10}, any plane that con-
tains the transverse and longitudinal axes and is
parallel to the forehead and perpendicular to the
sagittal planes.

Transverse planes {(11) lie perpendicular to the
sagittal and coronal planes. They are horizontal

B Hhe aprighit pstige ik cantan the sagittal
Anid Ly e axes

Divections in Space

oot e twaned e Tead (12)

stpenton = upwanl with tie Doy crect (12)
cotedil e o e diocke (1)

fferion = duwwiwaid with e body erect (13)
mediol= toward e middle, toward the median
plane (14}

Hateral = awiy Tronn the middle, away from the
median plane (15)

reditis s e e (1)

pedian = in e median phane

deep (profoidus = towaid e instele of the body
(17}

peripheral, superficial=toward the hody surface
(18]

rostral = oward the ostenm (healk), oward the
oral and nasal region

anterior=toward the front (19)

ventral « toward the abdomen (19)

posterior = toward the hack (20)

dorsal = toward the hack (20)

proximal =toward the trunk or point of attach-
ment (21)

distal=away [rom the trunk or point of attach-
ment (22)

ulnar=toward the ulna (23}

radial = toward the radius (24)

tibial = toward the tibia (25)

fibutar = toward the fibula (26)

palmar (volar)=on or toward the palm of the
hand (27)

plantar=on or toward the sole of the foot (28)

Directions of Movement

fiexion = the act of bending

extension = the act of straightening

abduction =movement away from the median
plane

adduction =movement toward the median plane
rotation = movement around an axis
circumduction =circular (circumferential) move-
ment

Parts of the Body and General Terms

C Principal axes

D Midsagittal plane

E Transverse
and paramedian
(sagittal) planes

, Transverse plane



Gaeneial Anatomy

The Cell (A)
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volved in protein synthesis, while the
simaotly ER Tullills various other functions
{gn, it plays a role in lipid metabolism in
liepatocyles).

‘I'he mitochondria (7) are of special impor-
tance as they provide the cell with energy.
They are long, flexible, rod-shaped or-
yanelles that move about in the cytoplasm.
‘Ihey vary in number and size depending
on the type and functional state of the cell.

The Golgi apparatus (8) consists of several
dictyosomes, or Golgi stacks. Each dictyo-
wome consists of a stack of disc-shaped cis-
terns, ‘The Golgl apparatus is responsible
for formation and supplementation of the
glycacalyx hut is also involved in the syn-
thests and maoditication of carbohydrates
Al polypeptides produeed in the ER.

Other orgganelles are the iysosores (9) and
peroxiomes (microhodies ).

Cytosheleton

P cytosleloton consists of microtubules
e g e centriodes, 10, and basat bod-
feo aethn Jilgments fmderohlaments), and
Vot celb spec it intermediate filaments.
e b centeioles nsatly e near the nu-
Pl togetlior with the specalized cyto-
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The Cell

A Diagram of a cell according to electron-
microscopic findings
{from Faller, A.: Der Kérper des Menschen,
13th ed. Thieme, Stuttgart, 1999)
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General Anatomy: The Cell

Cell Nucleus (A, B)

Ihe nucleus {A), composed of karyoplasm,
iw esnential for the life of the cell. Its size
ilepends on the size of the cell. Normally
(¢lls possess one or more nuclei. The nu-
(1w iy usually visible in living cells be-
i atsie 1t 1 more refractive than the cyto-
pilasing 1 is separated from the cytoplasm
liy the delicate birefringent nuclear mem-
fiane (1) Upon fixation, a network-like
e bine, clomatin (2), becomes visible in
il fiterphase nuclens (the resting nucleus
Betweenncell divisions). The chromatin car-
Ve e penetic material; it condenses in
e dividing nuclens to form the chromo-
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plasmic processes called pseudopodie. Ameboid
movement is especially pronounced in white
blood cells (such as granulocytes and mono-
cytes). Certain cells move by means of cilie, or
kinocilia, which arise from basal bodies (kineto-
somes). When joined together, ciliated cells form
a ciliated epithelium and create ciliary movement.
A cell with only ane prominent cilium (flagellum)
is called a flugetlated cell.

Reproduction of cells takes place by cell division.
We distinguish between mitosis, mefosis, and
amitosis. Each cell division requires division of
the nucleus. The interphase nucleus changes into
the dividing nucleus, and the chromosomes be-
come visible and perform characteristic move-
ments [karyokinesis) toward the two poles of the
mitotic spindle.

The process of mitosis is subdivided into
different phases, called the prophase (C),
prometaphase (D), metaphase (E), anaphase
(F, G), and telophase (H). The nuclei of the
two daughter cells are subsequently reor-
ganized into interphase nuclei (reconstruc-
tion phase).

During meiosis (reductional division) the
pnumber of chromosomes per cell is re-
duced by hall from the diploid to the ha-
ploid complement. The reduction takes
place in hoth male and female germ cells
during, the livst {or second) meiotic divi-
wion and 1s required in preparation for
lertilization,

During amitosis (divect nuclear division)
the nucleus s divided by simple cleavage
withoul chromosomal condensation and
without the formation ol a mitotic spindle.
e distrihution ol ¢hiromasomes is there-
fore vandon The nuclear division may or
iy ol e tfallowed iy division of the cell.

Po e detatls, see Thstologie, Zytologie und

Mibosiatonmie des Mensclien by Leonharde, H.,

Wil ek Thlere Stattgant 190, Taschenatlas der
oo, Histologe wnd nukioskopischen Ana-

ke by dedbiel, W TR el Thileme, Stuttgart,
L0 ) P e Thlene, Stattgart, 2008,

Cell Nucleus, Vital Cell Functions

A Cell nucleus, x 12,000; electron micro-
graph

C-H Diagram of mitosis
{from Leonhardt, H.: Human Histology,
Cytology, and Micreanatomy,
8th ed. Thieme, Stuttgart, 1990}

B White blood cells with sex chro-
matin attached to the segmented
nucleus, x 1,000
{panels A and B taken from Leon-
hardt, H.: Human Histology
and Cytology, 8th ed. Thierne,
Stuttgart, 1990)




General Anatomy

Tissues

Tissues are aggregations of similarly differ-
entiated cells and their derivatives. Multiple
tissues may be associated to form an
organ. The manner in which different cells
are associated determines the different
types of tissues. A more common system of
classifying tissues is based not on the man-
ner of association of cells but on their his-
tologic structure and physiologic functions.
Epithelial, supportive, and muscular tis-
sues are described in this volume. Nervous
tissue is discussed in Volume 3.

Epithelial Tissues (A-G)

Epithelial tissues are associations of closely
adjoining cells. They can be classified ac-
cording to function, as well as the organi-
zation and shape of their epithelial cells.

On the basis of their functions, superficial,
glandular, and sensory epithelia can be dis-
tinguished. Superficial epithelium is, first of
all, a protective epithelium that forms a
covering for the external and internal body
surfaces, prevents bacteria from entering
the body, and keeps the body from drying
up.  Moreover, epithelia such as the
sectetory and absorptive types bring about
the exchange of materials; that is, they can,
oy Lthe one land, take up substances (ab-
s pition ) aud, on the other hand, eliminate
vaniis subslaniees (secretion). Epithelial
P b also responsive to stimuli. This re-
Fepton b st takes place via the su-
poctic il epithietini through the induction
cE i e bed epathehial cells.
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Eccrine cells are always ready to secrete and
occur within the respiratory, digestive, and geni-
tal tracts (see Vol. 2). Apocrine glands are repre-
sented by the mammary and sweal glands;
holocrine glands are represented by the se-
baceous glands.

The sensory epithelia are specialized
epithelia within the sensory organs and are
discussed under that heading.

All epithelial cells rest upon on a basement
membrane (basal membrane) which represents
the boundary layer to the underlying connective
tissue.

On the basis of their organization,
epithelia can be divided into simple (single-
layered, A, B, C), stratified (multilayered, D),
or pseudostratified (F) epithelia. In the
stratified epithelium only the deepest layer
of cells makes contact with the basement
membrane, whereas in the pseudo-
stratified epithelium all cells contact the
basement membrane, but not all the cells
reach the surface.

Epithelial cells can be classified by their
shape as squamous (A), cubeidal (B), or
columnar (C).

Squamous epithelium, a markedly protective
epithelium, may be nonkeratinized or keratinized,
The epithelium of the skin is keratinized
squamous epithelium, whereas nonkeratinized
squarmnous epithelium (E) is found in parts of the
inner surfaces of the body that are particularly
vulnerable to mechanical stresses, such as the
oral cavity. Simple nonkeratinized squamous
epithelium consists of attenuated, pavement-
like cells that include serous membranes (me-
sothelium) and the epithelial lining of blood and
lymphatic vessels (endothelium). Columnar and
cuboidal cells that have processes, or cilia, are
classified as ciliated epithelium (F), which lines the
respiratory tract, for example,

Cuboidal and columnar epithelia possess
secretory and absorptive properties. They are
lound, for example, in the renal tubules
feubotdaly and in the intestinal tract (columnar).
Teansitional epithelium (G) is a special form of
vpthelinn: Its cells can adapt themselves to
tillerent conditions of tension (distension and
conbiaction) and make up the epithelium that
e e pecietory portion of the urinary tract.

Epithelial Tissues

| @& - e |4

A Simple squamous epithelium
(pavement epithelium)

E Squamous stratified epithelium
(nonkeratinized)

G Transitional epithelium

je|lelo|e|e

B Simple cuboidal epithelium

D Stratified columnar epithelium

s, M, g, g, Ot O g R il

F Pseudostratified ciliated epithelium
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General Anatomy: Tissues

Connective Tissue and
Supporting Tissues

These tissues consist of complex aggregations of
cells, including fixed and free cells, and inter-
cellular substance. The fixed cells are named ac-
cording to the type of tissue, for example, con-
nective tissue cells, cartilage cells, bone cells, etc.
The intercellular substance in mature supporting
tissue consists of ground substance and differen-
tiated fibers.

The principal types are

Connective tissue: embryonic, reticular, intersti-
tial, and rigid connective tissue and fatty
(adipose) tissue

Cartilage tissue: hyaline cartilage, elastic car-
tilage, and fibrocartilage

Bone

Connective Tissue (A, B)

In addition to fixed and free cells, the intercellu-
lar substance contains reticular, collagenous, and
elastic fibers, and ground substance, {proteogly-
cans and glycoproteins).

Fixed cells: fibrocytes (highly branched cells;
their precursors, the fibroblasts, are able to pro-
duce intercellular substance and fibers),
mesenchymal cells, reticular cells, pigment
cells, and fat cells.

Iree cells: histiocytes (polymorphic cells), mast
cells (capable of ameboid movement) and, less
tonmmonly, lymphocytes, plasma cells, mono-
ytes il granulocytes.

e intercellular substance contains fibers—re-
tenlae dhattice ] fibers—which resemble collagen
1 1w helow!), They form fiber
¢4, 1 hasement mem-
o] renal tnh md elsewhere, The
Footlagen ti comsist of fibrils
e adhesive sub-
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ligaments (ligamenta flava, see p.56) and else-
where. The intercellular substance also includes
the ground substance, which is partly produced
by the tissue cells. It is involved in the exchange
of materials between tissue cells and the blood.

Embryonic connective tissue: contains mes-
enchymal cells and a mucinous, gelatinous
ground substance. The most important type is
mesenchyme,

Reticular connective tissue [A) contains reticu-
lar fibers and reticular cells, which are able to
phagocytize and store material. They have a re-
markably active metabelism. This type of con-
nective tissue can be divided into lymphoreticu-
lar (in lymph nodes, etc.) and myeloreticular
(bone marrow) connective tissue,

Interstitial connective tissue is a loose tissue
with no particular shape. Its main purpose is to
fill in the gaps between different structures
(muscles, etc.) while also allowing for mobility
between tissue layers. In addition to these func-
tions, interstitial connective tissue takes part in
general metabolism and regeneration. As well as
cells [fibrocytes, fat cells) it contains collagen,
elastic, and lattice fibers, and ground substance.

Rigid connective tissue (B) contains a high pro-
portion of collagen fibers and fewer cells and less
ground substance than interstitial connective
tissue. It is found in the palmar and plantar
aponeurocses, in tendons, etc.

Fatty tissue contains large cells with a flattened,
eccentrically located nucleus. Monovacuolar
white fatty (adipose) tissue should be distin-
guished from plurivacuolar brown fat. The latter
is more abundant in infants and less so in adults
(e.g,, the renal fat capsule). In addition to fat
cells, it contains interstitial connective tissue and
shows some lobular structure. Depot fat, which
depends on nutritional status, is distinguished
from structural fat, which is independent of
nutrition, The latter occurs in joints, bone mar-
row, the buccal fat pads, etc. Depot fat is most
common in the subcutaneous fat layer. It is
broken down according to requirements and the
cells take on the form of reticular cells, After very
marked weight loss (cachexia), these areas fill up
with a collection of fluidserous fat cells.

Connective Tissues

Reticular connective tissue, x 300
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Dense connective tissue in the corium, x 300
(panels A and B taken from Leonhardt, H.:
Human Histology, Cytology, and Micro-
anatomy, 8th ed. Thieme, Stuttgart, 1990)
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General Anatomy: Tissues

Cartilage {A-C)

Cartilage is compressible as well as flex-
ible, yet resistant to pressure and to bend-
ing, and is soft enough to be cut. It consists
of cells and intercellular substance, which
is almost devoid of vessels and nerves. The
nature of the intercellular substance deter-
mines the type of cartilage, which can be
subdivided into hyaline, elastic, and
fibrous forms.

Cartilage cells, or chondrocytes, are fixed
cells rich in water, glycogen, and fat. They
have a vesicular appearance, with a spheri-
cal cell shape and spherical nucleus. The
interceliular substance, which is very rich in
water (up to 70%), forms the basis of the
protective function of cartilage. Cartilage is
almost avascular and free of nerves; it is
composed of fibrils or fibers and an amor-
phous ground substance containing pro-
teoglycans, glycoproteins, lipids, and elec-
trolytes.

Hyaline Cartilage (A)

Hyaline cartilage is slightly bluish and
milky and contains abundant collagenous
fibrils (converted to gelatin by boiling) and
scattered elastic networks within its inter-
cellular substance. In articular cartilage,
the collagen fibrils are always aligned in
the direction of the greatest stresses. The
cells occupying the cartilaginous lacunae
are surrounded by a capsule that is sepa-
rated fron the remaining intercellular sub-
stance by the cellular halo. The cells, which
can he organized more or less into rows or
colitnn (see o 16), form, together with
i cetlae halo, a chondrone or territory.
Che ponpiig always consists of several
Lo el nriginating, from one cell.
b b snnnnded externally by a
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sulfate) than less stressed hyaline cartilage
(e.g., articular surfaces of the upper limb;).

The lack of sufficient blood vessels may
favor degenerative processes inside the
cartilage. These are initiated by the "un-
masking” of collagenous fibers; that is, the
collagenous fibrils become visible in the
microscope. Since the content of water and
chondroitin sulfate decreases with age, the
stress capacity of hyaline (articular) car-
tilage decreases.

Calcification of hyaline cartilage occurs
very early in life.

Hyaline cartilage is found in joint cartilage
and rib cartilage, in respiratory tract car-
tilage, in epiphyseal disks and in the pre-
cursors of those parts of the skeleton that
undergo chondral ossification. Epiphyseal
disk cartilage contains columns or rows of
cartilage cells, a structure that enables
growth of cartilage (see p.16) and sub-
sequently of the bone that follows it.

Elastic Cartilage (B)

In contrast to the bluish hyaline cartilage,
elastic cartilage is yellowish in color, Its in-
tercellular substance is rich in elastic fibers
and contains fewer collagen fibrils. The
large proportion of elastic fibers makes this
type of cartilage particularly pliable and
elastic. It does not contain calcified
deposits. It is found in the auricle, the
epiglottis, etc.

Fibrocartilage (C}

Fibrocartilage, also known as connective
tissue cartilage, contains fewer cells than
the other types but has many bundles of
collagen fibers. 1t is found particularly in
parts of the intervertebral disks (see p.54)
and of the symphysis pubis (see p.22).

Cartilage

A Hyaline cartilage (rib cartilage),
x 180

C Fibrocartilage (intervertebral
disk), x 180
(Figs. A-C taken from Leonhardt,
H.: Human Histology, Cytology,
and Microanatomy, 8th ed.
Thieme, Stuttgart, 1990)

B Clastic cartilage (ear cartilage),
x 180
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General Anatomy: Tissues

Bone (A, B)

Bone tissue (osseous tissue) consists of
bone cells (osteocytes), ground substance,
collagenous fibrils, a cement substance, and
various salts. The ground substance and
collagenous fibrils form the intercellular
substance, the osteoid. The fibrils belong to
the crganic part, the salts to the inorganic
part. The most important salts are calcium
phosphate, magnesium phosphate, and
calcium carbonate. [n addition, compounds
of calcium, potassium, and sodium with
chlorine and fluorine are found.

Clinical tip: The salts confer hardness and
strength. A salt-free or “decalcified” bone is
pliable. A deficiency in calcification may result
from vitamin deficiency as well as from hor-
monal disturbances. A vitamin deficiency may
arise, far example, when there is an ahsence of
ultraviolet light exposure resulting in a failure
to convert provitamins into vitamins. Inade-
quate calcification leads to a softening of the
bone, for example in rickets.

The organic constituents, like the salts, are
also responsible for the strength of a bene.
When there is inadequate organic material,
the elasticity of the bone is lost, and as a re-
sult the bone becomes brittle and can no
longer withstand stress. The relationship
hetween inorganic salts and collagenous fi-
Iils becomes altered during life. In the
newborn the content of inorganic salts
amounts to about 50% and this rises to 70%
i the elderly along with a loss of elasticity,
the hone becomes less flexible and
tant, Destruction of the organic
also he induced artificially by
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The substantially more common and more
important lamellar bones (A, B) exhibit a
distinct stratification produced by layers of
parallel collagen fibrils that are called
lamellae (1). These lamellae alternate with
layers of osteocytes (2). The lamellar ar-
rangement takes place around a vascular
canal, the central canal, or haversian canal
(3), which, together with its lamellae, con-
stitutes an osteon or haversian system (A).
The cellagenous fibers are approximately
2 to 3um thick and are arranged spirally in
such a way that a right (4) and a left spiral
(5) lamella (5-10pum thick) alternate with
one another, preducing an increase in sta-
bility.

Between the osteons are interstitial
lameilge (6), which are the remnants of
former osteons. The vascular canals in the
osteons communicate with smaller obligue
canals, which are called Volkmann's canals
(7). The structure and organization of the
osteons are dependent on the stresses in
the bone. When there is a change in stress,
the osteons become reconstructed, as evi-
denced by macroscopic observation, In this
case, attention should be especially paid to
the behavior, within the femur, of the tra-
Jjectories, the lines of tension, which are
developed in response to the stresses.

The nourishment of bone takes place from
the periosteum (see p.20). Bone marrow is
nourished wvia the nutrient foramina
(nutrient arteries). :

versian system (ostean), x 400.
1 the center is a haversian vessel
with perivascular connective tissue
{lrom Leonhardt, H.: Human Histol-
aqy, Cytology, and Microanatomy,
ed. Thieme, Stuttgart, 1990)

B Diagram of the compact part
of the diaphysis of a long bone




General Anatomy: Tissues

Development of Bone (A-C)

Bone formation {osteogenesis) is based on the ac-
tivity of osteobiasts (1), which are specialized
mesenchymal cells. Osteoblasts secrete an inter-
cellular substance, osteoid, which consists ini-
tially of soft ground substance and collagen
fibers. Osteoblasts develop into osteocytes, the
definitive bone cells. At the same time multinu-
cleated osteoclasts (2) develop; these bone-de-
grading cells are associated with the absorption
and remodeling of bone,

We distinguish direct bone formation (intramem-
branous ossification) (A) from indirect bone for-
mation (chondral ossification) (B, C).

Intramembranous ossification, osteo-
genesis membranacea (A), is the develop-
ment of bone from connective tissue. The
latter contains many mesenchymal cells
that develop via osteoblasts (1) into osteo-
cyles. At the same time, osteoclasts (2)
develop and collagen fibers also appear.
The original bone is membrane bone and is
later remodeled into lamellar bone. The
skull cap, the facial bones, and the clavicles
develop as intramembranous bones.

Chondral ossification, osteogenesis car-
tHaginea (B, €), requires preformed parts of
sheletal cartilage (cartilage models), which
will then become  replaced by bone,
Crowltlis possible only as long as cartilage
sU remains, The prerequisite for replace-
nient bone lormation is the presence of
chiontilioctusts; these are differentiated con-
Hechve tissue cells that degrade cartilage
Al thus enable the osteoblasts to form
e Two types ol replacement bone for-
g are ecopnized - endochondral (C)
anl pesic ol ossification.

Pt oestfteabion C8) heging iside the
Pabtbageaid occoes peedomminantly in the
Fpdphyeen The eptphyses are the ends of the long
B ceee e 10 whitle thee shiales are called
tHajhiyaes  Perh londeal onification (43, which
Pl Iabes b e peichondiom (99, 18 conlined
o the diaphiyats the epiphyvacal disk (growth
plate) () whitch b mecessary Tor growth in
et e bayer Bietween thie epiphiysis and
Pl byt TRt pant af thie shalt aijacent to
i eptpigseab ainke b catted the metapliysis aned
devetopa et i an eidochondial Dasis (see
Ielow)

Clinical tip: An apophysis is a bony protuber-
ance that does not arise from its own ossifica-
tion center but develops purely in response to
tendon traction. An example is the mastoid
process (see pp. 288 and 290).

Within the epiphyseal cartilage, the processes of
ossification occur in separate zones. I[n the
epiphysis there is the zone of reserve cartilage, a
capping of hyaline cartilage that is not affected
by bone formation in the epiphyseal plate, Next
to this inactive cartilage is the zone of growth (7),
where the cartilage cells form columns. Here the
cartilage cells divide, thus increasing in num-
ber. The next layer closer to the shaft is the zone
of maturation (8); it contains vesicular cartilage,
and calcification is already occurring. It is fol-
lowed by the zone of ossification, where cartilage
is degraded by chondroclasts and replaced with
bone by osteablasts. Some remnants of cartilage
remain, 5o that the endochondral bone (9) of the
diaphysis can be distinguished from the peri-
chondral bone. It will later be replaced by peri-
chondral bone. The endochondral bone is de-
stroyed by the invading osteoclasts.

The increase in bone diameter in the region of
the diaphysis is brought about by the deposition
of new bony material on the outer surface
beneath the cellular layer of the periosteum. The
bone marrow cavify (10) becomes larger as a re-
sult of bone destruction. All growth processes
are regulated by hormones.

The bony anlages in the epiphyses first appear
after birth, except for those in the distal femoral
epiphysis and the proximal tibial epiphysis, In
bath of these epiphyses, and in the cuboid bone,
osteogenesis begins just before birth in the 10th
intrauterine month (a sign of maturity).

Clinical tip: After closure of the epiphyseal
disk X-rays show a fine line, later, in adoles-
cence, known as the epiphyseal disk scar.

Development of Bone

I ¢ hondral ossification of along bone
{tllagram). Endochondral ossification
i the epiphyses and perichondral
ussilication in the diaphysis
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C Ossificationin the region of
the epiphyseal disk cartilage

17

I Anatomy

‘?a

e




General Anatomy: Tissues

Muscular Tissue (A-D)

Muscular tissue is characterized by elon-
gated cells containing myofibrils formed
from myofilaments. These myofibrils are
responsible for the contractility of the
muscle cells. Three types of muscular
tissue can be distinguished on the basis of
fine structure and physiologic characteris-
tics: smooth (A), striated (B, D), and cardiac
muscle (C).

Smooth Muscle (A)

Smooth muscle consists of spindle-shaped
cells, each being 40 to 200 um long and 4 to
20pm thick, with a central nucleus. These
myofibrils are difficult to demonstrate and
do not have transverse striations. Trans-
verse reticular fibers join adjacent muscle
cells and bind groups into functional units.
Smooth muscle is not under voluntary con-
trol; axons synapse directly with the
muscle cells {see Vol. 3).

Hormonal influences may cause smooth muscle
1o merease in length and to proliferate; that is,
thiere may not only be an increase in the size of
i cells but cells may also be newly formed. An
enaiple is the uterus, the muscle fibers of which
iy reach a length of 800 wm,

Stilatod Muscle (B, D)

Stated amnsele consists of muscle cells
L b fibers) which may be 10 to 100 um
Hhlck v npetas e long, The nuclei lie
fmedianedy tepeath the surface of the
el thie dives tion o the long axis of the
et e the smyolibnls are easily vis-
Hele e venponsible tor the longitudi-
Pl st Hhi tednsverse shrations are
die e pecidie attersation ol smaller,
etben, atngly velian tivie Cootrapic ) zones (1
Baies | ab wded alai ke, doubile refractive
ARERREEOEHE ) poien (A Banida ) 1The A bands
A A Hght sepe CH Band ) with o Line,
Sl pebele Broe C Bragaed ) aind Ehe 1 haneds
shoew A Helleate, antsstiopie fitermedinte
e (8 Baiel) The jayvolibitiae segaen
FHAE Len bty twin £ Dby s called a
L LR

Each skeletal muscle cell contains several
nuclei. The cytoplasm (sarcoplasm) con-
tains a variable number of mitochondria
(sarcosomes). According to their function, a
distinction is made between twitch muscle
fibers and tonic muscle fibers. The twitch
muscle fibers include red (fast twitch)
muscle fibers with high myoglebin and mi-
tachondria content (for long-term stress
performance) and white muscle fibers
with high myofibril content (for short-
term maximum stress performance).

The color of a muscle is due to its blood supply
and the myoglobin in solution in the sarcoplasm.
In addition, the color is determined also by the
water content and the abundance of fibrils. This
explains why different muscles differ in color.
Thinner fibers with fewer fibrils and less water
content are light in color, while thicker fibers ap-
pear darker.

The sarcolemma  encloses individual muscle
fibers as a connective tissue sheath. There is a
delicate layer of connective tissue, the endomy-
sium, between the fibers, Several muscle fibers
are surrounded by the internal perimysium, and
together they form the primary muscle bundle
(fascicle).

The external perimysium is a connective tissue
layer that combines several primary bundles to
form a muscle.

Striated skeletal muscles are voluntary muscles,
and they are innervated via motor end plates
{neuromuscular junctions) (see Vol. 3).

Striated Cardiac Muscle {C)

The muscle fibers of the heart contain a
large amount of sarcoplasm and form net-
works. Transverse striations are present,
but the sarcomeres are shorter and the [
band is narrower than in skeletal muscle,
In cardiac muscle fibers the nuclei lie cen-
trally. Sarcosomes are far more numerous
than in skeletal muscle. In addition, cardiac
muscle tissue contains highly refractile,
lransverse intercalated disks, which lie at
the position of a Z band. Further details are
piven in Volume 2.,

Muscular Tissue

B

I ongitudinal section (top row) and transverse section (bottom row) of smooth mpscle (A),
striated muscle (B), and cardiac muscle (C ), x 400 (from Leonhardt, H.: Human Histology,
( ytology, and Microanatomy, 8th ed. Thieme, Stuttgart, 1990)

11 Iiagram of myofibrils during relaxation (top)
and contraction {bottom)




20 General Apatomy

£
Q
=)
o}
[~
<«

General Features
of the Skeleton

Classification of Bones (A-F)

The bones form the bony skeleton and,
with the joints, they represent the passive
locomotor system, which is controlled by
the active locomotor apparatus, the
musculature, The different shapes of bones
are dependent on their function and their
position in the body. Macroscopically, two
differently constructed portions can be
distinguished. A rather dense compact or
cortical bone (1) is generally observed on
the surface, Within the short and flat bones
and in the epiphyses and metaphyses of
the long bones, there is a spongelike mesh-
work formed of individual bony trabeculae,
trabecular or spongy bone (2). Between the
meshes is the bone marrow or medulla. In
the flat bones of the skull, the compact
malterial is called the external (3) and inter-
nal (4) laminae and in between them is the
iliploé (5), corresponding to the spongy
hone,

Long Bones (A-C)

A lang, hone as, for instance, the humerus
(A, cansists ol a hody (6) and two ends (7).
I the center of the shaft (body) of a long
liome (11, C) as the bone marrow or medul-
iy cavity (8), which contains red or yel-
low Biome maciow, This cavity is the reason
lee e e "tubulae bones.” Tubular
Biowies paw mainly in one direction,

i1k B (D)

Fhad b comniat ol twa layers ol compact
P Betweea white b there may be found
ey el hones mclade the
capb e several bomes ol the skl for
Pt e e pacietal e (0 Basically,
St i Hak Boies poe e i fweo main
P e

b i Bines (1)

P shiont Bones, which fnelude, o e
stadiee, the sl Bones ol the wiist (o,

the capitate bone [E]), have a spongy core
surrounded by compact bone.

Irregular Bones

These include all those bones, such as
vertebrae, which do not belong to any of
the preceding groups.

Pneumatized Bones (F)

These bones contain air-filled cavities lined
by mucous membrane {9). They are found
in the skull (ethmoid, maxilla [F], etc.).

Sesamoid Bones

These mostly occur in the skeleton of the
hands and feet. They may also be found
in tendons, for example the patella, the
largest sesamoid bone in the body.

Periosteum

The periosteum covers all parts of the
bone that are not joint surfaces. It consists
of a fibrous layer and an osteogenetic layer
forming the cambium layer. It contains
many blood and lymph vessels and nerves.
The latter account for the pain felt after a
blow to a bone, Larger blood vessels in the
outer layer send numercus capillaries to
the inner, cell-rich layer, This is the site of
the osteoblasts, which build up bone. After
fractures, formation of new hone starts in
the periosteum,

Blood vessels and nerves reach the bone
through nutrient foramina. Some bones
have canals that also serve for the passage
of vessels, usually only veins, which are
known as emissary veins. They are found,
for example, in the vault of the skull.

Classification of Bones

B Longitudinal section
through a long bone

E Short bone

C Long bone, transverse sectionin
the proximal third (red line in B),
viewed toward the proximal end

F Pneumatized bone

21




22 General Anatomy: General Features of the Skeleton

=

E
8
©

=
=

Joints between Bones

The individual bones of the skeleton are
connected either continuousiy or discon-
tinuously. Continuous bony joints comprise
the large group of synarthroses, in which
two bones are joined directly by various
tissues.

Continuous Joints between Bones
(A=H)

Fibrous Joint {A-E}, Syndesmosis

In a syndesmosis two bones are joined by
collagencus or elastic connective tissue.
The union may be expansive or narrow.
The interosseous membrane (1) in the fore-
arm is a very taut syndesmosis consisting
of collagenous connective tissue. More
elastic syndesmoses are the ligamenta
flava between the vertebral arches.

The sutures of the skull are a particular
type of syndesmosis (B-E). These sutures
retain connective tissue, which has per-
sisted between the bones developing from
connective tissue. Only when the connec-
tive tissue has completely disappeared
does the growth of the skull cease and do
the sutures fuse. The sutures of the skull
are classified according to their shape: ser-
rate suture (B) with sawlike edges, as in the
sagittal suture; squamous suture (C, D)
wlhere one bone overlaps another, as be-
tween the parietal bone and the temporal
e and last, plane suture (E) as between
e masal hones,

Acrpecialized type ol fibrous joint is the
pennipliinds o peg and-socket joint found
b tcation ol the teeth in the alveoli of
L e Here thie tantie s joined to the jaw
B vnmmective tivse which permits a
e e of tiaplacement

Earkibaghine Jubt (F), Synchondrosis

PO seciil latge gionp ol continuons
Bty dodiks 1 foemed by e synehon
Ainen LA whileh gre Jaints ol hiyaline can
Fllage Bebween b Den Daning adoles
Poee, disae gre always Tound i the

epiphyseal disks. Hyaline cartilage material
is also present between the first, sixth, and
seventh ribs and the sternum. The car-
tilaginous material disappears from those
sites where it only permits growth.
Epiphyseal disks or cartilage are sub-
sequently completely replaced by bony
material.

Symphysis (G)

Symphyses are also cartilagincus joints in
which two bones are bound by fibrocar-
tilage and connective tissue, for example
between the two pubic bones (pubic sym-
physis G).

Bony Union (H), Synostosis

This is the firmest possible joint between
two bones, for example between the parts
of the hip bone, or between epiphyses and
diaphyses after growth has ceased.

Clinical tip: Synovial joints may sometimes be-
come synostotic, However, they are then not
called synostoses, but ankyloses (stiffened
joint). An ankylosis presupposes that the joint
was previcusly mavable, and the alteration is
usually the result of a disease process. Physio-
logic ankylosis is regarded as the fusien of the
articular processes of the sacral vertebrae.

Continuous Joints between Bones

A hiderosseous membrane

G Symphysis

N Tare 5 ey
KECES
e

I

opmas o
3
B

C Squamous suture

D Squamous suture
in cross section

(4
)

F Hip bone, medial view; cartilag-

£ Internasal suture inous interstices still present

H Hip bone, lateral view;
cartilaginous interstices closed
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Discontinuous Joints
between Bones (A-C)

These joints, diarthroses or synovial
joints, consist of articular surfaces (1), an
articular capsule (2), a joint cavity (3) be-
tween the articular surfaces, and, accord-
ing to need, some additional features
(strengthening ligaments, intercalated
disks, articular lips [labra], and bursae).

In a joint with two articular surfaces or
bodies, that articular body which is moved
is the movable segment; the one al com-
parative rest is the stationary or fixed seg-
nernt.

To assess the degree of mobility of a joint,
it is necessary to determine the angle of ex-
cursion (4), that is, the angle between its
initial and final positions. The angle of ex-
cursion of a joint may be reduced by
various factors. They include, in addition to
the tension of the articular capsule, addi-
tional ligaments that restrict movement
(ligamentous limitation, see p.26), bony
processes {bony limitation), and limiting
surrounding soft tissues (soft tissue limita-
tion). The midposition (5) is that position
between the initial and final positions in
which all parts of the joint capsule are
under equal tension.

Clinical tip: The range of movement of a joint
is now stated in terms of the neutral-0 position
based on the SFTR method of Russe and Ger-
hardt (C). The neutral-0 position of all joints is
that occurring in an upright posture with the
arms hanging at the sides and the palms facing
forward, There is a distinction between ana-
tomical and anthropological methods of
measurement, Movements are measured in
the Sagittal plane, Frontal plane, and Trans-
verse plane and during Rotation (SFTR). In the
snnhers given, it should be remembered that
i Hest Hygure always refers o extension, ret-
Poveron abidhiction, external rotation, supi-
kb o amevernent (o the leflt correspond-
P o e Danectlon ol e joint. The second
einber e denteal O position and the ticd
e Fal poaition (o opposition to that of the
Tat anyeinent

Articular Surfaces

A joint possesses at least two articular sur-
faces. They are usually covered by hyaline
cartilage (6) and occasionally by fibro-
cartilage or connective tissue interspersed
with fibrocartilage.

The cartilage is tightly interlocked with the
bone, and its surface is shiny and smooth.
The thickness of the cartilage layer varies
from 2 to 5mm, although the patella has
some very thick areas, up to 6 mm. The car-
tilage is nourished via the synovial fluid as
well as by diffusion from the capillaries in
the synovial membrane.

Joint Capsule

The joint capsule may be taut or loose and
is attached to the bone near the cartilage-
covered surfaces. It consists of two layers,
the inner synovial membrane (7) and an
outer fibrous membrane (8). The synovial
membrane contains elastic fibers, blood
vessels, and nerves. The amount of blood
supply is directly related to the degree of
activity so that very active joints are more
richly vascularized than less active ones.
The synovial membrane possesses inward-
facing processes containing fat, the plicae
synoviales (9), synovial folds, and synovial
villi, The fibrous membrane is of variable
thickness and contains a large quantity of
collagen fibers and very few elastic ones.
Irregularities in the thickness of the fibrous
membrane may result in weak spots
through which the synovial membrane
may protrude; these cyst-like protrusions
are called ganglia by the surgeon.

Discontinuous Joints between Bones
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A Seclion through knee joint

1 Avigle of excursion and middle position

Transverse plane and rotation

C Neutral-0 method and SFTR recording
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General Anatomy: General Features of the Skeleton

Discontinuous Joints
between Bones, continued

Joint Cavity (A, C)

A joint or articular cavity (1) is a cleftlike
capillary space that contains synovial fluid.
This is a clear, viscous, mucin-containing
fluid resembling albumin. The fluid acts as
a lubricant and aids nutrition of the articu-
lar cartilage. Its viscosity is determined by
its content of hyaluronic acid and is
temperature-dependent—the lower the
temperature, the higher the viscosity of the
synovial fluid, Since synovial fluid may also
be regarded as a dialysate of blood plasma,
its chemical and physical characteristics
may he of diagnostic value in a variety of
diseases.

Additional Features (A-D)

Ligaments (2). Ligaments are designated
by their function as reinforcing ligaments
(for the joint capsule), guiding ligaments
(in movements), or restrictive ligaments (to
constrain movements). According to their
position there are extracapsular, capsular,
and intracapsuiar ligaments.

Articular disks or menisci (3) consist of
collagenous connective tissue containing
fibrocartilage. A disk divides the joint cav-
ity completely; a meniscus, only partly.
They affect the direction of movement, en-
sure good contact between the moving
parts, and may, in certain circumstances,
produce two completely independent joint
spaces, as, for instance, in the mandibular
and sternoclavicular joints. Regeneration
of disks after injury or removal is possible.

Articular labra (4) consist of collagenous
conneclive tissue with scattered cartilage
cells and serve to enlarge the joint surface.

Bursae and synovial pouches may com-
weate with the t cavity (5). They
(hin-walled sacs lined

¢ (6), They create a

but also serve to en-

Maintenance of Contact

There are various forces that act on the two
articular surfaces and maintain contact be-
tween them. First, there are the muscles
that span the joint and ensure a certain
degree of contact between the articular
surfaces, Next, there may be accessory
capsular ligaments to increase the degree
of contact, In addition, there is a certain
degree of surface adhesion and, as another
important factor, atmospheric pressure.
Atmospheric pressure holds the articular
surfaces together with a force equal to the
product of the area of the smaller joint sur-
face and the air pressure.

Clinical tip: Joints are subject to age-related
changes; the avascular articular cartilage (7)
loses its elasticity with aging.

Surfaces covered by cartilage undergo age-re-
lated alterations (8) and may degenerate, Out-
growths from the cartilage margins may occur,
which are sometimes invaded by bone-form-
ing cells. In such instances the cartilage be-
comes ossified and restricts joint mobility.
Such processes may affect small joints such as
intervertebral joints, and they may occur in
young pecple if the joints in question are over-
stressed.

The “vacuum phenomenon,” first described by
Fick, refers to linear or crescent-shaped lucen-
cies that appear in radiographs of joints and
are caused by tissue gases entering the joint.

Discontinuous Joints between Bones

“ection through shoulder joint

B Menisci

D Knee joint, anterior view
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Classification of Joints (A-F)

Joints may be classified by various criteria.
One classification is related to the axes and
subdivides joints into monaxial, biaxial,
and multiaxial articulations. A second
classification divides the joints according
to their degrees of freedom, which indi-
cate the mobility of articular surfaces rela-
tive to each other. Joints are therefore
divided into those with one, two, or three
degrees of freedom. Another classification
makes use of the number of articular sur-
faces and so separates simple from com-
plex joints. A simple joint consists of only
two surfaces contained in one capsule. If
more than two surfaces are present in the
capsule, the joint is called a complex joint
(e.g., elbow joint, B).

Different types of joints may be combined. Joints
combined of necessity are found at different
points on two bones (e.g, proximal and distal
radioulnar joints). Forcibly combined joints are
activated by one or more muscles that span
several joints, for example hand and finger joints
by the flexors of the fingers (see p. 173).

Joints may also be classified according to
the shape of the articular surfaces:

A plane joint, a joint with two flat surfaces,
possesses two degrees of freedom, and
gliding movements are possible {e.g., the
small  vertebral joints, zygapophyseal
joints),

A hinge joint or ginglymus (A) consists of a
convex and a concave articular surface. The
concave articular surface often has a ledge-
shaped elevation that fits into a groove of
the convex one, ‘fense lateral ligaments (1)
help to fix the joint more firmly. Hinge
Jnints have one degree of freedom (e.g,, the
humeroulnar articulation, B)., Ginglymus
and trochoid articulations (helow) are col-
lectively known as eylindrical joints,

Trochoid foints include the pivot joints and
the rotary joints, Both have one axis and
one degree of freedom, and hoth have one
convex cyhndrical surface and a corre-
sponding concave joint surface. The joint

axis runs through the cylindrical surface, In
a pivot joint the convex (peglike) surface
rotates within the concave surface, which
is enlarged by ligaments (annular liga-
ment, 2; e.g., in the proximal radioulnar
joint, B). In a rotary joint the concave artic-
ular surface rotates around the convex sur-
face (e.g., the distal radioulnar joint).

Ellipsoidal or condylar joints have a convex
and a concave elliptical joint surface. They
have two degrees of freedom and are mul-
tiaxial, with two principal axes. When the
movements are comhbined, a circumduc-
tion is possible, for example the radiocar-
pal joint.

A saddle joint (C) consists of two saddle-
shaped articular surfaces each having a
convex and a concave curvature. It has two
degrees of freedom and two main axes, but
is in fact multiaxial. Circumduction is
possible (e.g., the carpometacarpal joint of
the thumb, D).

Ball-and-socket or spheroidal joints (E) are
multiaxial and consist of a globular bony
head within a cup or socket. They have
three degrees of freedom and three princi-
pal axes (e.g., shoulder joint, F). A special
type of ball-and-socket joint is the enar-
throsis in which the socket extends beyond
the equator of the head. The hip joint is
usually an enarthrosis in which the socket
(acetabulum) is enlarged solely by the ar-
ticular fabrum.

A special type of joint is the fixed joint or amphi-
arthrosis. This type has very limited mobility
since both the ligaments and the capsule are taut
and the articular surfaces are rough, as in the
sacroiliac joint.

Types of Discontinuous (Synovial) Joints

Elbow joint with humero-
ulnar joint, proximal
A Hinge joint { / radioulnar joint,
(diagram) 1k : and humeroradial joint

D
C Saddle joint Carpometacarpal joint
{diagram) of thumb

E Ball-and-socket

joint (diagram) F Shoulder joint
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