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Backgrond:Spinal cord injury (SCI) leads to a serious neurological condition, associating with sensory and
motor dysfunctions as well as urinary infections. In the experimental situations, using a valid SCI model helps
to understand pathophysiological mechanisms and better ascertainment of therapeutic interventions. Because
contusion type of SCI occurs commonly in human, in the present study, we designed a modified impactor
device (NSRC Impactor) in Tabriz University of medical sciences and examined it to evaluate with inducing
different severities of injury according to kilodyne (kdyn) in the spinal cord of rats.

Materials and Methods: In the current experimental intervention study, in order to standardize and determine
the optimal performance of the NSRC Impactor to create very mild to very severe SCIs, three different forces
(100, 150, 250 kdyn) were applied at T10 level of vertebra. For evaluating tissue changes and behavioral
deficits, Hematoxylin and Eosin (H&E) staining and Basso-Beattie-Brenham (BBB) locomotor tests were
performed. Data were analyzed using SPSS, v. 16.

Results: Our results have shown that by increasing the level of forces, histological changes in the spinal cord
increases statistically. Meanwhile, different injuries had significant effects on the BBB score test in SCI groups
in comparison with the laminectomy group (100 kdyn group vs laminectomy group: P=0.019, 150 kdyn group
vs laminectomy group: P=0.001, 250 kdyn group vs laminectomy group: P=0.0003).

Conclusion: Our outcomes demonstrated that this device is a validated experimental instrument to induce
precise SCI models in order to replicate SCI in humans. Nevertheless, it should be noted that different aspects
of SCI models are elaborated and more studies are obligatory to develop a more accurate model.

Keywords: Spinal cord injury, Contusion model; Impactor device; Hematoxylin and Eosin

\_ J

* Corosponding author: Parviz Shahabi
Email: parvizshahabi@gmail.com

Research in Medicine 2019; Vol.43; No.2; 58-63 ,

[ Downloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 |


https://pejouhesh.sbmu.ac.ir/article-1-1888-fa.html

A TOAL AVIA LY oA i ¥ s

Sloaliwl b ol omo ige 4 e sLOWG U £ slog s dlow]
M S eole slGGI 43 s widLw ol

" ol g ol oo Ao sooma Ay savay Tl Lo e 5l 3,1 S5 e

Olnl s s (S pole oSl (S gy 01Kl c(s5og 58 09,5 9 Slasl pole Cliing 3900 -
Oyl oy s (Sdi pole oSl o S 0aSisly =Y

WA/ VY sllie 5l gyl VRV F/4F sallie cdlys o

4 )
NS>

35 Jda ) 3zl ) o jan (63 Gaisis 5 S e GAYEIL S ) S5 sy ka2 ) (S Sl 1B g allw
A= FERN . CH I NP FIRE SR L S P S P P EE KR W T VO B - L k_;u?_“;\&n Sy e S0 anls
Glreoys (B U5 oS il A e nys é.»j QJ&" o&za\s 43 (NSRC Impactor) Ga\iua adlan -l 55 G\..» R\ é:a\gxﬁ N\ e
33 e S8 gn 33 G 1 333 e ol (81 (436 psloms o Bl 508D IS Sl )y (S0 ol Dl ) s
Ll &y NSRC Impactor oo g :ﬁ&a« Ox 9 SN (6wl g\l &5 BN oS aadlas ol 3 :Ubv:}s) 9 5'9.0
S35 S8 gy 8\ 35 St 10 (T10) S5 DS o 33 (A3 1S 250 5 150 SO0 GADIE 53w dudhd J- 6 i s SLao
A onlSPSS 16 e 5 Ja andllan () glamesls G I L o3\l BBB S - by s 3 ph 80 S Slan 65 0y sy ) oS5 &
33 G s (618 1235 53 oy (6l Blond 31 (gt el (iman i o Sl (6 St b 89150 3 (B G5 5 pAPL HEPVEL
035 P=0/019 p sSeN 035 & Lo A5 IS 10065 8 adin 1) 0 o0 58N 058 0 s ol (@2os B 3 (BBB) S > M s o
(C P=0/0003 0 5SeN 058 & s W3S 250058 5 P=0/001 o 55w 05§ a0 s 3 S 150

S Lolaanll il (G p il Gl S5 ) 335 (s sl Ll o o) &S was s Bl s Gkl :‘_5);499}’3
$3E23 A0 3ol ()5 s S\ gy GV b 6\-"&'{\*')—\ 9035 odony S0 ) (S s S5 53 3l dem a L s a\g\b_\ﬁ)—\ BERTRI

PR s b L, .
J’V.,:«fJL,,J!M&Lﬁ!kj’}?/}‘:?hj’é:yh V(’,{:JI‘/W

\

ATl 3 390 (Go\ew )

BBB S > oMb S g S Slen 6}:‘—\&) Jmpactor oo (S50 a3kl o S5 g,,.:.:\ :Lg.x;ls‘_glfj,g

J

5 ool b clps ol Jse daiey ol ole 5 g ool ond ool
bl oKislhy (NYU Impactor) S)gis0 sbolSisly 4 bayge (slaolSuwd
(TH Tmpactor) dga5xels 881 0455 ol oS3 g (A) (OSU Impactor) 2l
Cnl 2)8dae 096 3)90 )3 (Vg +) 25,m )13 03litl 390 03,28 sobo 41 ()
ol&iily olKtwd J““’?’ (X% ..\.Jy ucl?u w.wT &Sl )53 L P).Y dolKins
lizeo Olels)l 5l 0,8 Ve (glabe i lal a3 (NYU Impactor) Syg o0
gl LT ol&Kuly ol Cpizmads (VY )25 0 dbu] g5 I pold Cuond (g4,
bl @bl 2l clacaul jl g b X155 0 (OSU Impactor)
IH Impactor olKiwd wgMle &y (V¥4 V)uis sl cbo Qb aliseo polaw 4
DS Glogs b Glps (35 2)ly kg sl oo slacisd sl 4l
5 0l ol (pl ol 0l Agi ¢ yhge gl cilitie (slaCiend p o

[ Downloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 |

Research in Medicine 2019; Vol.43; No.2; 58-63

PIREN
oz | oy GINS] L & sl Sy Glon S (S5
394 390 03] (3035 Canl oo (53] Cigis g (S e G S
Wl G len ol o g ited (2155 ol S8, Lid 5 45 ysiles Y/
(Ve Jlo 53 3)90,l50

23 Jgl a0 95 g0 el (S pl alyo 93 4 405 5 3 216 Gl anls
praiitons ol sl 45295 0 Sl (s 8L g (2B (Sl g9y st
(FY)gdie (Bl )56 5 Gpg (S B9)s S (oras sladid) &
9 (o SlapulSis )3 (glod 1S (Sa WS pg Al po )3 Jyl alpo | g
(VD) 505 o 4g] el 1305 ey o8 428l o 3li] JsSlga

iz gl gy dnls Qﬂl GIP Jde <)l 9 S w.j sbol ly O?SU

SR Rgn 1 ghne dXn g
parvizshahabi@gmail.com : S g pSIN S



https://pejouhesh.sbmu.ac.ir/article-1-1888-fa.html

Fo | oo oo yd alidee slacas b (£ slog s sbxl

[|>ownoaded from pejouhesh.sbmu.ac.ir on 2026-06-24 |

>l J8 g b oslatal (ualy g SISl (2l a0l (38 Gsie 25 (4l
GuF Pl e 3 (md90 200 033 Ol e gl 5 JSS 4 (5
L g (pSohS e Sike Vo) ol bawgi (ol (slagtge e A5
Leisghly ©Mae Jhy jl e Coled 2 808 hgten (p S5 22 p S ke V)
10 Selygi (oS 13 g5 sluaY plyeisl dagsl (35 1S 5 (S &5 bawg
b o awshy oy o)) beg g ols Sib (Sopols b bws (T10)

(Y JSs)a g samlie elbs Qb

T10 oy40 ) LY lgscinl oyas azild 0956 o Joro Y S5

3 olebl (gl ol yiadio YD olSmd sy ool dloo jb ool s &
Glp de yiedie Hloa ond jb Al Hlad (gbu cdl 5 4 dho zuns dg)9
i gt gloouS 5l el el Sl s 3 Slas clacSs s S
Loy (81 olS’ Cumdg 13l )8 gt ctbbogd sl (sly) A5 odlit]
g @lSiwd ! )0 o b WS il e g (.)9,» ey oBiwd (glao S
jawy Calises dl!z:og)f 2 L):l.)slj Yo 9 N D JAL» u5LQ~o dlmu.\.\:; l:
oy 4 e ol cpl s Jlesl Slogsl JSs 4y NSRC Impactor ol
s 4 o Jlosl g9y calize (g (bged paoy b &S cul 0B 38l
(v JSCs)dd oo i 1y

oKy (¢ )lle 5 lare I les NSRC Impactore B) olSiuws S (slos (A ¥ S5
Lntigs e & 325 M5 20 (o Jloy e 39 oy plel
4 b (215 ol o> g igie | 6ol sl oeied AD B0y
US54 (o555 5 pF ke 4w ) poolaS lsgeen b e 5 2 gy
o jl i Al il G oy (o e il sl S cdlp Blas S5

1ol psliie ol & g o Sl Jogasis ()13l 53 936 04D (e iy
S9x5 9 0 b5 N0 9 L) Lawgio g9y cnb gbS V1) i (g9
(00)atud (b ok ¥+ 530 b) A3

sly ol ol Sl OF cuw sbul @ gl b & g b
5 >hb @ prenad (] Slal3le laadlas pbol 5 £ anls (gilo e
w285 530 (S pole oKl )3 (NSRC Impactor) jgiSiues] ol cdlu
03)5 Jos aldio (sladigal &y a2V (2 9 CE L wlgn (> & gysbo
b aej ol 3 (ol Slajls 5555l

Goyb 5l NSRC Impactor olKiws dSlas (cwyp g (Syze sy adlas oyl
) ] S sl 0 plosl 3,l5lil glodie g _olis il sloadlias
u..uw\ (JL"’) LMT‘\L.OLSJLBJ)JG )I 0l ))‘9 gii.:Loy‘ L po U»L»‘)Joli..wb
g 08b 3l £155 Cdl 4y ki 3)50 S b sl I3l 3 555 ke (e ]
Gy HD (95 od oyl 3 g 395 gl Caumdg 4 oyl dlso
359 4ld o > (S S > (9 CLE (gt e 518 J S
oMb (385 palald Caely gaazmo )3 &S Cannl o 03l 930 4y olus jguinr S
Ko o GCL?U dbbw»] G 4o ) g 53)15 C.ul.:)..o

g, 9 2190

e o0

o Lige o e 3l dallae gl )5 ol oy SMIs g j adllas )
YEVO 3lilinl (glod )5 Sllges pl Cusl o odlainl p )5 YO=YA+ 50 L
[ oWy, celo VY IS b g 136 g Ol o olj] yiod ol yes 31,5 55l 4 >
S8 W) S (g ok ol (elmalslio oles Sab (65 LSl
oylad)silons dnl lpl 5,8 (Sin pele olfish 3 ikl cllges b

@lllas ) 4> .00 pbool (NIH publications No. 8023, revised 1987) cwoduw
iz o35 s 5 s N+ 05 o 4 oL o &
b s gl 1 Jols (o155 Colite (clacul b 09,5 o g o 09,5 (lois &
b s w.ul 9 Og'lb 91,; 10+ (g9 b awgio MT ‘Oﬂb }Lf Voo Gopw
055 3 o3 S ym e 81 45 ol 53,45 S YO 3
basye sloodly phslS Ve 093 10 ¢ lo cutn &y bgsyo slaodly 0giSieY
0955 ) 9 0lo gy 4 bgpe boodly (pld 5l VB 09,5 )3 (ls> b &
505 el 3T 5 e o Jlagy 4 bgayo (slaosls culaglS Y-

s ol D] PRESICS J.,.:T)B

€55 & el SSgn g 05 by gb9 GheY L (ogiSiaY 055 >
byl dso 215 Cawl (glrog)S 3 Lol Wi 3)lg 09,5 oyl )3 Sllgs
3 g 45,5 5 5 s & o s gy 4ol 3 Sz
L4 JlasI NSRC Impactor ol lawgi g g6 Ve Sawlygi o )0 @igliie
(152

oS (595 o (6 55)l,8 0556 s NSRC Impactor oS 5l S i sV S

A COAZ TRA (T oA (£ Y s

.‘./ S0
S,



https://pejouhesh.sbmu.ac.ir/article-1-1888-fa.html

OSen 5 o jagn /5

ownloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 ]

e 1 OA P ATIA T (Y

[

paimd b i) Casl 256 ol Y Sl G0 omd sl
(Slons aS S35y o asls

3 am oad ol ol 3 g8 (e i il sSugSee led F IS
59 ol 09,5 13 (B e 055aY 095 13 (A 1039 S $lad (530815,
035 1 (C a3 ol | B9 (535 JUS ) o S 1+ s
VO: oy b (16 sl 09,5 )3 (D g el 5k 10+ (5900 L (156 el
5 ! lyd dbol g cawsad 348 o lis D g C o la 38 . oply LS
Jlos 51 3 £l55 <l > Sujelligiun (slo s 5 0pio Sl rimsglis 15
(X 2l L) Mt @0
(CC: central canal, GM: grey matter, WM: white matter., LF: lateral
funiculus, PH: posterior horn, AH: anterior horn, AF: anterior funiculus

PF: posterior funiculus)

Jlasl gy e il8l b oS ol iy elbs Gl (g9 (bbbl o)y
b 4 dhe g puSE oo > (Sjdplsian odd e pulds @Al
&S ob i i eeanS gilod b odsd ool b leSw d},,ni&s)‘Tlo HleXw
03,5 il phekS YO+ (ggym 45 2g)S 3 (£bu b glatio pdaw Coline
GAd A belS Vg Voo ggy 0aiS Bl (slaog)S L duglie > Wdg

(0 S )l aidly galS

>

SCI Histopathological
Scores

O B N W A~ O

¥ .
LAM MSCI

| MOSCI SSCI
Different SCI Groups

dLmLpL.v U»Lw‘ B ™ allao L5L°°5)f 5 GCL?U w] W) )l)}o.i (A BN JSJ)
s 595 b #55 cpl 09)5 MSCL: ((05i5000Y 09,5 LAM) Sijglglygianss
SSCI 5 ploghS 0+ bwgio gy b (216 camsl 09,5 MOSCI ¢ ploghs V-
0 G 3 5505 S slod (B (alghs YO+ a5 59y b (19 el 09,5

((LF: lateral funiculus, oy g5l culen gilod (6300 55 5l say 09550 09,5 ) gl
PH: posterior horn, AH: anterior horn, AF: anterior funiculus PF: posterior

Labeled Normal Spinal Cord Tissue

funiculus)

2 b byl dita s Gde 4 BBB cuus by Gllges plad S s Candg
0955 42 Cupd (15 sl 09,5 s 12 )3 llges o Cumdg s ()
Voo g8 duglio j3) 53 ol |y S > 3] 6 bline ooty opiSineY
09)5 & Comd (GalgkS VB+ 095 (P =+/+ 14 cagiSiseY 09,5 & Capmss (algkS
P=efe e ¥ (agiSianY 09,5 &) Cand (ulghS VO 09,5 5 P =1/ 0\ (ogiSise
sloojos idg 03,5 Ly (ulghS YO+ (5955 oS B9y > (piren (Cusl

ol sloog)S )3 sl o JSS 4 p SUS 2 S e 6 g b B
A el el

18,135 diged

Sl je> plp aw) oaitS jo3 bawgs Cllges (Bl I G wiin Hlex
& e 9 035 gk Bres gk bl 03Ml5 g el (oo
it iy Vgo o1V Joloun o] 4 (gl il a3 S8 ol
/Y Jole = 2oy ¥ auaille 81l 5l bglsee asbl 3 yizmen 4 (PBS)
4 g5s ol 5l ey ad 305 8 B S g0 4 Slinsd 3L Yse
e S g JUS a1 85 4 Job S 2 yia e 0 ol
lod > rdiges Coled jo b 0l 1,8 008 WS (gl ol 43 5 00
LA (S s S e 4 bl > C4°

tewlbnd €L s vl sl

3 old oyl by calie clacas b el el ol aulb «lp
9 (Sigpliginn) (8L (bl Glasie Sl e olmo slagiye
Gl GAS A D et gl sl i edlatwl u‘SP K8y slacws
(DS- p5ig,Suo olSiwd lawg obyd amls slacdl ( clbs Ol &
as sl pmwMul Bas > b e See lea cuwlbs L 8402)
28be o 9 (V)05 (65200 5l ko gy b 0
(KECAM, (41> ¢ (Nikon,eclipse E100) gSuwg,Sue lawgs (3L
ol polaidl b (8l cawl e 505 4 UCMOS10000KPA)
e
(Basso-Beattie-Bresnahan locomotor test) :d)ﬁ) S
BBB

o Sl #155 casl S5l 5, 93 B35 Sl amy 003 ol sla
e Gl 4 s cpl S0s ob5) BBB G lawg (S Cundg
Cus Sy BBB ()l cond b plnil JbSy clatin g0 4y atin
spll S Condg wyp (lp &S cusl open-field 1 sladl dgupo
sl YV U a0 o] $330 503 (wlide 5 0l oxlaiwl (SBgd 5 Jls
Ol (5 Camdg 5 b JHBT oAU a8 0505 oS ()b 4
0303 51,8 5L a5y o ge (talofl cnl 0 4oM oo 4 (V)
B3 @Y b ppp ol (S Cumdy i3 e e 4 g 2
A pldl sy ijsel it S bawgs Sllges oyl ;3 BBB Cs Gl
16 5bo! 5T

Copo 4 gl b plxl VP (355 SPSS I3l lasgs (g)lel 5L
2 dbgiye (oS slaodly duslio gl g B0l Hlxe Bl L Sle
ol odlaswl (one-way ANOVA) ad,laS, il jlg Juloo 51 oy )3 oy
A odlaiwl Tukey (codsd Cund 5l boodly (040 jbolize &jgo 53 9
b S 15, g blixe i 4 bl blod 51 p<0/05

=W
Bl by

95 (021> oS YO B Y+ +) ol dilisie glacsas HBT caand ol )
Sd e 6l Bl byl el cdl bld jl ebs Glib cél
Sl opomed A dunlie Wllw cBbL b gloo cdl jo e anls o ol

(F USE)-45 gy s 5 55 B 03lo 59y (SlSe 593
o1d Jlosl (5955 52 (=19 sl ilise (slacind aST oy
{PE) LS uslSls > n by g o (s oS Ve 095
2 Dgd e odalin duls oo > (xdly Heb 4 St ol 550
Oz 5 Wby g 03,78 g5 yeud (aloshS V0+) Lawsgie sl
Lt 03le 3 iS5 g S oole ald Cuond () S (gl 550
ol 008 Clegll 9o (4o y1uS o 4y | ol g o 1500 b g
$ygem 0 S5 sla M) samlie (yaus (((339kS YO+ ) W o] )
S 35505m 033 155 (AF) oS5 oglsSal slo iy 3 3o (sl S

:./ LY
STy



https://pejouhesh.sbmu.ac.ir/article-1-1888-fa.html

Y | lypmo ige yd cilidee slacsais b (£ (slog s sbxl

[|>ownoaded from pejouhesh.sbmu.ac.ir on 2026-06-24 |

Sllges S s nd Hluw b s ol Dbl 5 e adlas oyl
] Jo 2l | s Sl 458 3 sl 0ib 005t BBB s b adlllan v
o] og S 0 (S clled s sla bve (D it (g S (£bY
b bt ) &5ty oo S S & dzxin ol L e oo oo 043
K9 Ql)".yo b syblixe bls)l d)Lo" bl ;ujfp Cad 0 03 Cawl 04 03l3
S Ve e g o (29)5 &S (opgboar 2l (£ el (cloog S 3 005 Jlos]
S 0y0d Cyyidhr Gyl D idg 03,8 bl | (cinid ol o03) b
OAS (pptd) (1D S YD (595 4 (295 psboiman 28 8Ly )
L3l Ui 1) Sy opes ppieS (gyboline yobo 4 ckidgs 03,5 il (cammsl
w] sboad g u:f)> By el oy &hlixe bl &5 sl ol b Oﬁl
@;)} )l‘.'é) dLbCMJ Ji;a): a;L.: ‘).o'l> adlbo L;\.L.ul) 5 .J)b 3¢9 Gcb’d
Lz.uy (X% JL;.G\ Q}Lé.;'n dh’ﬁ)ﬁj & A o uL*” 0 Oy sl
dg)u u..\ml;]a.u)ngdoy JJ[B dhb)..uu .)l?ulw»)nIHsNYU dlbblim.)
DAYV g)0) 95 g0 (S > by S 53 045 Jloc

& A2 oo ulmu 040 u.wu] du.>Lv 2 ucl?u qu uSL» &)9}93)9‘0 gb))l
Bl Seiglgium @23 g el GuB g8 Glie G atuie Sl
odnlite (Bl ool 423 5 9,5 GRIJE  ordtans alay o (g y5bes 303 392
cogo odd Jlasl slagys Lildl &8 Wholy Hlis e sladlas g4 o
G sl o0 ORI () & 29300 €155 4550 4l 5o Gl 81
(779‘(\9\%9\&))%@ &l?o d)mfb 9 .\:ﬂw odlo L)M.&:ls

5 Loy s 3ol (gl NSRC Impactor ol cdslllas pl )3 doMs jobo 4
Bl o oRswd (ol A aseiie g 5 4B ,3 IS 4 hge > 2156 caol cla e
ot G558 bl |y e olbad oy ieS b cilisee (lacnd b (ol
& Canl yois g0Kod b dunlie )3 Llje (S5 slyls o8y ol &S canl oy
fos i sl b ol £Aa0oA3 i3 5] Ul (ke ) 52 S s
Gl ood (ol b S 45" (g0l lon Cpizmad (kS B+ B A 63l) Canl
XS o)1y ol S g 30kl Cumdg 5l b5 e 4 Conl e
ol jlam 5oy pgat ogMe 4l JyuS BB )5 bawg Jlisle s 53 oS
)‘ &S J..ol> uL.».oJo‘ 3% )\70‘ p«:.wi Py Cwwyd )‘ B0 39 o o 1
ot el o 5,5 ol iglS o 5 50 & clgn K5 ) bl S
s 5 30 a8 gysb 4 394 0 oliwd 3 Slas (b 13U ials 5 jieS gllas
3 Big) 5T Jolyn 5 (Jlms & ST a5 slasise) Jy Jolye o
D45 g3 01 (leMbl 539l Comd

S do

5159 Coml cla 2o Sl (¢ 1515 0 NSRC Impactor olSiws o po ,5 &
Sglite clng s dloul )3 olKiwd (pl SUlg3 9 o3litl  BKiulojl (cla bge 5
0k dgaoee b AEinlejl (slalad oSl so b colSKiuwd 4y o 4l (gl )5l
A3 o iyt Ao cladiged 4 s |y ) Cojo oS

&l

1. Thuret S, Moon LD, Gage FH. Therapeutic interventions
after spinal cord injury. Nat Rev Neurosci 2006; 7(8): 628-43.

2. Cernak I. Animal models of head trauma. NeuroRx 2005;
2(3): 410-22.

3. Gaetz M. The neurophysiology of brain injury. Clin
Neurophysiol 2004; 115(1): 4-18.

4. Masel BE, DeWitt DS. Traumatic brain injury: a disease process, not

24-

22- = = = = 0

20
o > -8 laminectomy
15 16- =&~ 100 kdyn
2 14/ , % 150kdyn
1 *
g 12- -8~ 250 kdyn
£ 104 Different experimental
S & s
= *HY

6-

4

2

0 T T T T T

g A > > ®

Post Spinal Cord Injury (day)

o iz glajg) 53 dalllas 390 slaog S ) Sllges () S)kB) oy F S8
556 ol (Sl 5

09)5 & Cams (gyblize Slu) Slodd Ly means £ SD & jpod el
598 sl Ve b o5 sl 09,5 4y ol (g lolino (il # ¢ so5iSiaY
2 (p<0/05 g5 (laghiS 0 L 256 ol 09,8 & s (5 oline Sl ¥
9 0=5 1> ol VO+ 09)S 2 1=6 plglS Ve v 09,5 3 M=T 05iSioY 095
ol =4 gl YA+ 09,5

e

NSRC o8wd bawgs calisee slacad b sbo anls o Jio (puils dalllas )
Jlos!l Col sl pas Sl pusilSo g (b (glyls 48" 05 dlou] Impactor
i) i) s g (Bl (53085 Lawsgi aohs] )3 olS Ly 155 4 0
2 Logyiobml p Sse Jalgs JyuS s 5 pSojlul olfaws (al (A 5l om0
slaus bl L5|)J~ &l 9 9 Ot‘} @K.o dhb);'..cl)L: Wl Gc\:’d w.u]
55 ol Dol & cl pdgy g5 4 s wabad BB ol Calie
2 Sy claldlie o e byl cuw Slg o Slas gla e o 5l
dlye hai 4y S35 ASL 4 (as o35 b S Slags o dine
€9 ol 3 (e 4 it (contusion) (gl ol g5 51 2156 claanls
Pl slaadlls )3 355 0 (Silotnd g Sl e 13 0328 yob & gl
s b oy ol Jio 53 idgil slopaslSe Sy (el wkd
et 1y o Blanl ) ae gk 9 Al 208 SaS jlon g5 e ciliseo
3950 g dalllae Sy ik glacsd b camol dbl gyl 3L (VY)and o
PRkl s e ol el asldl ) g osel Cunddy (sloodly wgles 0
Jo 53 ((#16 anls lon pusllie (9 o > @ Gionen 5 dals
Jb 0 bmln)"‘ 2 J%e ol 538 gilwands lp ol s i ol
=59 anls (gilon GleuslSe > e bolge il 4 g5 | g Cusl ploxl
P SIS Ml e 9 5958 gl eeas slash 0 ke
plad (s> & Slgiy &5 (Bly Juo S e pRlojl Laalyd 53 (gjlows gl Sbxl
e (Slogn (sl il )l s g cd ide |y cbu anls olal
ol b el Wyl (glacul S g ol 2 1L ool anls
2 Glaw opl Sloy sopuslSe Syd el gadge (pl & N o 3 4gl

A Al oo
an event.
J Neurotrauma 2010; 27(8): 1529-40.
5. Bramlett HM, Dietrich WD. Progressive damage after

brain and spinal cord injury: pathomechanisms and treatment
strategies. Prog in br res 2007; 161: 125-41.

6. Marklund N, Bakshi A, Castelbuono DJ, Conte V,
Mclntosh TK. Evaluation of pharmacological treatment strategies
in traumatic brain injury. Curr Pharm Des 2006; 12(13): 1645-80.
7. Thompson HJ, Lifshitz J, Marklund N, Grady MS,

A COAZ TRA (T oA (£ Y s

.‘./ S0
S,


https://pejouhesh.sbmu.ac.ir/article-1-1888-fa.html

OhSen 5 Db g [ FY

ownloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 ]

e e 1T [ OA AF AFIA LY o £

[

Graham DI, Hovda DA, et al. Lateral fluid percussion brain injury: a
15-year review and evaluation. J Neurotrauma 2005; 22(1): 42-75.

8. Bradford ST. Experimental spinal cord injury: a dynamic
and verifiable injury device. J Neurotrauma 1992; 9(2): 129-34.
9. Jae LHT, Streijger F, Tigchelaar S, Maloon M, Liu J,

Tetzlaff W, et al. A contusive model of unilateral cervical spinal cord
injury using the infinite horizon impactor. JoVE 2012; 65

10. Iwanami A, Yamane J, Katoh H, Nakamura M, Momoshima
S, Ishii H, et al. Establishment of graded spinal cord injury model in

a nonhuman primate: the common marmoset. J Neurosci Res 2005;
80(2): 172-81.

I1. Batbayar K, Kim K, Kim YH. Conversion equation between
the drop height in the New York University impactor and the impact
force in the infinite horizon impactor in the contusion spinal cord
injury model. J Neurotrauma 2015; 32(24): 1987-93.

12. Gruner JA. A monitored contusion model of spinal cord
injury in the rat. J Neurotrauma 1992; 9(2): 123-8.
13. Noyes DH. Electromechanical impactor for producing

experimental spinal cord injury in animals. Med Biol Eng Comput
1987; 25(3): 335-40.

14. STOKES BT, NOYES DH, BEHRMANN DL. An
electromechanical spinal injury technique with dynamic sensitivity. J
Neurotrauma 1992; 9(3): 187-95.

15. Scheff SW, Rabchevsky AG, Fugaccia I, Main JA, Lumpp
JE. Experimental modeling of spinal cord injury: characterization of a
force-defined injury device. J Neurotrauma 2003; 20(2): 179-93.

16. Rafael G, Glaser J, Liu MT, LaneTE, Keirstead HS.

Reducing inflammation decreases secondary degeneration and
functional deficit after spinal cord injury. Exp Neurol 2003; 184(1):
456-63.

17. Basso DM, Beattie MS, Bresnahan JC. A sensitive and
reliable locomotor rating scale for open field testing in rats. J
Neurotrauma 1995; 12(1): 1-21.

18. Cheriyan T, Ryan DJ, Weinreb JH, Cheriyan J, Paul JC,
Lafage V, et al. Spinal cord injury models: a review. Spinal cord
2014; 52(8): 588-95.

19. Gorp V, S, Deumens R, Leerink M, Nguyen S, Joosten
EA, Marsala M. Translation of the rat thoracic contusion model;
part 1--supraspinally versus spinally mediated pain-like responses
and spasticity. Spinal cord 2014; 52(7): 524.

20. Rabchevsky AG, Sullivan PG, Fugaccia I, Scheff SW.
Creatine diet supplement for spinal cord injury: influences on
functional recovery and tissue sparing in rats. J Neurotrauma 2003;
20(7): 659-69.

21. Basso DM, Beattie MS, Bresnahan JC. Graded
histological and locomotor outcomes after spinal cord contusion
using the NYU weight-drop device versus transection. Exp Neurol
1996; 139(2): 244-56.

22. Dunham KA, Siriphorn A, Chompoopong S, Floyd CL.
Characterization of a graded cervical hemicontusion spinal cord

injury model in adult male rats. J Neurotrauma 2010; 27(11): 2091-



https://pejouhesh.sbmu.ac.ir/article-1-1888-fa.html
http://www.tcpdf.org

