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SUMMARY

Spinal cord injury signifies a state whose damage in spinal cord occurred
in car accident, falling and careless exercise, resulting in symptons from
sensory paralysis to acroparalysis. With purpose on remedy of spinal cord
injury, many researchers have started to focus on experimental animal model.
This is because a experimental research utilizing laboratory animals not only
requires short time to experimentalize, but also enables effectiveness of
remedy to be illustrated. In spinal cord injury experiment, prerequisite of
laboratory animal is physiological feature similar to human, which must be
able to reproduce lesion of spinal cord injury, anatomical, and ethological
aspect regarding human. Accelerated impactor and injury apparatus hitting lab
animals’ spinal cord is intentionally used to reproduce the human spinal cord
damage. Thus far, this machines has shortcoming which does not output
enough reliable data to analyze reproduction.

On this study to make up for this shortcoming, new spinal cord injury
device(Robo Cylinder Impactor, RCI) has been developed with better accuracy,
and precision to enhance reproduction. This impactor’'s suitability has been
gauged by performance tests. Orthogonal robot applied for RCI system are
able to move on exactly desired place after calculating image and distance
data derived from sensors. Moreover, by using superior electric cylinder, a
desired degree of spinal cord injury can be controlled by user. Compare to a
previous impactor, these merits improve reproduction as well as enable a
degree of damage to be estimated through qualification process of impulse.
Performance test has been processed by using the developed machine on this
study. Comparing the output data of the contusion experiment with previous
experiment data, an availability of creating experimental animal model of
spinal cord injury has been analyzed. Lastly, by figuring out a solution of

problems caused from this experiment, a suitable control mode is suggested.
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Fig. 1 Contusion and compression injury method(Contusion
and compression injuries of the spinal cord usually involve
exposing the spinal cord with a dorsal laminectomy,
typically in the thoracic region but sometimes in cervical
or lumbar spinal cord. The spinal cord is then compressed,
either from the dorsal surface (A,B) or from the sides
(C,D). In contusion injury, a cylindrical weight (A) is
dropped from a given height onto the spinal cord or a
similar cylinder may be depressed with a motor, controlled
by a computer)[12]
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Fig. 2 The NYU impactor
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Fig. 4 The CAUH-2 impactor[17]
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Fig. 12 Uniplanar origin of
horizontal & vertical and real
distance for each instrument
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Fig. 17 The Principle of moving coil

(FocNIB; F: force, N: the number of
turns in the winding, I: current flowing
through the winding, B: magnetic flux)

JdHAE ] AAHE A A 7HAZ Ys F Ut A HAZ EIE A9
st dgyE & 2dste EAR=QMZE Stk o] REs AAH A<
o] BAIRle] B ol oA Ase] Hu F WAle EAS HRvhs
dAsty ez FHAo] 7HA] AAE HER oJFAT= HFEEE(VM)O
th Al AlE AREPME EA9 S5, 93] Al 7Hx 9 WaE BT AAs
M date £e® o AH7A Azl EAE fFAE olsd + Uk

Z¥zre] AelRes Mg ARy To mE FHo 5EAE0 AT F44F
o HYAORE AT Aol e Wol vk RCIS| ERubEdi2 e o

_26_



&3 Aol

1

2.2.1 &

)

ol

= Ao

=

j
a-

=)
4

—
fite)

CEEE R

)

sfe] 7}

o

s x4

=

Az ddve] BE=

)

—
fite)

)
pyl

il
M

Time

W)

o] mlE

3]
k=

Spinal cord

o grol wet

Transformation depth
t1

Fig. 1827} o] YelyA #Hr}.

7 EA

L

g;g&
% o
Stroke
position
Fig. 18 Stroke trajectory of contusion injury method

3 Ef o]

?151_

AERAS F

ToR

o
NV

o ~ERA 224 AT

_27_



]

Z}-
Al

50mm/s, 100mm/s =2 &

-
1

ATt Fig. 19

[
=

el

T
™
5
o
uy
Gy
<
)

—
fite)

(3.5)

tr
) / Tsamp

DS
Xmax

(XETZC ><

'l):

&

fvze)
_5 r
oy
™
)

Xenc :

=6 A9g

|

o

Xmax :

~

‘mmo
]

<R

Ts amp’

S0mmis vs. time
——— 100mmis vs_ time

i |
03 0.35

i
0.25

Time (s)

i
0.15

i
0.05

0.45

0.4

0.2

01

200

501
]
¥

o]

S50~

(syww) Ayoolap

1
=)
=]
o

-150+

-200
0

Fig. 19 Velocity measuring experiment of VM mode

i

el

)
—
fite)

W

—_—

o

o

g

s

EL g

of =3

EEE

-
1

}4lth Fig. 1994 ~E=Z3A

)

B

X
=

0.1s

o
e

] =7k AIZEE 0.198s, 100mm/s®] 73

[}
=

A e, L£=7F 50mm/s

A)zke] 28] Aol

o~
T

=
=

T« tl
=

o

fvze)

_28_



2) EdRE

£ o] wel ~EZ =)

49

S farstA

B

I

—
fite)

o
o
el
A

;OL

Ed0 o

g3k

/gx

t717F d=svh whekA

—
fite)

e
el

!
<
fvze)

AJr
o

—

NV

E3 Wil w2 ADCE™ol1 Fig. 21

S
T

Fl ok Fig. 20

Pz Ys

she

H| 1l

=y

o
oF

fite)

B
T

m

g Az

EA9
SQztel et

KN
T

wo] vk o714 ADC#E

A w2

0.0218=% H|uLH

AA: AR

i

2

=

=0

3} o] Ao

S
=

o]-g5to] t}

B

Vmax X Dadc>< Ir(m

(3.6)

10240

AfRHow Ear=oA SQt

(3.7)

P1Sq+t Py

G(sq)

0.030766
32.908

Y4
Do

_29_



500

450

400~

350

300
250~
200

(]

nea 2d

<€

150+

100+

50+

10

6

5
SQ value (x1000)

Fig. 20 ADC output for SQ values change

10

- Mass
—Fitting-linear

|
8

i
6

1
5
SQ value (x1000)

350

300~

150

100

Fig. 21 Basic fitting method for SQ values—Mass experiment

i)
—_
N
Njo

o

!
<
fvze)

_ZTI

o
R

KeX
=

of Ve waa A6 4GE7)

vzl

ol
il

4
B

4

o
N

T

=
o

H]

=
=

toh weld Bzl SxZeo] #

S

N
[€)

of $4FE dFste= A =71

—
fite)

™

el

!

4
)

R

+

o

E

& ol §tol

21(3.5)

S
T

Ak FA4E sy #®

—
fite)

— (30 —



350

300~

250

= 200

Velocity (mm/s)

-

0

(=]
T

100

50

350

2 3 4 5 6
SQ value (x1000)

Fig. 22 Velocity for SQ value change

300

N
0
=]

200

Velocity (mm/s)

-
0
(=]

100

50

* Velocity

‘ : i j ; ; : Fitting-cubic

2 3 4 5 6 7 8 9
SQ value (x1000)

Fig. 23 Basic fitting method for SQ values-velocity
experiment

_31_

10



V(sq) = p1sq*+ pysq’+ pysq+ py (3.8)

p; = 1.10342e—10
py = —3.0775e—6
ps = 0.047682

p,= 41.071
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Fig. 24 Stroke trajectory of compression injury method
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Fig. 31 Sponge impact experiment using RCI
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