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Motivation and Purpose
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Fig. 2 An image of
osteoarthritis [1]

Osteoarthritis

]
|_| '|_|| Tibla

Degenerate with age
Fig. 1 Schematic diagram of
the osteoarthritis in \Q
knee
SHPB experiment
>45yearsold  27.8% o y| M
=60 years old  37.4% 0. 3]

25~74 years old 12.1%in US [, | Understand the
weight-bearing limit
of the structures
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* Motivation and purpose
« Composition, function and structure of arficular cartilage and
Meniscus
— Articular cartilage
— Memniscus
« Experiment method & specimen preparation
— SHPB configuration
— Specimen preparation
» Results and discussion
* Conclusion
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Introduction for Articular cartilage, Meniscus

| » Primary composition of
[ Fomur Articular cartilage ; 4 5

+ 30% of solid matrix

Anterior cruciate ligament
Posterior cruciate ligament * Type II collagen

Madial Meniscus - W
» 70% of interstitial fluid

Lateral Meniscus

Lateral collateral ligament - \

Tubiercls of tibs Medial collateral ligament
ubarcle a : s 3 s
= Contam Na~, K=, Ca” ion___

Fibula | | | Tibla

Fig. 3 Schematic diagram of knee 0-20%|
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Fig. 4 Schematic diagram of structure of grticylar cartilage
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40-60%

*Function

*Lubrication, Low friction

*Weight-bearing

20-50%

Introduction for Articular cartilage, Meniscus

» Primary composition of meniscus

’_ Femur 6,7, 8]

Articular cartilage |
»IQI + Water 72%
: * Collagen 21%

>

Anterior cruciate ligament

Posterior cruciate ligament

Lateral Meniscus —
g * 00% of Icolla
: "'-—"“ Medial Meniscus s e Type L ool acen

= Minor types IT, Il and IV
* Glycosaminoglycans 0.8%
Fibula | | '|_| Tibla « DNA 0 12%
Fig. 3 Schematic diagram of knee

Lateral collateral ligament

Medial collateral ligamant
Tubercle of tibla

*Function

*Keep knee stable

*Distribute loading
Fig. 5 Schematic diagram of structure of menisucs.
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*Absorb vibration
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» Motivation and purpose
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Meniscus
— Articular cartilage
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Method
I P——
* Dynamic Experiment

— The dynamic response of Meniscus tissue, grticular cartilage in compression
were studied using the split hopkinson pressure bar.

— Modifications
= Pulse shaper, PMMA bar, Semi-conductor strain gage

Digital Phosphor Oscilloscope

&= sk =
ifier oF 88 a: | ;
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a8
c[ e Tfﬂ-ﬂ 8 .-I_
l Wheat stone Bridge | Wheat stone Bridge
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Fig 6 Schematic diazram of SHPB
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Specimen preparation

\ * Procedures-Meniscus

— Using a scalpel and circular saw to cut
off both tissue form the knee.

— Seal up with sealing bags.

— Pre-froze it in 4°C environment for 2
hours, and freeze it in a -30°C fridge
until tested.

— Maintain the length-diameter ratio of the
sample between 0.1-03

mortem hours for the arficular cartilege,

60 post-mortem hours for the meniscus.

20117118 40 )

/ — Complete the experiment in 24 post-

-

Fig_ 7 Cutting articular cartilage specimen

Specimen preparation

* Procedures-Meniscus
/ N \ — Using a scalpel and circular saw to cut

off both tissue form the knee.

— Seal up with sealing bags.

— Pre-froze it in 4% environment for 2
hours, and freeze it in a -30°C fridge
until tested.

— Maintain the length-diameter ratio of the
sample between 0.1-0.3

— Complete the experiment in 214 post-
mortem hours for the articular cartilege.

60 post-mortem hours for the meniscus.

201718 1) O

Fig. § Cutting meniscus specimen
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Qutline

* Motivation and purpose

« Composition, function and structure of articular cartilage and
Meniscus
— Articular cartilage
— Meniscus
« Experiment method & specimen preparation
— SHPB configuration
— Specimen preparation
+ Results and discussion
* Conclusion
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Result and Discussion

=~
* Macroscopic -Articular Cartilage

\ @ L

Fig. 9 (a) Natrve porcine articular cartilage
(b) The articular cartilage after shock loading at strain rate 130057

Raw- Smooth, Low friction Damage feature- Lump, Crack
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Result and Discussion

»  Microscopic -Arficular Cartilage (Before tested)

* Native

— Random undulate-like
structure

— cellular debris

« Damage feature

— Uniform agreement
— Fiber-like damage.

Fig. 10 The SEM image of native porcmne arhicular cartilage
at magnification 1000X.
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Result and Discussion

A
*  Microscopic -Articular Cartilage (After tested)

/_ Uniform agreement _\ /'_ Fiber-like damage 4\

Fiz. 11 The SEM image of compressed pomine Fig. 12 The SEM image of compressed porine
articular cartilage at strain m@te  1000s-1, atticylar  cartilage at strain rate  1000s7,

magnification 10003 magnification 30003 -
» 2011/718 @5 m
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Result and Discussion

25 ;
————— Table. 1 Yc_runlgs modulus and strength of
—e— Strain rate 1160 arficular catilage with different
2g.| | —%— Strain rate 1360 ¥ £ r strain rate.
1| —»—strainrate 1440 Decreasing with strain rate
—a— Strain rate 1510 Btrain Young's Strensth
—#— Strain rate 1730 Rate(1/s) Modules (MEz) ME2)
T 15 | —#—Strain rate 1770 -
o —&— Sirain rate 1930 320 106 6.3
=3 1160 8.57 1608
(]
ﬂ 10 1360 8.20 1350
n 140 7.11 1476
Al 1510 6.77 1262
1730 6.37 1507
1770 5.63 1226
0 r r T ) .
a8 01 0z 03 04 05 08 0F u
Strain e
Arficular cartilage ]
Fig. 13 Stress-strain curve of articular cartiage with
different strain rate.
2011/7M18 16 m
Result and Discussion

A

Macroscopic -Meniscus

N

(@)

Fig. 14 (2) Native porcine Memiscus
(b} The artiqular cartilage after shock loading at strain rate 1000s?

Wative meniscus tissue

7~

.

N

Lateral tensile behavior

2011718 AT D

13




Result and Discussion

»  Microscopic -Meniscus

/'_ Before tested /'_ After tested 4\

Fig. 15 The SEM image of native porcine memiscus at Fig. 16 The SEM image of compressed porcine
strain rate 30005, magnification 3000X. meniscus at strain rate 10005, magnification

1000X _ _
2011718 48 D

Result and Discussion

30 1
= Suain rate 650 | Table. 2 Young's modulus and strength
—e— Strain rate 960 . . . of meniscus with different
25 —4—Strain rate 1100 Increasing with strain rate strain rate.
—y— Strain rate 1380
—4— Strain rate 1560
D rate Btrain Young's Btrength
_ Rate(lis)  Modulus (MPa) fEa)
L3
% 690 3563 5.55
e S50 3653 1067
ﬁ 1100 4485 1159
“ 1380 7321 16.16
1560 148.14 23.83
n T T T T
114 a1 0z o3 04 0%
Strain

Fig. 17 Stress-strain curve of axial meniscus with

different strain rate. Meniscus
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Outline

* Motivation and purpose
» Composition, function and structure of articular cartilage and
Meniscus
— Articular cartilage
— Meniscus
» Experiment method & specimen preparation
— SHPB configuration
— Specimen preparation
* Results and discussion
» Conclusion
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Conclusions
%w—:

* Articular cartilage
— Low friction.

— Collagen agreement with horizontal direction at superficial zone, change to
radial direction at deep zone.

— J-shape stress-strain curve.

— The strength and Young’s modulus increasing with strain, and decreasing with
strain rate form the strain rate range 1000~2000s1.

— The arrangement of collagen was changed into uniform direction.

— Lump, crack and fiber-like damage

*  Meniscus

— Collagen agreement with peripheral direction for the inner meniscus tissue and
agreement with random direction for outer meniscus tissue.

— r1-shape stress-strain curve.

— The strength and voung's modulus increasing with strain rate form the strain
rate range 1000200051

— Lateral extension behavior and tensile damage under axial loading
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