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Learning Objectives

Differentiate between the effects of blood on the synovial
membrane and the articular cartilage

« Correlate research findings in animal models to clinical
significance in people with hemophilia

« Explain the importance of early detection of synovitis

« Recognize the potential impact of early, full weight
bearing after hemarthrosis

 Describe some possible reasons why chronic synovitis
may be ignored by people with hemophilia
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Part I

Pathophysiology of
Joint Bleeding




Pathophysiology of Joint Bleeding 27 BLOOD

What structures are affected by
blood in the joint?

How does the joint become damaged?
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Relationship of Intra-articular Blood %/ OO0l

With Synovitis and Cartilage Damage

Synovial membrane
inflammation \

4 |
Blood Mechanical
in joint trauma
\ Caﬁilage /

damage/death
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Effect on Cartilage and Synovium

What affects the cartilage?

Direct effect of blood on cartilage during “death of the
chondrocyte”

Decreased proteoglycan synthesis

Effect of release of “cleaning” enzymes by the synovial
membrane

What affects the synovium?

Inflammatory process triggered by blood, acute - chronic
process

Synovitis perpetuated by the products released during the
“death of the chondrocyte”

Mechanical trauma; pinching of inflamed/hypertrophied
tissue
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Back to the Basics




Synovial Membrane

» Quter layer

- Fibrous

- Proprioceptors
« Inner layer

- Paper-thin

3

- Capillaries

- hr‘.'ﬂ.f."‘

Image courtesy of the Institute for Clinical Care.
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Functions of the Synovial Membrane s%BLOOD

« Secretes synovial fluid to:
Lubricate the joint
Provide nutrition to the articular cartilage via diffusion

Regulate volume of fluid in the joint space

« "“Cleans” the joint space

Removes/breaks down products and debris

*This includes blood that occurs with hemarthrosis*

Brown TJ, et al. Exp Physiol. 1991;76:125-134.
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Composition of Synovial Fluid

» Contains hyaluronic acid and lubricin, among
other components

« Normally, is colorless and transparent
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Images available at: http://meded.ucsd.edu/isp/1994/im-quiz/amono.htm.
Accessed October 15, 2010.
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Articular Cartilage

» Lines the ends of the a ) b
bones that form a joint |
Ligament
« Avascular | |
\\ ' ll ?(h;?» . g : - Cartilage
« Composed of one type of AWl soai i ’
Ce” :‘_ 1 Articular
2 cartilage Bone
N
- Chondrocyte Y . ... .
i | ,/{" capsule
@ FU nCtlonS : l‘] f ?/ + Peptide-polymer nanoparticle
Synowial
- Cushions the bony ) =
surfaces The composition of a synovial joint and articular cartilage.
: Reprinted by permission from Macmillan Publishers Ltd:
. RESlStS force and [NATURE MATERIALS] (Setton L. Polymer thelrapeutics: reservoir

Stress during function drugs. 2008;7:172-174), copyright (2008).
of the joint
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Cartilage Matrix

«  Sponge-like structure

Gliging surface

> Superficial zone
>“ {fibers paraliel 10 surface)
X Transitional zone
(random Sbers)

«  Wet weight:

= 80%-90% water, electrolytes Al
o'W S Radial (deep) zone
"3 2 o (bers perpendicular
10 surface)
. = ,‘:5'3‘ Y:c’m,\u
«  Solid weight: U (% Coctedsone
. ~ ;? on @ Subchondral bone
« Proteins e o
" @( B }'Cur:cllcul bone

» =60% type II collagen 2

Collagen Sbrils form
structural framework for
srticular cartilage and provide
support for chondrocytes and
proteogiycan aggregates

- Tensile strength

» =25%-35% proteoglycans

- Compressive strength The 4 zones of articular cartilage. Copyright 1995.
Posted with permission from Havas MediMedia,
illustrated by Drs. John A. Craig and Carlos
: Chondrocytes Machado. Clin Symp. 1995;47(2). All rights reserved.
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More on the Cartilage Matrix

“Sponge Mechanism” — Mechanical Aspect

- “Fluid exudes from the articular cartilage
when compressed and is reabsorbed when
decompressed. This phenomenon is
important to the maintenance of joint
lubrication and nutrition.”

Kennedy 1C, ed. The Injured Adolescent Knee. Baltimore, MD: Williams & Wilkins Co; 1979:207.
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More on the Cartilage Matrix




More on the Chondrocyte

« Does not proliferate in adulthood
« Functions to maintain the cartilage matrix

Image courtesy of KneelointSurgery. Available at
www.kneejointsurgery.com. Accessed October 15, 2010.

Muir H. Bioessays. 1995;17:1039-1048.
Forsyth/Zourikian 16



More on Proteoglycans

Negatively charged, solid weight component

The interaction with water influences the
mechanical properties of cartilage

Proteoglycans hold water within the cartilage

« Important because this maintains the strength of
the collagen meshwork

When proteoglycans are lost, the water-holding
capacity is lost and the matrix breaks down,
leading to bone destruction
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Proteoglycan/Water
Content = "Plump Cartilage”
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How do we apply what we know
about the basics to the
process of how blood in the

joint leads to damage?
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Effect of Blood on Cartilage

and Synovium

« What affects the cartilage?

= Direct effect of blood on cartilage during “death of the
chondrocyte”

= Decreased proteoglycan synthesis

- Effect of release of “cleaning” enzymes by the synovial
membrane

« What affects the synovium?

= Inflammatory process triggered by blood, acute - chronic
process

= Synovitis perpetuated by the products released during the
“death of the chondrocyte”
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Processes That Influence Joint Damage%BLOOD

* Decreased proteoglycan synthesis
« Loss of proteoglycan from the matrix
 Death of chondrocytes

» Triggering of synovitis
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What Decreases Proteoglycan Synthesis? %BLOOD

- Roosendaall-3

= Addition of blood to the cartilage inhibits
proteoglycan synthesis and increases
proteoglycan release from the matrix

« Hooiveld?

= Proteoglycan synthesis rate was decreased at
least 10 weeks after initial exposure to blood
in the joint

1. Roosendaal G, et al. New Engl J Med. 2007 ;357:603-605; 2. Roosendaal G, et al. Arthritis Rheum.
1999;42:1025-1032; 3. Roosendaal G, et al. J Rheumatol. 1997;24:1350-1354; 4. Hooiveld MJ, et al.
Arthritis Rheum. 2003;48:396-403.
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Why Is it Bad to Have Decreased Proteoglycan 3%7(,:,\1.{(9‘.;9[)

TER

Synthesis and Loss of Proteoglycan From the Matrix?

Fewer proteoglycans

Less retention of water in the matrix

l

ﬁ‘ Less plumpness of cartilage; matrix
degrades

l

Decreased cartilage function

*When you lose proteins, you lose cartilage function*
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“"Death of the Chondrocyte”

Direct Effect of Blood on the Cartilage and Synovium

SYNOVIAL RBG®

TISSUE
synovial
7IGGerti

apoptosis @

Animated representation used with permission of Dr. Nathalie Jansen.

CARTILAGE
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In Addition to "Death of the Chondrocyte,”

Joint Damage Is Also Caused by:

« Indirect effect of blood in the joint to the
synovium AND the cartilage

« Synovitis and its contribution
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Indirect Effect of Blood

. Cartilage

Synovial tissues produce cytokines and tissue-destructive
mediators!

. These proteins are devastating to the cartilage

. Synovial Membrane
. Hemosiderin/iron triggers hyperplasia and synovitis?:3

: When the cartilage degrades (death of the chondrocyte), tissue
and protein are released into the synovial fluid; these trigger

synovitis!

. The synovial membrane removes the debris from the degrading
chondrocytes and matrix proteins, which causes the synovial
membrane to become inflamed = hyper Iasia/hypertropht_}/ at the
cellular level and hypervascularization of the membrane?-

1. Jansen NW, et al. Br J Haematol. 2008;143:632-640; 2. Nishiya K. J Rheumatol. 1994;21:1802-
1807; 3. Wen FQ, et al. Blood. 2002;100:912-916; 4. MadhokR, et al. Ann Rheum Dis. 1991 ;50:588-
591; 5. Rodriguez-Merchan EC. Clin Orthop and Relat Res. 1997;343:6-11; 6. Valentino LA, et al.
Haemophilia. 2007 ;13 (suppl 3):10-13.
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Take-Home Message

 Blood in the joint is bad!

= Direct and indirect effects occur simultaneously to both
the synovium and cartilage

= Acute synovitis can become chronic
- Damage to cartilage is permanent

« Chronic synovitis and cartilage damage lead to joint
destruction
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Part 11

v

{ After the Bleed: The Impact of
-' Early Weight Bearing on
Synovitis and Joint Health




Part II Overview

« Normal wound healing following tissue injury

« Deterrents to wound healing

« Acute vs chronic inflammation
« Consequences of chronic inflammation/synovitis
« Pitfalls of early, full weight bearing after hemarthrosis

« Reasons why mild synovitis may be neglected
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