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SUMMARY

The goals of this year project as a 3rd year in the 4 year project were to complete
the information on hard tissue and make a basic study on soft tissues. Several
experiments were done on hard tissue using RUS(Resonant Ultrasound Spectroscopy)
in addition to usual ultrasonic method. The data are studied comparing with other
investigator’s results. In conjunction with first subproject, the data face of the
physical properties are implemented in the digital human model. Also these data are
published as a monograph on this topic through Ajou University Press.

The finite element model of the knee and middle ear are developed using these
data. The linear dynamics analysis has been done in the middle ear model using
nonhmogeneous properties data. The new frequency response plot was obtained
which showed good predicting behavior than old models which used homogeneous
data.

All of these data and models could be used for further detailed realistic modeling
and will be argumented by following year project.
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PREFACE

This monograph is the outcome of the project titled 'Development of a mechanical
properties evaluation system of a human model for engineering analysis' as a part of
'‘Development of 3-dimensional precise human model using medical standard data and
biomechanical properties’ supported by MOST(Korean Ministry of Science and
Technology) through the grant M10139050001-01B0801-00120 of KISTEP (Korea
Institute of Science and Technology Evaluation and Planning). When our team started
researches to contribute in biomechanics community to provide a fine digital human
modulus for engineering and medical simulation, we shortly learned that there were
many data on the physical properties on the human body but they are all scattered
inefficiently. Our first humble goal was to provide a handy compilation of these data for

researchers on biomechanics to make their own simulation.

We hope that this monograph could be a starting point for the newcomers in the
biomechanics. We expect they can start their modeling directly from this book and build
their own data set. Definitely this book is not final. This database will be updated
consistently and we expect many suggestions from all of the members in this field are

expected.

I appreciate the tireless efforts of our graduate students, especially Mr. Ji—-Hoon
Moon. Also it would be impossible if there were not multi-year support from Korean
government. I personally thank to program directors of Mechanical Engineering
Program, Prof. Yong-Taek Im and Dr. Tae-Young Chung and Senior Researcher, Dr.
Hyun-Chul Kim of KISTEP as coordinators of this program. They started this program
and encouraged us consistently on this project. Also I send heartful thanks to our co-
researchers, Prof. Gi-Nam Wang and Min-Suk Chung of Ajou University, as they shared

our vision and helped practically in every facets of the project.

February 2004
Seung-Hyun Yoo
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Data e

- Velocity of mechanical pulse wave propagation

Material
= Human skin

- Normal and ocedematous tissue

Testing method and experimental condition

-~ The experimenial set-up for the measurement of velocity, attenuation and
frequency content of the mechanical pulse wave propagation is iltustrated in Figs
1~2

= A square pulse of 1 ms duration was generated by a function genarator (Wavetsk,
114. CA, US.A) via a power amplifier (Bruel & Kjaer, 2706) and a minishaker
(Bruel & Kjaer, 4810)

- Accelerometer weight is 2.6 g (Bruel & Kiaer, typs 4375),

- Charge amplifier (Bruel & Kjaer, type 2636)

Fig. 1. Photograph of
the axperimental
set-up  empioyed
for measuring
mechanical  pulse
wave propagation

across tssues.

Fig. 2. Schematic arrangzment of

the experimanial set-up.

G ! impulse generator,

MS  minishaker

Al accelerometer

SA ¢ signal analyzer.
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Data

, i p ) Velogity in subjects with
Subject  Velocity of normal subject(ms™)  Patient ) "
unilateral oedema(ms™)

no. no.
R L IR-LI E N |E-N]
1 2.28 2.00 0.38 1 1.94 3.74 1.80
2 1.72 1.62 0.10 2 2.00 2.59 0.59
3 2.42 2.34 0.08 3 13.27  2.67 10.60
4 2.75 2.89 0.14 4 1470 3.47 11.23
5 3.76 3.61 0.15 5 2.08 5.23 3.15
6 4.11 3.82 0.29 6 275 3.89 1.14
7 2.29 268 0.39 7 318 2.20 0.98
8 2.00 1.36 0.64 8 119 1.28 0.09
9 4.00 4.61 0.61 9 1.47 2.01 0.54
10 8.18 8.18 0.00 10 2.32 1.78 0.54
Mean” 3.36 3.31 0.28 4.49 2.88 3.37
S.D. 1.89 1.99 0.22 505 118 413
Mean' 3.55 3.48 0.32 212 2.84 1.10
$.D. 2.90 2.2 0.23 0.64 1.33 0.97

-~ * Indicates mean + S.D. for all 10 in each group.
-+ Indicates mean + S.D. for all but patients nos 3 and 4 from both groups.

- v= (X, - XA 1)

Comment
- In this study the researcher investigated if the mechanical pulse wave propagation
technique could be applied to measure the oedema-induced changes in the
mechanical properties of tissue.
~  Subcutaneous cedema can be characterized by measuring the velocity of the

mechanical pulse wave propagation.
Source article

- Mridha, M., Odman 3., Oberg, P. A., 1992, Mechanical pulse wave propagation in

gel, normal and oedematous tissues. J. Biomechanics 25 (10), 1213-1218
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Part II.
Hard Tissues




General

Bone

Bone cement

Bone

Cortical bone

Bone collagen

Individual trabecular
Osteoblastc cell body
Trabecular tissue
Trabecular tissue
Trabecular tissue

Femur

Fibrous perichondrial tissue
(12 weeks/CENTRAL)

16 weeks-CENTRAL
(Fibrous cartilage tissue,10%
maturation)

4 weeks—-CENTRAL
(Haematoma, granulated tissue)
3 weeks-CENTRAL

(Fibrous perichondrial tissue)
Acrylic cement at Femur
Cancellous bone(at Femur)
Femur (along the axis of long bone)
Cement(at Femur)

Cortical bone

(longitudinal at Femur)
Cortical bone

(longitudinal at Femur)
Cortical bone

(transverse at Femur)

Cortical bone

P(GPa)

Elastic modulus

20.0 GPa 0.35
2.15%0.08 GPa
10 GPa

16~20 GPa
1.86 GPa

12.72 GPa

2.5 Kpa
45901160 MPa
0.4~3.6 GPa
5.33 GPa 0.3

0.34

[nitial~Final
(30~30.6 Gpa)

Initial~Final
(30~75 GPa)

Initial~Final

{0.05~0.1¢ GPa)
Initial~Final (20~28
GPa)

2.62 Gpa 0.3
2.13 GPa 0.3
12~14 Gpa

2 (GPa 0.3

20.55+0.21 GPa
23.4540.21 GPa
14.91:40.52 GPa

16.58:40.32 GPa
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o o X3 Comments

B
Diaphysis of femur
Mid diaphysis of right femur

Materials>
- Human (age, 45-55 years)
- Diaphysis of femur
- Conical bone

Femur {(Age : 19~87)
Frozen cancellous bone
Compact (Adult)

Testing Methods and Experimental Conditiong>

- Tensila tests )

- Dynamic loading developed by dropping weights
- Loaded along the longitudinal axis ofthe femur

- Strain rate of 2 x (10°-5).4 x 10-2, and 1 x (10°2) per second
Thres different loading technigues)

<Datay

- AD~D(1) © Young's modulus E(GPa)

- A(D~D(2) : Poisson’'s ratio v

- All gata were obtained at the strain rate of 4 ¥ (107-2) par
secon

<Comments> )
-~ Young's modulus values obtained for high strain are 11% and
23% higher than those obtained for intermediate and low strain

Right ‘erut

Digphysis
A B_C
(==

Specimen

Data ) Graph

Young's modulus E (GPa)

el " S > A

-

—t

~A

" o

1
1050410310210 1 10 100
Strain rate (per second)

171 o T e

<719 2-2. Data Viewer 3% 2] Test method ol thgk Adw>
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