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General Anatomy
Lecture 2: Bones

Dr. Ashraf Ramzy
Professor of Anatomy & Embryology
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The Skeleton

@ It comprises cartilages, bones, ligaments & joints. -k U<l Jos
@ The bones are rigid and heavier than cartilages.

s581s ST i, Laall ) lhe allaal
@ Cartilages are more flexible and lighter.

¥ allaall Laiy 0,3Y 1 Lot (o8 Loy el | Jile iy Laal | o351
@ The younger the age, the greater is the contribution of

s Al LalSs « i3S cartilage saie o3dia Jabll § Gy JSagll s a6
Cartllage to the Skeleton' Lie yS| cartilages ! (JGILs bones I cartilages clsas ;,..J’Lg\_,.as.:.ll

@ Divisions of the skeleton: W L yaall
1. Exoskeleton: rud u~:',Imheajly1tary in man. It is represented by:
>nails & Bnamel of teeth . -l i exoskeloion s Lavi bl iy -
2. Endoskeleton: about 206 bones & is formed of:
a. The axial skeleton. -1/ <.
b. The appendicular skeleton, s Sl
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Bones

JadySun, Cartilage
A | BO n es / Fibrous tissue

Adibose tissue

@ Bones form a hard type of connective tissué. Its hardness is due to
its content of calcium.

@ Composed of:

1. Living cells (osteocytes). %= " s ($sde c3a)e ko b Lladl 038 o

Cytes = cells

2. Intercellularcollagenous matrix (organic component). collagen se 5,be kol 1iss
3. Cement substance and mineral salts (inorganic component). o2 e structures)! soabis.le

Classification accordinglto the region:

@ Regional classification of bones: The human skeleton is divided
into:

1. Axial skeleton: which includes skull, vertebral column, ribs &
sternum. Limbs

2. Appendicular skeleton: which includes the bones of the appendages
(upper & lower limbs) & their girdles (shoulder & pelvic).

~
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1. Axial skeleton -
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1. Skull & mandible.
2. Ribs.

3. Sternum.

4. Vertebral column.
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——Cranium
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@ The skull (cranium) (which
contains the brain + its meninges) +
the miandible (part of facial bones)

— form the skeleton of the head.
Mandible

dagll Ll clall#
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@ Ribs (12 pairs) + their costal ...,
cartilages & sternum form the thoracic
Cage' bone L.y cartilage o, §,Le ga sternumy! ae chilis (M e3all sla e

costal cartilage <oy

costal cartilage !l Js~is sternum JI oo ribdl i U &

¢ @l Jole 4c 5y medial part J!I ¢

a series of bones called vertebrae
(which are 33 vertebrae).

@ The vertebrae articulate together by
\C/Iv_hite fibrocartilagenous intervertebral
IScs. o b
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@ The column is divided into 5 regions:
7 cervical - 12 thoracic - 5 lumbar - 5 sacral
(fused to form the sacrum) - 4 coccygeal

(fused to form the coccyx).
skull JI el e uian 5,84l ygaall

S AY Selall AT LG Luasy Jsb ole
coccyX JI sa ol 4.8

Cervical (7)

Thoracic (12)
oMb JS ¥ ribs P sue yuds
thoracic verjebrae

' 4 B
¢ SRR, Sacrum (5, fused)
. A
Coccyx (4, fused)
- Cervical
12 Thoracic
5 Lumbar "
.33 vertebrae
5 fused sacral vertebrae Sacrum
4 fused coccygeal vertebrae Coccyx
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@ The vertebral column: /m#mmg
1. Forms the axial skeleton of the body.

2. Supports the weight of the body.
3. Protects & surrounds the spinal cord.

** Vertebral column has special curves -
** Curves of vertebral column:

* Primary curve: The vertebral column is concave
anteriorly at birth. oy

* Secondary curves: N pile

(a) The cervical curve: becomes convex anteriorly when

the child extends his head at the 3rd - 4th month.

(b) The lumbar curve: becomes convex anteriorly when

the child begins to walk between 12-18 months

due to strengthening of the muscles of the back.
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» Thoracic and sacrum vertebrae remain concave anteriorlyrc;mlé}, g his )

Svc,onf/,.rj curdgp® U Xy Convex (m}uv'orﬁl Loslop cervical & lumber vertdorae _ 1 _




2. Appendicular skeleton

@ The skeleton of the upper limb resembles that
of the lower limb; each consists of 3 segments:

1. Proximal segment: formed of one bone. /v & Tk i
2. Intermediate segment: formed of 2 bones.fron 15| EEEZ

3. Distal segment: formed of 3 regions. te.d § fest

Upper limb Lower limb

-Arm ~Thigh > 1 [Sone A
-Forearm -Leg > 2 Toones

-Hand —-Foot > 3 Pﬁfo'w

@Each Ilmb is connected to the axial skeleton

saasl il 8.8 duua i WS
by a glrdle (formed of 2 bones in the upper limb

& 1 bone in the lower limb).

# Shoulder qirdl nn r limb with axial skel

# Pelvic girdle connect the lower limb with axial skeleton




Shoulder girdle formed of two bones =
Clavicle + Scapula

1. Shoulder (Pectoral) girdle: Clavicle & Scapula.
2. Upper arm: Humerus.
3. Forearm: Ulna (medially) & Radius (laterally).
4. Hand: Formed of 3 regions (from proximal

to distal); Carpus , Metacarpus & phalanges.

@ Bones of Upper limb:

8 fused carpal
bones

s 3

\";r -
Lo uie 8 4 aal S T” 1
2 suie thumb Jae

% Phalanges in (index.middle,ring & small) fingers:
Proximal phalanges
Intermediate phatanges
Distal phalanges

Distal phalanges

Phalanges in thumb
Proximal-phalanges
Distal phalanges

Intermediate phalanges

Proximal phalanges

Metacarpals

Carpals



@ Bones of Lower limb:
1. Pelvic girdle: Hip bone.2:- shoulder girdle J! ¢ (e 8asg Lalie (o desiins
2. Thigh: Femur. 45cm i (sl avualdl o6 ol Jgh
3. Leg: Tibia medially & Fibula laterally.
L

Hod ot o Lot Las
4. Foot: Formed of 3 regions (from foTSmmarSo distal);

Tarsus, Metatarsus & Phalanges.

:ILL}@EAM =

g 7 fused tarsal | ¢4

bones (7%

/i Hipbone [ d.lc

§p«s»ﬂ

2 j~ Fem ur 1/‘

bones
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:m First metatarsus bone is medial to the rest metatarsus bones

Carpals Tarsus

SIZE Smaller to do skill movements Larger to carry the body weight

vosUPd Mo

NUMBER OF IT'S CONSTITUENT
BONES

@ Functions of bones:

1. Supporting framework of the body: ' s b s ol e cons ozl Uik
2. Attachment of muscles. ci ¢ ol i il ol dul Lo U il Sl il

Arm to the forearm

3. Act as Biomechanical levers for movements.
Skull protect brain

4. Protection of underlying OFGANSsy-- Vertebral column protects spinal cord

5. Storehouses for Ca, P & Mg (mineral reservoir). <, ;. .

6. Synthesis of RBCs within the red bone marrow 5
ends of long bones, sternum, ribs & vertebrael)

7. Transmission of body weight. ~—1/ 055 Jos

5 e@‘on
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Classification of Bones

(A) Morphological (Anatomical) Upper end

classification according to shape
of bone:

1. Long bones: have 2 ends

& a shaft as bones of proximal
& intermediate segments of

- the limbs (humerus, radius, o
| ulna,lfemur, tibia & flbula)

. }

lover Livub Dr Ashraf Ramzy

2. Short bones: as carpal &
tarsal bones. These
bones are strong & help

in limited movements. ;
gy om pTnd sl pe¥

dalolis allae £ ollf ki
3. Flat bones. as scapula, ‘.
sternum & skull cap. = [

These have wide surface '’

for muscle attachment or
pl’OtECtlon. for underlying structures
WJ})_/U,PL.A S5 (,.0 M'\J‘(}\é Dr Ashraf Ramzy -2
O Lju Skadl 1 -, 570
4. Irreqular bones: as vertebrae & '« et g
facial bones. . wisesnas oo s sl N

§ Pneﬂ“ﬁ atic bones: contain air-filled e
spaces lined with mucous membrane _< 2. 3
(paranasal’“sn%iisesf in skull bones A

(maxilla & frontal bones) to reduce” | S
the weight of skull, help in resonance™ -/ # i b s
of voice & warm air.® 52 i LS 5l Gl ey
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6. Sesamoid bone: are small nodules of
bone found in the tendons of certam
muscles to reduce friction over bony
surfaces. e.g. patella & pisiform
bones. Jie JISAY | @il ,sY ) e 8,08 it 8T LS b aasd
aaits Koo Labially dheaall =il ol patella S, sl




@ Parts of a growing long bone:

1. 2 ends called epiphysis.per end and lower end of the long bo
2. A shaft called diaphysis.
3. Epiphyseal plate of cartilage shait i end si o
between the diaphysis & Il o4d Tan Tags ot
epiphysis. This is the most “&;i:fw Con |
important factor for the growth | " "~ \
of bone in length. e Laliall Liag bone |
4. The part of the shaft close elsk Ad5sg salia ‘A\

to the plate is called metaphysis.

il dadi o8 dine 8,38 a2y DONE (1o desias shaft JIs cartilage o desias ends Yl saie (66 alsts L Jsi A

secondary centre of ossmcatlon
Laaays but in females it’s earlier 1-2 yrs Ly &5 21-16 JI e 4,01 cartilage Jadis metaphysis JI L7

sl iy Say e e SIS by Gasat Jastins (sag bone e

The 2 ends The shaft
1. Name: epiphysis diaphysis
2. Develops from: 2ry center of 1ry center of

ossification ossification
3. Covered by: Articular hyaline Periosteum
cartilage -~

4. Medullary (bone Absent Present
marrow) cavity: by beaT
5. Formed of: Spongy bone Compact bone
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@ The Periosteum: il gl e ia 58 oLtz

***This is a fibrous strong membrane which covers the shaft of the bone.

** It consists of an outer fibrous layer & inner (deeper) cellular layer
(OStEOGENIC).+ Lol usSi ole 3,ul5— #5 0 o ket Ll L e

***xTt has the following functions: auls) Jshalls 5in Zalaall

. ( cartilage epiphyseal J!
1. Protection of the bone. B toall Juhs Ly

2. Provides muscular attachment. periosteum Jls ., a3
3. Carry blood supply & sensory nerves to the bone. el s Jgpend] 52
#4. Has an osteogenic power (bone forming ability) which ——

plays an important role in the growth of bone in width & o5 Lebe 2ol

the healing of bones after fractures. (OSteoge”iCIJ IL;:TI )

** Note that the bone grows in length by epiphyseal plate of cartllage ﬁ
/ in thickness (breadth) by the periosteum.

4G g

(B) Histological classification according to
structure of bone:

1.Compact (Ivorv) bone: ..., .
Outer hard layer in outer . ...
surface of shaft of long bones.

2. Spongy (Cancellous) bone:

- olelys L

Has pores & consists of .

irregular trabeculae that form a

spongy network such as in

sternum. # Where does the bone marrow located?

In the medullary cavity
bone J!I celis oleHall L ud 0K Lluks ¥ 1119 bone marrow isgaéle Spongy bone JI <l sy gine s

aaloh gadg olefyé saie e medullary cavity in the upper isgais Cancellous bone Jl s 4




LA (o £ 90T 3 LA yjuas allae (od] publail ol dacany)

Endoderm (&l « ol casgll 50l d_w gl';l".dl sy Sl GIIT ¥ Jeay)
Mesoderm (zlls alaally colbaall Jass ) siaadl

- (C) Developmental classification according

7 to ossification of bone:

~ * This means the transformation of the mesodermal

tissue into bone. It has 2 types:
- 1. Intracartilagenous (endochondral)

~ ossification (Cartilagenous bone):

- @ In most of long bones, vertebral column & thoracic ~
cage. \

- @ Early in the intrauterine life (6-8 weeks), a 1ry

- center of ossification appears in the shaft, where
~ calcification spreads (cartilage model) to help the
~ ossification (bone formation).

58 JalSIL s Linyut
- @ After birth, 2ry centers of ossification appear
~ at the 2 ends of the bone. The shaft & the 2
" ends became completely ossified but still
- separated by a plate of cartilage (epiphyseal
~ plate) to help the growth of bone in length. |
- @ Finally the bone become ossified at certain
~ age (15-22 years) (in females it is earlier by 1-2 (\
- years). This is called synostosis. ; S\

N di_:ojtgiéfuid -
Qe




2. Intramembranous or mesenchymal ossification
(membranous bOﬂE): | > Embryonic connective tissue

@ In flat bones (as skull cap or vault of skull & scapula),
facial bones & clavicle (except its ends).

* N.B.: Clavicle, although, it is a long bone;

A Long bone

membrane J! le saits yus
a. It is ossified from a membrane.

b. It has no medullary cavity. - '“"all_fe”“e
iTe
c. It is first bone to begin ossification (5-6" week of I.U.L.).
@ Centre of ossification develops at the mesenchymal
tissue then transformed into bone without cartilage

formation. Membrane &3 bone » cartilage J! ds o hatass

Bone marrow

@ It occupies the medullary (marrow) cavity of long
bones & the cancellous bones in flat, short & Ol
irregular bones. RBC e,

@ 2 types: Red type (blood forming or hematopoietic)
& Yellow type.

@ With aging, the red marrow/decreases & the yellow
marrow replaces it.

@ In adults, the red marrow is restricted to the bones
of the[skull, vertebral column, thoracic cag€, girdle /<@
bones & the head of the humerus & the femur. skeleton
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Arterial blood supply of bone: s [e MG RN
1. Periosteal arteries. : -
- 2. Metaphyseal & epiphyseal arteries.
3. Nutrient artery: A large blood vessel which enters the shaft

A
of the bone near its middle through a nutrient foramen. It L
enters the bone perpendicular to the surface. As the bone

- elongates unequally from both ends, the artery becomes
~ deflected away from the growing end.

*** The final direction of the nutrient artery of a limb bone is

~ summarized by the following rule (to the elbow I go, from the ‘\

- knee | flee).

~ *** The growing end of the bone is opposite the direction of \
the nutrient artery. J_‘}\{i
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Takes nutritions from surrounded fluid

i Cap AETY e e il ¥ B. Cartilages .- cariage
@ Avascular dense flexible connective tissue.
@ It is formed of chondrocytes (cartilage cells) & gel-
like matrix which is responsible for its firmness &
resilience). we
@ Perichondrium is a fibrous membrane that covers
the cartilage. ... iy SRS =
@ According to nature of the
matrix, there are 3 types of
cartilages.
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1. Hyaline cartilage
I - » A \ - : ——

Has a high content of homogenous & transparent matrix.
Sites: 1. Foetal bones.

2. Articular cartilages of synovial joints.

3. Costal cartilages of ribs.

4. Epiphyseal plates of long bones.
5. Cartilages of respiratory passages eg. Trachea.
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@ The matrix is little & rich in collagenous bundles

which add strength & durability to this cartilage.

@ ﬂiﬁ: W« (M

1. Symphysis pubis & Intervertebral discs. 2.

~*’Labrum of some synovial joints (Hip & Shoulder).

3. Discs within joints (temporo-mandibular, sterno-

clavicular & knee joints). T ol mis U deios, (U1 Jonill

Dr Ashraf Ramzy

366 -

3. Yellow elastic cartilage

N\ - .. - y 2
- e — L NC—

@ The matrix is rich in elastic fibers which provide
flexibility to this form of cartilage.
@ Sites: Auricle of ear, Tip of nose & epiglottis. "

—_ ""’0‘9

Trachesa i
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Types of cartilage

ﬂ 53 ! .,
7 ®
Hyaline cartilage White fibrocartilage Yellow elastic cartilage

Functions of cartilage

1. It helps in maintaining patency of the
respiratory passages.

2. It shares in the formation of the skeleton
of the body. [CER yasy

3. It forms smooth firm articular surface of
joints.
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