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Establishment of canine spinal cord injury model and significance of laser-doppler flowmetry evaluation
Wu Yujiang
(Department of Spine Surgery , Xingtai Munici pal People’s Hospital s Xingtai, Hebei 054001, China)

[Abstract] Objective To investigate the effect of laser-doppler flowmetry (LDF) in the evaluation of established canine spi-
nal cord injury(SCI) model. Methods Totally 15 beagle dogs were randomly divided into the group A,B and C. Through the im-
proved numerical control SCI apparatus, different impacts and compression time were adopted to establish the different acute SCI
models. The group A was 1.2 m/s+5 mm+5 mm-+ 15 mns, the group B was 1. 2 m/s+5 mm-+5 mm+ 10 mns, while the group C
was taken as the control group. LDF was used to measure the spinal cord blood flow(SCBF) chart, the pathologic change was evalu-
ated by measuring the spinal cord necrosis areca. Results The SCBF chart in 3 groups measured by LDF showed that the decrease of
SCBF in the group A was most obvious, the injury degree in the group A was more severe than those in the group B and C, the
difference was statistically significant(P<C0. 05). The motor evoked potential displayed that the decrease degree of SCBF was close-
ly related with the prognosis and motion function. Conclusion LDF could effectively judge the degree of spinal injury and SCBF sit-
uation, which has a good application prospect in animal experiments and clinical field.

[Key words| laser-Doppler flowmetry;spinal cord injury;hemodynamics;canine model

AR R R H 55 4 2 00 B 05 R T A /J\ﬂ“é*ﬁo LERMEAR . FE 0 R E . B HES ARIRETEA T, ~
SMERE ST B R E MR BE G S M R 5 W HEAT T R OE T XU SRR A R A [ AR AR B E A B, BB
FEON L FESCIERE b FF S A R R R R EE’JQ B G CPE E XE A LA B2 FE AT A TR 0 48 7 A0
AN )RR BE A AT o RS ST T S R B S M BE R eI B LAY T L A S R A 5 B R T O ) L R
R I3 1 WO 2 3 5 AL 9 0 S (LD Al A5 780 5 i 458 47 HAREWIE . ARG 3 dRARBER AR5 T ILN S H %

B R RO B R IRARE A F % 87 U/ke, BB, R0 . 3& M 45 THIIKE S 45 T AR A
1 #Rt5HEE FHE IR Y KR TE A R

1.1 YKo #EEC 1S Hig R 4RI 1.0~1.5 k“,ﬁs}r’ﬁ 1.3 ARIGPEAMGTT %

2 10~13 kg,i"é}}ﬂ’éjﬁqﬂﬁwjﬁul:ﬂ»j(%zj]%j‘g%tptu 1.3.1 MRI )5 8 d {# /§ MRI(GE, Signa_ HDx_3. 0T, 7=

3 AB.CHL, it REBER O s e & 7I<FH4\|EJE/J 5% [ 3 2 R R A g U R K R A 10 6L R B
18 if R 38 ] Eimﬂﬂﬁﬁ‘@ﬁ iR R, A 4.5 B3 90 L TR AL 9 A D T ) T AR
HR JEFEHEE 1.2 m/s, EHEE 5 mm. JEBHEE 5 mm,}f 1.3.2 LDF 5% 86 i 3% (SCBF) i Ff Moor-VMS LDF
JERFE] 15 min(l. 2 m/s+5 mm-+5 mm-+15 mns), B4H:5 (7= 8 92 [E Moor 2\ w]) I & 25 5 % K ) SCBF, & [, '/,T:'g:
K HEATEE 1.2 m/s M E R E 5 mm, JEIERE 5 mmer Fe BERLR Y B B B B S LDF MR & 4
BFA] 10 min(1. 2 m/s+5 mm+5 mm-+10 mns), C 4 :5 H BUE S TR S T AEE G K 1C,
KA T RePR AL B AR X 4l . 2 &% R
1.2 @I AT A R A S IREE . WO RN, [ E 2.1 HREHMVLEIALY SO0 T R R 3k R B A
JH s B Top ~ T Jy ol o AU5 TE A U000 RO ED T 2 68 HE A A A ARG BN, B AR N AR, WK 2,

VEF B A R E L1963 — )+ il AR BRI AL o 32 5 5 R | JBUB A B0 F 5T



FTRES 2016 54 A% 45 K% 10 49

1321

A:AH;B:BY;C.CHl,

1 BEERRGEERERIIAREEN SRR AEE

A:AH4;B:B4,
2 BEBRGER

2.2 MRIZRGH HREHBGRERE )G 8 h, ZHUH HE
AR RN, MRS R BRZH0E B T2 mAURE 5 m
SRR A, A B 4R 25 B R G L (P>0.05),
WA 3,

2.3 R[FE4IMBLE R SCBF B I & Sl {6 FEAl(E . 3 410
JE A B il (AR B2 e B R L (A vs. BH, P=
0.667;A % vs.CH,P=0.471;B % vs. C 4 ,P=0.850), 3
ZHE R AR (A B 22 R RIT B X (A A vs. B4, P=
0.572;A2H vs. C4H,P=0.794;B 4 vs. C4.,P=0.383), 3
LM PSR 22 5 RS B L (A4 vs. B4,
P=0.934;A % vs. CZH.P=0.628;B%H vs. C4H ,P=0.721),

2.4 )5 7 d SCBF BN EZ5 R JEM A 5.3 4 AH .22
SAEGIFE LA YK B.C AR (P<C0.01),B 4% C 41k
(P<C0.01), TN T3 HIRAE 2 55 A Gt B S, A A
B.C 4K (P<<0.01) . B4 C AL (P<C0.01), KJF:3 I
MEZRA I E LA A B.CHK(P<C0.0D),B 4K
CHR(P<C0.01), W3R 1. KA 45 i Ay I vt 1 DL I 4, B3
P57 dJE WA 5.

F1 EMEMIRGE 7 d3 AA SCBF Ag4 R

- L E 7dJE 7 dJ5 R EE 20

i W5 AR AR W5 AR AR 3 A AR
A4l 348.5 248. 4 243.1 63.6 102. 2 63.8 —83.1 —60.2 —75.2
B4l 354.5 253.9 243.8 126. 4 181.6 120.5 —64.3 —28.5 —50.6
C4l 344. 4 256.6 250. 8 342.6 252.3 242.5 —1.7 —2.8 —4.6

700
600

400
o 300
— o “/\/'V’ W =

100

& 4 KIR{GEIH SCBF B

700
600
500
1400
300
200

P A iy 100
g g FILE WV

&5 EEHG 7 dFH SCBF B

3 it e
i 05 e — T E DL L B0k RAR R Y F R AR

3
[
ISii
=

i

BE 1900 3h Wy B %6 T 05 5T Hos B R R R B S HoA R R
S, GEAER . TEBEBAGMIRIT SR T BN, R TE
PRSI 8 &, IR U T — R A ok Jete s,

TE M IRl 2 b A5 0 o e R R M e L B
N T A5 B T o R 2 e S 1A ()RR A B A A R
R, Il LDF JAl 48 R 55 6 53 45 f0 7™ B 2012, Gl AR
AR —FhH7 B SCBF & A I # A , LDF i T 0l 78 3 4 52 5
o R 4F P Al SCBF . 1 75 5 58 3t 5 09 BF 95 908k 3% 25 15 3
PO,

AR 1V T 9B 405 s 2 A K P 2 h ) B AL A
PRI o 20k o 4 o ol o B A o VR B A N R R AR
N7 P B 0405 A TR R 2 T I R SE PR AN O . AR R
3o 3] A R AR R Y, A A T G X R 86 1R 38 M 5 min #] 30 min
Y AN NG E S



1322

TEARTFGEH  MRT 455 B B0 5 BB R 37 J5
ZHCR A B IR RN I A 4L Bﬁﬂlﬁlﬁﬁ—%
GeiteE B L (P>0.05) . T [F] 4 Al EE LR SCBF [ ] 1 2 fil
ELE5 SR 7R 3 2 1) JE N 11 5 W B 75 00 1 5T A Ak {22 S 1 T
et L (P>>0. 05) , L B AS AfF 58 7 i 1) 52 30 3l 9 b T [ —
TR TE K b R SE B 45 R S8 B LR B Y

ARG A 6] ] RAEBIH5 5 7 d SCBEF [ il 4 45 2%
SR R BT K BRI B 3 4 ) 2 S A g iR R X
(P<C0.01) s UEBA A LA B 4185 22 30 A %0 I A0 11 5 462 4% dee /)

X B R 2 TR B A A de A . C 2 I R R R

A A0 B2l (2 60 T R, HA 2R e B2 ok L 38R
LDF 0 H 4 0t 7 {5 F0 R AR 450 £ 72 B 3 VI G . ALB P41
BT O TR BT B I AR A T C A I A, 22
A G L (P<C0.01) . H A AL 45 B

PAFE [ 9 A0 I R B 50 7R 5 B 8545 )5 JL /NI Y SCBE
AT B SRR A o DU B K B O B L BR R
“RIG AR TOT B gE W B B AR 4 R AT P R A B
1) 32 2L O BRI AG JS L SO 22 TR ) B AR L B BE A S i
‘bﬁﬂ‘]ﬁﬁﬁi@%mo (R s S5 T 4 45 1 R o UL B 4

1 — 2R 3] SN 3 0 20 0 e, i A, AN 7 2 2 U 5

Qﬁ‘#ﬁﬁ P9 2 e T

g5 ERTIR  ARBIETTAE E HE 7 R B3 1 3 A R R il
b N LDF X 86 85 45 /5 SCBF [ JE A7 # b=, gl iy
AR RL R AR HE AR, T BT N A A I
FXT L (8 25 0 AR A M PP AN T R4 495 45 J2 T A i g L R —
FRRCR BT (0 PR S B0 A B I R R RS A
MiE,

S & ik

[1] Duhamel G,Callot V,Cozzone PJ,et al. Spinal cord blood
flow measurement by arterial spin labeling[ ] ]. Magn Re-
son Med,2008,59(4) :846-854

[2] Levine GJ, Levine JM, Budke CM, et al, Description and
repeatability of a newly developed spinal cord injury scale
for dogs[J]. Prev Vet Med,2009,89(1/2):121-127.
Duhamel G, Callot V, Decherchi

and cervical spinal cord blood flow measurements by ar-

[3] P, et al. Mouse lumbar

terial spin labeling: sensitivity optimization and first ap-

plication[ J]. Magn Reson Med,2009.62(2) :430-439.

WA T, X ] A B 17 AR B AT e R A LT .

S EH & ,2011,21(6):1032-1034

(5] B BRI, 7 70 KA 8 1345 B B 119 7 RBOE 235 1) B
MR T A LD L. JE 5. b BN RO il 4 %5 B8 18 24 B
2011.

[6] Cizkova D,Kakinohana O, Kucharova K, et al. Functional

recovery in rats with ischemic paraplegia after spinal

grafting of human spinal stem cells []J]. Neuroscience,

2009,147(2) :546-560.

Lee JH,Choi CB,Chung D]J.et al. Development of an im-

proved canine model of pereutaneous spinal cord compres-

[7]

sion injury by balloon catheter[J]. J] Neurosci Methods,
2008,167(2) :310-316.
Vaccaro AR, Hulbert R], Patel AA, et al. The subaxial

cervical spine injury classification system:

[8]

a novel ap-

[9]

[10]

[11]

(12]

[13] F

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

FTRES 2016 54 A% 45 K% 104

proach to recognize the importance of morphology, neu-
rology, and integrity of the disco-ligamentous complex
[J]. Spine(Phila Pa 1976),2007,32(21) :2365-2374.
Wang XY ,Dai LY,Xu HZ,et al. The load-sharing classi-
fication of thoracolumbar fractures:an in vitro biomechan-
ical validation[ J]. Spine (Phila Pa 1976),2007,32 (11):
1214-1219.
Feron F,Perry C,Cochrane J, et al. Autologous olfactory
ensheathing cell transplantation in human spinal cord in-
jury[J7. Brain,2008,128(12) :2951-2960.
Courtine G, Bunge MB, Fawcett JW, et al. Can experi-
ments in nonhuman primates expedite the translation of
Treatments for spinal cord injury inhumans [ J]. Nat
Med,2007,13(5) :561-566.
Onifer SM,Rabchevsky AG.Scheff SW,et al. Rat models
of traumatic spinal cord injury to assess motor recovery
[J1.ILAR J,2007,48(4) :385-395.
JUR R R T A B
M. RHE RHEBERR A, 2012,

Agus H,Kayali C, Arslanas M. Nonoperative treatment of

T A A A B

burst-type thoracolumbar verterbra fractures: clinical and
radiological results of 29 patients[J]. Eur Spine J, 2006,
14(6) :536-540.

Moore TA, Vaccaro AR, Anderson PA. Classification of
lower cervical spine injuries[ J]. Spine, 2009,31(11 Sup-
pD) :S37-43.

Barbiro-Michaely E, Tolmasov M, Rinkevich-Shop S, et
al. Can the "brainsparing effect" be detected in a small-
animal model? [J]. Med Sci Monit, 2007,13(10) ;: BR211-
219.

Vaccaro AR, Lehman RA Jr, Hurlbut RJ. et al. A new
classification of thoracolumbar injuries:the importance of
injury morphology,the integrity of the posterior ligamen-
tous complex, and neurologic status[J]. Spine (Phila Pa
1976),2005,30(20) :2325-2333.

Vaccaro AR, Zeiller SC, Hulbert RJ, et al. The thoraco-
lumbar injury severity score;a proposed treatment algo-
rithm[ ] ]. J Spinal Disord Tech,2011,18(3):209-215.
Fehlings MG, Perrin RG. The timing of surgical interven-
tion in the treatment of spinal cord injury:a systematic
review of recent clinical evidence [ ] ]. Spine ( Phila Pa
1976),2006,31(11 Suppl) : S28-35.

Lim JH,Jung CS,Byeon YE,et al. Establishment of a ca-
nine spinal cord injury model induced by epidural balloon
compression[ J]. J Vet Sci,2007,8(1) :89-94.

Zhang YP,Burke DA, Shields LB, et al. Spinal cord con-
tusion based on precise vertebral stabilization and tissue
displacement measured by combined assessment to dis-
criminate small functional differences[]].] Neurotrauma,
2008,25(10) :1227-1240.

Riis V, Verrier MC. Outpatient spinal cord injury rehabil-
itation; managing costs and funding in a changing health
care environment[ J |. Disabil Rehabil,2007,29(19):1525-
1534. CTR 55 1325 51)



FREZ 2016 54 A% 45 %% 10

3 i e

JHF FIE S22 P R A 35 1y =2 2 35 T, A 38 R R 43 5 R S G
JE 98 R 05 T < JE A AL 25 0 . T A s A 0 I 2 0 T Ak
WAL B G e 55 2 4 W AR AR B AR AR L AR W .
AR AT — 4RI, A2 2 5 o 24 i 50 S5 A0 24 A0 B AT kA
) R 2 o A O A T R S A T s A OB 9 P AT AR
KRR . B R 5 2% W R oy e 38 LA B D i i g s 1) LA
RIS E MVE F o AR SC R LR SR T R A 1 3R R RG T R 1 A%
FHER .

ALT Hl AST J& 4776+ JFF 40 0 55 Fn 2 bk o 1 %% 0t . 24
JHF 240 M 7= S A8 VRSB . ALT F AST s 5% U A I, BT LA I
i ALT 1 AST 36 P T 5 S T 40 M 458 493 14 45 5 2 46 b o ot I
9 B2 G DU A DA Ay 2 ) BB VMU 48 495 1) 4 AR . AR SRR
B it B2 T 0 7 1 o 0 M VR I B A LT R B AR Y
/NI ALT 0 AST 56 P K F B0 & 78 0 0E B BLA A9
JUG I 0 98 RE P g B SO IR S /I ROV RS P 45 £ A AR S
BT, BFFT & BH 50 B 4 A B L HR R R R R R ALY ALT
AST B35 HE A1 MDA 7K 3 8 38 B A%, GSH By K- B & T .
X5 E AR R BUME R BR AT LA TR VR XN BRAY B4R 4 5
MM ALD KB o AST ALT B35 #E K BRI 41218
K B IF 441 GSH, B AR MDA 1 K - (1) 95 b
HAHE BB . T MDA 2 HL AR 3817 B B ST 7 i i 4™
1. MDA [ 7K - B 4 28 33 S Ak i A 50 el o 0 B A g i
F T BE S 1 B AR RO AR 4 AR Y

WA G 20 90 Yo 7 JF P AR T 32F AU A 1 3 5 DK 8 40 il 5k
ADH R4kl 2 B . Z B 1.4 ALDH p /5 1 AR 8 B3
M RR . SR CREARI A SRR 518, 5 B 3 R AE 1R
PEAY . Z R 5 40 R g B RV DNA R AR S LT
B LAY . i MDA-ZBEIN G W5 . W2 CBMEY TS
O H AW R A R A AR O R A I T AR L T 51 AT 40
ML RESZ 3171 53 ARG P JH AR5 T B A B ) R
JIE S K JBR  SR TE RN E R 2~ 3 1. A BIFST & B 4% 5]
AIFA L4 ADH . ALDH (/K ¥ ¥ 8 3 B A%, [7 B I 95 %%
5 2 AR 0 B A A ) TR 2 TT R R i R RS 7E AT AL
L A SR LR AP IR 1

25 L JUT AR R AR e 00 AT R I8 R T LA SR S TR
JHEA 55 5 FEAE AL AT R 55 4 Sk 7 T R AR 30 0 G AR e 0%,
HZHMEA fFit— B K.

&% Lk

(1] TWRAR. I 2 S s T 400 45 1 M 5l it [ 1. JFF ik, 2012,
17(4):269-271.

[2] Rehm J,Mathers C,Popova S,et al. Global burden of dis-
ease and injury and economic cost attributable to alcohol

use and alcohol-use disorders [ J ]. Lancet, 2009, 373

1325

(9682) :2223-2233.

[3] Roede JR,Orliry DJ,Fisher AB,et al. Over-expression of
peroxiredoxin 6 dose not prevent ethanol-mediated oxida-
tive stress and may play a role in hepatic lipid accumula-
tion[ J . ] Pharmacol Exp Ther,2009,330(1):79-88.

[4] Osama EI, Feng H, Kim WH, et al. IL6-deficident mice
are susceptible to ethanol-induced hepatic steatosis: IL-6
protects against ethanol-induced oxidative stress and mi-
tochondrial permeability transition in the liver[ J]. Cell
Mol Immunol.2004,1(3):205-211.

[5] Reuben A. Alcohol and the liver[J]. Curr Opin Gastroen-
terol,2008,24(4) :328-338.

[6] Loguercio C,Federico A. Oxidative stress in viral and al-
coholic hepatitis[ ] ]. Free Radical Bio Med,2003,34(1) :1-
10.

[7] Dolganiuc A,Szabo G. In vitro and in vivo models of acute
alcohol exposure [ J]. World ] Gastroenterol, 2009, 15
(10):1168-1177.

(8] 4 R, iR AR, e JRU . S5 . Al 40 1 3R 1 M 3 e £ £ 1 i
WEoELT]. £ 55 R R, 2012,48(3) :54-56.

(O M Aok 88 4 XU B2 XU S5 Al 0 1 3% e T 47 TR £ 2
7). £ & BHE . 2013,38(9) :51-55,

[10] Lhisg . J BRI AE 14 I 46 17 455 280 1y ol 4 e W2 LT 0. i 2R
B 2 AL Bl 2R A 22 4 . 2011,33(2) - 81-83.

C11] AR BiRwh 0 MR . 55, 2055 22 W0 X /0N BRI 5 1 JHF 45 £
AR E L] &SRB ,2011,32(13) :310-313.

[12] BEAG KRGS AL 55 MEARTR X/ BT RS 1 I 45401 1
R ERLT]. B 3% ,2015,37(1) :68-72.

C13] )18, 9 2 . R 22 9 L 45 3 S0 2 PR T R 1 AT 45 475 /)
SR SR AP 4R T B L A 52 (0 1. v [0 I R 24 3 2 2 5K
2015,31(7):515-518.

(147 S jmi 0. A= B AR Xob DR BRI A 14 JHF 993 5 34 1 P % G BIL 3 1
WF5E (D1, YeFH - P BA ARl K 2%, 2006.

[15] Xu D, Thiele GM, Beckenhauer JL,et al. Detection of cir-
culating antibodies to malondialdehyde-acetaldehyde ad-
ducts in ethanol-fed rats[ J]. Gastroenterology,1998,115
(3):686-692.

[16] BT w0, 0%, F2 B 5. R 1 T 9 A5 S A RE e L . i R
JHFREG 2 75, 2014, 30(2) : 118-120.

[17] Setshedi M, Wands JR,Monte SM. Acetaldehyde adducts
in alcoholic liver disease [J]. Oxid Med Cell Longev,
2010,3(3):178-185.

fefs H:2015-11-08 &8 H #5:2015-12-20)

(4256 1322 1)

[23] Zhang YP, Shields LB, Zhang Y. et al. Use of magnetic
stimulation to elicit moto revoked Potentials, somatosen-
sory evoked potentials,and H-reflexes in non-sedated ro-

dents[J].J Neurosci Methods,2007,165(1) :9-17.

[247] Darian-Smith C. Monkey models of recovery of voluntary
hand movement after spinal cord and dorsal root injury

[J].ILAR J,2007,48(4) :396-410.

(Wi fs B #7:2015-11-08 &[] H 19 .2015-12-06)



