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Physiology Team 436 — Musculoskeletal Block Lecture 1

Lecture: If work is intended for initial studying.
Review: If work is intended for revision.



Objectives

o Define bone (slide3) and differentiate cortical & trabecular bone (sites and
function of each). (slide 5,8)

o State the normal levels and forms of cat++ in the ECF and its relation to POA4.
(slide 9)

o ldentify the bone cells and the function of each. (slide 9)

o Define bone remodelling and explain the mechanism of bone formation. (slide
16,17)

o Define osteoporosis. (slide 26,27)
o Discuss the effect of different hormones on bone physiology. (slide 21-25)



Physiology of Bone

Bone Anatomy

» Bone is a special form of connective tissue. —

» It is well vascularized with total blood flow

Spongy bone

of 00400 ml /min in adult humans.

The epiphyseal plate :it is a plate of actively proliferating I ]
cartilage, it separates the ends (epiphysis) from the shaft of a long *in A Compact bone
stopped growing the
bone. epiphyseal plate
replaced with
epiphyseal line
This separation allows linear bone growth.
Meddlary ity ———— Bone marmow

Growth ceases (stops) after the epiphyses unite with Notient focamen

the shaft (epiphyseal closure).
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Functions of Bone: Types and structure of bone:

Types of bones

2- spongy
(trabecular)

Structure of a Long Bone

|- compact

(cortical) .

3- Permits locomotion and
support against gravity.




1- Compact Bone (Cortical Bone) 80%

cartilage

in the outer layer of most bones, where there cells lie in
lacunae (gaps).

of the body bone, it has high resistance to bending and
torsion.

Compact bone has more bone tissue and less bone space.

Compact bone cells receive nutrients by way of (a small
channel or duct) from Haversian canals vessels.




Haversian System (Osteons)

Compact bone is formed of Haversian systems (Osteons)

Osteons or Haversian systems are overlapping circular
structures (formations)

Each osteon has a central canal called Osteonic Canal or
Haversian Canal

The Osteonic Canal contains : blood vessels ( capillaries,

. L ' -
arterioles, venules ), nerves and lymphatic's. 35U an g5 5,00 aLis A8055a il g3 58 SLS s 5 OSteon ;S

A sadl) e oY) g 22 54 3LAY 32 Osteonic canal

Between Haversian systems are concentric layers of : :
mineralized bone called interstitial lamellae gl 13Be e 5% osteons J) (e S| (e 5S4 compact Bone J -
: Haversian System o s} 4 :

Collagen is arranged in concentric layers, around the Haversian Ldlall 4dbay L 4 scompact Bone Jb ) 4 51 Y a1 13 -
canals forming cylinders called Osteons Or Haversian sstems. : ------------------------------------------------------------------------------------------------------------- o

» 6 Haversian system is the fundamental functional unit of much compact bone.



From 435

Cortical = cortex = 4 la 3,48

Osteons resemble : cow’s eye .

Concentric lamellae “onion-like’” = Sl 3aaia milda
Hervesian system has central canal *“ hervesian canal’ that
consist of blood vessels, nerves, venules and arteries.




2- Spongy Bone (Trabecular Bone) 20%

Remember : compact bone Is forming the OUTSIDE layers of
Bones, while the spongy forms the INSIDE layers of the bones.

Site :inside the cortical bone .

Though it represents only 20% of the skeletal mass, it has 5 times greater surface area
than cortical bone.

Function : Because of its large surface, it has faster turnover rate than cortical bone;
hence it is more important than cortical bone in terms of calcium turnover.

Compared to cortical
bone , it is:

(1) less dense, (2) more
elastic and (3) has a
higher turnover rate
than compact bone.

made up of spicules or plates.

Nutrients diffuse from extracellular fluid (ECF) of bone,
into the trabeculae.

Calcium turnover:
The center of the bone contains red, yellow marrow, bone cells and other tissues. Sall g pdld alinll (1 g gpudlSl) AS o

» 8 O L ¢ aal gl aially Si Aaloca 3308 aafgll alind) (10 %80 JSi spongy bone J) (K15 WS awal) allie (0 %80 JSé compact Bone J : NOTE
BmS Aalua Lgd ) 13¢3 9 FLAT BONES J) ¢ S ¢ 3ad)



Composition of Compact Bone (Cortical Bone)

Bone Caells: Matrix:

) Osteoblasts: immature bone forming cells 1) Organic matrix: (contains carbon )

that: A- Collagen fibers Type | ( ): extend along the lines of

- Secrete collagen -> forming a matrix around tensional force to give the bone its tensile strength. (more in
themselves -> which then calcifies. next slide)

- Then when the bone forming cells are
surrounded by calcified matrix they are called B- Ground substance 5-10% of ECF and Proteoglycans
osteocytes. (chondroitin sulphate and hayluronic acid).

- Function: regulating Ca and Phosphate
concentration in bone fluid.

2) Osteocytes: are mature osteoblasts 2) Bone salts: 70% (Inorganic)

surrounded by calcified matrix. (more explanationinnexcside) | = Crystalline salts of Ca++ & PO4 (Hydroxyapatite).
They send processes into the canaliculi that ramify |- The ratio of Ca/P ratio is Ratio is
throughout the bone. - Other secondary components: in boys slide .

. . Mg+, Na+, K+, Carbonate ions
3) Osteoclasts: multinuclear cells Function :

that erode and resorb previously formed bone, by
phagocytosis and digesting it in their cytoplasm.

Exception: Newly formed bones have a higher percentage of
matrix (collagen) in relation to salts.

9



Mechanism of Bone Calcification

secrete
(monomers) and ground
substance ( ).

The collagen monomers
polymerize to

The resultant tissue becomes
, a cartilage-like
material.

It differs from cartilage in that
calcium salts readily
precipitate in it. (has ability to
be calcified).

After the is formed,
salts begin to
precipitate on the

fibers forming the

become
entrapped in the and
are now called

AT aliad) muwdll A osteoblast J g gill¥
Tl (& ey 7)) W collagen Lgwdi Joa

@ gad) 13 oewy 2R collagen fibers

Bl Y9 il a gaadlsl fay &5 ¢ osteoid
.hydroxyapatite crystals sS:Laa (¥ Sl

ostoblast J) s (S 28 9% dplanl) B30 (405 (pa
Inactive J! Jsaki lgiaga 418 osteoid !
osteocytesd s U form




Tensile and Compressional Strength of Bone

1) Collagen Fibers like those of tendons have

great

dﬁ‘sﬂ\ 25l adld BJ}A\ 0da

strength.

2) Calcium salts have great
strength.

AR

These combined properties plus the degree of bondage

between collagen and crystals provide the bony
structure that has the tensile and compressional

strength. j

A\

N.B: hydroxyapatite crystals fail to be formed in normal tissues except in bone, despite the

high levels of Ca & P ions, due to the presence of an inhibitor of precipitation called

Collagen
riple helix

Hydroxyapatite
crystals

Extracellular
bone matrix

pyrophosphate.

T s AY) Al (Y ¢ aged a gl g cpal oS 352 g (e a8 1) g € alliall S 5 AY) A3 B hydroxyapatite crystalsd) ¢S Y 1l :c—:uéum
pyrophosphate & (cams (3a¥ 58l o gaudlsl) Sl )Y Jafia




Calcium Levels

S — Calcium Phosphorus
Izlevels:lu of body weight
d,ss P.«.AM (_53 i 1100 to 1300 grams Total BOdy COﬂtent 1,3«)8 6003
- Relative Tissue Distribution
(% of total body content)
Intracellular is in the Bones and teeth 99% 86%
calcium skeleton. Extracellular fluid 0.1% 0.08%

Intracellular fluid 1.0% 14%

Calcium complexed to
anions 9% (0.2 mmol/L)

lci Plasma calcium
Calcium level : ( )

Calcium complexed anions:
22 Y oSl diffusiblec s
metabolic or biologic reactions.
Anions
EX :(PO4,CO2)

Levels:
evels Average: 9.4 mg/dl

(diffusible) =
ECF calcium: ionized +
Complexed

4

lonized calcium :

Protein-bound calcium :

& Jay s diffusiblecsSs
c B : diffusiblessd s BoundosS:
(non diffusible) metabolic or biologic reactions _ L
= protein bound Ex:blood coagulation or muscle stelle reaction,* dﬁJ:' yj

sl ST G A Jie 58 aasl

contraction.




Calcium Homeostasis in Human Body

Calcium

intake Cells
(350 mg/day) (13,000 mg)
Bone
(1,000,000 mg)
Absorption Deposition
(350 mg/day) Extrgcg‘ljlular (500 mg/day)
ui
| e —— | ——
Heloful vid Secretion LELLUL), Absorption
{ e J (250 mg/day) (500 mg/day)
click here ) ] )
l Filtration Reabsorption
(9980 mg/day) (9880 mg/day)
Feces
(900 mg/day) Kidneys
Urine

(100 mg/day)




Serum Calcium and Phosphate

CALCIUM- PHOSP HORUS Ca?* HOMEOSTASIS
RELATIONSHIP 1000 mg

1,25-Dihydroxycholecalciferol

Absorption Extracebar Bone deposition

= THE UPS5 AND DOWNS—

Calcium and

phosphate in the body Ton; * 2
react in opposite ways } s e o

: as blood calcium L @% ‘:ﬂ@
levels rise, phosphate "

levels fall and vice
versa

Reabsorption

®

SERUM  CALCIVM- 9.0— 10S "‘3/"" 800mg

PHOSPHORVS: 2.5 4.7 m3/J|

PTH, Calitonin
1,25-dihydroxycholecalciferol
Filtration

Excretion
200mg

© Elsevier. Costanzo: Physiology 3E www.studentconsult.com
Add to My Slides Goto hhy Slides
Figure 9-34 Ca?* homeostasis in an adult eating 1000 mg/day of elemental Ca®, Hormonal effects on Ca2* absorption from the gastrointestinal tract,
bone remodeling, and ca reabsorption in the kidney are shown. PTH, Parathyroid hormone.

B3 © 1007 Huroing Education Conmitanie J.HILLER_



Exchangeable Calcium

The bone contains a type of exchangeable calcium that is always in equilibrium with the Ca++ ions
in the ECF.

Calcium Exchange Between Bone and ECF.

Normally,its amount is about ( 0.4-1%) of the total bone calcium

This calcium is a form of readily mobilizable salt such as CaHPO4 and other amorphous
calcium salts A g aball o adloy 43} o8y iay

The importance of exchangeable calcium is that it provides a rapid buffering mechanism to keep the Ca++ ions

concentration in ECF from rising to excessive levels or falling to very low levels under transient conditions of
excess or decreased availability of calcium.

pll (B aguullsl) pLA% ) aad runia (puSall g ca guidlSl) (5 glona B g aial) o Aty adl) aiad) LB o guadlSl) 58 5 (@lild) 3 s 45) Exchangeable calcium J) 4l
. abally Jasi p aa skl



Deposition and Absorption of Bone (Bone Remodeling)

Osteoblasts are found on the outer
surfaces of the bones and in the bone

cavities.

Absorbed

where
osteoclasts
are active

Bone is

. o continuall ./ ‘
A small amount of osteoblastic activity .deposited byy

occurs on about 4% of all bone surfaces at osteoblasts
any given time in an adult, so that at least
some new bone is being formed constantly
(L) i)

The renewal rate is about 4% per year for
compact bone and 20% per year for
trabecular bone.




Bone Absorption or Resorption

Osteoclasts are large phagocytic multinucleated cells,

They are normally active on less than of the bone surface of an
adult

The shape of the bone can be rearranged for proper support of
mechanical forces by deposition and absorption of bone in
accordance with stress patterns.

The osteoclasts secrete two types of substances:
1-proteolytic enzymes from the lysosomes

2-several acids from the mitochondria and secretory vesicles.

of the bone salts.

The osteoclastic cells also phagocytose minute particles of bone matrix
, dissoluting them and releasing products (like: Ca) into the
blood.




Value of Continual Bone Remodeling (akall JSis sale) daal)

The shape of the bone
can be rearranged for
proper support of
mechanical forces by
deposition and absorption
of bone in accordance
with stress patterns

Therefore, the bones of
children are less brittle in
comparison with the bones
of the elderly, due to more
remodeling in children.

old bone becomes relatively
brittle(u?) and weak;
therefore, new organic
matrix is needed as the old
organic matrix degenerates
. In this manner, the normal
toughness(<lixll) of bone is

maintained.

© T ) rertereny g e Rt
@ K2 cnde e Fowh fecr

Bone adjusts its strength
in proportion to the
degree of bone and
it thickens when
subjected to heavy loads.

5 S dggaa JA0 A il 1S Glde
0955 S8 (a9 AL $ludl Gy
¢ 81 aaic alliel)




Control of the Rate of Bone Deposition by Bone “Stress”

________________________________

» Bone is deposited in proportion to the load that it must carry.

» Continual physical stress stimulates osteoblastic deposition and calcification of

bone.

» The bones of athletes become considerably heavier than those of no athletes. Also,

the bone of the leg in the cast becomes thin and up to 30 % decalcified within a few

weeks.

» Bone stress also determines the shape of bones under certain circumstances. (e.g.

Healing of fractures may start angulated in children then become straight).

oiag Jilall 5 S5l 5 0 g 815 s (50 e iy S A e (58 plaall Biabiell (San juiS agd Juany Lo Js) JUYT o) 53

A 5l e s i Lelds Lee JBY) (sha S Szl o jssdlads ) e
remodeling Deposition




Repair of a Fracture Activates Osteoblasts

_____________________________________________________________

 -Fracture of a bone activates all the periosteal

'and intraosseous osteoblasts involved in the

' break.

-osteoprogenitor cells, which are bone stem
ells in the surface tissue lining bone, called
the “bone membrane”.

| Large numbers of new
B 4| osteoblasts are formed from

osteoprogenitor cells

@)

Shortly a large bulge(ZLii)

of osteoblastic tissue and new organic bone
matrix, develops between the two broken
ends of the bone

This is called a callus. followed shortly by the
deposition of calcium
salts.

> 2 Periosteum: is a membrane that covers the outer surface of all bones



Hormonal Control of Calcium Metabolism & Physiology
of Bone

Three major hormones

Parathyroid

1, 25 1 1
dihydroxycholecalciferol hormone (PTH) CalCItonln

4 secreted by secreted by c-
2l SlEe parathyroid cells in the How Calcitonin works is

remodeling is E‘gin(i?lgaﬁi?%l gland thyroid gland. | explained later

explained later

: How the parathyroid |
hormone affects

To a lesser extent ; Glucocorticoids, GH, estrogens & various growth factors also affect
Calcium Metabolism.



Calcitonin
stimulates
calcium salt
deposit

in bone

" { | p—
- " . L Thyroid £ 1
» ’ - ’ g'and | /) {'1 \ >y

S N

CCalclum hmm:l;:"'of',um 9-11 mg/100 mD

Calcitonin

Falling blood

b "'&.,%. 1 Ca?* levels

Thyroid —,
gland |(J.
|

Parathyroid

Osteoclasts
degrade bone
matrix and release
Ca?*into blood

.-,

Copynight © 2004 Pearson Education, Inc., publishing as Benjamm Cummings.
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Parathyroid
glands release
parathyroid
hormone (PTH)

* If the Ca level in
blood is high the
thyroid gland will
release calcitonin

which will stimulate

the Ca deposition in

bone and reduce Ca
uptake in kidney.

e If the Ca level in
blood is low the
parathyroid gland
will release PTH

which will stimulate
Ca release from
bone and increase
Ca uptake in kidney
and increase Ca
uptake in intestines .

Thyrold

gland Stimulates Reduces
roloases Ca™* doposition  Ca® uptake

calcltonin \ In bones In kidnoys
TMULLS: Hgh

Fii
¥

thzlng blood
Ca** lovel
e Homeostasis:
Blood calcium level
STIMULUS:
;— Falling blood
S Low Ca® lovel
vitamin
D

| Parathyroid
Stimulates  Increases  Increases glands
Ca® roloase Ca® uptake  Ca®* uptake release parathyrold
frombones in kidneys  In Intestines hormone (PTH)

T < _—° :ll.rnadthyrold



Vitamin D

ACTION OF CALCITRIOT

A A/ B ANJAN VA WAARIN A A AVANS Ad

TTTI A 'm,‘-\"rT]' n

ke b BtV e e A

T+dahydrocholostere!

JraJ 3l

P lﬁ_\ (X .,

/ e \?‘*?-T-W.‘?§._/--"‘¢ “%‘ 008
da LT )

»Increases the »Mineralization of *Increased
intestinal absorption bone at low doses reabsorption of
of calcium and calcium and
phosphate > Mobilization of phosphorus 125(0H),D
by increased calcium from bone at »Decreased
synthesis of calcium high doses excretion of calcium Livet converts D3 to Calciedil Kidney converts Calcifediol to Calcitriol
binding protein and phosphorus & stores it or 36 weeks Calcifrmormona! ator
(ealbindingbzak) ’ o o ey
- —— — - incroases bone mnpralsation
vitamin D recepter (VOR) binding
apoposis




Parathyroid Hormone (PTH)

how does the parathyroid
P — hormone affect remodeling ?
I) Increase absorption of ca++
in intestine.
2) Increase absorption of cat++
in kidney.
3) Stop phosphate absorption

( KIDNEY ) [

—— 4) Stimulate the kidney to
* Bone resorption ¥ Phosphate reabsorption 4 ca?* absorption (indirect produce 1,25
(phosphaturia) via 1,25-dihydroxycholecalciferol) . .
% Ca2* reabsorption dihydroxycholecalciferol 5) In
+ Urinary cAMP

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

@© Elsevier. Costanzo: Physiology 3E www.studentconsult.com
Add to My Slides Go to by Slides

Figure 9-37 Regulation of PTH secretion and PTH actions on bone, kidney, and intestine. cAMP, Cyclic adenosine®: monophosphate; PTH, parathyroid
hormone.




Calcitonin Hormone

These responses are triggered when
plasma calcium ion concentrations
rise above 11 mg/dL.

High Calcium lon Levels in Plasma
{(above 11 mg/dL)

Parafollicular cells (C cells) in the
thyroid gland secrete calcitonin.

—

F onin
| BoneResponss |

Osteoclasts inhibited while

Rate of intestinal Kidneys allow
osteoblasts continue to lock absorption calcium loss
calcium ions in bone matrix decreases
less
Ce—
calcitriol
Calcium absorbed slowly | | Galcium excreted |
\ Calcium stored l

Increased calcium
loss in urine

How does Calcitonin work
?
I) Inhibit absorption of
cat++ in intestine.
2)Inhibit absorption of
cat+ in kidney.
2) 3)Activate osteoblast
to increase the ca++
inside the bone.




Osteoporosis

» Osteoporosis means : reduced bone density and mass.

» Caused by a relative excess of osteoclastic function. Bone

. .
matl"IX an d m I n e ral are bOth IOSt- e Difference between normal bone (A) and os-

teoporotic bone (B).

1500 - | d

Loss of bone mass is due to : g ' 7\ )
. g
|. Lack of physical stress 3
2. Malnutrition, lack of vitamin C ) R
Age (y)
3. Old age, Postmenopausal lack of estrogen FIGURE 21-12 Total body calcium, an ndexof bone s,
at varlous ages In men and women. Note the rapid increase to

. ’ y;ung' ;dul?lgee{e:s (phase ) followed by titw steads loss of bon:e with

4. CUSh|ng S Syndrome. advancing age in both sexes (phase Ill) and the superimposed rapid

loss in women after menopause (phase II). (Reproduced with permission
from Evans TG, Willlams TF (eds): Oxford Textbook of Geriatric Medicine. Oxford
University Press; 1992)
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Complications of Osteoporosis

|. The incidence of fractures is increased particularly in the distal forearm (Colle’s fracture), vertebral
body, and hip. These areas have a high content of trabecular bone, which is more active metabolically,
and is lost more rapidly.

2. Fractures of the vertebrae with kyphosis produces “widow’s hump” in elderly women with
osteoporosis.

3. Fractures of the hip in elderly are associated with a mortality rate of , half of those who
survive require prolonged expensive care.

Prevention (may help prevent or slow the progress of osteoporosis):

Increased intake of calcium.

Moderate exercise.

27



Extra Slide: (Answer to one of Dr. Samy Azer’s questions regarding:
Rank Ligand (RANKL) and Osteoprotegerin (OPQG))

Osteoblasts and
their precursors

J U

To understand:

Ligand:is a small molecule that binds with a larger protein

molecule;

For example: an extracellular chemical messenger binding

with a plasma membrane receptor.

l (secrete) (secrete) l

osteoclasts

J L

(triggered by
binding of
RANKL and RANK)
Differentiation

of macrophages of osteoclast
into osteoclasts apoptosis

'ﬁi_J

1 Osteoclast
action

1

Osteoclast action
outpaces
osteoblast action

i

LRANK
Macrophages/

Suppression

RANKL bound
to OPG not
available to

bind with RANK

l

Blocks action
of RANK

|

| Osteoclast
action

i

Osteoblast action
outpaces
osteoclast action

!

Special thanks to Leena Alwakeel!

28 ® FIGURE 19-22 Role of osteoblasts in governing osteoclast
> development and activity.



» https://www.onlineexambuilder.com/bone-physiology/exam-116528

Link to Editing File

(Please be sure to check this file frequently for any edits or updates on all of our lectures.)

References:
e Girls’ and boys’ slides.
* Guyton and Hall Textbook of Medical Physiology (Thirteenth Edition.)
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