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Morphological study on reconsruction of nervous reflex pathway with spinal ventral root anastomoses
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[Abstract]  Objective:To observe the neural morphology after reconsruction of nervous reflex pathway of
quadriceps femoris through spinal ventral root anastomoses after spinal cord injury in rats.Method:Twenty 4-
week—old SD rats of 120g to 150g were collected.The left L1 ventral root and L3 ventral root,which mainly
dominate quadriceps femoris,were anastomosed end—to—end by coccygeal nerve,while the right side was kept
intact.6 months later,neural anastomosis was extracted from experimental rats.The spinal cord at the L2 level
was hemitransected to establish the hemitransection model in experimental rats,which could be successfully
dissceted.After 4 weeks of breeding,Trueblue (TB) fluorescence reagent was injected into the left femoral
nerve and the TB fluorescence marked neural cells was observed in L1 ventral horn.The nerve anastomosis
was stained by Hematoxylin and Eosin(HE) staining kit and observed through electronic microscopic.Result:
Four rats deseased during breeding,and the neural anastomosis could be successfully extracted from the 10
experimental rats.The neural anastomosis showed round,smooth and non-atrophic under naked eye.Under mi-
croscope the new regenerating neural fiber of anastomosis lined in sequence and uniformity by HE staining,
which was the classic medullated nerve fibers.The anastomoses fiber presented with the characteristic of com-
mon neural axon.The TB fluorescence marked neural cells appeared on the left side of L1 ventral horn and
something like somatic motor nerve cell morphologically,while no TB marked cell appeared on the right side.
Conclusion: New paraspinal pathway of quadriceps femoris can be established by L1-L3 spinal ventral roots
anastomosis after spinal cord injury at L2 level hemitransection in rats.

[Key words] Spinal cord injury;Nerve anastomosis;Spinal ventral root; Morphology ; Rat

EEWE . [FHR A AR BB H (%7 :30801157)
E— BB/ 5 (1974-) , LA AE | B AT B, B9 77 1) 5 AL 4 0
FLIE - (021)58452345-3706  E-mail : zhonggh2004@yahoo.com.cn



o A A 2SR 2011 4E4E 21 4855 2 1)

Chinese Journal of Spine and Spinal Cord,2011,Vol.21 ,No.2 139

[Author’s address] Department of Orthopedic Surgery,Renji Hospital,Shanghai Jiaotong University School of

Medicine , Shanghai, 200127, China

A 13 (spinal cord injury,SCI) 5 21 5
A3z B0 Ty i R i xof A8 A AR T B 5 e U 2
I anfalya Y7 Mg SCI s Biikiz shvifg, —EH 2
Pz e 2R RIE SRS A & BRI T SCI -
T LA b 0 TE H 22 AR 5 ST 9 D Y B R 22 AR g
G, mE TN RO RE AR X 250, Tk
FEURI ) SCI P18 LA b TE B 085 1 28 i AR 5 S e i
VU Sk LR DL AR 2 i AR M 6, 37 I D Sk LA
T 5% P 28300 4% | O30 o 1A M 1O L B IR
POCWAT R Tk, dE— 0 UE B2 S A Y 5E
B by Hoilm PR 2 T 5 A 28 AR

1 #RFFx
1.1 L5y

fa FE v SD KB 20 H (il v = B 24 B L it
L Fh R ) | 3~4 R AT 120~150g,
1.2 EZSEAUER 2 5

0.2% Trueblue (TB)%¢ 4% £8, 57 (3£ [# Sigma
8 Al AL . TS891-1MG 0.28K/618), & H %4
¥yl , B2 HR A B 22 e AR S a B AR 4
P A B ER 7K TE R 19 1) T 2 TG 22 410 37 I s
WS . FAR BMEE, Leica DC500 EUZ 5 Hr
45, JEM-1200EX % 5t H1 55 .
1.3 Al d sy

FH 1% 30 B b 2240 s v 1 R R B, R
HHIEP YO, AR5 B L1~L5 A 241
A SRR P L1 ~LS M i AR, o SosR E R
2.5mA BT E A 0.2ms, K 1Hz, ic 5% B DU =k
WULE L, gE—2E 6 L3 e AR X A DU sk LAY
PEFASECAE L, T L1 P28 A S0 B Sk AL,
A3 F 22 L1 B2 v U0 L1 RTAR O
2 L3 B A W L3 Ak, B — B R EY
2em MEMZ VG T L1 5 L3 Bz [ (&
D)o BAMAVEALATA ], 05 s REFIS 3% 505
PO SR
1.4 TB 9L TR ER

SR 6 A G, 2JEYI0 AR i 4
B2V & B, RS B M W) & B R R
YIBR L1 %2 L3 MR, B EH R, T 12 F K1
B BRI TI U1 22 A 88, i BUE B D)

B 1 LI-L3 BMEiRmY &R =EE

PAORERY TR FE 4 JE G ) o3 B e e 2
FHMCR TR 25 T R e B 1 A TB 2t 4 a7
40!, B &L 1min, 1 3% 4d J5 [F A0 R, F AR T IF
Wafe , W HEEE Sk A 22O =i ATE =k, el
50~300ml A H kK P op Pk L4, Smin J5 7E =
TS 19%% B HEER 1.25%1% B K 0.1mol/
L R AR 2% vp i iE 1 WP iR SR ol g
TE 0.5h W ¢, ARHE A A, /NG DIBR T11~
ST HMEMR , DI TR 54 | 7 2 i, 76 TR Gl (x
10) FHEFTUIHL T13~L4 5 BA B, 1 LR 2 W
[ 5 4~6h J5, B A 4CH 10%EEHE 1 0.2M 5 R
Rt R, R SIE S T UURT VKR
LY R, )R 40pm, H Leica DC500 %¢ Y i il 4%
WLEE L1 B BEET A A TG TB 5 ic 4 B 20 i (B P
20 e G B e TR R ) ¢
1.5 WA BN AL 2 F M
BHRAREREHErAR, B L1 513
H AR M2V B, VI EW) & K2y
lem #1288 T 10%H B EE A5
J& T P BE (4% 0.5em ), 20 ST AR YR )
FORREY] A, B R 40pm, 3 B0 HE Je (0 g 42
AR, BEUKZ) 0.5em B 24 B 2.5%
IR 19 R XL [ e b B S, JEM -
1200EX i 5 L 4R A T %%

2 BHR
S 6 3h Yy A AR 37 o A P A R R SE T 4



140 A A 22 R 2011 AR5 21 55 2 1 Chinese Journal of Spine and Spinal Cord ,2011,Vol.21,No.2

Ho 10 RRRSTI 8 wh v & B, 12 B a6
IR 0 (2200 ) Fe A 28 33 B TB 9 )l Y 0 5 77 1%
4d J& , KRR 2 VE 1 [ 5 5 OB B bR AR 2617 vk
F, LeicaDC500 7€ ) & S e AR A55 8% F nl UL L1 A2
WA BE T M TB Zeehnic BAPE R s 20, 44
AT T BERT A (K 2) 5 78 = f5 55 T AT I 28 UL 3
WSS TR I, DO A A A AR
Y A58, HES e (B 3) . Ak W, TB
Fric A FHE 4 (K 2)

PR T UL b 22 B R, TC 22 40, 6
PR | JCR R B M 208 BORIR Y B (1 4) , il
Wy B I U) R HE G 6655 T s P A 0 o
Y HE S B 5 AT — B 5) s B U R
HE G (8655 /s 1124 11 i 28 2F 24k 52 30 3700 11
B A2 LT YRS R, B0 BB R R R R S A 2 il
22 (B 6), FEE ST HLEE TSR, v] WA fh ) & B
i 2R N A GO R T 5 1 2 A /N it (8]
7)), HOE B S 5 BT IE B B b 2 A 1

3 it

fifp R SCI Ji B Fp A Ao 22 P A ) R LA K -4 2

Y 1) T B T R R 2 3 O T I T2 A A
B, HATXE SCI Y 35 ZEAL 5 1 28 20 RS i dn of
ST AN R AR | A AN RS R R A) T T AN
MRS AE ; BEDRIA YT A0 R 28 A T M PP ol 2 A
K ¥- (BDNF) /0 JJUE 37 3= (CMIN) & A 5% 88 45 {H
XL H AT F I sE B B, Mk LLTE I IR
A LU e

VEZ 23 5 HOIFIF R T I Bl 2 5 0 %
il 55 g SCI S5 i e JB R ) fg i i 92 . 1979 4F
Beltran S5V A B — B il Bl b 45, Lo W) & F 48
B, T4 TS TR RS AR S TR
MG BB FATH AT AL i, R
JE s 2 BB 2 SCI M fE, 1984 4F Wilson!
F1 1986 4F Wardrop 41 H YUIE 52 i 25 & Fil i 28
BB AT HER, AHTRABHEMSE
Tl 2Tl S A H R D e A R T RE A
22 R SCI -1 LA b 15 % A9 i 1] 4 28 5 5 il
BiF-m L RS E M A A, Eara s s
T SFF 3 [, AT AT LA 3 A0 35 R D e 22 | 28 AR
GG, e g op sh BAFE AR T, MR R 4
R AR E AR TR (H PR R] A 2R TR

2 POLRME T I L1 ZZ M BEHET /1 Trueblue (TB)ZEGHR 1L B (40 B 3 i 5 €4 ) IO P 2800 5 T A7 R 0L TB FRic i

FRPEANH ( x40)

3 L1 ZENPEBERT A WL TB ZOthric v (MR 2w M6 M RO MR A8 A

ZARE)MMAIT( x100) B4 RAULEGER 2w & BOLW B JCZE A, (0536 0 K 19 Fh 2298 TR e i

B 5 Ay g B2 g Y DI R H A R R 2 MEHESN 5T GEAT —EU(HE B¢ x20)
R AU THT 705 P2 00 1 20 27 A 5 S Y P A RE R 2R T AR S5 K R [ BE R L b AR 22 il 28 (HE 24 (0 %20)

Bl 6 HMava Bz
B7 &4

HLBE 5 4 22 W) B 22 2T 4 2R 1R TR 5 4 1E B (x65000) + 1) BRI 5 2) F2 filt /Nt 5 3) PR 2 AR il BEE 5 4) I IR 5 5) B



o A A 2SR 2011 4E4E 21 4855 2 1)

Chinese Journal of Spine and Spinal Cord,2011,Vol.21 ,No.2 141

B W E B ARG g e 4, A P s sh
il 28 2T AEBORUBSE b 2 2T e BRI 22 25k, il )
M SR GG, HAz shih 220 4 7T /8 5 B
LR A, Bl E A 480 2Pk b AR AR K
L AXTOIRe s AE MR RE S 2, A A
P& I TF R A SCI - 11 DAL 1E 5 195 Bt 28 i AR
5B B R AR A, SN AT
SR, Tk 3% T SCI B & (W HE R i, AR
Pk — e, AT LA SCI P DL e A
PRZRTHL, i A R AR W) A A B S A Sk
WURGE A2 i AR, AT J A T % D Sk LAY B i 55
PZETE I, 0 208 R 18 B M S AR YR 2 T W)
B REIRA N L — 1 iz sh i 4 S D bt f T iz B
I fih 2238 LW A R B A5

AR IR 5 AR Al K R P Sk AL A il 28 S T R
[ B 7 o 2 2 BRI 7 Rty 1, % BB U Sk L
) S C A 28 A 46 12~15 B MR, b A 4 S e
N L3 B2 M, 1 L1 B 2 AR A 32 e % Y
AL, R IR AR L1 B AT S L3 A 2T
HRW G, ST 1 U Sk LI 5 6 5 ft 230 B R AT v
T FE 6 A~ H G i SE 5 RO P 2w & Br i AT HE 4
RGBS, AT LWy & i 4 B F AR i A &2
ARSI RE Y BT B R R E Y & Bl 2 5
W& A BRI R G se 2 fil i, HOES S
LERRAL T IEF B M s, [l R A ] 2ot
ot I T S ST S5 i 0 1 110 ST 6 K LR A L2
KPR VIR fS | FE RS D00 Y A 28 1
S5 TB 3R HEAT 98 e AT /R B9, i F TB Y45
AT B BERRTRI 2 4d 2247, T S TB Yo
F Ad J5 AT HE R, DL AR TB Y 45 g
AT A I RE T B, IR R T, ik
L1 5 L3 &M ERiR Y5 )5 68 02 & 7 B g 3k Al
AR B o i 23 B, ) TB e 0 551 o7 32 1 o 22
WATAY ML D25k L1 B8R A, AFd
FWoR 7E L1 B REA0 A 0T WL TB Fric B i p 22
JC. MIEA 2 it — 25 TE W T i B 57 e 2030 s
BRIy, N EHE SCI B s shoh BE Ry I
PR FHAR ML T8 25 28 07 T i BEE SR

4 BEXH

1. Post M,Noreau L. Quality of life after spinal cord injury[J].
Neurol Phys Ther,2005,29(3):139-146.

2. Ku JH. Health-related quality of life in patients with spinal
cord injury:review of the short form 36-health questionnaire
survey[J].Yonsei Med,2007,48(3):360-370.

3. Lin H,Hou CL,Zhong G,et al. Reconstruction of reflex path-
ways to the atonic bladder after conus medullaris injury:pre-
liminary clinical results[J].Microsurgery,2008,28(6) :429-435.

4. BREUA GEAEAR, B, SN DR INER dEA YT R BRI A S
it 2 P I D). R A 2% AR, 2007, 17(10) : 781-784.

5. BRERAE  BEEAR, R AR N TR S O R B e 1 R B ) A
AR SELT]. P A AR A AR, 2002, 12(2) 1 102-104.

6. Garbossa D,Fontanella M,Fronda C,et al. New strategies for
repairing the injured spinalcord:the role of stem cells [J].
Neurol Res,2006,28(5):500-504.

7. Ibrahim A,Li Y,Li D,et al. Olfactory ensheathing cells:rip-
ples of an incoming tide[J]? Lancet Neurol,2006,5(5):453-
457.

8. Ankeny DP, McTigue DM, Jakeman LB. Bone marrow trans-
plants provide tissue protection and directional guidance for
axons after contusive spinal cord injury in rats[J].Exp Neurol,
2004,190(1):17-31.

9. Oudega M,Xu XM. Schwann cell transplantation for repair of
the adult spinal cord[J].Neurotrauma,2006,23(3-4) :453-467.

10. Beltran R, Aguayo H, Donayre F. A function:a model[J].
ALAFO,1979,14(1) :41-52.

11. Wilson DH. Peripheral nerve implants in the spinal cord in
experimental animal[]J].Paraplgia, 1984 ,22(4):230-237.

12. Wardrop J, Wilson DH. Peripheral nerve grafting in spinal
cord,a histological and electrophysiological study[J].Paraplgia,

1986,24(6) :370-378.

13. Dai KR,Yu CT,Wu RS, et al.Intercostal-lumbar—spinal nerve
anastomoses for cord transection:a preliminary investigation
[J].Reconstr Microsurg, 1985,1(3):223-226.

14. Liu S,Damhieu P,Devanze P,et al. Efficient reinnervation of
hindlimb muscles by thoracic motor neurons after nerve
cross—anastomosis in rats[J].Neurosurg,2003,99(5) :879-885.

15. Vialle R,Harding I,Charosky S,et al.The paraspinal splitting
approach:a possible approach to perform multiple intercosto—
lumbar neurotizations:an anatomic study [J].Spine,2007,32

(22):631-634.
(ki H 491:2010-08-24 & 181 H 81:2010-12-23)
(EXHF F O/ ER)
R FHE)



