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SHELETAL SYSFENT
ANATOMY OF A BONE.

1. Color the various structures of this long bone (humerus). :

2. Redshould be used for both cancellous bene (e) and nutrient artery (h).
3. The epiphysis (a) and diaphysis (b) are represented by a diagram to the
far right, and'are colored there.

Bones are the supportive framework (skeleton) of the body. The hardest of
allliving tissues, bone is a connective tissue consisting of a meshwork of
fibers and cells (35% by weight) impregnated with calcium salts. Bones are
connected at joints.and make movement possible, provide sites of attach-
ment for skeletal muscle, are a source of calcium ions for the blood, and
form blood cells. Bones may be long (as shown here), short, flat or irregular’
inshape. Long bones are responsible for stature and reflect most dramati-
cally the phenomenon of growth.

EPIPHYSIS (BWD). BRIPHYSEBAL LINE,

The epiphysis is the end of @ long bone: it is largely cancellous and capped

with articular cartilage. It is separated from the diaphysis by a variably-sized
cartilage plate for about the first 20 years of lite. Most bones develop from
cartilage models. Bone development occurs in the epiphysis and the diaphysis,

and slowly advances toward the intervening cartilage from both ends. The
cartilage progressively thins to a line and ultimately disappears and diaphyseali/
epiphyseal bone centers meet (end of bone growth).

DIARPHTSIS (SKART,

The diaphysis is the shatt of a large bone. It consists of compact bone with
acentral cavity. It resists bending forces. The epiphyseal line separates it
from the epiphysis. Diaphyseal compact bone develops just before bone

replacement of cartilage occurs within the interior of the shaft. It ofters sup-
port to the developing bone during formation of the central (medullary) cavity.

ARTICULAR CARTILAGE.

The only remaining evidence of an adult bone’s cartilaginous past, articular
cartilage is smooth. slippery, and bloodless, kept moist by the egg-white-like
fud from the synowvial lining of the joint cavity. Bones of a synovial joint make
Physical contact at their cartilaginous ends. .

PERIOSTEUM. ’
Periosteum is a fibrous, cellular, vascular, and highly sensitive lite support

sheath for bone, providing nutrient biocod for bone cells and a source of

b.°f_1e~developing cells during growth and atter fracture. It does not cover
articular cartilage. )

CANCELLOVS (SPONEY) BONE.

a-3%

RED MARROW .

Tiny beams of bone forming a latticed truss capable of reorientation, can-

cellous bone resists the stresses of weight and postural changes as well

& muscilar development. Red marrow packs the spaces between beams

of Certain bony epiphyses and elsewhere, It consists of masses of devel-

mﬂg and mature red/white blood cells supported by an array of loose, fine
s,

~ ) .

c

ﬁ@)mmw BONES: |

s € dense bone of the diaphysis, compact bone consists of repeating pat-
;e'aﬂs of solid bone tissue organized into concentric layers. Nutrient-blood

Ches the bone cells by a system of integrated canals. Cancelious bon
10 porous to reflect such regular arrangement. '

NEPUYLLARY CAVITY, ;
TELLOW MEAREGW,

T
?: Medullary cavity of the diaphysis serves to lighten bone weight and
¥ide space for its marrow. After childhaod, blood cell production largely

Ce, . -
malses In the marrow of the shaft; such cells are replaced by fat, which is
"% in color,

TUTFRIENT ARTESY:
o<h long bone contains an oblique tunnel in its shaft for the passage of a

Mty -
fient artery, which enters the medullary cavity and branches through-

foin SUPplying the shatt. Arteries 1o the epiphyses generally arise from the
! capsyje, :
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PLATE 24

MUSCULAR SV@TT@UEB | R seealso?
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. CN 12
[ : 1. Color (b) and (c) the same color. Note that the
myofibrils (f), seen in full length as well as in cross
' ' * sections of the muscle belly receive the same color
’ ’ as the A band in the diagram below. The large arfow
below the myofibril points 1o the magnified view of
the myofibril showing its various bands and lines.
__ _2._Caolor the diagrams below, describing the con-
traction of the myofibrils. Note that the H band ()
talls in the center of the A band and is colored
separately. Note also that the Z line (j) falls in. the
center of the | band and is colored separately. .
-3.- Note that the-sarcomere (i) and its arrows (*) are
to be colored gray.

cell nucleus
(deep to endomysium)

) sarcolernma .
(deep 10 endomysnum)

TEEEN '
BRI, @U@@ﬂb(ﬁﬂ@@@&@ ?_7)
@@U@WQUWGLU@&@L, ¢
50@@53&%@5@&@ (3@E’B>€ ' : R .
{Rﬂ&f— ' . S
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@QG’B@@@»* A : ' o
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A skeletal muscle consists of bundies (fasc:cles)
.ol muscle cells (fibers) each wrapped in their con-
neclive tissue sheath (epimysium, perimysium,
endomysium, respectively). As the skeletal muscle
approaches its attachment site, the muscle fibers
end; and connective tissue continues on as the
_tendon. A muscle cell consists of several nucleiad-
ministering a mass of myofibrils in the cytoplasm
(sarcoplasm) within the boundaries of a'cell mem-
brane (sarcolemma). Myofibrils have been shown ) — Y
tobe a collection of myofilaments arrangedina - . T I ~—" S SN S
4 g a ] — C
patiern. The basic unit of this pattern is the y g NGNS m 717 qu) K S
sarcomere (*). Within the sarcomere, the dark and ) Y,
light areas are called bands (I, A; H), and theseare - . -] 77 /< 41\ I—— . |
crealed by the relative arrangements of the filaments - (;L_\_L_/‘-\.lLLZS &
actin (j) and myosin (k). When a skeletal muscie fiber ’ N
contracts, the actin filaments within a sarcomere ‘ )
slide toward each other, past the myosin filaments, ) ' '
breaking and remaking cross bridges. The myosin ‘ - @:\@@@,:Z?
. !

filaments do not move. Therefore, one would ex-

pect the A bands 1o have a constant length during ’ ﬂ D)
contraction, while the | and H bands would shorten, ' o T e R ——
In this way, the Z lines are brought closer together, . ) . & Jal) \ i .
and the overall muscle cell length shortens by . J < T
about one-third of its resting length. : _ T - ’

] | < (_LLZ_AL/‘_\_\X_M_L\) &




MUSCULAR &

CN 14
1. Color the five parts of a typical skeletal muscle.

2. Color the six types of muscle pattern, using a lighter
shade for the tendons.

3. Color the elements of the three lever systems.

The form of the body is largely due to skeletal muscle—the voluntary
contractile tissue that moves our skeleton about. Skeletal muscle
demands large amounts of oxygen and nutrients 1o sustain itself,
and will spasm in their absence. The skeletal muscle you are coloring
is a collection of many microscopic muscle cells (fibers) each en-
sheathed in a delicate fibrous envelops. As a'skeletal musgle ap-
proaches its attachment site, the mass of contractile elements-
(belly) ends. rather abruptly, while the connective tissue fibers
i : continue on as the tendon of attachment, oflering astounding re-

/ sistance to pulling tension.-Flat tendons are called aponeuroses.
The collagen fibers of the tendon integrate with those of the perk-
osteumn and the bone itself to form a unit construction—a blend
resistant to all but the most traumatic forces.

The contractile force of a muscle is partly attributable to the-architecture of its
fibers. Vaniations in range and power relate to the configuration.of muscle and

FUSIOR0:

tendon fibers Short range but great power and resistance to tension are charac--
IPEN teristics of multipennate muscle where many short muscle fibers attach toshoots |
?@h of tendon within a small space. In fusiform types, the longer the muscle fibers,

MMG@@E@' - the greatgr the range ot move@t.
BICIPITAL. - ]
TRIANEULAR:
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MEEHANICS OF @@W@@@@?k SKelell sl oy e e e o s o v

come resistance depends upon the force of resistance (weight), and the relative

33@ Gg { E'ﬁ : distances from fulcrum to point of resistance (L-n) and from fulcrum to point of
R@@[%?E}Eé@,é@ %Q%&é%)ém?) muscular-efiort (L-m). The position of the fuicrum (L) relative to points (m) and (n)
n n .

determines the class of the lever system in use.

157 CLACS LEVER-

The fulcrum (joint) always lies between the efiort
{muscie) and the resistance (weight). This is the
most efficient class of lever. Withaconstant weight, -
the longer the distance L—m, relative to the dis-
lance L—n, the less muscle eflort required.

20D CLASS LEVER-

- The resistance always lies between the fulcrum
Yaint) and the eftort (muscle), such as when push-
Ingritting a wheelbarrow. In this case, the longer

—mdistance relative 10 the shorter L—n distance
Pravides a good mechanical advantage for the
Muscle-lifting the body weight onto the heads of

€ Metatarsals. :

3D CLASS LEVER:

Muscular efiort is placed between the weight

2Md the joint, providing the least efiicient mechani-

—'advantage. Tocompare 3rdand2ndclasslevers:
Ing a 50-1b box with yeur arms takes significantly
"® muscular effort than litting your 150-1b bogy
Standing on the heads of your metatarsals.




1. Color all lettered structures on the plate.
2. Use a dark color for the synovial cavity (f).

"nnes are connected at joints (articulations). Joint movements are deter-
1ed by joint structure. Joint structure is classified as fibrous, cartilagi-
110US, Of Synovial.

EIBROVS JOIRNT:

Tne bones are attached by fibrous connective tissue providing little or no
movement. Examples: sutures between flat bones of the skull (immovable);
interosseous ligaments between bones of the leg and between bones of the
forearm (partly movable).

CARTILAGINOUS JOIWT.

The bones are connected by cartilage connective tissue reinforced by
fibrous tissue. permitting little or no movement. Example: fibrocartilage
discs between vertebral bodies (partly movable); cartilage between epi-
physis and diaphysis of developing bone (immovable).

SYWOVIAL SOIWT (TYPICAL) |
AR TICUMLATIVG c . gz;irvenebral

@@?G@@@@@ CHRUILABEL vertebra

STWAVIRL MEMBRENE:
SYWRVIRL CAVITY (FUYIR)+re
JOINT CRAPSYLE (LISRRIENT)s

The bones, capped with cartilage, articulate within a cavity lined by a
membrane secreting a viscous fluid that absorbs the heat of friction during
movement. The synovial joint is surrounded by a fibrous capsule interlaced
with ligaments and tendons.

TYPES o SYWOVIAL JEINITS .

BELL &
SOCKETh

Loy

The ball-like head of one bone fits into the socket-
ke head of another, permitting all movements.
Examples: shoulder and hip joints.

LIRGE:

TheC-shapedsurface of one bone swings about

" the rounded surface of another Movement s
limited to flexion/extension. Examples elbow,
ankle, interphalangeal joints.

e

BLLIPSEID. { ~ PIveT
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T’“S is a reduced ball and socket configuration

ﬁwmch rotation is not permitted. Example:

2diocamg| (wrist) joint.

A ring of bone rotates about a process o' bone
Movement is limited to rotation Exampre sxull
on its atlas (1st cervical vertebra) rolates about

the odontoidprocess of the 2nd cervicai verteora.

suture

The concave surfaces of two bones articulate
with one another. All movements are possible,
but rotation is limited. Example: carpometa-
carpal joint of thumb.

GLIDIVG-
gy

o

Two opposed flat surfaces of bone gliqe across
one another. Movement is limited to gliding.
Examples: intercarpal joints.

.




