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ABSTRACT
Polymers synthesized by plasma derived from pyrrole have been recently
implanted in rats with spinal cord injuries (SCI) using a complete
section model; the polymers contribute to the functional recovery
after the injury. In this work, the SCI in rats was studied using
noninvasive techniques such as magnetic resonance imaging (MRI).
Also computerized axial tomography taken chronologically with and
without polymeric implants. 3D reconstructions were used to follow the
structural arrangement, the location of the implant and the formation
of cysts. MRI shows a clear differentiation between white and gray
matter, the implanted material and cysts due to secondary damage
after the injury.

Keywords: spinal cord injury recovery, MRI, CAT, plasma
synthesis.

RESUMEN
Polímeros sintetizados por plasma derivados del pirrol, han sido
implantados en ratas con lesión de médula espinal (LME) usando
un modelo de lesión por sección completa; los polímeros contribuyen
a la recuperación funcional después de la lesión. En este trabajo,
la LME se estudió usando técnicas no invasivas como imágenes por
resonancia magnética (IRM) y tomografía axial computarizada tomada
cronológicamente en sujetos con y sin implante polimérico. Se usaron
reconstrucciones 3D para seguir el arreglo estructural, la localización
del implante y la formación de quistes. Las IRM muestran una clara
diferenciación entre materia gris, materia blanca, material implantado
y quistes formados debido a los mecanismos de daño secundario después
de la lesión.

Palabras clave: recuperación de lesión de médula espinal, IRM,
TAC, síntesis por plasma, pirrol.
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INTRODUCTION

The spinal cord is responsible for transmitting
signals to and from the brain. However, after
a spinal cord injury (SCI), the motor and
sensorial functions are substantially reduced, and
no effective therapeutic strategies to restore the
normal nerve functions have been developed.
This problem is worsened due to the complexity
of regulating mechanisms of secondary damage
and to the low capacity of spontaneous neuronal
cell regeneration.

The possible benefits of implants in the
nervous tissues after a SCI to promote functional
recovery have been discussed for many years,
because the implants could stimulate some
growing factors. Various protocols have been
developed: cell cultures [1, 2], embryonic
neural stem cells [3, 4], neuroprotection [5,
6], rehabilitation [7, 8], etc. These studies
have shown that implants promote significant
functional recovery, however, their mechanisms
are still unclear. In this trend, conducting
polymers synthesized by plasma implanted in
adult rats with complete spinal cord transection
have favored the protection of the nervous
tissue adjacent to the lesion and significantly
increased the functional recovery of animals,
when compared with injured animals without
implants [9, 10].

The degree of initial damage and
pathobiological events subsequent to the
injury are usually evaluated using invasive
or terminal methods based in histology or
immunohistochemistry to correlate with the
motor or sensorial functions in SCI models.
Although these traditional methods are essential
to establish the ways and mechanisms involved
in post-injury events, it is necessary to sacrifice
animals at different stages to obtain tissue for
the histological evidence. On the other hand,
in vivo approaches, such as computerized axial
tomography (CAT) and magnetic resonance
imaging (MRI) provide a way to follow the
evolution of the lesion in a noninvasive manner
preserving the life of the animals for longer
periods [11, 12].

MATERIALS AND METHODS

Material Synthesis and
Characterization

Pyrrole and iodine used in the synthesis and the
solvents applied to remove the polymers were
purchased from Sigma-Aldrich and used without
further purification. Once the PPy/I films were
synthesized, acetone was applied to separate the
films from the substrates and to dissolve the
remaining oligomers. The film was left in the
reactor for 24 hr. In an iodine atmosphere to
neutralize the last free radicals and to increase
the amount of iodine in the polymers.

The PPy/I films were pulverized in an agate
mortar to obtain a fine brown powder, which
was compressed at 9 tons for 10 min to form
a thin tablet, which was implanted in the
rats. FT-IR, TGA, and morphological analyses
were performed on the polymers before the
compression. The electrical conductivity was
calculated from the resistance measured directly
from the tablet.

Electrical Properties

The electrical resistance of PPy/I was measured
with a digital OTTO MX620 multimeter in
a capacitive arrangement with the polymer
between two copper electrodes. The electrical
conductivity of the tablet was calculated using
the following equation:

σ = 1
ρ

= L

RA

Where R, ρ and σ are the resistance, resistivity
and electrical conductivity respectively. L is the
tablet thickness and A is the cross-section area.
The PPy/I presents a resistance of 1.3 MΩ at
25% of relative humidity, a resistivity of 45.94
MΩ cm, and an electrical conductivity of 21
nS/cm.

Injury model and implantation

This study followed the guidelines established in
the regulations of the General Health Law for
research in health in Mexico. 16 adult female
Long Evans rats were used; 12-14 weeks age with



Morales-Guadarrama et al. CAT and MRI Studies of Spinal Cord Injured Rats Implanted with PPy/I 147

b o d y w e i g h t b e t w e e n 230-250 g . T h e r a t s w e r e
d i v i d e d i n 2 g r o u p s :

• C o n t r o l G r o u p . 8 r a t s , w h i c h u n d e r w e n t a
s p i n a l c o r d t r a n s e c t i o n a t t h e 9t h t h o r a c i c
v e r t e b r a (T 9).

• P P y /I G r o u p . 8 r a t s w i t h s p i n a l c o r d
t r a n s e c t i o n b u t i m p l a n t e d w i t h a P P y /I
t a b l e t i n t h e l e s i o n s i t e .

T o p e r f o r m s p i n a l c o r d t r a n s e c t i o n , t h e
a n i m a l s w e r e a n e s t h e t i z e d i n t r a m u s c u l a r l y
w i t h a m i x t u r e o f k e t a m i n e a n d x y l a z i n e
h y d r o c h l o r i d e , 77.5 m g a n d 12.5 m g r e s p e c t i v e l y ,
p e r k g o f b o d y w e i g h t . A s a g i t t a l i n c i s i o n
w a s d o n e f o l l o w e d b y a d i s s e c t i o n o f t h e s p i n e
p a r a v e r t e b r a l m u s c l e s . T w o s p i n o u s p r o c e s s e s
w e r e r e m o v e d , T 8 a n d T 9, a n d a 2-l e v e l
l a m i n e c t o m y w a s m a d e , e x t e n d i n g b i l a t e r a l l y t o
f a c e t p r o c e s s e s . T h e m e n i n g e s w e r e k e p t i n t a c t .
A l o n g i t u d i n a l i n c i s i o n i n t h e m e n i n g e s o f a b o u t
5 m m l o n g w a s a p p l i e d r e f e r e n c i n g b o t h s i d e s
o f t h e i n c i s i o n w i t h a s i m p l e p o i n t o f s u t u r e
10-0 (P o l y p r o p y l e n e k n a t e l c©). A f t e r t h a t , t h e
s p i n a l c o r d w a s t r a n s e c t e d , m i c r o s u r g e r y h o o k
a n d s u r g i c a l m i c r o s c o p e w e r e u s e d t o c o r r o b o r a t e
t h a t n o n e r v e p a t h w a y s w e r e c o n n e c t e d .

I m m e d i a t e l y a f t e r t h e i n j u r y , a p i e c e o f 3
m m d i a m e t e r P P y /I t a b l e t w a s i m p l a n t e d i n t h e
s p e c i m e n s o f t h e P P y /I g r o u p . B o t h g r o u p s w e r e
s u t u r e d w i t h 10-0 s u t u r e t h r o u g h t h e m e n i n g e s
w i t h s t i t c h e s . F i n a l l y , t h e s u r g i c a l i n c i s i o n w a s
s u t u r e d i n 2 p l a n e s , t h e m u s c l e f a s c i a a n d s k i n .

Computerized axial tomography

F o r t h e c o m p u t e r i z e d a x i a l t o m o g r a p h y s t u d y
a n E l s c i n t T o m o g r a p h m o d e l C T -T W I N w a s
u s e d . T h e m a i n p a r a m e t e r s w e r e fi e l d o f v i e w
(180 m m ), c u r r e n t d e n s i t y (50-500m A s ) a n d ,
p o t e n t i a l (120 k V ); w i t h a 0.2 m m s l i c e . I n
o r d e r t o s t u d y t h e i n t e g r a t i o n o f t h e m a t e r i a l i n
t h e s p i n a l c o r d t i s s u e , t o m o g r a p h i c s e s s i o n s w e r e
p e r f o r m e d , o n e e a c h w e e k a f t e r t h e i n j u r y . T o
fi n d t h e b e s t p o s s i b l e o p e r a t i n g p a r a m e t e r s o f
t h e t o m o g r a p h , d i �e r e n t t e s t s w e r e p e r f o r m e d .
F i g u r e 1 s h o w s 3 r u n s w i t h d i �e r e n t o p e r a t i n g
p a r a m e t e r s .

T h e fi r s t s t u d y (F i g u r e 1A ) h a s i m a g e s o f 180
m m , 50 m A s a n d 120 k V . T h e c o n t r a s t o f t h e

i m p l a n t e d m a t e r i a l w a s g o o d b u t t h e s o f t t i s s u e
c o n t r a s t s h o w s a p p a r e n t s m a l l v o i d s t h a t m a y
g e n e r a t e c o n f u s i o n w i t h t h e c y s t s f o r m a t i o n i n
t h e s p i n a l c o r d .

T h e n e x t i m a g e w a s t a k e n w i t h t h e f o l l o w i n g
p a r a m e t e r s : 180 m m , 300 m A s , a n d 120 k V
o b t a i n i n g a s m a l l c o n t r a s t d i �e r e n c e i n s o f t
t i s s u e , t h i s m a k e s d i �c u l t t h e i n t e r p r e t a t i o n o f
i m a g e s i n t h e s p i n a l c o r d (F i g u r e 1B ).

T h e b e s t p a r a m e t e r s i n t h e s t u d i e s (F i g u r e
1C ) w e r e : 180 m m , 500 m A s a n d 120 k V . W i t h
t h e s e v a l u e s , a h i g h e r r e s o l u t i o n w a s a c h i e v e d i n
s o f t t i s s u e a n d v o i d s , a l t h o u g h t h e m a t e r i a l -b o n e
c o n t r a s t w a s c o m p r o m i s e d . T h i s w a s l a t e r u s e d
t o a n a l y z e t h e s p i n a l c o r d e v o l u t i o n e n h a n c i n g
t h e c o n t r a s t w i t h f a l s e c o l o r .

Magnetic Resonance Image

M R I s t u d i e s w e r e p e r f o r m e d i n a V a r i a n
7T i n s t r u m e n t , u s i n g s t a n d a r d g r a d i e n t
e c h o s e q u e n c e w i t h t h e f o l l o w i n g a c q u i s i t i o n
p a r a m e t e r s : T E /T R = 4/15m s , F O V = 60 ×
60m m , a n g l e = 20o, m a t r i x s i z e = 256×256,
N E X = 6. F i g u r e 2 s h o w s i m a g e s o b t a i n e d
o u t s i d e t h e a r e a o f i n j u r y , a t t h e t o p c e n t e r o f t h e
F i g u r e 2 t h e i n t a c t c y t o a r c h i t e c t u r e o f t h e n e r v e
t i s s u e c a n b e o b s e r v e d , w h e r e t h e m a i n f e a t u r e i s
t h e “ H ” s h a p e o f t h e w h i t e m a t t e r , s u r r o u n d e d
b y t h e v e r t e b r a l d i s c i n b l a c k . F i g u r e 2 s h o w s a
c l o s e u p o f t h i s s t r u c t u r e .

A n a n i m a l b e l o n g i n g t o t h e P P y /I g r o u p
w i t h 4 w e e k s o f r e c o v e r y w a s c h o s e n t o e x t r a c t a
s a m p l e o f s p i n a l c o r d o f 6.3 m m i n d i a m e t e r a n d
2 c m i n l e n g t h w i t h r e f e r e n c e t o t h e i m p l a n t (t h e

F i g u r e 1. T o m o g r a p h i c s l i c e s w i t h d i �e r e n t
p a r a m e t e r s b e f o r e t o S C I : A ) w i t h 50 m A s , B )
w i t h 300 m A s , C ) w i t h 500 m A s .
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a )

b )
F i g u r e 2. A ) M R I o b t a i n e d w i t h G E M S
s e q u e n c e ; B ) I m a g e s h o w i n g t h e s p i n a l c o r d a r e a .

F i g u r e 3. M R I o b t a i n e d w i t h G E M S s e q u e n c e o f
t h e i n s o l a t e d s p i n a l c o r d .

i n j u r y e p i c e n t e r ) a n d w a s p l a c e d i n a n a c r y l i c
c o n t a i n e r w i t h 10% f o r m a l d e h y d e . A m a g n e t i c
r e s o n a n c e i m a g i n g s t u d y w a s p e r f o r m e d t o t h i s
s a m p l e . G r a d i e n t e c h o s e q u e n c e s w e r e u s e d w i t h
t h e f o l l o w i n g a c q u i s i t i o n p a r a m e t e r s : T E /T R =
5/20m s , F O V = 20x 20m m , a n g l e = 20o, m a t r i x
s i z e = 128 × 128, N E X = 10. T h e s t u d i e s w e r e
o b t a i n e d w i t h D I C O M f o r m a t (F i g u r e 3).

Sacrifice and histology

T h e a n i m a l s w e r e a n e s t h e t i z e d w i t h a m i x t u r e
o f 12.5 m g 77.5 m g o f k e t a m i n e h y d r o c h l o r i d e
a n d x y l a z i n e b y k g /b o d y -w e i g h t , a n d p e r f u s e d
i n t r a c a r d i a l l y w i t h 200 m l o f s a l i n e w i t h 1000
u .i H e p a r i n , f o l l o w e d b y 500 m l o f f o r m a l d e h y d e
(10%). B o t h s o l u t i o n s w e r e t r a n s f u s e d a t a r a t e
o f 30 m l /m i n w i t h a p e r i s t a l t i c p u m p . A f t e r t h e
p e r f u s i o n , t h e s p i n a l c o r d w a s r e m o v e d t o o b t a i n
a s p a n n e d s e g m e n t o f a p p r o x i m a t e l y 2 c m w i t h
t h e l e s i o n e p i c e n t e r i n t h e m i d d l e . 10 µm t h i c k
s e q u e n t i a l l o n g i t u d i n a l c u t s w e r e m a d e w i t h a
m i c r o t o m e , 10 s a m p l e s w e r e o b t a i n e d (F i g u r e
4). T h e s e g m e n t s w e r e t r a n s f e r r e d t o a w a t e r
b a t h a t 45o C (e a c h l i t e r o f w a t e r h a d 0.5 g o f
b a c t e r i o l o g i c a l g e l a t i n ) a n d t h e n p l a c e d o n g l a s s
s l i d e s t o b e s t a i n e d w i t h t h e h e m a t o x y l i n -e o s i n
p r o c e d u r e .

RESULTS AND DISCUSSION

Computerized axial tomography

T h e C A T s t u d i e s w e r e d o n e w i t h t h e O S I R I X -
s o f t w a r e u s i n g a D I C O M (D i g i t a l I m a g i n g a n d
C o m m u n i c a t i o n s i n M e d i c i n e ) f o r m a t . T h e
a b s o r p t i o n c o e �c i e n t w a s e v a l u a t e d , w i t h t h e
H o u n s fi e l d s c a l e ; i t g i v e s +1000 f o r b o n e s , 0 f o r
w a t e r a n d -1000 f o r a i r . T h e P P y /I c o e �c i e n t
w a s 100 ± 20, t h e v a l u e o f n e r v e t i s s u e s a r e
b e t w e e n 22 a n d 46 (g r a y m a t t e r 22-32 a n d w h i t e
m a t t e r 36-46).

T h e s e g m e n t s o f i n t e r e s t i n t h e i m a g e s w e r e
h i g h l i g h t e d b y a p p l y i n g a s t a i n (f a l s e c o l o r ) i n
t h e r a n g e o f t h e H o u n s fi e l d s c a l e e n h a n c i n g t h e
c o n t r a s t b e t w e e n n e r v e t i s s u e s a n d b o n e s . T h i s
e �e c t c a n b e s e e n i n F i g u r e 5, w h e r e t h e v e r t e b r a l
d i s c i s i n w h i t e a n d t h e s p i n a l c o r d h a s t w o c o l o r s
a s s o c i a t e d w i t h t h e s p i n a l c o r d t i s s u e .
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F i g u r e 4. H i s t o l o g y o f s p i n a l c o r d w i t h P P y /I i m p l a n t s h o w s t h e i n t e g r a t i o n o f t h e i m p l a n t w i t h n e r v e
t i s s u e .

a ) b )
F i g u r e 5. a ) S l i c e f o r s u b j e c t w i t h o u t i m p l a n t ; b )
E n l a r g e m e n t : v e r t e b r a l d i s c a n d n e r v e t i s s u e .

a ) b )
F i g u r e 6. I n t e r v a l o f c o l o r s a p p l i e d t o t h e i m a g e s .

F i g u r e 7. E p i c e n t e r i n j u r y s l i c e s .

F i g u r e 8. 3D r e c o n s t r u c t i o n w i t h i m p l a n t
p o l y m e r (c e n t e r ).

F i g u r e 6 s h o w s t h e c o l o r s c a l e a s s o c i a t e d
t o t h e H o u n s fi e l d s c a l e , t o i l l u s t r a t e h o w i t i s
p o s s i b l e t o i d e n t i f y d i �e r e n t t i s s u e s o r m a t e r i a l s
a s t h e i m p l a n t . I n t h e c l o s e -u p , i t i s p o s s i b l e
t o o b s e r v e t h e b o n e , s p i n a l c o r d a n d i m p l a n t
m a t e r i a l , t h e w h i t e z o n e i s t h e b o n e (t h e
d i s s e c t e d v e r t e b r a l d i s c ) a n d i n s i d e i t t h e n e r v e
t i s s u e s u r r o u n d s t h e i m p l a n t m a t e r i a l (a l m o s t
s q u a r e ).

T h e C A T s t u d y c o n s i s t e d o f d i �e r e n t
s e q u e n c e s o f s l i c e s t a k e n i n a s p e c i fi c a x i s i n t h e
l e s i o n z o n e w i t h a 0.2 m m g a p b e t w e e n e a c h
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F i g u r e 9. C o l o r e d i m a g e b e f o r e t h e l a m i n e c t o m y
z o n e w i t h p r e s e r v e d t i s s u e .

s l i c e . F i g u r e 7 s h o w s t h e s l i c e s o b t a i n e d f r o m
a n a n i m a l i n t h e c o n t r o l g r o u p 5 w e e k s a f t e r t h e
s u r g e r y . T h e n o r m a l n e r v e t i s s u e a n d v e r t e b r a l
d i s c c a n b e s e e n i n t h e 4 m m i m a g e . T h e
e p i c e n t e r o f t h e l e s i o n i s l o c a t e d a t 0 m m , w h i c h
s h o w s n o s p i n o u s p r o c e s s a n d a p a t c h c o r d t i s s u e
d i s i n t e g r a t e d . T h e i m a g e s l o c a t e d a t -3.6 m m
a n d -3.2 m m s h o w s t h e l a m i n e c t o m y p a r t i a l l y .

CAT 3-D reconstructions

T h e t o m o g r a p h i c i m a g e s o f t h e i n j u r e d r a t s w e r e
r e c o n s t r u c t e d i n 3D s e q u e n c e s w i t h O S I R I X t o
f o l l o w t h e i m p l a n t p o s i t i o n , t h e l a m i n e c t o m y ,
t h e p r e s e n c e o f c y s t s a n d t h e n e r v e t i s s u e
p r e s e r v a t i o n . F i g u r e 8 s h o w s a r e c r e a t i o n f o r m e d
w i t h 10 s l i c e s t a k e n w i t h a 180 m m fi e l d v i s i o n ,
c u r r e n t d e n s i t y o f 300 m A s a n d a p o t e n t i a l o f 120
k V . T h e d i s t a n c e b e t w e e n e a c h s l i c e i s 1 m m , t h e
v e r t e b r a l c a n a l i s s h o w e d a n d a t t h e c e n t e r t h e
s e m i -s q u a r e p i e c e o f i m p l a n t e d m a t e r i a l c a n b e
o b s e r v e d .

F i g u r e 9 s h o w s a n i m a g e o f a n o n -i n j u r e d
s e g m e n t o f t h e s p i n a l c o r d d i s c e r n i n g t h e
v e r t e b r a l d i s c a n d t h e s p i n a l c o r d , w h i c h i s
l o c a t e d i n t h e c e n t e r .

CAT and histology

C o n t r o l a n d i m p l a n t e d g r o u p s o f r a t s h a v e
s i g n i fi c a n t h i s t o l o g i c a l d i �e r e n c e s . F i g u r e 10
s h o w s t h a t t h e P P y /I g r o u p h a s t h e i m p l a n t
i n t e g r a t e d i n t h e s p i n a l c o r d w i t h a g r e a t
p r e s e r v a t i o n o f t h e c y t o a r c h i t e c t u r e . N e r v e
c e l l s c a n b e s e e n a r o u n d s o m e f r a g m e n t s o f
P P y /I . I t i s e v e n p o s s i b l e t o f o l l o w p a t h s o f
c e l l s s u g g e s t i n g a c o n n e c t i o n o f t h e s p i n a l c o r d
t h r o u g h t h e i m p l a n t . I n t h e c o n t r o l g r o u p , a
b a r r i e r o f l a r g e c y s t s a p p e a r s a t t h e s i d e s o f
t h e l e s i o n w i t h a n e x t e n s i v e d e s t r u c t i o n o f t h e
m e d u l l a r c y t o a r c h i t e c t u r e . T h i s m a y b l o c k t h e
c o m m u n i c a t i o n i n t h e z o n e .

F i g u r e 11 c o n t a i n s 2 i m a g e s o f t h e l e s i o n z o n e
a f t e r 8 w e e k s . I n t h e P P y /I g r o u p , t h e i m p l a n t
h a s m o v e d p a r t i a l l y f r o m t h e o r i g i n a l s i t e b y
t h e h i s t o l o g i c a l c u t s , l e a v i n g v o i d s o f d i �e r e n t
s i z e b e h i n d . T h i s i s d u e t o t h e f r a g m e n t a t i o n o f
t h e t a b l e t b y t h e t i s s u e g r o w t h . I n t h e C o n t r o l
g r o u p , t h e c y s t s a r e m u c h b i g g e r t h a n i n t h e
P P y /I g r o u p s u g g e s t i n g c o a l e s c e n c e o f c y s t s .
T h e h i s t o l o g i c a l i m a g e s s h o w t h a t t h e i m p l a n t
a �e c t s t h e e v o l u t i o n o f t h e t i s s u e s a f t e r t h e
l e s i o n .

F i g u r e 12 c o n t a i n s t w o 3D r e c o n s t r u c t e d
i m a g e s o f t h e i n j u r e d a r e a . T h e l e f t i m a g e
c o r r e s p o n d s t o a r a t i m p l a n t e d w i t h P P y /I , 4
h r . a f t e r t h e s u r g i c a l p r o c e d u r e . T h e p o l y m e r i c
i m p l a n t i s l o c a t e d i n t h e c e n t r a l p a r t o f t h e s p i n a l
c a n a l , i n t h e s p i n a l c o r d . T h e r i g h t fi g u r e s h o w s
a n i m a g e o f t h e s a m e a n i m a l t a k e n 4 w e e k s a f t e r
t h e i n j u r y , w h e r e i t i s p o s s i b l e t o o b s e r v e s o m e
d i s a g g r e g a t i o n o f t h e i m p l a n t . T h e a b s e n c e o f
t h e c o r r e s p o n d i n g s p i n o u s p r o c e s s e s d e l i m i t s t h e
l e s i o n a r e a .

F i g u r e 10. H i s t o l o g i c a l i m a g e s , fi r s t w e e k , P P y /I (l e f t ) a n d c o n t r o l g r o u p s (r i g h t ).
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F i g u r e 11. H i s t o l o g y e i g h t w e e k s a f t e r t h e i n j u r y , b o t h g r o u p s P P y /I (l e f t ) a n d C o n t r o l (r i g h t ).

F i g u r e 12. P P y /l i m p l a n t . L e f t 4 h r . p o s t -i n j u r y , a n d r i g h t 4 w e e k s .

Magnetic Resonance Image

T h e M R I s t u d i e s w e r e p r o c e s s e d w i t h O S I R I X
u s i n g a D I C O M f o r m a t . F i g u r e 13 s h o w s i m a g e s
e x t r a c t e d f r o m a 3D r e c o n s t r u c t i o n (T h e f u l l
v i d e o i s a v a i l a b l e o n d e m a n d f r o m t h e a u t h o r s ).
F i g u r e 13 A ) s h o w s p o s t p r o c e s s i n g 7T s t u d y ,
i n c h e s a w a y f r o m t h e e p i c e n t e r o f i n j u r y . F i g u r e
13 B ) c l o s e u p o f t h e s p i n a l c o r d a r e a , w h i c h
s h o w s t h e c o n s e r v e d c y t o a r c h i t e c t u r e , t h e H -
s h a p e d g r a y m a t t e r i s c l e a r l y d e fi n e d . T h e R O I
(o v a l b e t w e e n t h e d o r s a l h o r n s ) i s p o s i t i o n e d o n
t h e c e p h a l i c s i d e o f t h e l e s i o n . F i g u r e 13 C ) A x i a l
s e c t i o n a t t h e e p i c e n t e r o f t h e l e s i o n , w e o b s e r v e
t h e d e s t r u c t i o n o f c y t o a r c h i t e c t u r e .

T h e a r r o w i n d i c a t e s t h e R O I i n t h e c a u d a l
s i d e o f t h e l e s i o n . T h e o t h e r R O I s d e l i n e a t e t h e
a r e a o f i n j u r y . I n F i g u r e 13 D ) s h o w s a c o r o n a l
s e c t i o n o f t h e e p i c e n t e r o f t h e i n j u r y , s u r v i v i n g
g r a y m a t t e r c a n b e s e e n (h y p e r i n t e n s e a r e a ) o n
t h e s i d e s o f t h e z o n e o f i n j u r y . A s a g i t t a l v i e w i n
t h e m i d d l e o f t h e s p i n a l c o r d i s s h o w n i n F i g u r e
13 E ) i t s h o w s t h e l e s i o n e x t e n s i o n .

I n t h e d i s s e c t e d s p i n a l c o r d M R I , w e o b t a i n e d
a r e s o l u t i o n o f 156 µm p p , F i g u r e 14 A ) s h o w s
t h e r e c o n s t r u c t i o n o f t h e s e M R I , w i t h t h e c e n t e r
a t t h e e p i c e n t e r o f i n j u r y . T h e a x i a l s e c t i o n B )
h i g h l i g h t s t h e g r a y m a t t e r (h y p e r i n t e n s e s i g n a l ),
t h e v e n t r a l r o o t fi l a m e n t s a t b o t h e n d s a t t h e
b a s e o f t h e s p i n a l c o r d (a l s o h y p e r i n t e n s e s i g n a l ),
w e o b s e r v e t h e m e n i n g e s c o v e r i n g t h e s p i n a l c o r d .
I n b o t h , b e t w e e n t h e d o r s a l h o r n s (c e n t e r ) a n d
a l o n g t h e l a t e r a l h o r n s , s h o w s t h e e x t e n t o f
t h e l e s i o n (h y p o i n t e n s e s i g n a l ) i n t h e c e p h a l i c
r e g i o n . S e l e c t e d v i e w o f t h e i n j u r y a r e a s h o w s
a s c a t t e r e d g r a y a n d w h i t e m a t t e r ; i n d i c a t i n g
t h a t t h e m o r p h o l o g y a n d c y t o a r c h i t e c t u r e o f
t h e s p i n a l c o r d w a s d e s t r o y e d , C ) t h e i m p l a n t
a n d s u r r o u n d i n g c o n t r a s t i n g t i s s u e s s u g g e s t s o m e
p r e s e r v e d g r a y m a t t e r . D ) S h o w s a w a i s t i n
t h e s p i n a l c o r d , c h a r a c t e r i s t i c o f t h e l e s i o n a n d
t h e i m p l a n t p a r t i a l l y f u s e d w i t h t h e s u r r o u n d i n g
t i s s u e s . T h e r e s o l u t i o n o b t a i n e d a l l o w s u s
t o o b s e r v e t i s s u e g r o w t h t h r o u g h t h e i m p l a n t
(a r r o w ) i n t h e l e s i o n e p i c e n t e r .
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a ) b )

c ) d ) e )
F i g u r e 13. A ) P o s t P r o c e s s e d I R M . B ) C l o s e u p o f t h e s p i n a l c o r d a r e a . C ) A x i a l V i e w a t t h e e p i c e n t e r
o f t h e l e s i o n . D ) C o r o n a l s e c t i o n o f t h e l e s i o n . E ) S a g i t t a l v i e w i n t h e m i d d l e o f t h e s p i n a l c o r d .

a ) b )

c ) d )
F i g u r e 14. A ) D i s s e c t e d s p i n a l c o r d M R I R e c o n s t r u c t i o n . B ) A x i a l s e c t i o n , c e p h a l i c a r e a o f t h e l e s i o n .
C ), D ) A x i a l s e c t i o n o f t h e i n j u r y e p i c e n t e r , t h e a r r o w p o i n t s t o t i s s u e g r o w t h t h r o u g h t h e i m p l a n t .
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a ) b )

c ) d )

e ) f )
F i g u r e 15. P r o c e s s i n g f o c u s e d o n s u r f a c e s . A ) G r a y M a t t e r . B ) G r a y M a t t e r . C ) M a t e r i a l , C y s t s o r
v o i d s . D ) a n d E ) F u s i o n b e t w e e n G r a y M a t t e r , M a t e r i a l , C y s t s a n d v o i d s . F ) I n t e r n a l v i e w s h o w i n g
t h e g r o w t h o f g r a y m a t t e r .

P r o c e s s i n g f o c u s e d o n t h e s u r f a c e o f t h e
g r a y m a t t e r s h o w n i n F i g u r e 15 A ) s h o w s
t h e c o n t i n u i t y o f t h e t i s s u e t h r o u g h t h e e n t i r e
s a m p l e . F i g u r e 15 B ) s h o w s t h e a x i a l v i e w o f
t h i s p r o c e s s i n g , w h i c h e n h a n c e s t h e m o r p h o l o g y
o f t h e g r a y m a t t e r . T h e F i g u r e 15 C ) f o c u s e s
o n t h e s i g n a l t h a t c o r r e s p o n d s t o t h e m a t e r i a l ,

c y s t s o r v o i d s i n t h e s a m p l e . O n e c a n o b s e r v e
t h e m a t e r i a l d i s p l a c e d t o w a r d s t h e d o r s u m o f
t h e s u b j e c t , t h i s d u e t o m e c h a n i c a l f o r c e s b y
t i s s u e i n g r o w t h . T h e f u s e d i m a g e s o f g r a y m a t t e r
a n d m a t e r i a l a r e s h o w i n g i n F i g u r e 15 D ). I n
b o t h , F i g u r e 15 D ) a n d F i g u r e 15 E ) s h o w s
t h e p r e s e n c e o f g r a y m a t t e r t h r o u g h t h e i m p l a n t
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(arrow). Figure 15) is an internal view showing
the growth of gray matter in the epicenter of the
injury, through the implant.

CONCLUSIONS

Computed tomography and magnetic resonance
imaging were used in this work to follow the
progress of the injury zone in a total spinal
cord transection in vivo model of rats with
spatial resolution of tenths of millimeter. The
images were contrast enhanced with color and
represented in 3D reconstructions, which allowed
differentiating the fragmentation of the implant,
the different damaged zones of the spinal cord
and the existence of cysts. The Computed
tomography is limited by the spatial resolution,
however, the contrast between bone and tissue
facilitated the location of the implant. The
magnetic resonance images provided greater
resolution than computed axial tomography and
with this technique the implant fragmentation,
the formation of cysts around the area of injury
and the proliferation of tissue throughout the
implant could be observed.

In vivo approaches, such as computerized
axial tomography and magnetic resonance
imaging provide a way to follow the evolution
of the lesion and the characterization of this
implanting therapy in a noninvasive manner
preserving the life of the experimental subjects
for longer periods.
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