® Protection
® Assistance In Movement
® Mineral Homeostasis

® Blood cell production
Hemopoiesis in red bone marrow

® Triglyceride storage
Energy storage in yellow bone marrow



Long Bone Anatomy

Diaphysis = shaft

Epiphysis = one end of a long bone
Metaphysis = growth plate region

Articular cartilage =over joint
surfaces acts as friction & shock

absorber

Medullary cavity = marrow cavity
Endosteum = lining of marrow cavity

Periosteum = tough membrane
covering bone but not the cartilage

--fibrous layer = dense irregular CT

--osteogenic layer = bone cells &
blood vessels that nourish or help

with repairs

Proximal
epiphysis

Metaphysis

Diaphysis

Metaphysis

Distal
epiphysis

pansil) >~ Red bone marrow
- ALY e

! rd\ Epiphyseal line

\ Endosteum
i L

Compact bone

R
_!\ “— Periosteum

Medullary cavity

Nutrient artery in
nutrient foramen

(a) Partially sectioned humerus (arm bone)

Articular cartilage



Histology of Bone Tissue

® Extracellular matrix surrounding widely separated
cells (ECM: 25% water+25% collagen fibers+50%
crystallized mineral salts)

® The most abundant mineral salt i1s calcium
phosphate

® A process called calcification (mineralization) is
Initiated by bone-building cells called osteoblasts

® Mineral salts are deposited and crystalize in the
framework formed by the collagen fibers of the
extracellular matrix

® Bone’s flexibility depends on collagen fibers
® Bone’s hardness depends on mineral salts 3




Histology of Bone Tissue

Four types of cells in bone tissue

® Osteogenic cells

--Undergo cell division; the resulting cells develop into
osteoblasts

® Osteoblasts

--Bone-building cells
--Synthesize extracellular matrix of bone tissue

® Osteocytes
--Mature bone cells
--Exchange nutrients and wastes with the blood

® Osteoclasts

--Release enzymes that digest the mineral components of
bone matrix (bone resorption)

--Regulate blood calcium level




Types of Cells In Bone Tissue

Ruffled
border

Osteogenic cell Osteoblast Osteocyte Osteoclast
(develops into an (forms bone (maintains (functions in resorption, the
osteoblast) matrix) bone tissue) breakdown of bone matrix)

® Osteogenic cells ---- undifferentiated cells
--can divide to replace themselves & can become osteoblasts
--found in inner layer of periosteum and endosteum

® Osteoblasts --- form matrix & collagen fibers but can’t divide

@® Osteocytes --- mature cells that no longer secrete matrix

® Osteoclasts --- huge cells from fused monocytes (WBC)
--function In bone resorption at surfaces such as endosteum s



Compact & Spongy Bone

® Compact Bone

--Resists the stresses produced
by weight and movement &
--Components of compact bone = *
are arranged into repeating &
structural units called osteons |, &
or Haversian systems /

--Osteons consist of a central
(Haversian) canal with
concentrically arranged
lamellae, lacunae, osteocytes,
and canaliculi 6

Canaliculi

Central
% (haversian)
. canal

Lacuna

Concentric
lamellae




Compact —_

.
cponi — o Haversian System
Spongy cavity
bone
Periosteum l'g:ﬁ':;ﬁgéﬂl
Circumferantial Concentric lamellae
lamellae
See Figure 6.3b Blood vessels

below for details

Osteocyte
Lymphatic vessel =

Lacuna

Medullary cavity

Trabeculae Y "

Circurnferential

Periosteal vein
lamellae

Periosteal artery

Periosteum:
Cter fibrous layer
Inner osteocgenic layer

L‘*T\\I iy =y = - - ;o ] Central canal

Spongy bone Perforating canal

Lymphatic

Compact bone
vessel

» Canaliculi connect lacunae, forming a system of interconnected canals
--Providing routes for nutrients and oxygen to reach the osteocytes



Compact Bone
® Osteon

--Central canals run
longitudinally through bone
--Around the central canalsare , %4

concentric lamellae (rings of
calcified matrix)

--Between the lamellae are

Canaliculi

Central
(haversian)
canal

small spaces called lacunae Lacuna
which contain osteocytes Concentric
lamellae

--Radiating in all directions
from the lacunae are tiny
canaliculi filled with
extracellular fluid 8




Spongy Bone

Space for red
bone marrow Osteoclast

el T / - J
T | by~ W ()
R Osteoblasts aligned [ :
[ along trabeculae of },’-&r “ o
new bone Ly =%
No true Osteons

{b) Enlarged aspect of spongy bone trabeculae (c) Details of a section of a trabecula

» Latticework of thin plates of bone called trabeculae
oriented along lines of stress (helps bones resist stresses)

» Spaces In between these struts are filled with red marrow
where blood cells develop

» Found in ends of long bones and inside flat bones such as
the hipbones, sternum, sides of skull, and ribs.



® Spongy Bone

--Lamellae are arranged in a lattice of thin columns
called trabeculae
» Spaces between the trabeculae make bones lighter

» Trabeculae of spongy bone support and protect the red
bone marrow

»Hemopolesis occurs In spongy bone

--Within each trabecula are lacunae that contain
osteocytes

--Osteocytes are nourished from the blood circulating
through the trabeculae

--Interior bone tissue Is made up primarily of spongy
bone

10



Blood and Nerve Supply of Bone

® Bone is richly supplied
with blood

--Periosteal arteries
accompanied by nerves
supply the periosteum
and compact bone

--Epiphyseal veins carry
blood away from long
bones

® Nerves accompany the

blood vessels that
supply bones
--The periosteum is rich In

Sensory nerves sensitive
to tearing or tension

Epiphysis -

Metaphysis -

Diaphysis -

A
R o . T i | II
|;' P, R —— Articular cartilage
| _&;_Q T et ,'__ 4 Epiphyseal vein
oM PPN e, —— W Ay
Y- - nm\ Y ey i ’
] _9 t"u _,,.‘ R o Epiphyseal artery
Yt/ ?"h‘::;l'.l AT M v rli' '.'t \{_ TN Y . .
NV A ~—X—— Epiphyseal line
— ™~ % b A _//fw
. 7 °
/ / Metaphyseal vein

NE——— Metaphyseal artery

Periosteum
Periosteal artery

Periosteal vein

Medullary cavity

Compact bone

Nutrient foramen
Nutrient vein

Nutrient artery




Bone Formation

® The process by which bone forms is called
ossification
® Bone formation occurs 1n four situations:

1) Formation of bone in an embryo

--Cartilage formation and ossification occurs during
the sixth week of embryonic development

2) Growth of bones until adulthood
3) Remodeling of bone

--Old bone is continually destroyed and new bone is
formed In its place throughout an individual’s life

4) Repalir of fractures

12



Bone Growth until

Adulthood

Growth in Length

® The growth In length of long bones involves two
major events:

1) Growth of cartilage on the epiphyseal plate
2) Replacement of cartilage by bone tissue in the
epiphyseal plate
® Between ages 18-25, epiphyseal plates close

--cartilage cells stop dividing and bone replaces
the cartilage (epiphyseal line)
Growth in Thickness
--Bones grow in thickness at the outer surface

uuuuuuu
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Periosteal ridges

Growth In Thickness

[ g Periosteum

Endosteum
Periosteal

blood vessel

Perforating
canal

e e - vl ] | ' f. i 4 L i A,
S A % T
gt " i e e AW
‘ ' // Groove e A
. 0 i_ e —— 3 o
1 = ; P sty 2,

e ! =

Foramen

Tunnel

»Only by appositional growth at the bone’s surface

» Periosteal cells differentiate into osteoblasts and form bony
ridges and then a tunnel around periosteal blood vessel

» Concentric lamellae fill in the tunnel to form an osteon

Centre - "’ : «A‘”" — Circumferential
1 -

lamellae

Periosteum

Endosteum

— MNew osteon




Factors Affecting Bone Growth
and Bone Remodeling

Normal bone metabolism depends on several factors

® Minerals

-- Large amounts of calcium and phosphorus and smaller
amounts of magnesium, fluoride, and manganese are
required for bone growth and remodeling

® Vitamins
-- Vitamin A stimulates activity of osteoblasts
-- Vitamin C is needed for synthesis of collagen

-- Vitamin D helps build bone by increasing the
absorption of calcium from foods in the gastrointestinal
tract into the blood

-- Vitamins K and B12 are also needed for synthesis of
bone proteins

15



® Hormones

-- During childhood, the hormones most important to bone
growth are growth factors (IGFs), produced by the liver

» |GFs stimulate osteoblasts, promote cell division at the
epiphyseal plate, and enhance protein synthesis

-- Thyroid hormones also promote bone growth by
stimulating osteoblasts

-- Insulin promotes bone growth by increasing the synthesis
of bone proteins

-- Estrogen and testosterone cause a dramatic effect on
bone growth

» Cause of the sudden “growth spurt” that occurs during
the teenage year

»Promote changes In females, such as widening of the
pelvis
» Shut down growth at epiphyseal plates

-- Parathyroid hormone, calcitriol, and calcitonin are

other hormones that can affect bone remodeling 6



Factors Affecting Bone Growth
and Bone Remodeling

Summary of Factors That Influence Bone Metabolism

FACTOR COMMENT
MINERALS
Calcium and phosphorus Make bone extracellular matrix hard.
Magnesium Helps form bone extracellular matrix.
Fluoride Helps strengthen bone extracellular matrix.
Manganese Activates enzymes involved in synthesis of bone extracellular matrix.
VITAMINS
Vitamin A Needed for the activity of osteoblasts during remodeling of bone; deficiency stunts bone growth; toxic in high doses.
Vitamin C Needed for synthesis of collagen, the main bone protein; deficiency leads to decreased collagen production, which

slows down bone growth and delays repair of broken bones.

Vitamin D Active form (calcitriol) is produced by the kidneys; helps build bone by increasing absorption of calcium from gas-
trointestinal tract into blood; deficiency causes faulty calcification and slows down bone growth; may reduce the risk
of osteoporosis but is toxic if taken in high doses.

Vitamins Kand B, Needed for synthesis of bone proteins; deficiency leads to abnormal protein production in bone extracellular matrix
and decreased bone density.

17




HORMONES
Human growth hormone (hGH)

Insulinlike growth factors (IGFs)
Thyroid hormones
(thyroxine and triiodothyronine)

Insulin

Sex hormones
(estrogens and testosterone)

Parathyroid hormone (PTH)

Calcitonin (CT)

EXERCISE

AGING

Secreted by the anterior lobe of the pituitary gland; promotes general growth of all body tissues, including bone,
mainly by stimulating production of insulinlike growth factors.

Secreted by the liver, bones, and other tissues upon stimulation by human growth hormone; promotes normal bone
growth by stimulating osteoblasts and by increasing the synthesis of proteins needed to build new bone.

Secreted by thyroid gland; promote normal bone growth by stimulating osteoblasts.

Secreted by the pancreas; promotes normal bone growth by increasing the synthesis of bone proteins.

Secreted by the ovaries in women (estrogens) and by the testes in men (testosterone); stimulate osteoblasts and
promote the sudden “growth spurt” that occurs during the teenage years; shut down growth at the epiphyseal plates
around age 18-21, causing lengthwise growth of bone to end; contribute to bone remodeling during adulthood by
slowing bone resorption by osteoclasts and promoting bone deposition by osteoblasts.

Secreted by the parathyroid glands; promotes bone resorption by osteoclasts; enhances recovery of calcium ions from
urine; promotes formation of the active form of vitamin D (calcitriol).

Secreted by the thyroid gland; inhibits bone resorption by osteoclasts.

Weight-bearing activities stimulate osteoblasts and, consequently, help build thicker, stronger bones and retard loss of
bone mass that occurs as people age.

As the level of sex hormones diminishes during middle age to older adultood, especially in women after menopause,
bone resorption by osteoclasts outpaces bone deposition by osteoblasts, which leads to a decrease in bone mass and
an increased risk of osteoporosis.

18




Calcium Homeostasis

® Bone is a reservoir of Calcium & Phosphate

® L evels of calcium in the blood are maintained by
controlling the rates of calcium resorption from
bone Into blood and of calcium deposition from
blood into bone

® Calcium ions involved with many body functions
(nerve & muscle cell function, blood clotting,
enzyme function etc.)

® Small changes in blood levels of Ca*? can be
deadly (plasma level maintained 9-11mg/100mL)

--cardiac arrest If too high
--respiratory arrest if too low 19




Calcium Homeostasis

® Parathyroid hormone (PTH) is
secreted if Ca*2 levels falls

--PTH gene is turned on & more PTH
IS secreted from gland

--osteoclast activity increased, kidney
retains Ca*? and produces calcitriol

® Calcitonin hormone Is secreted from
parafollicular cells in thyroid if Ca*?
blood levels get too high

--Iinhibits osteoclast activity

--Increases bone formation by
osteoblasts

Some stimulus
disrupts homeostasis by

. Decreasing

Blood calcium (Ca®) level

Input l Increased production
U7 of eyclic AMP
o

F
/ PTH gene “tured on” \\

. .'
I\\.\\ ‘ .JI_."
4
oy % é > :

_—

Return to homeostasis

Uutpulj “ Increased when response brings
< release of PTH | blood Ca* level back
™
Osteoclasts  Kidneys re-
increase tain Ca®*
bone in blood,
resorption excrete
phosphate
in urine, and
produce
calcitriol

Incgeas in blood
Ca“’ level



Clinical Application:
Rickets & Osteomalacia

®Rickets (vitamin D deficiency) in children

--calcium salts are not deposited properly

--bones of growing children are soft

--bowed legs, skull, rib cage, and pelvic deformities result
® Osteomalacia (soft bones) in adults

--new adult bone produced during remodeling fails to ossify
--hip fractures are common piseased hip joint

7

Normal anatomy Rickets
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Anatomical Features of Bones
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Types of Bones

® 5 basic types of bones:
--L.ong = compact
--Short = spongy except surface
--Flat = plates of compact
enclosing spongy
--Irregular = variable

--Sesamoid = develop In
tendons or ligaments (patella)

® Sutural bones = In joint
between skull bones

Long bone
(humerus)

Short bone 15
(trapezoid, wrist bone) - T

W)

Sesamoud bone (patella)

\
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Axial Skeleton (80)
A. Skull (28) [ \'l_
-- Cranium (8) _
- Facial bone (14) |,

-- Ear bone (6) \1
B. Spine (26)
-- Vertebrae (26)
C. Thoracic Cage (25)
-- Ribs (24)
-- Sternum (1)
D. Hyoid Bone (1) 24




Appendicular Skeleton (126)

A. Upper Limb (64)
-- Pectoral girdle

\ -- Upper arm

¥ B. Lower Limb (62)

-- Pelvic girdle

-- Lower leg

25



Pectoral (Shoulder) Girdle

Pectoral girdle: ).
Clavicle 5=
=T
Scapula
AT Sternoclavicular
‘ joint '
Acromloclawcular% |~/ ,Sternum | CLAVICLE

joint

Glenohumeral
joint

SCAPULA

Rib

Humerus

Humerus

(a) Anterior view (b) Posterior view
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Pelvic (Hip) Girdle

Hium

Pubis
Ischium
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EAE (maxilla)
2% (mandible)

88 (clavicle)
B8 & (scapula)

AD& (ribs)

BEE (ilium)

e

(coxal bone)

HU)VE (pubis)
AL (ischium)

i&& (femur)

fEE (patella)

FE& (tibia)

BF& (fibula)

B8 (cranium)

ERE®
(facial bones)

BLE (humerus)

i & (sternum)

#H+E (vetebra column)
%8 (radius)

RE& (ulna)
& (sacrum)

5% (phalanges)

— B8 (metacarpals)
— PSS (carpals)

— B8 (tarsals)
— PEE (metatarsals)
— B8 (phalanges)

} GHEA (skull)
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Skull: Cranium (8)

Parietal bones & # (2)1.

‘% L 5.Frontal bone%g # (1)

t. -

Temporal bonesg # (2 o gphenmd boned-# (1)
2. -

»— 7.

Ethmoid bone & # (1)
8.

Occipital bone#: g’ (1)
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EEE (EEE) -
(Cranial bones) |

EB&

(Parietal bone)

HEREE
(Sutural bone)
LVH=

(Occipital bone)

B
(Temporal bone)

EEEE
(Facial bones)

38
(Crista galli)

- &
> (Superior nasal concha)
BE

(Orbital plate)

R
(Middle nasal concha)

et b
rorpeB B BiF

[ZiiE=]
(Ethmoidal labyrinth)

BE

(Zygomatic bone)

2B

(Frontal bone)

(Ethmoid bone)

(Vomer)

TaEE
(Mandible)

(Sphenoid bone)

5
(Nasal bone)

R
(Lacrimal bone)

FaEE
(Maxilla)



Skull: Facial bone (14)

tmL

6.
_ Lacrimal bones;x ¥ (2)
- 7. Nasal bones § ¥ (2)

8. Zygomatic bonesgz ¥ (2)

© —— 9Maxillae ¢ ¥ (2)

10. Mandible™ 4 # (1)
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Lacrimal bones
% ¥ (2) J

Zygomatic bones

BT (2)

Inferior nasal conchae

TH7Q)

asal bones# ¥ (2)

Maxillae + 4 % (2)

oMandible™ ¢ ¥ (1)

Anterior view 32



e

(Frontal bone)

I=k=

(Parietal bone)

JE[@E (Glabella)

BE_=tDE (Supraorbital notch)
BBE (Temporal bone)
%= (Sphenoid bone)

Ef'E (Ethmoid bone)

(Superciliary arch)

BE 43 (Supraorbital margin)
BE_=3|, (Supraorbital foramen)

BE_=32 (Superior orbital fissure)

iRB (Lacrimal bone)
BE T2 (Inferior orbital fissure)

EREHVEEN }

£ (Nasal bone)

(Perpendicular plate of
ethmoid bone)

F45 (Vomer)

TEH (Inferior nasal concha)

BE T30

(Infraorbital foramen) 2fEIR

(Nasal septum)

#88 (Zygomatic bone)

—"‘—5 . .
8ES (Maxilla) BIIEHR (Anterior nasal spine)

T&E® (Mandible)
%83, (Mental foramen)

%8%8FZ (Mental protuberance)




6. Palatine bonessg # (2)
Vomer#] ¥ (1) 3.

l_’ j 7. Foramen magnum
r i SN
8.
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PEs3L

(Incisive foramen)

(Hard palate) EE
(Palatine bone)

FE {J:%E“%‘* (Maxilla)
EEEHVEEZE

(Temporal process
of zygomatic bone) - BBE =S

EEEHYEEZE (Zygomatic arch)
/ (Zygomatic process

FE3L (Palatine foramina)
£3|, (Choana)

£JE (Vomer)

%5 (Sphenoid bone)
BNESL (Foramen ovale)
#R3|, (Foramen spinosum) ;
IZ¢30 (Foramen lacerum) ___E"' -

of temporal bone) -
{81224 (Lateral pterygoid plate)
CREAR (Medial pterygoid plate) | (prerygoid
= Z¥ (Styloid process) processes)
——— S8& (Mandibular fossa)

*E'E'%E_ﬁﬁ (Basilar part of occipital bone)
‘B (Temporal bone)
?L%’\E (Mastoid process)

) J
=331 (Stylomastoid foramen) ﬁ?
SEEPARSL (Jugular foramen) /

(/,#

15 8E (Occipital condyle)
F T H1EE (Hypoglossal canal)
¥LB A3l (Foramen magnum)

B (

Carotid canal)

$1,2€31, (Mastoid foramen)

“RIE#R (Inferior nuchal line) LN UE (External occipital crest)

ANZF#& (Lambdoid suture)

FIE#E (Superior nuchal line)
¥LANBE Y (External occipital protuberance)



ZEEE (Frontal sinus)

JEIE (Frontal crest)

I me (Frontal bone)

73 (Crista galli) ik=§ )
EfitR (Cribriform plate) | (Ethmoid bone)

R{PFEE (Optic canal)

5/ 8 (Lesser wing of sphenoid)
BIFRZE (Anterior clinoid process)
B3l (Foramen rotundum)

%5 (Sphenoid bone)

IS A2 (Greater wing of sphenoid)

MEEZ (Sella turcica)

ONE3L (Foramen ovale)
k3L (Foramen spinosum)

BE® (Temporal bone) I

=3l (Foramen lacerum)

A

&R ZE (Posterior clinoid process)
L ER ==l

(Petrous part of temporal bone)

ME3E (Internal acoustic meatus)
E8EFAR3L (Jugular foramen)
E THP#EE (Hypoglossal canal)

CAREE & (Groove for sigmoid sinus)
B EIESD (Basilar part of occipital bone)

#LE A3l (Foramen magnum) —

]85 (Parietal bone)
¥LE (Occipital bone) &8 & (Groove for transverse sinus)

FLAIE (Internal occipital crest)
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(Internal occipital protuberance)
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Sagittal suture

PARIETAL BONES

Sutural bones

OCCIPITAL BONE

Lambdoid suture

Superior nuchal line

External occipital
protuberance

TEMPORAL BONE Inferior nuchal line

Mastoid process Foramen magnum

Styloid process

Occipital condyle Inferior nasal concha

Hard palate:

Horizontal plate
of palatine bone

VOMER Palatine process

of maxilla
MANDIBLE

Posteroinferior view

» Lamboid suture unites parietal and occipital

» Sagittal suture unites 2 parietal bones 10



Zygomatic arch

Coronal suture

PARIETAL BONE

FRONTAL BONE

SPHENOID BONE

ZYGOMATIC BONE

Temporal squama ETHMOID BONE

LACRIMAL BONE
Lacrimal fossa

Squamous suture

TEMPORAL BONE

Zygomatic process = }L—— NASAL BONE

Lambdoid suture

Temporal process

Mastoid portion
OCCIPITAL BONE

Mandibular fossa

External occipital
protuberance

External auditory
meatus

Mastoid process

MANDIBLE
Styloid process
Occipital condyle

Right lateral view

» Coronal suture unites frontal and both parietal bones
» Squamous suture unites parietal and temporal bones



Fontanels (F T—L N )

® Fontanels are dense connective tissue membrane-
filled spaces between the cranial bones of fetuses
and infants. They remain unossified at birth but
close early in a child’s life

--The major fontanels (6) are the anterior,
posterior, anterolaterals, and posterolaterals

® Fontanels have two major functions.

--They enable the fetal skull to modify its size
and shape as It passes through the birth canal

--They permit rapid growth of the brain during
Infancy



POSTERIOR Parietal bone
FONTANEL

ANTERIOR
FONTANEL

‘ Future coronal
v ‘7 suture
\ - Frontal bone

ANTEROLATERAL
FONTANEL

Sphenoid bone

Temporal bone
Future
lambdoid
suture Future squamous
suture
Occipital POSTEROLATERAL
bone FONTANEL

Right lateral view



Fontanels (F T—L N )

Fontanel Location Description

Anterior Between the two parietal bones and the frontal bone. Roughly diamond-shaped, the largest of the fontanels; usually closes
18—-24 months after birth.

Posterior Between the two parietal bones and the occipital bone. Diamond-shaped, considerably smaller than the anterior

fontanel; generally closes about 2 months after birth.

- Anterior

Posterior
Anterolateral One on each side of the skull between the frontal, Small and irregular in shape; normally close about 3 months
parietal, temporal, and sphenoid bones. after birth.
Posterolateral One on each side of the skull between the parietal, Irregularly shaped; begin to close 1 or 2 months after birth, but
occipital, and temporal bones. closure is generally not complete until 12 months.

Anterolateral

Posterolateral
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Frontal sinus

Ethmoidal

cells of

N ethmoidal
- sinus

Sphenoidal
sinus

Maxillary
sinus

(a) Anterior view (b) Right lateral view

® Paranasal Sinuses
» Cavities within cranial and facial bones near the nasal
cavity
» Secretions produced by the mucous membranes which
line the sinuses, drain into the nasal cavity
» Serve as resonating chambers that intensify and prolong

sounds
45



Hyoid Bone

® U-shaped single bone

® Articulates with no |
other bone of the L9
body B onl

® Suspended by o -
ligament and muscle (| | ”
from skull NSFSY ¢

® Supports the tongue
& provides
attachment for
tongue, neck and N
pharyngeal muscles \ D, .

(c) Right lateral view



Spine (26)

i

gz 1& (Cervical vertebrae)

HAEC » Bt 3 THE f > BFTIS
- FHRAFACL > # i L7 BT

= e Lpie(C2) - % - FHL R
mc:l)ﬂ L FHOM > AT %
%K%éj

3548 (Thoracic vertebrae)

AT > f1% % B4ttt o
T4k £ 994 % v B

%E4& (Lumbar vertebrae)

AL > RN > L3 A B % = A

& 12 (Sacral vertebrae)

& & (Coccygeal vertebrae)




— Cervical
vertebrae (7)

—— Thoracic
vertebrae (12)

—— Lumbar

Intervertebral vertebrae (5}

disc

Sacrum (1)

Coceyx (1)

{a) Anterior view showing regions
of the vertebral column

Single curve in fetus Four curves in adult

(c) Fetal and adult curves

Mormal intervertebral disc

POSTERIOR ANTERIOR

Cervical curve (formed by 7
cervical vertebrae)

Thoracic curve (formed by 12

thoracic vertebrae)
Intervertebral
dise
Lumbar curve (formed by 5
lumbar vertebrae)

Intervertebral
foramen

Sacrum

Sacral curve (formed by
5 fused sacral vertebrae)

Coceyx

{b) Right lateral view showing
four normal curves

Intervertebral foramen

Verlebral body &
e

Annulus |
fibrosus

Compressed intervertebral disc 48
in a weight-bearing situation

{d) Intervertebral disc
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Thoracic Cage (25)
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Thoracic Cage (25)
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Upper Limb (64)
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Upper Limb

(64)
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HUMERUS

Anterior view
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l_ower Limb (62
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L_ower Limb
(62)

R
%
¥
Bi-ﬁ»
Bt
¥
i ¥
%,

e

LSS Hip bone
D oA Sacrum
v\ e
]
YA\
1
\ (
\ T FEMUR

PATELLA

TIBIA

FIBULA

- TARSALS

Anterior view ¥ ¢

- METATARSALS
- PHALANGES
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Sex Differences of Pelvises

False (greater) False
pelvis (greater)
. pelvis
Pelvic brim = Pelvic brim
(in'et} (inlet)
' . AcetabUIum Acetabu'um
\_/\';ﬁx T Obturator Obturator
" N 4 foramen foramen
Pubic arch (greater than 90°) Pubic arch (less than 90°)
Anterior views
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Joint= articulation = arthrosis

® Joints hold bones together but permit movement

® Point of contact--Between 2 bones; Between cartilage and bone;
Between teeth and bones

® Arthrology = study of joints
® Kinesiology = study of motion

Most mobile Immobile
_ A
i) VN - e S P
| ot o *-'P]';' i
Glenohumeral joint Hip joint Elbow joint Intervertebral joints Suture

(shoulder)
More mobile = Less stable
Stability

Very unstable Most stable




Classification of Joints

® Structural classification is based on the
presence or absence of a synovial (joint)
cavity and type of connecting tissue

--Structurally, joints are classified as
fibrous, cartilaginous, or synovial

® Functional classification based upon

movement:

--Immovable = synarthrosis

--Slightly movable = amphiarthrosis

--Freely movable = diarthrosis 55




Fibrous Joints

ik
_\‘\.‘ 3 — — ) ﬁg%
fo (Suture)
I“” \ ."/
(A
i T.'I
7 ZFR
= (Root of
o= tooth)
- TrE | .
e m[‘ | f.& ‘l: Jg
v it [ o SRR L sTurmmEn
=, (Periodontal
A— RS (Gompho-
¥ m\ TERN membranes) i P
| B TEEEE
- . f\_l; : ;‘:rr o, y— E%
» “fﬂ‘ il Py oy B
X)) SIS : (Alveolar
\ AR A A process of _|
J - F mandible)
(b) 525 (Suture)

(a) £EJAKRFAERN (Gomphosis)

—— 1528 (Radius)

— RIS
(BRER)
[Syndesmosis
(interosseous
membrane)]

(c) B)7FEES (Syndesmosis)
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Cartilaginous Joint

Btk
(Epiphyseal plate)
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THE—RD
Mg E”—aY
RN

(a) MEWS (SEHNE)

[Synchondroses (contain hyaline cartilage)]

MERIBE

(Intervertebral disc)

m"

o

MERS .
(Body of vertebra)

D

r.‘,/

VB RS
(Pubic symphysis)

(b) Bt (SHH#ENE) [Symphyses (contain fibrocartilage)]

Synovial Joint

|'
"e.a.
. !;‘ f .,"‘,
o) e

HRYEERIEN (Typical synovial joint)

=

(Periosteum)

=HEHE
(Yellow bone marrow)

f‘g%&%
ibrous —.

- BAENEE
[23[)* (Articular
ERAR capsule)

(Synovial
membrane) —
FRENAE (=B\R)
[Joint cavity (containing
synovial fluid)]

RHENERE (Articular cartilage)

&)%% (Ligament)



Frontal
plane

Articular capsule:
Fibrous capsule

Articulating
bone

Synovial (joint) ‘;"
cavity (contains
synovial fluid) |

Articular
cartilage

'
//////
%

Articulating
bone

Frontal section

» Thickenings in fibrous
capsule called ligaments

‘i o S
ik o
< B¢ & & (articular capsule) :

A. Synovial mem i i# (B & "%

AR B A TR A
g-r 0 om B e g B &R (B
k) e BE et BE o
: --Lubricating the joint

--Absorbing shocks
--Supplying oxygen and

nutrients to the cartilage
--Removing carbon dioxide

and metabolic wastes from

the cartilage

B. Fibrous capsulef s &
R a g h R o
oDk B &R (T K
£ E Rtk @ 83
OV P R B B
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Bursae and Tendon Sheaths

B3 (215D
[Tendon sheath (opened)]

[E¥EZRANAN B2

(Tendon of flexor digitorum profundus)
[E1E=EA AN B2
(Tendon of flexor
EE TR digitorum superficialis)

% & (Femur)

TSR ABERSAN AR B
(Bursa deep to AT NN % (Synovial membrane)
gastrocnemius muscle) 5 ’

(Suprapatellar bursa) IEREsE
(Digital
tendon
sheaths)

: ,“} BES (Patella)

U_ FERIEE
(Prepatellar bursa)

FHE[EE (Articular capsule)—
REENENE (Articular cartilage)

FBENE (Meniscus) ?E%ﬂd) -
at pa
RRENREFE MBI ﬁ'Fpﬂ (Tendon sheath)
(Joint cavity filled with (Infrapatellar EEES LA FREALEREE
moval i) NGttt bursse) eoilies =)
T (Tih L EL2 WY s exor tendon
BEE (Tibia) "._\.5 IL':.&‘,;-J ?g‘ftﬂeﬁ'zr tendon) sheath)
’-_"D;\".':af} | ligament) S
RV I HERIERTAE ——— EISEA
b (Tendon of flexor carpi radialis) [EYSZEAANLBE
¥ (Tendons of flexor
47 digitorum
< e FEANAN S gitonim.
E :- (Tendon of flexor pollicis longus) ﬁ:gg:f éﬁ;{g’rﬁlﬁ]ﬂ
) profundus)
(a) FRRAEBNFLARER - KIAUDE (b) B FHIEREH - RUEIER

(Bursae of the knee joint, sagittal section) (Tendon sheaths of wrist and hand, anterior view)
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F ik B & B 6 KR
® & (Gliding ) T ¥ chi 6 3 4p# &
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Gliding

Extension

Hyperextension

Flexion

Hyperextengio

[
{8
L

Flexion
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ST VER

® ¢} & (Abduction)#-¥ g4 ¢ R

® P Jz(Adduction)p Jx ] afp e T o T
ENFES

® i *x (Circumduction):iT3 # Z_ &5
F 1 g e

® ¢ ig (Rotation) 7. ¥ %8 cngi gh F aF H°
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Abduction

Adduction

Circumduction

Abduction
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F i B &8 6 48 4E

® i Fm(Inversion) &84 & o N Rl i o %
B KPR S

® ¢} Zn(Eversion) f fwefp & §° 17 > ey
% 3P ¢

® & # %4 & F B (Dorsiflexion)i i &
by AR E o YA

® I_i %4 2 g A (Plantar flexion)BL i &°
v T E o g A ALk
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Eversion

Dorsiflexion

Plantar
flexion
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it M &8 § F 0T

® ¢ {3 (Supination) = & ( forearm):& & >
Yo Egw iz =g
® *&;ﬁ (Pronatlon):l-e—i wie: T I Y 6

3P 1o Palm & & Palm
postefior N anterior

Pronation  Supination
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