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* OPYXIKHTOY XKEAETOY

1. Skull

2. Mandible

3. Hyold Bone

4. Cervical Vertebra
5. Clavicle

6. Sternum

7. Costal Cartilage
8. Ribs

9. Scapula
10. Humeras

11. Radius

12 Ulna

13. Carpal Bones

14. Metacarpal Bones
15, Phalanges of Fingers
16. Thoracic Vertebra
17. Lumbar Vertebra
18 Sacrum

19. Os Coxa

20. Femur

21. Patella

21 Tibia

23, Fibula

24. Tarsal Bones

15, Metatarsal Bones

26. Phalanges of Toes




H €EéMEN Tov avOpOmTIVOU OKEAETOV

human —
F-=3 L ]
206 bones i

mouse
= 200 bones
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- Kpavio (eyk€@aAog,
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- 2TTOVOUAIKN OTAAN
(VwTIaiog MUEADG)

» Kivnon

» ATT0ONKEUON XNUIKWY ouciwy (Ca)
» Tpo@odoaoia (00TEOBAACTEC)

> AKon

Mopon T®V 06TOV

Bones of the inner ear

‘Eow ovg: opvpa,
Human femur aKpovas, avafioliag

Mmnpiaio octo
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Makpd i} aulos€idn (Long)

— Ex. Upper and lower
limbs

Bpaxéa (Short)
— Ex. Carpals and tarsals
MAatia (Flat)

— EX. Ribs, sternum, skull,
scapulae

AxkavovioTa (Irregular)
— Ex. Vertebrae, facial

Flat bone
(parietal bone from roof of skull)

T
°

Irregular bone
(sphenoid bone from skull)

Short bone
Long bone _
(femur or thighbone) (carpal or wrist bone)



Figure 2

Saction of the Spine

Oora KUAIVOpIKOU
oxnuarog
ITPOaTATEUOUV
UaAakoug 1I0Toug
(vwrTiaio HUEAO)

Oora
oxnuarog
TAGKa¢
(kpavio)

Tubular
support
bones
(limbs,
digits)

Hip and
shoulder
bones
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Diwepiadicy et
Dpumares o0

_————

Mopgoloyia Kot ooun HAKPOY 0GTAV. ZTHY EIKOVA OLAKPIVETAL TO TEPIOGTED, TO
OOUTIOYES 0GTO, TO CTOYYWOES 0GTO, 0 HDELOS TMWY 0GTMV AALD KAl TA, AYYELA TOD
aiuaTog T 0moia O1E1IGOVOVY 6TO 06TO
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Compact Bone & Spongy (Cancellous Bone)

Lacunae containing osteocytes Osteon of compact bone

Lamellae Trabeculae of spongy
Canaliculi bone
< - )/
Osteon A Gt Qond! H =~ Haversian
: ot s canal
Periosteum

=0 "\ volkmann's canal

Compact bone

Medullary
cavity
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Trabeculae: interconnecting rods or plates of bone.
Like scaffolding.
— Spaces filled with marrow.
— Covered with endosteum.
— Oriented along stress lines




6 million women, 1-2 million men (US)

Long Bone

Epiphysis

Diaphysis

Articular cartilage

Ephiphyseal line

Spongy bone

1*— NutnentToramen

|

k [

E_ =7 Medullary cavity
|

L
;‘"’E Endosteum

Periosteum

"
|
|
|
'

L/ / Articular cartilage
> |

Epiphysis

\

—

To omoyy®oes 0610 €ivar
Myotepo avOeKTIKO 0o TO
oVUTTaYEC 06TO.


http://en.wikipedia.org/wiki/Image:Illu_long_bone.jpg

2 UJTTAYEC 00TO

 Central or Haversian
Sl SR Y canals: parallel to long axis
\ s w0« Lamellae: concentric,
o TR TR circumferential, interstitial

-z o« (QOsteon or Haversian
system: central canal,
contents, associated

i o concentric lamellae and

o i Blood vessed within OSteOCyteS

------ : we., ¢ Perforating or Volkmann’s
Bt canal: perpendicular to long

(haversian) canal

axis. Both perforating and
central canals contain blood
vessels. Direct flow of
nutrients from vessels
through cell processes of
osteoblasts and from one
cell to the next.

— Canalicull

~ Osleacylos in lacunas

Blcsod vassel
within & perfomting
[Volkmann's] canal
Eeiferagn aalagni



MAaTiqa, BpaxEa, aKavovioTa ooTA

 Flat Bones
— No diaphyses, epiphyses
N o e P i g — Sandwich of cancellous
between compact bone
Short and Irregular
Bone

— Compact bone that
surrounds cancellous bone
center; similar to structure
of epiphyses of long bones

— No diaphyses and not
elongated
« Some flat and irregular
bones of skull have
sinuses lined by mucous
membranes.

Compact

bone
Cancellous

bone



2U0TOO0N TWV OCTWV
KoAilayovo, perarikd arata Ca,y(PO,)(OH),, vepod

* To KOALOYOVO (0pYOVIKI] 0VGLA) KAVEL T 0GTA
EOKOUTTO (ELUOTIKOTNTO)

e Ta petoiMka aroto (GvOPYOVe GUGTUTIKA) KAVOVY
T 06TO OVOEKTIKA

* To vepo ota d1aneca Keva amodnkevel Opentika
GUGTUTIK(

Without Without 1
il & k. colbges ‘Eav (lTCO},l(l,Kpl)VOOl)V 0
: \ NETUAMKA GANTO, TO 0GTO
4 YIVETOL TOAD EVKONTTTO,
*Eav aropakpovOsl 1o

KOALOYOVO, TO 0GTO
YiveTal ToAD €00pavoTo.

(b)



> XNMaTIKn avanapaoTtaaon ThG
d1auoOpPwWoNG HIag ivac KoAAayovou

Tvo . AIE
KoL ovon 4 0F

‘Bl —
Kokhiydvou

To koAhayovo TOV 06TOV OLPEPEL ATTO AVTO TOV
Bploketon o€ GALa pEPN TOL CONATOGS, TT.). GTO
oéppna.



Bone  Osteoblasts

— Formation of bone through

Cel |S ossification or osteogenesis.
e nc s sassen s s GOll@gen produced by E.R. and
g Y - golgi. Released by exocytosis.

Precursors of hydroxyapetite
e Ji Osteoblast stored in vesicles, then
’ released by exocytosis.

e cell processes

(a) - -

— Ossification: formation of
bone by osteoblasts.
Osteoblasts communicate
through gap junctions. Cells
surround themselves by matrix.

Ta kvtTopa amotelovy TePinov to
2% Tov 0yKoV TWY 06TWY



Osteocytes

Copyright © The McGraw-Hill Companies, Inc. Permigsion reguired for reproduction of display ¢ OSteocytes . M atu re

— New bone

@ 0 matrix

¢ ’ o Osteocyte

(b) ¢

S e Canaliculus
B Cell process -

- Osteocyte
vl Nucleus
g o

L= Lacuna
b R
ol ¥ Bone matrix

(c)

bone cells. Stellate.
Surrounded by matrix,
but can make small
amounts of matrix to
maintain it.

— Lacunae: spaces
occupied by osteocyte
cell body

— Canaliculi: canals
occupied by osteocyte
cell processes

— Nutrients diffuse through
tiny amount of liquid
surrounding cell and
filling lacunae and
canaliculi. Then can
transfer nutrients from

L 1T ¢« _ 2.
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* Perforating canals:
blood vessels from
periosteum penetrate

bone m” S === |
+ Vessels of the central ... % J e
canal * T
* Nutrients and wastes e
travel to and from . e
osteocytes via T

{Wolkmann's } canal ]

b v e bbsOinis

— Interstitial fluid of
lacunae and canaliculi

— From osteocyte to
osteocyte by gap
junctions
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Chiein of the Piczoclectric Effcer in Bone
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APPLIED PHYSICS LETTERS 89, 132906 (2006)

Dielectric and piezoelectric properties of hydroxyapatite-BaTiO4
composites

C. R. Bowen,* J. Gittings, and |. G. Turner

Materials Research Cenitre, Department of Mechanical Engineering, University of Bath, Bath BA2 7AY,
United Kingdom

F. Baxter and J. B. Chaudhur

Centre for Regenerative Medicine, Department of Chemical Engineering, University of Bath, Bath BA2 7AY,
United Kingdom

(Received 27 April 2006; accepted 30 July 2006; published online 28 September 2006)

This letter describes the relationships between the composition and the dielectric and piezoelectric
properties of hydroxyapatite-barium titanate composites for polarized bone substitutes. The ac
conductivity and permittivity were characterized from 0.1 Hz to | MHz. along with measurements
of the dy plezoelectric charge coefficient. The addition of BaTiO; led to an increase in permittivity
and ac conductivity of the material. The increase in both properties was attributed to the presence
of the high pemmittivity ferroelectric phase. The dy; and gs; coefficients decreased rapidly
as hydroxyapatite was introduced into BaTiO; material. Composites below 80% by volume of
BaTi(l; exhibited no net piezoelectne effect. © 2008 American Institute of Physics.

[DOI: 10.1063/1.23554 58]
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A piezoelectric disk generates
a voltage when deformed
(change in shape is greatly
exaggerated)


http://en.wikipedia.org/wiki/Image:SchemaPiezo.gif
http://en.wikipedia.org/wiki/Image:SchemaPiezo.gif

PUOIKEC I0IOTNTES TWV OOTWV

F=kAL

Strength of Bones
9 F/A=YAL/L, (&6tmou AL/L n empunRkuvon,

Compact Y = 1.8x1010 N/m?

Y gival To JETPO EAAOTIKOTNTAG TOU YoungQ)
Trabecular Y = 7.6x107 N/m?

k=Y A/L
Tensile Strength (Stress)
Compact T = 1.2x10° N/m? ., Tensile Strength
12010 —
Compressive Strength
Compact C = 1.7x10'9 N/m?2 . Yield Pomnt
Trabecular C = 2.2x10% N/m? A el
Viscoelasticity: %’ 60 -
L 2 Hookes Law
Short duration:increased Strength 40
20 —
OoTik) TVKVOTHTO # 0GTIKI Hdio. .

| ! |
0 0.004 0.008 0012
Strain
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Remnant of Spongy bone Compact bone
epiphyseal disk

Awaroun otny omoia paiveral to
PUCLOAOYIKO OIKTDO OOKIOWV.
Hopazipyon: oaxoiovBovy tig ypouués
OOUTIECNS KOl EAKVGUOD.

l Compression lines

I'pouuéc ocoumicons kai EAKveuoL
A0y Tov fapovs W tov cauotog
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Impe 2(A.1.2-2). Tpomor popmion: aviikeipevon. 1. Afovi) popnion (cuumiecn) wo
Topauopona), 2: ITpogikn @OopTicn Kol mepeuopeadt, 3.4.5: $opricel kauwem: Ko o1
TpoKuTToLGE. mopapopoadel (30 Popnion wauyeac 3 onuetav, 4. dopnion konwen: 4
anpeiey, 5: opTioN KAUWEDS TUTOV 00KOV).
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Frichude hyoes Fracture types

Oblique Comminuted  Spiral Compound  Greenstick Transverse
(incomplete)

FADAN

Oblique - a fracture which goes at an angle to the axis
Comminuted - a fracture of many relatively small fragments
Spiral - a fracture which runs around the axis of the bone
Compound - a fracture (also called open) which breaks the skin
Greenstick - an incomplete fracture in which the bone bends
Transverse - a fracture that goes across the bone's axis
Simple - a fracture which does not break the skin




Ewdvo 1 (B.1-1). Kataypo pe covipiin (ootefec kota Winguist wot Hansen).



OoTIKA KaTayuaTa

JV/

i

B
‘(

| | Comminuted - 3,-'

u\ Incomplete

Complete

~ Transverse

Open (compound)- bone break
with open wound. Bone may be
sticking out of wound.

Closed (simple)- Skin not
perforated.

Incomplete- doesn’t extend across
the bone. Complete- does

Greenstick: incomplete fracture
that occurs on the convex side of
the curve of a bone

Hairline: incomplete where two
sections of bone do not separate.
Common in skull fractures

Comminuted fractures: complete
with break into more than two
pieces
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Spwah’“"

Obﬁque

(d)

Impacted fractures: one
fragment is driven into
the cancellous portion of
the other fragment.

Classified on basis of
direction of fracture

Linear
Transverse
Spiral
Oblique

Dentate: rough, toothed,
broken ends

Stellate radiating out
from a central point.
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An in vivo assessment of muscular activity and the importance
of electrical phenomena in bone remodelling

F. MCDONALD AND *W.  J.B. HOUSTON
Oral Biology (Orthodontics/ Physiology) and * The Department of Orthodontics

including Children’s Dentistry, Floor 22, Guy's Tower, St Thomas Streei,
London SE1 9RT

(Aceepted 11 April 1990)

INTRODUCTION

Piezoelectric effects, first recorded by Fukada & Yasuda (1937), and electromagnetic
phenomena have attracted interest not only with regard to the basic control
mechanism for bone remodelling but also as a therapeutic adjunct to aid bone healing.

The structural protein, collagen, and the inorganic crystals of hydroxyapatite both,
in isolation, exhibit elecirical phenomena albeit piezoelectnc in form. Manno &
Becker (1967) have considered the junction of the collagen and hydroxyapatite as the
relevant area of production of the effect, and postulated that the cross linkages are the
important sites of charge production.

Bone remodelling In vivo 169
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