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B Origin -

B Functions:
- nutritive (bloo¢
difusion of nutrie
- protective — immune

cells.and antibodies proc
= co i - between diffe

& mechanical (supporting and
 mechanical protection of organ
thorax, pelvis)




Connective tissue types

-
-
-
B general structure:
- cells
- intercellular \=fibers
matter ground amorphous

substance
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BlUndifferentiated cells



Fibroblasts, fibrocytes

Fibroblast

Collagen (III} Fibril
(Eencular Fiber)

Liebich (1993)



Network of cell pro

collagen III




Adipose (fat) cells

univacuolar multivacuolar
(white adip.c.t) (brown adip.c.t.)

Lipid droplets



neuroectodermal origin

Melanin
Granules

Golgi Apparatus
Melanocyte Nucleus

Basal Lamina

Melanin
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ElHistiocytes
HMa\\sE cells
PPlasma cells
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Mast cell

heparin, histamin
— inflamation medlator




Plasma cells
(B-ly are precursors)

antibodies (immunoglobulins)

production
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Intercellular (amorphous) ground
substance

homogenous semifluid material

Bl glycosaminoglycans (hyluronic acid,
chondroitinsulphate, dermatansulphate,
keratansulphate, heparansulphate)

B2 glycoproteins (fibronectin, laminin) — cell
adhesive function
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B ,white fibe
strong, but 1

m1-20h o
B arranged into bundles

B collagenase - digestive
enzyme

Bin LM - acidophilic (pink
in HE)




amino acids
-1 nm

tropocollagen
~300 nm

fibrils
~1 pm

fibers
~10 pm




Collagen €

— most ub

Collagen Type

— in cartilage

Collagen Type III

—\retlcular fibers

Collaen Type IV

-

- "amorphous collagen" without a fibe
synthesized by epithelial cel

About 40 types of collagen are known


http://www.tiho-hannover.de/einricht/anat/lit/mwenth/conntis/ko1_bdgw.htm
http://www.tiho-hannover.de/einricht/anat/lit/mwenth/conntis/ko3_bdgw.htm
http://www.tiho-hannover.de/einricht/anat/lit/mwenth/conntis/bas_bdgw.htm

Reticular fibers

B contain type III collagen

B form a fine meshwork
(reticulum) - a
supporting mesh in soft
tissues such as liver,
bone marrow, and lymph

organs

B they are argyrophilic
(silver staining)
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http://en.wikipedia.org/wiki/Collagen
http://courseweb.edteched.uottawa.ca/medicine-histology/English/SS_BasicTissues/Connective16.htm

B ., yellow fibers" -
of protein (elastin)
produced by fibroblasts a
smooth muscle cells in
blood vessels.

B these fibers can stretch up
to 1.5 tlm‘és their length,
and snap back to their
or|g+nal length when
relaxed.

B are branched and wavy

B spetial staining with orcein
or resorcin-fuchsin
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http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Elastin
http://en.wikipedia.org/wiki/Fibroblast
http://en.wikipedia.org/wiki/Smooth_muscle

C.t.proper classification

B several types of c.t.proper:
classification depends on cells, fibers
and ground substance quantity and
arrangement

Ea
Ea
B fi

bundant ground subst.- ,soft tissue™
bundant fibers — ,hard tissue™

pers can be arranged (ir)regularly



B2 Collagenous c.t.

" .
B Reticular c.t.
B2 Elastic c.t.
B Adipose c.t. 3 white fat
p
brown fat




1. Mesenchyme 2. Jelly-like c.t.

embryonic c.t. umbilical cord, dental pulp







3a. collagenous loose (areolar) c.t.
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» tendons, ligaments
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4. reticular c.t 5. elastic.c.t.

supporting tissue in membranes in blood
lymph organs (impregn.) vessels wall(orcein)
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http://courseweb.edteched.uottawa.ca/medicine-histology/English/SS_BasicTissues/Connective16.htm

6. adipose tissue .brown fat
\white fat

fetal adipose tissue
(thermoregulation)







B Occular

B Objectives magn
B Total magnif.: 40x, 1f

B Don.' t use immersSionNoe:
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B Slide cover slip must be Situ
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Cartilage
- general characteristic -

B Avascular tissue (without blood vessels);
nutrients are transported to the cells by
diffusion from perichondrium

B Perichondrium* — dense connective tissue
capsule with blood vessels

B Mesenchymal origin

* Is not present on the articular surfaces of cartilage and on the
surface of fibrocartilage



General structure of the cartilage

B Cells — chondrocytes in lacunae
B Intercellular matter:

- ground substance i:chondroitinsulphates
chondronectin

- fibers~(collagenous or




Cartilage cells:
chondroblasts, chondrocytes

B in lacunae

B produce intercellular matter:
- collagen or elastic fibers
- ground substance: 1) main glycosamino-

glycans are , keratansulfate =
acid substances cause basophilia of cartilage,
2) glyeaoprotein (increases

adhesion of cells and matrix)
B cells are involved in cartilage growth:
- interstitial growth (isogenic groups)
- appositional growth (from perichondrium)



(example:

B Chondrocyte
Isogenic group
(in basophilic capsule

B Collagenous fibers
form bundles

v Grogﬁ&l substance
,,is’abundant and
- covers the fibers



Hyaline cartilage, frachea
Perichondrium

Chondroblasts
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B Small and
chondrocytes

B Thick bundles of
collagenous fibers

B Smallamount of
.
ground substance

B No perichondrium
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Bone tissue

ECells
B Collagenous fibers
B Ground substance is mineralized

B Minerals — hydroxyapatite crystals
Ca,,(PO,4)6(OH),



E Organic cc
- collagen fiber:
- ground substan
aminoglycan are chondre
keratan-sulfate, 2) "0
osteopontin (increase adne
and matrlx), osteocalcin (binds

B l’norgamc compohnent: crystals c

hydroxyapatite



Osteoprogenitor cells
develop into osteoblasts.

osteoprogenitor cells
osteoblasts

e -
OSteocl aStS orms matrix of bone tissue

Osteocyte
Bone cells maintains matrix of bone tissue

Osteoclast  Osteoblast ~ Bene Lining

Calcified
Bone Matrix




Spongy Bone (Slid
(High Power) .

e#15) =~

Osteoblasts

on the surface
of the bone

Osteocytes

inside of the
bone matrix
(in lacunae)




osteoblasts

- on the surface of bone (epitheloid arrangement)

- synthesize non-mineralized intercellular matrix =
osteoid (ground substance + collagen)

- periosteal osteoblasts — growth of bone by
apposition e, 5730
lide 69 Bone, Femu e

;. h‘. $, §
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osteocytes

- osteoblasts entrapped in mineralized bone matrix
= osteocytes (cytoplasmic processes in canaliculi
ossium riation of bone lamellae)

- transport of minerals from blood into the matrix
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osteoclasts

in Howship “s lacunae

arge multinucleated cells (up to 50 nuclei) — arrise
by fusion of monocytes

nroduce acid phosphatase - enzyme involved in
pone resorption during ossification, bone
remodeling or reparation
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Perl

Periosteum
dense c.t.capsule attached tao
bone by Sharpey's fibers
(collagen); is composed of A
two layers: 1)outer fibrous FoN
layer of dense irregular c.t. A H i
and 2)inner cellular layer @ f 5 mlt
composed of cells that give
rise to osteoblasts.

‘periosteum |

pAR 4 4

Endosteum
thin layer of connective tissues
containing osteoprogenitor
cells and osteoblasts



Periosteum — endosteum

— TR - ~ Compact bone
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Types of bone tissue
‘ Fibrillar
(woven)

-

Lamellar spongy
 (cancellous)

compact

-~






Bone types
B) lamellar (cancellous) bone

Long Bone
Articular cartilage

Epiphysis

Ephipyseal line

spongy - compact

Cancellous Bone

Spongy bone
Trabeculae
Medullar: cavity Osteoblasts
Diapfysis -—— MUthient foramen ;
Endosteumn
Periosteum
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Spaces containing™ Lsinilian
AR bone marrow and
Eniphysis [ VoS blood vessels Canaliculus

CArticular cartila Qe
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http://upload.wikimedia.org/wikipedia/commons/b/bc/Spongy_bone_-_trabecules.jpg

compact bone

collagen fibers in
mineralized ground
substance form
lamellae, which are
arranged as:

B Haversian lamellae =
osteon

B interstitial lamellae

B circumferential
lamellae (inner, outer)




OSTEON: \

1 - Haversian canal contains 2, 3 - blood vessels, 4 — nerves
in loose connective tissue;

5 - lamellae

7 — osteocytes in lacunae (6)

8 — cytoplasmic processes in canaliculi ossium






L Outer circumferential lamellae

Inner circumferential
lamellae

Haversian canal

Interstitial lamellae




Ossification — bone formation

B PERIOSTEUM contains blood vessels and
osteoprogenitor cells llsteogenic potential

- ._:steoblasts (producce inter-
cellular matrix OSTEOQOID
B Osteoid + minerals (from blood) = OSSEIN
B Osteoblasts entrapped in ossein [ steocytes,
(osteocytes + ossein = BONE)
B The result of primary ossification is fibrillar bone
B Resorption, remodelation of fibrillar bone by osteoclasts

B The result of secondary ossification is compact bone
(are involved in destruction of woven bone)




Ossification types

B Intramembranous ossification

- bone develops in mesenchymal
membrane attened bones

B Endochondral ossification
- bone develops on a cartilage model

B g bones




Intramembranous ossification

Formation of bone directly from mesenchyme.

B Increased vasculariti of mesenchyme

B Mesenchyme cells lllsteoprogenitor cells |l
osteoblasts

B Osteoblasts produce osteoid and transform into
osteocytes.

B Periosteum + endosteum (dura mater in skull)

NEUROCRANIUM and other flat bones
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Primary bone tissue

Bone blastema




Endochondral ossification

B PRIMARY
OSSIFICATION
CENTER: Occurs in
the center of the
diaphysis, and
extends toward both
epiphyses.

B SECONDARY
OSSIFICATION
CENTER: in the
center of the
epiphyses.

BE EPIPHYSEAL PLATE:
is hyaline cartilage
which alllows bone
growing in the length.



Endochondral ossification
B Perichondrium arround di isis transforms into

aph
periosteum (fibroblasts ﬁsteoprogenitor cells)

B Blood vessels invade the cartilage and bring
osteoprogenitor cells, blood cells, bone marrow
cells, macrophages, endothelial cells.

B Ca and other ions are transported by blood and
intercellular matrix around the chondrocytes is
calcified — nutrients cannot difuse to them - cells

degenerate and die

<to be continued>



—
Endochondral ossification

B after chondrocyte death mineralized intercellular
matrix forms spicules (rests of cartilage)

B they are occupied by osteoblasts producing
osteoid

B osteoid surrounds osteoblasts and is mineralized
by ions from blood; osteoblasts -steocytes

B primary ossification g Small blood vessel
= fibrillar bone "3 Newly deposited
_ i ke =9 bone matrix

B reso rpt|0n = e i |- Ostecblast laying down
N . NV 5 new bone to fill tunnel
B secondary ossification Vi 2 oty osteockasts
e gl 1 Loose connective tissue

= lamellar bone L (Bl octeociass g

- gin
~ tunnel thmugi ulc? bone
“old bone



OSSIFICATION ZONES

B RESERVE ZONE: normal hyaline cartilage

B B PROLIFERATIVE ZONE: chondrocytes in
columns

B ZONE of HYPERTROPHY: enlarged
chondrocytes

B CALCIFIED ZONE: (different staining of
intercellular matter in light microscope)

B, ,LINE of erosion™ — imaginary line

B OSSIFORM ZONE: spicules, osteoid, ossein
in regions of bone formation
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Cartilage
Bone

<Slides:

B Hyaline cartilage (28. Trachea, HE)
B Elastic cartilage (26. Eoiglottis, HE)

(27. Elastic cartilage, orcein)
B Lamellar bone (...

B Endochondral ossification (...

Atlas EM:
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Bone junctions - joints

B SYNARTHROSES: Poorly moveable (fibrous)

or immobile joints.

| Bones connected by dense fibrous
connective tissue, as in SKULL SUTURES

| Bones connected by cartilage, as in the
PUBIC SYMPHYSIS.

| bones connected by bone tissue, as in the
PELVIS

- DIARTHROSES: Movable joints

B Articular Cartilage made of hyaline cartilage, without
perichondrium, covers the moving bone-ends.

B Joint Capsule is continuous with the periosteum.

B Synovial Membrane lines the joint capsule. It secretes
synovial fluid into the joint space.



Diarthrosis

ligament

fibrous joint
Ccapsule

ST T LT

articular cartilage
cowering bone
ends

skeletal
muscle

fterndomn

Sharpey's fibers
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(Intra)membrandzni osifikace @p@’)

B Mezenchym + vaskularizace' _ =

osteoblasty [k produkce

B Osteoblasty + osteoid < mineralizace: osteoblasty =

osteocyty g



Enchondralni osifikace gétwl

(chondrogenni)

A: chrupavcity model kosti:

1- epifyza, 2, stred diafyzy
B: periostalni manzeta

(z perichondria)

invaze krevnich cév s osteoklasty
(na éele*) a osteoprogenitorni-
mi bb. (podél cév = )




A: hypertrofie a
kalcifikace
chrupavky

B: detail (A)
1 - periost
2 — osteoklasty
3 — osteocyty
v kosténé manzetée
pod periostem
5 - monocyty
6 — osteoprogen. bb.
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Zo6na normal. hyalinni chrupavky

Zona proliferujici chrupavky

Zona hypertrofické chrupavky

L
&

Zona kalcifikujici chrupavky

2 — osteoklasty

4 - primarni kost s osteocyty
5 — osteoblasty

6 — osteoid (pod osteoblasty)
9 - kapilary
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Epiphyseal Proliferating  Hypertrophic  Calcified carti- Persisting core of
cartilage cartilage fﬂni cartilage cells lage matrix cartilage matrix in osseous trabecula
| | | ! i

Primitive
— bone marrow

Osteogenic and fibrous layer of prerr'nsfmm

SN,




1 Profiferafing
chondrocyles

2 Hyperirophied
chandrocyles

3 Parichondrium

4 Deganaraling
chondrocyles

5 Calcilied
matrix

6 Osteohlasis
7 Pariogteal bone
8 Capitlary
9 Dsteocyte
10 Marrow cavity
11 Dsteociast

12 Inner
perostenm

13 Megakaryocyle

Fig. 3-9 Endochondral Ossification: Zone of Ossification.

]

14 Proliferaling
chondrocyles

15 Hypertrophied
chandrocyles

16 Vacunlized
cytoplasm

17 Caicitied
matrix

18 Caplllary
19 Dsteoid
20 Osteoblasis

. 21 Osteocyles

22 Osieoclast
{in Howship's
lacunae)

23 Developing
blood cells

24 Megakaryacyle
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1 Pesichondrium _“‘ Fs_"‘v- r*‘“ﬁF‘ #0117 Zane of reserve
2 Chosdrocytesin s cartilage
|zcumae + 18 Zone of preliferatin
hyaline carilage
3 Cobumn of [ 19 Zone of
chondrocytes hypertrophying call
and lacunag
4 Hypertrophied - e T ok : L L e : y : ' g : s b 20 Zone of calcifying
choadrocyles and i T e b Tor cartilage
calcifiad matrix : L3 :
5 Vaecolariefts of —
asleaganic mamrow + 21 Zone of erosion and
ossification
§ Dsteaid and hone
around calcified 22 Mew periosteal
carilagn bone
T Muscle 23 Younger and older
§ Pariesteum (outer bany spicules
layer)
24 Epidermis

§ Pariosteum {inner layer

with astachlasiz) AR
sy
Lo 25 Dermis and
% Periostes] bone = subcutaneons layer
{bome callar) 3
o ﬁ L 26 Hair follicles
11 Spicoles of bone -

T 27 Primitive marrow
cavities in peri-
osteal bone

- 24 Sebaceous gland

12 Sinusgjid ——
12 Aed bone marrow

14 Megakaryocyles

15 Subewtaneous ———
connective lisswe
and darmis

e y == 23 Perigstzal bone

30 Spicules of bone
Fig.3-8 Endochondral Ossification: Developing Long Bone (panoramic view, longitudinal section). Siain:
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Lamellar bone

Compact Bone & Spongy (Cancellous Bone)

Lacunag cantaining nstencytes Ostean of compact hone

!‘-_Ir III-T,II"IJI:-{I| L I'IIJ'II- s : ! l-l y
Canaliul — T s Al e e
] ] 2 14 Hi




LAUNIUTUL YIS
enlargement a
degeneration

Calcified
cartilage

) ﬁf Osteoblast in
Epiphyseal perichondrium
plate S

Chondrocyte
enlargement anc
Calcified degeneration
cartilage
Blood vessels ir
Osteoblast perichondrium
Perichondral bone
Osteocyte

Endochondral bong

Osteoclast
(bone remodeling)

Deteriorating
cartilage matr Epiphyseal
capillaries
Developing
Perichondrium periosteumn
— L €O l;'_
| | oI, Periosteal
o —bone collar
I~ ; Primary
d ossification
\ ) " \ Blood — center
| o vesselof
— Hyalne——  periosteal
- cartilage | - bud

1)Fetal hyaline
cartilage model

develops @ Cartilage calcifies

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

and bone collar forms

d diaphysi
AIIA Giaprysis @Primary ossification

center forms in the
diaphysis
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Bone

Haversian Systewny

Haversion covredd
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Ossification — bone formation

B PERIOSTEUM contains and
Ilstcogenic potential
B Osteoprogenitor cells 8 (production of
intercellular matrix
B Osteoid + minerals ( ) = ossein
B Osteoblasts entrapped in ossein m .

osteocytes + ossein = BONE
B The result of primary ossification is woven bone

B The result of secondary ossification is compact bone
(osteoclasts are involved in destruction of woven

bone)



Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(‘D Ossification centers form
within thickened regions
of mesenchyme

(2) Bone matrix (osteoid)
undergoes calcification.

Intramembranous Ossification

Collagen fiber

Mesenchymal
cell

Ossification
center

Osteoid
Osteoblast

Osteoid
Osteoblast

Osteocyte

Newly calcified
bone matrix



