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Physiology of bone

[ Very important
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*We recommended you to study CARTILAGE & BONE histology lecture first.

Contact us : Physiology435@gmail.com



Objectives

» Define bone & differentiate between types of bone
(cortical & trabecular).

» State Ca** concentration and its forms in the ECF and its
relation to PO,

= Differentiate between the types of bone cells & appreciate
their functions.

= Differentiate bone cells &function of each

» Describe bone formation & remodelling.

» Understand what is osteoporosis.

= Appreciate the effects of different hormones on bone.
* Define osteoporosis.
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EAM 35 Functions of bones

-

Support soft
tissues

Contains bone
marrow for blood
cells synthesis

Allows & facilitates
movement

Reservoir for
calcium&phosphate

Contact us : Physiology435@gmail.com



Structure of bone

Cells

* Calcified material
““mainly deposits of calcium and
phosphate salts, magnesium
,potassium and carbonate”.

Bone Matrix

Called osteoid, makes
30% of a bone.

Made of collagen fibers.

Red or yellow bone

marrow
“ In the center of bone”

* Lacunae “ Unfilled space” ; -

Canaliculi “ Micro-canals”

- Periosteum |l
“covers the outer surface of all bones
except at the joints of long bones”

-  Endosteum
“lines the inner surface of all bones”

Porous mineralized structure formed of

R
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Spongy bone
Compact bone

Proximal — = \—-"""'-/—

epiphysis Articular

cartilage
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3 B Kcanilage
| Tttt 7 Epiphyseal
aieses ff line

————Periosteum

Compact bone

Medullary
cavity

Yellow
bone marrow ;\ -

Diaphysis —|

Compact bone

Periosteum

Perforating
(Sharpey’s)
fibers

Nutrient
arteries

Distal
epiphysis
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Types of bones

Trabecular bone Cortical bone

“spongy bone” “compact bone”

Cortical p—
(hard) bone :

Trabecular

Periosteum | (spongy) bone

(membrane covering bone)

| Articular
cartilage

Ve

Blood Marrow

Epiphyseal plate

vessels Medullary cavity

Contact us : Physiology435@gmail.com
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cortical (compact) bone

-
| It forms a protective outer shell around spongy bone
in the body’ outer layer surround trabecular bone
Diaphysis at ends of long bones”’ & Constitutes the dense
concentric layers of long bones (diaphysis) (Diaphysis = shaft)
\. J

Comprises 80% of total body bone mass.

Contain a series of adjacent bull's eye
called osteons or Harvesian systems.

&\N Has high resistance to bending & torsion, so presents where

bending would be undesirable as in the middle of long bones.

Calcium Turnover

Has a slower calcium turnover rate Nerve Trabeculae

Contact us : Physiology435@gmail.com



PHY; l?llfiogy Osteon system

Compact bone is composed of
overlapping circular structures called

or : OSTEON

lymphatics. a ‘\ oa)
‘Q o )00, ,,/‘I e 3.,~Q .A

Osteocyte Osteoblast
- -'@‘ﬁ‘q
Each osteon has a central vascular | @) Osteoclast
canal called or Nerve a® \ gl
o S ~/ VN3  Central
Yy \ Q 1y Al <. canal
Osteonic canal contain blood vessels . N
(capillaries, venules, arterioles), nerves, o
s

Lymphatic

Artery vessel

Between haversian systems are
concentric layers of mineralized bone
called

Contact us : Physiology435@gmail.com



RGOS Y 5 Extra Notes
L “compact bone”
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Dsteon el
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Haversian Canal

\ Osteocyte Canaliculi /

Osteons

Cortical = cortex = 4 A 3 a8

Osteons resemble : cow’s eye .

Concentric lamellae “onion-like” = S 4l saalis milda

Hervesian system has central canal ‘‘ hervesian canal” that i

o o Osteocyt
consist of blood vessels, nerves, venules and arteries. -
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Trabecular (spongy-Cancellous) bone

Rigid but appears Comprises of
spongy total bone mass

Less dense.
The center of the More elastic.

Cancellous = porous = (sabue

i . it has high
bone contains red Present in the it has hig

it and yellow marrow, calcium
- bone cells and turnover rate

M other tissues. because of the
i carlage greater surface
area.

. (It has 5 times

l | Compared to greater surface

| cortical bone, area than cortical
| itis: : bone. Due to its
large surface

““ 80% of the bone
surface area” ).

Spongy bone

spongy bone JI ¢Sl muall dlie (0 %A+ JSicompact bone I : Ay 4 Jie
3_):.._‘55_&“2\;@ leakary Laa flat bonesJ\‘;oJS..gh.n.é 43 40 aa) giall ?Lﬂ\:\;\.um&a%/\~ J




Comprises 80% of total
body bone mass.

Exist in diaphysis of long
bones ( shaft) and
surround spongy bone.

Small surface area

Has a slower calcium
turnover rate

Contain osteons or
Harvesian systems.

Comprises 20% of total
body bone mass.

= Exist only interior of
bones.

(skull, ribs, vertebrae, pelvis)

in long bones present only

in epipheseal and

metaphysal regions.

Compact bone surrounds spongy bone

Spongy
bone

Blood Cempact
vessels  bone

Nerve
Endosteum

= Large surface area.

Red /

marrow

Yellow marrow

= it has high calcium
turnover rate.

Periosteum

= NO osteons.

Trabeculae




Calcium homeostasis

|. Extracellular fluid Calcium :

Normal Ca?* level in plasma ranges from 8.5-10 mg/dI m >
Normal range 05
(mean 9.4 mg/dl). g 3
o
It exists in 3 fractions: %g-
|- lonized calcium 2- Protein bound %
10% ES
=
« Diffusible through * 90% bound to - Diffusible £3
capillary albumin. « Non- ionized 3 e
membrane. * Remainder 10%  Bound to citrate & Ew
* Only biologically bound to globulins. phosphate =
active , produce all « Non- diffusible
Ca++ functions on through capillary
heart & nervous membrane
system .
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= Alkalosis increases calcium binding to protein and decreases ionized calcium.

Ll ) 3 jaw MG AlKkaline “Alkalosis” S 8PH ) o adiny ¢ Ala) 7 4
4 518 PH J1 Jle LalS 43 (1 clonized form ) S o gl aa a gaudl<l)
LAY A Jedall Al 7 sacall a grallsll Jiu< lonized form 3 (2 Lals

spasm of muscles : cuww 28 Laa

What is effect of hypo and hypercalcemia on

? o e
central nervous system® g Il pn
R Aule

What are Ca++ functions?

1) Contraction of muscles. ]
2) Formation of bones. Hypocalcemia : cause the nervous system to

3) Blood coagulation. become more excited.
“No calcium = No blood coagulation” Hypercalcemia : cause progressive
4) Transmission of nerve impulses. depression of the nervous system.
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Calcium homeostasis

2. Phosphate (PO4):

= Calcium is tightly regulated with Phosphorous
in the body,“w ABdle i gdll g P YWRIKS| e d3als?

= If any one increase it should participate in bone.
= Normal plasma concentration is 3-4.5 mg/dl.

--------------------------------------------------------------------------

--------------------------------------------------------------------------

------------------------------------------------------------------------
2

Less than 1%
In ECF in H2PO4 and HPOA4

‘93eydsoyd-AxoapAy-ouow 0 dH / 23eydsoyd-Axoupiy-i1q : yOdTH

------------------------------------------------------------------------



CALCIUM-PHOSPHORUS

RELATIONSHIP

- The Ups and Down -

Serum Calcium -
Phosphorus -

9.0 - 1.0 mg/d|
3.0 - 4.5 mg/d|

Calcium and
phosphate in the
body react in
opposite ways :
as blood calcium
levels rise,
phosphate levels
fall and vice versa.




Bone and calcium

About 99% of Ca of our body is in bone.
70% of Bone is formed of calcium in the form of :

I )Hydroxyapatite crystal.
2) phosphate salts (CaP0, and hydroxide).

Calcium salts in bone provide structural integrity of the skeleton.

Exchangeable calcium of bone :

Only ( 0.4 - 1% of total bone Ca++).
65 S Al Migu&d\&hﬂ&ﬁu#\%%d&’ﬂg&bw\”

Has rapid buffering mechanisms, to keep ECF Ca++ levels_constant
if ECF Ca+t+ falls below normal, this Ca++ will move from bone
into ECF.

odiay amdl ca gaeadlsl) el s ‘“,3
ECF-) ) 4lily g allial) (1 o gaadls
Lo saill g 45 3) gall

ECFJ 8 adi)) agaedlsll 0 Ja A
L i g allial) ) A 5

Hydroxyapatite:

A major component
and an essential
ingredient of normal
bone and teeth.
Hydroxyapatite makes
up bone mineral and
the matrix of teeth. It
is hydroxyapatite that
gives bones and teeth
their rigidity.
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Bone Growth

Epiphysis
Metaphysis
Linear Growth
‘ Epiphyseal plates”
Diaphysis =
Increase in width
“periosteum” -
Metaphysis = Epiphy;zf;l
Epiphysis {
Video


https://www.youtube.com/watch?v=Shgl4jjUxqY

‘“Bone resorption increases, bone formation decreases”

TEAMAg 35 | Bone Growth
During growth , bone mass increases and bone embryo

formation exceeds Resorption
“Bone formation increases, bone resorption decreases”

10% of total adult bone mass turns over each year
during remodeling process

Once adult bone mass is achieved equal rates of
formation and resorption to maintain bone mass

Growth plate

At about 30 years old , rate of resorption begins to
exceed formation and bone mass slowly
decreases.

Bone resorption : asll (e a gadlsl) 4)3) o) (aluaial
Bone remodeling : ( ahial) JiS43 318 ) ) daa aliny apa8l) alial) J)adicd




Bone cells

There are three types of bone cells :

/° Bone-resorbing A 4 A /° Bone-forming cell, A
(removing)cell e Mature bone cell present on outer
* large phagocytic derived from surface of !aone and
multinucleated cell osteoblasts bon_e cavities
derived from « enclosed in bone (periosteum & endosteum)
monocytes matrix. « Stimulated by anabolic
* its activity controlled by * Its function is transfer steroids. .
Parathormone of calcium from bone ) ﬁecretes tc?"age" f‘c’lrm'"g
. . one matrix aroun
ho.rmone canaliculi to the ECF. themselves then they
* Stimulated by PTH calcified (on which Ca**and
* Function is to resorb PO, precipitate).
the formed bone.
L l‘.l‘.w' “ 4
Y 9a®
<
¢

osteoblast G,

osteocyte




Bone cells

Functions of Osteoblast :

secrets unclassified collagen (which forms matrix
called osteoid) around themself becoming trapped ,
quiescent — now called osteocytes

Functions of Osteocyte :

Transfer of calcium from bone canaliculi to
the ECF

They secrete : ‘
Y : , Functions of Osteoclast :
|. Proteolytic enzymes as proteases digest

collagen and dissolve the matrix of old bone .
2. HCL. citric and lactic acids to acidify area ,~ = Osteoclasts secrete enzymes that dissolve the

) ’ . Y ) matrix of old bone tissue and acids that dissolve
of bone to dissolve bone salts as N=FT bone salts

hydroxyapatites acid.

~
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Interior
remain connected

|/ traverse to surface
the mineralized
cells ( )

bone ; .
via syncytial cell
processes

Inside mineralized
bone are fluid-
containing

transfer calcium
from large surface

flenve area of the interior

channels called the

Viin i~ of canaliculi to the
A ) xumdhe ECF
Artery ! ,9!.
A Central canal
N
\ oyte Lacunae / 4


https://www.youtube.com/watch?v=rZy_GMWV87g
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Osteoprogenitor cells

'
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=
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14
Syncytial
processes —

=
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Bone formation begins when_active osteoblasts some of osteoblasts
synthesize uncalcified Collagen fibrils to form become entrapped

(rows) of an organic matrix called Osteoid in it and become
quiescent now are

called osteocytes.

Then Mineralization occurs

( Deposition & precipitation of Calcium & Phosphate ! ?’*““‘f’_{fjjﬁ;
on the Osteoid collagen fibers forming hydroxyapatite - “mineralization”
. 1850 (R p gl uay o
crystals over a period of weeks or months) hydionyapatite
crystals

= Osteoid : the organic matrix of bone; young bone that has not undergone calcification.
(Osteoid =psals Ao s siau ¥ b (aa¥ )
* Mineralization = calcification(le pkis ) skl Gua¥ sl Jisal)




v

HYSIOLOGY
EAMA3S

Bone Formation

-1

= Mineralization is dependent on Vitamin D

= Alkaline phosphatase and osteocalcin play roles in bone formation.

Their plasma levels are indicators of osteoblast activity

alic AaLda 393 9 (pa aSUllg allBad) ¢y oS5 Jaldd (gda (pe SLM JLAAY) 138 aadicg *

Aass (a o2y 4l A(Osteoporosis)

(o o LEL e CAESH (jUa yual) puda yal pddiiey 4] ) ABLAYL alial) 04 985 Ae i aail addiiey 4Ad) Las
.(metastasize of cancer) alil)

= Acidic environment is necessary to remove calcium
= Alkaline environment is necessary to add calcium.

Video “min 2:45”



https://www.youtube.com/watch?v=QHHnaPydYvw
https://labtestsonline.org/understanding/analytes/alp/tab/test/
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Bone Resorption

Bone resorption of Ca*™ occurs by
two mechanisms :

Osteoclastic Osteocytic
resorption osteolysis

. * Both are stimulated by Parathyroid Hormone ( PTH ) and vitamin D |
| “they stimulate production of mature osteoclasts”. l

* Estrogen inhibit bone resorption , it stimulates OPG factor(Osteoprotegrin)
that inhibit formation of mature osteoclasts. |

____________________________________________________________________________________________________________________________

Females after menopause :

low estrogen which may lead to osteoporosis. Osteocytic = osteocyte

* Vit D is needed for BOTH : Osteoclastic = osteoclast
( Bone formation & Bone resorption ). Osteolysis = resorption
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TEAM 35 Bone Resorption
{v ---------------- ~
= i
1
i By osteoclasts i
f ! e T Y
Acidify area of boneto |\.________________ A Slow and Sustained !
dissolve hydroxyapatite i mechanism. ]
by Hcl then lysosomes & ! !
. : 1 1
acid proteases digest i“needs several days or weeks ” |
X collagen ) \ j
T N e — ~ Lysosomes
o o (R [ oeore ({1 e B
i i steoclastic ! . i
i NOT calcium | osteolysis ] mat:x of old |
i and Po4! | X one i Sednf
N e A 00000 A oicumlerental
Clear z0ne
< e S i R Bone matrix Microenvironment ofow pH
psand Sl Y ka0 il sdll ) o sl e Bl iy Y aiS g alaall 48US Jl, and ysosomal enaymes

2 old bone” <llgiui Lia
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l’ """""""""" ~
1 1
1 1
1 ]
| i
S _ | By osteocytes !
: Vo P 5
i Does not decrease i i ] ! Osteocytes digest i
i bone mass !! R S — # | mineralized bone & |
' It reduces calcium and | i transfere calcium & Po4 |
i Po4 i i from mineralized bone i
:\ ,: i into canaliculi to ECF E
___________________________ - \ y;
oTTTTTTTTTTTTTTTTTTTTTT \\ pTTmmEmEmEEEEEEEEEEEEEmEEES N
| | | |
i Removes calcium | Osteocxtic i Quick & transient |
i from recently i Resorption | process begins in |
i formed crystals i (osteolysis) i minutes. i
1 1 1 1
\ / L ]

N ————————————— -

alaall 280 e Bl i Y oS0 alaall Jaks Clias sill 5 o sl L Jlis
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Bone remodeling

Bone remodeling :

Refers to the continuous processes of bone absorption
(by Osteoclasts) and then its deposition (by Osteoblasts).

{ Means continuous deposition of new bone by osteoblasts
and absorption of old bone by osteoclasts }

* This results in a 10% turnover of the adult bone mass per year.

* |t maintain normal toughness of bone.



https://www.youtube.com/watch?v=Ux7xsXihQnY

==h4 lzléog‘( Mechanism of Bone remodeling

Endocrine signals to resting osteoblasts generate paracrine signals to
osteoclasts (osteoblasts secrete a factor helps in differentiation and
maturation of osteoclasts)

Osteoclasts digest and resorb an area of mineralized bone.
( by acids & enzymes)

Local macrophages clean up debris

Then osteoblasts are recruited to site & deposit new matrix which
will be mineralized (Also, osteocytes which are osteoblast entrapped
inside in bone matrix form a system of interconnected cells spread
all inside bone)

New bone replaces previously reabsorbed one.




Hematopoietic
stem cell

__ Mesenchymal

@& stem cel
\ (osteoprogenitor)

N\

® Monocyte

EESD Preosteoblast

Paracrine
Endocrine signals

Esignols [
& P

N

Okr:esemble

Y
Macrophages

| Activated
T osfeoblasts

The resting osteoblasts receive endocrine signal which says :“we need a new bone!”

then they will release factors that stimulate the maturation and differentiation of osteoclasts
Now the mature osteoclasts start to “eat” the bone by HCI, lactic acid, citric acid and
proteolytic enzymes. In addition, they will digest collagen and calcium which produce “debris”
that must be cleaned by macrophages. Now the area is clean, so we can build a new bone!
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1
1
. i
2 Mechanical stress on bone stimulates formation of stronger |
b bone, athletes bone is_stronger & heavier than non athletes. i
I |
s A =
° 1
o0 Parathyroid hormone (PTH) and :
1
— ° ° ° ° 1
g 1,25 dihydroxycholecalciferol stimulates osteoclastic!
g activity & formation of osteoclasts i
O S ,
= 1
= Calcitonin i
o o L] L3 o L] L3 !
] (Linhibits activity& formation of osteoclasts ) |
___________________________________________________________________ 1
Bonmne Remodeling Cycle
OStggﬁfaSts os“?e’c;‘i:\;:Sts Mononuclear Ostggg;asts Osteoblasts
- ets a Osteocytes
Snraamme ¥ W - » -
Sll.lsl:)fgie Resorption Reversal Bone Formation Mineralization
m !mm_
£ 1+
PTH P TH
(catabol/ic) (anabolic)
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Hormonal control of calcium
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___________________________________________________________ They regulate
----------------------------------------------------------- Ca™ resorption,

1,25 dihydroxycholecalciferol (active form of absorption and
Vitamin D3) “cholicalcefirol = Vitamin D3” excretion from

D e e ) the three organs
""""""""""""""""""""""""""""""""""""" | that function in
Calcitonin i Ca**homeostasis.
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B ITable 48-1

Hormonal control of calcium

Major effects of various hormones on bone

PBorne formatiorn

PBorne resorptiorz

Stimulated by

Growth hormone (constant)

Insulin-like growth factors

Insulin

Estrogen

Androgen

Vitamin D (mineralization)

Transforming growth factor-g83

Skeletal growth factor

Bone-derived growth factor

Platelet-derived growth factor

Calcitonin

Parathvroid hormone
(intermittent)

Inhibited by

Cortisol

Stimulated by

Parathyroid hormone
(constant)

Vitamin D

Cortisol

Thyvroid hormone

Prostaglandins

Interleukin-1

Interleukin-6

Tumor necrosis factor c«r

Tumor necrosis factor S

Inhibited by

Estrogen

Androgen

Calcitonin

Transforming growth
factor-3

y-Interferon

Nitric oxide




Vitamin D

* Humans acquire vitamin D from two sources :
) Produced in the skin by ultraviolet radiation on cholesterol to form :
Vit D3 (cholecalciferoly.

2) ingested in the diet.

In liver

-
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0
=
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)
=3

25 hydroxycholecalciferol { By Parathormone (PTH) }
=2 |,25 dihydroxycholecalciferol { Active form }

In Kidney

o —

-

* If plasma Ca++ level is high formation of 1,25 dihydroxycholecalciferol (active form)
is inhibited, so calcium absorption from intestine,bone,kidney is reduced.

how vitamin D become 1,25 ? VitD3(cholecalciferol) “from diet” goes to liver and become 25 hydroxycholecalciferol
Then it goes to kidney to be converted by PTH into 1,25 dihydroxycholecalciferol ( note that we add a hydroxyl group)




RGOS Vitamin D

* The main action of activeVitamin D (1,25 dihydroxycholecalciferol ) :

|- Stimulates absorption of Ca?* & PO4 from the intestine (calbindin protein).

2- Stimulates Calcium reabsorption in kidneys.

3- Helps in bone formation & absorption.

Vit D-dependent-
calcium-binding
proteins in the
intestine.

* In bone resorption:-

large amounts of vit D cause bone absorption, it increases calcium transport to

outside bone .
Mobilize cat++ from bone into plasma by increasing number of osteoclasts

increase plasma Ca' levels (only when it drops ).

to

In small amounts stimulates bone calcification as it increase calcium absorption

from intestine & kidney also increases calcium transport to inside bone to
through osteoblast & osteocyte membranes.

ECF ) alsi g alanll (g0 o ol Gabiatal Cun andall Jazall (e 5 (el 3 5




TEA 'ZIQOSG &l Parathyroid Hormone (PTH)

= Itis a Parathormone from parathyroid gland.
* Functions :

increase plasma Ca'* levels when it drops and
decrease plasma phosphate levels by:

I- Acts directly on the bones to stimulate Ca*" absorption
from bone and bone resorption by activating osteoclasts.

2- On_kidney to stimulate Ca++ reabsorption in the distal tubule
and prevents its excretion & inhibit re-absorption of phosphate
(thereby stimulating its excretion).

3- Acts_indirectly on_kidney by activation of 25-(OH) -D
into 1,25-(OH),-D (active vit D).

4- On_intestine to stimulate Ca++ re-absorption .

how does parathyroid effect
remodeling ?

I) Increase absorption of cat++
in intestine.

2) Increase absorption of cat+
in kidney.

3) Stop phosphate absorption
4) Stimulate the kidney to
produce [,25
dihydroxycholecalciferol

5) In bone increase
formation&activation of
osteoclast which resorption to
the bone and release cat+ to
blood.



https://www.youtube.com/watch?v=EEM0iRJNhU8
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Calcitonin is synthesized and secreted by the
parafollicular cells of the Thyroid gland (C-cells).

= Calcitonin acts to decrease plasma Ca*" levels.

= Stimulated by a rise in plasma Ca** levels.

= suppresses osteoclastic activity (osteocytic osteolysis) and  How does Calcitonin

number in bone. work ?
I) Inhibit absorption of

cat+ in intestine.

= Decrease formation of new osteoclasts. 2)Inhibit absorption of
cat+ in kidney.

3) Activate osteoblast to
increase the ca++ inside
the bone.

= It increases osteoblastic activity to mineralize bone




PTH Function :

slaa¥l (e o sandlSH (aliatal 5343 b e | o sl A 25, Ladla
Sl A8 i il 5 gnallSH G A8 ) s il paliciial gia s
osteoclasts I Ll saly ) ) Adlaayly (dase

i i Aleall 038 aaa, adll ) 4l g slaall (e o el aloatial 3ol 30
Lgaaiaps Adagesy CoilS gy guadlSl) (e 40aS 34T 2ie I ¢ anall o gl
ALKl e Leal )a) i g Ao s auad)

Osteomalacia ) 35 38 daleall o3 ) yaiul

Calcitonin Function :

sl (1 @ sallSl) aliaial aia 3y 5k (e adll 8 o suallSl) (5 gise JIy
Alaall 8 guSI Jaea a4 LS (I
Osteoblasts-! Jadiy &llxs

N | Calcitonin
@ Thyroid
. land releases
@ If calcium gena 1 @ Blood
level rises calcitonin calcium
above level falls
set point ingh
Homeostasis:
Blood calcium level
Blood Low If calcium
cealcium ; Iéovel falls
level rises , below
@ Parathyroid set point
glands release
parathyroid

PTH  hormone (PTH)


http://www.mayoclinic.org/diseases-conditions/osteomalacia/basics/definition/con-20029393
https://www.youtube.com/watch?v=bsM5-PV_ObQ
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Osteoporosis

Osteoporosis : Reduced bone density and mass

* Diminished bone matrix
(Not from poor calcification as in rickets or osteomalasia )9\4

Further
information

= Bone becomes weak and ca++ is lost from skeleton.
= Susceptibility to fracture.

= Earlier in life for women than men due to increased
resorption during pre-menopause .

* The rate of osteoclastic resorption exceeds deposition of
new bone by osteoblastic activity

A se glly JIa 438y Lail g Jadh o pudlSI) i ()5S0 Y G pall 128 G
O i) il gine (& 2l GaliaiY) Cusy JSUIL 2Usa)) Tai during pre-menopause



http://www.healthcommunities.com/bone-diseases/osteomalacia-and-rickets-overview.shtml
http://www.healthcommunities.com/bone-diseases/osteomalacia-and-rickets-overview.shtml
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Video

Osteoporosis

Old age &
decreased
growth H

lack of
physical
stress

causes

malnutrition &

vit C deficiency
all reduce
matrix&
osteoid
formation

loss of
anabolic
steroids as
Estrogen &
testosterone

They
stimulate
osteoblastic
activity&
decrease
osteoclastsic
activity


https://www.youtube.com/watch?v=eYGkT6OrBk0

Osteoporosis

Reduced risk by :

7 0\(\0 O@{/@(O.\O‘
‘ \C
High Calcium in the . cor LowW
] . 7, i urt
diet 0 - O o Ca\(z Lo
. ; Q) , gotrogeh
f i 5mok’mg
— Habitual exercise O* Sedentary Lifestyle
4 )
Avoidance of smoking &
— alcohol intake & drinking
carbonated soft drinks.
L ) “Access” (leads to) Osteoporosis
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Osteoporosis
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Osteoporosis

Vertebrae of 40 vs. 92 -year-old women
Note the marked loss of trabeculae with preservation of cortex.
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