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Abstract

Introduction: Spinal Cord Injuries (SCls) are the main factor in the sensory disorders,
which are caused by spinal cord strikes such as car accidents. Previously it was thought that
SCls could not be treated. However, new advances in neurology showed possible treatment
to relieve pain in these patients. This article presents a brief review about physiology of spinal
cord, kinds of injuries and novel strategies for SCls treatment.

Methods and Materials: This review performed by searching spinal cord injuries, primary
injury, secondary injury, cell therapy, molecular therapy, and tissue engineering keywords in
various internet data bases such as SID, Google Scholar, and Magiran.

Results: The results showed three general therapeutic approaches for the treatment of
SCls, which are cell therapy, molecular therapy, and tissue engineering. Each approach has
several sub-categories. In cell therapy, such as neural stem cells (NSCs), mesenchyme stem
cells (MSCs), embryonic stem cells (ESs), olfactory unsheathing cells (OECs), Schwann cells
(SCs), activated macrophages, and induced pluripotent stem cells (IPSs) have been utilized to
study their effects in SCI repair. In recent years, the molecular therapy has been improved in
this area and scientists mainly focus on protecting cord injury, overcoming the inhibition, and
stimulating axonal growth, which these approaches have been studied in this overview.

Discussion and Conclusion: In this review study, the anatomy of spinal cord is introduced
and studied briefly. Then, two kinds of injuries in spinal cord damage and also the animal models
in SCI research are considered in this review. Finally, three kinds of therapeutic approaches
are studied in detail.

Keywords: Spinal cord injuries, Primary injury, Secondary injury, Cell therapy, Molecular

therapy, Tissue engineering

*(Corresponding Author) Mohammad Bagher Heydari, Electrical Engineering Faculty, Iran University of Science and Technology
(IUST), Tehran, Iran. Email: mo_heydari@elec.iust.ac.ir

63


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

ol ol sgy 9 Sub g eole elzo

119V Yl «lg2 6 losd (e juw Jlw

S ST loyd 30 Wi SIS i y 0ligS (539 0
F o Bldasa (g a3l

d.jlujﬂsj.ijn;‘;JLA)J&Q\V\.G_J;JLAJ})&;Q‘;:?}lﬁé&b‘}sé&ﬂpﬂy(}lﬁbm.b\
Ol Ol Ol Comis 5 o o515 (G py pmsikige A2 T

oS>

lo e o,-.,»ﬂwbéugﬂz;\ﬁj-‘;ﬁKgﬁtéff,w,o‘ywmwy,;;ugu G| 1o
o3 €308 53 Lol 313 ghae 5 ol S Sk 3 ol o e (Sl Salat o el T 03
@,@vmduaﬁwg,f\.;;ﬂ;ou,;u,sﬂ,;,m):@;‘@j@@u;uawu)lfn;asu@
o e 55 ol 03,28 oy M Ile 4y 0dns 5SS Gl by 5l s (et Sk 5 ¢ gelid e
Oleys 55 e Sla ) 1l 4 OT T (sl gy 5 (818 Olb (555 50 juatben (D jae Sl iy oS ol 0l
35 a3 (Sl 5 Oludl s ebs Sluls

(SIS g ot 5 ol 4y 48 ol 0l g inn FLEDLI GAESTL )3 o 5 oo S g llie ) )32 595 9 3Mg0
.:,m;:\;xsclsgwu)l?>>\}\@u)>6uj,,af|))f4{

ke 8705 ,8 o 15 andllae 35 g0 ¢ 2w Oljlaw Cund s 35 5 OLoys 5l (S i) aw i oplys i
5 o e | o iz 43 5 (L) () S 0L qunnligaY 5 (S0 50 0Ly Y Gl s> s
Slad s ¢ s ol slad sl ¢ ol 3o (631 (lad sl ¢ oz (oL lad sl e lad sk Sleys J b o
Oloys 53 Llad S 515 a5 3590 1) 0Bk (o3l slad g 5 Jlad slasls Sbe Olss glad sho ¢ oL (5L
S35 g5 0 5eST A 6 o 5 55 o p ke (ol SLb S LBl il gl la ) 8 J5S0se
gl o ey 90 Ao ol 5o

b S opl G e G Al 5 (ps Do Oleys 53 0p 5 Gl S e 0 e (pl 53 18 o domii 9 Sy
b 815 Lo 3 go JodS 4

Sl plige o I oS g0 Olays e Gleys o e 56 T et sl o T e i gl Solols”

anls 5l s 3 aS Ul e sl and S 3.l sl as AoNdo
Sl 358 3 0less o sme 53 LS pod vty ot 4 oo ol S o 5 e W 55 e ol g 51 ol ol
B JLIVer & Glate (g rme Sy OIS G o ised Sl ABTL) losge e n o0y Glaa s Sl pin &S
o 50 Oleys BBk Sile Olse 4 o ol Do T s (Gl e Ses 38 A5le (Glay 0 e D

(V) Cl o LS oLl SOl s ele oy Sage Sl Slislal o4l

DRl Ol Ol pl s 5 e olSS15 03 i 0dSES15 (e lokoss (J s ok )
mo_heydari@elec.iust.ac.ir : s =l sl


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

el Gl Glogs J> 3052 locid iy 4 oligS (51950

< 63> J8Lxe0 g (5622 SS9l

Pl

s olb e gl aamses andllas

DUl g 05 s Slasl 5 s G ool Sl
o gla STy ele sl Ol ol ot A el 3
s ) ol b Clasl .cl (ol 8 sl Jaall .S0)
O B dazmazs 53 (6 o g Flo g Sl 53 5 (] L)
S g S bl 1l 4l 3 1S (g S (glae e
25 3 e gl (S e Al el Ol ) sy
Aok isw ol G 4 5 (S5lse Wo ge 052 U 03 S
S lae ge ) oS 5 45 e g st b s oo OLD
2y o Sl (Liis o

(o) OBGLS 4t gy o8 & a3l 5l Y 4w a5 55 50
aelizsn b b s g ol 5 aY ol 53 5 e liblone
wrls (Glly) aslde s (A5 5ShD a558e (bl s0)
o) (W8T L) i 5Sis 5 sl Sl g o
hsdgl glad 5 2l sime mle 5l (@bl o 5 5 a5 580s
L 5 G (6 b AL 1 (p gt 5 5 sl oo )
oS JUS 5l e Clabls 4 U ol ol 3 o e
() as &S

A o3l 5 4B S 13 S e s ol Lk (g pS esle
S dads szl 5l g eSS esle (ool 03 S abl| 1, o
50T e Sl b e lad s slay 505 5 sk
S0 5ST 31 oS 5 e osle . Conl 0k st L LIS (slaJ e
ejjfw\.(tquil}'CLZJL,aJ\JMJJﬁ-@)wl)\;&:J.:A
S g i b e 0deal 55 el (gl b oS a0 55T S
Lt g0 Oy pebas 4 3 11, Dl 5 Lilodds iy gl o
it b e sre 40 O Sl oMbl o ST ol blis o
Wl a5 o Ll o BLSSI s Sl 28 Ll (gla b
iy saaty el 31 () Ol omae BUII 85 S S s
6@,&;duu§mﬁ.xﬁjtuw,bvﬁu¢w
OhsTotasl slad o ainy Jals iy ety 05 S8 L 2oy
Geb 31 (S 2) Olpls Slasl slad jhe slad ST o
s S s e b el Sl oS slaay

s Bl oo S 5 o b oS slaald ) 5 2 glaaly

33 edkas Sl bies ol ansls Oloys ol ae 5s
Ao el 5Bl G S 5U b ailie (5l slas 25500
bis dapull (Ss 6S o5k 4 S (S e ey
IL 2l 2Uly (SLSL slazs Lablis 5 (535 Iz
S 51 ol sad g s3e 5 sl 28 s 0313 S
Sl Bt oS anls ja sl pl gl as § )50
Ol g e bS a5 e e Gl iy
sl 03 18 Slass S e dins K gla s Sl s,
OS5l gl 5 g sl SleMl S ol e sile 528 55
S sheasldasaz o 5 (V) 5135 5 5 oo 5L L8N A sl
() ol i O3 55 s el il 22 (3LL2)
o S Ul Dol s Sl 4z LS & gl ol ansls
slacisis b 5l ool 5y Celb sl gl o S >
i 5 B WD 3 5y SIS S 5 s s ) S
a9y sl 53 Sledas O LI S ples 33,8
sl cpl ol s )ls o anls s Dle slezl S5 5
s anlo Lol sl S50 5 2p il Sleos B, S
b o S S S e

(#s olb e ST oM b w il (g 0 s ol 5o
s 05 g plab g e Dledo pl il s yold 2
Sl 5 s Dluls Oleys oo (s Sl B e
228 e B e a ) fedl 4 b s 0l S5) e
ol Jlasl Slays sla gy op S 4 allie (Guay and
133 g e s D s s 15 B s D s
Ao ol 5 05 5 S Ui

B 595§ 3Mge
Sire Sl gSSL 55 g 5 S 1 e llis ol o
C\J’.‘JJJ‘Q‘&”%)WEAA)}E@‘G@\@MW‘ < ..J'-’-
et 43 g s ebuanls jls sl B Jle s gla S
old b me et j b 4y o Ol (654 5 5 il () shate
Oleys LsLauij)_ng«Gd guo Sands sboul o oo s
S s Pl Sso 4 Sl S Olal s O

23S o 03 BBy ez 3550


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

19V Glimoj «lg2 6 louds o o Jlw

e
s 4 3 ol 5 a5l g a3 53 4 (25 Sla ]
Gillae) K3l o ikisen ol gl 513 ety U Sla 45 45 o
K (gl o) sl Ol Clas! glacanl (Y S
03 i i ol 250 Jan 57 ol DU S 555 0 1
3,8 3oL o e e 5 s s 0 b (ol 5 gane 4S) 552
ol slaesls 5 s slas 4l ¢ (2 Kaa 5 (Bunge) @ .(0)
sl sl ladlodys ol el Ol b
(V=5) Llos S (sl o i JS5L (S8 590 0l 5w i
& e S dten (SIS slacanl 4 56 Glac ol (3 b 5
b s s 5l ol ol g o 5 Slbml
>)|}M°@w>@6%um;w&d}bm&
@5l 51ty Lo B a5 il 5 o 5 i jo £35S s
Sre e S s s OV 4 s 5 o S
wa348) ks 5 oloacd g ladul 348 LT 51L(A-A) 5 05
Gl p g g Dbl (Ll oo 0 536 lacual 5 2 5l
gt A g sl a3 o ] eiiSskel slaole s
Sidas oo sl i Lol Gl sl AN L s
i 5 Sdy g ) s e (S 53 gtle 2 s
() a8l e B oo a5l i 4 56 glacnl 45 0
Sy 45 s CaiS (Alllen) (I S s 3b s dlada
g el (s 5035 SUR ile G o b 3
bap e cap b al 51 ey ) 358 gl 4 ey ol
St el 528 (K55 68 8 0l e a5

S Dbt bl ol -Y S

ol il S 9 S jul s pole alzo >

03,5 g 31e()) IS5 Gallas o Cliasl S sl o
(S Y Sl 53,5 Slasl=) i 5 e bt Lae g
s i T Ol sl Ol glandlin0 5 bt —¥
Jasly golad sue 5 odlas oS S5 8 T3 A ERIEgpiCy
WS o Bl 3 e 5 La gL lakila s S 51 e e 5 S e
WLlasly jolast] oSl 5 dow 4 a5 glaw oY
T 330 tites O 5 S by e oS (5508 7550
52l o it a3l s 5 Jels (slaplll s o

(\c) Sl ol a.).,:jL'zﬁ K;MN‘}-_’: L’ C,..s.\.@_. BE S Lg\dq;“..;b C}) \

S Ol Q\JE.‘D Q}I...u el.<l'~ab cwy?)}kb‘yd&ujb

s O g ook 3l Jleam| glacand ol 4 i

— iy ) glal
L — oS (S
glaS alang paS K
oY g2 g S
glad il g
454 gliadl

sl (6 s S T Jald a8 DLl S 28 O g oin - S


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

el Gl Glogs J> 3052 locid iy 4 oligS (51950

< 63> J8Lxe0 g (5622 SS9l

a8 o 43 a3l ol ) ey (S Slal e
N Sl G 333 5k w55 (YV=Y8) 350 0 55
5 B S e bl il sl at by o a0 o anls
(YA 3503 550 5 (s 5 abaly (pos oS 5 slad sk S 0
55l Sl & s s b IS5 e algdl ST, -#
A1 sl i o 518 Sl b 51 53 JLb Ly 5
a1 3 o (T8) 355 oo 5 i g ST5 0 5eS1 5 S s
il & oslss ol 5 b lad IS mi s sl s,
S Wlosls Olis ladllas = ¢ 5 b 51 Ll (FY-T) 555 o
LS Wl age B mas Lltle 50 3 Al 5 e DL
s s el 1S liee sl 2 (OFT)
s Sk 55 058 B e 4 sl g

el 0 5uST (s

S T e (e S ghe S i
e dsb o bl s cd Clanis Sl (55 0 Slaasl gt
Aol b i lge S (5 S0l dul 3 S o iS5 55
Soph oo la gl Dl ad 5 la0 g, 50 sdome abilale ol
o e (Slad sl Sl (658 3 Dl iS o e 0T w5
SIS 2l o 53 1 Of sl et STl sl 5
S bl Sl (4 s 0L SLIL 5 Gl gladie
oo 31 dm sdle Olsie g das e JSE o w1
aiby aS Lol e 3l ble dad e 5o Sl pae ok
23 Ly e (M) 5 S Iy S s | peae OF 8
(TVAT0) 5 5 o sy 35 il ol el s &5 (sl 3l
4S 515 QLES (IMRI) (g5 Shae pwibliae 1sUg5y 15 1 5 s
5 el Dby S — e (S559) 25 il
s S0 A Ak o Rals I 28 LB )5 &
ol S e 13 el s L6 o oS s (sl
Bl glo S Sun laaion 5 53 wn Libe 55 Lokl
Wt (il e S 1l Ol 4 S o0 R 0 e
GG S anlo s &S plal sere 53 Sy 5 o 30 3
35 S 3ST lail g 35 e LSES (Lileds (CST) @ b

333k a8 2UlS Sl rend LSk el 5e 3 Glaans

b lacanl 3l o 5 o ik ad sl ol 58
s 53l Jals

Syn 3 7 sl o8 52 52 e O ok ol (B o S kS =)
S 55 A od Pl gl GlacJled 05,55 a4
oSl 5 5, 5 4 e oS e Gladshe gl
Y 345

sl 45 1G] O pral ST 5 3151 SIS sI, JuKis Y
33 gl 0 Ol (R 5 (10) (ol sladis 5 S
%\}.(\V—\?)w‘&wléuéﬂg)¢)5C&QC».:L@_;)J45
(e sLid et fLsl O sladead LT SIS,
s dsbe b e Sl s el 5 ls) ke
g e i 2LSTopl pedle cal Il lacSalul
3 Shes ialS ol 3t oS sl S oY pmme LSS
QOVA) 555 2K 5Nat ATPase il S plie S slas
s S 5 S fai 51y g 3T ) Sl
L;LMJ&LQ.;L-,%w;;\@ﬁmuoi&ie)wj\}w\p‘ﬁ
(V4) 558 o b IVlosil @ e Sl 5o 5 e

slis o 5 :Ca* gNa*t K* sbadg Jsla s I ¥
235 sk Ogy3Cat il g ATPase Lo U Eel Jsha
(YD) 258 00 Johe S o sl olys

Ll IS SIS o o anls 5l 1 0bb IS aST-F
a5 5 Job b wial sladend (g3l 3T 23 o e
Csl e a g @ aS ol DLl IS (lael S Clled il 53l
AYY=YY) 53 8 o (6 i e sl S 1

5348 Sl 0l gl Joke S0 5l o5 ism el -0
Sadi oy ol slacam oo a1t oo ¢l
LSl S L0335 ardigm 5 555850 555 Salia
Wi, 53 sl (YO) das o Olis s amls 5l
Slad s sVl 5la JS 5 Soo s pbisotiS 1) 5 glad s
o3le 33 pabos oSS 5 k;ua,u&,».mj@w,,w
wolsl azia iz Jgbys 5 el Sl e atis dix (gl Aok
SaS ol 1 g Lo 0355 o 3l 40 ol (San 5 il 0
a0 pos 55 S350 01 S sl o155 amlis 5 ((YF) S
e Sl S o a8 das o Ol a5 W e il LapLudl


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

19V Glimoj «lg2 6 louds o o Jlw

oS @ 3n s Y yona (OF-01) LS a1 3 eslin
LSS 5l o 8 Ol 3 e oLl oty el e old
sy oalinul S glabge 3l AT eslinal 3 40
S Sl 3z se 2Ul5 s w50 S S sla e
) &S e ol 3 eslinal 55 (gles 1S sk 4 OLE LGS
(00)5 5 oo s e o 1 58 gm0z D ot Ol e s
VL slaay o o Ll b gladd sal (55,5 ad sl il
Ul edl b sy sy oo pdee b SV LY
Shesbizal ¢ Ll slatla3T 31 13 Jais;pe o2 31 5
g gad 53 .l r)"y ol oo slad sel 51 (63 sdowe sliaS
Jbﬁujgm@jéuwij\dts%fw@\x}&uj
So b 5 S sS (Transection) o s el 16 S o )3
e 3 35 ol Colan 3 Ll pe sl ladute el 31618 s (07)
o Jls Sln o pare oy s gladoe oS 1
ol 5L (Dura) aeld Csew Lol s Lmasl Jde 53 Die .55
Ol o (0F) 3 0y 5 andls r OF wam b gl 51 e
lra b pols JUisl g s glr w53 Sbrals | el b
O;;\;j‘ij.>\;,\;WB°K@>C@;\&;M
JS =3l 4 (Hemisection) ¢ & b Sl sl ankad S
S S S 5o s S | g e 0ol e 5 g
eJ.\iu))jajliaajﬁ.q;lé&}QoLulSQil.:ﬁ@l'zb-cb'd
Olaj 5 Sedls dal i 5lo (6 1S Sl o o Ol s 3 &S
a3,l5 3l Glacan] anllas (5l ra sl S o as (5 R
5 g b Sl iy ankad (230 b 51 )5S oS
slae o 5 (rubrospinal tract) 5e ,8 ates YLaSl 505 rl;u'l
axked als S o cbli> g s slacand Sl 2y
oz 51 5 oy Gl ke 4 It P s a3 G 51 s 5l
wlr ol 035 Je (OV) W3 o ol il L6 5 s e
L0 3eST (g5lasl 3550 53 1) eyl Sledbl ok s s
Lol&ivs 38 (gl e o Sl Ll 55 o 5 LS o2l
53 gy ek brals ey Gl ol slaasils il
el Sl 3101 ka5 3 51 ok Ll 3 50 o 0y s O L]
03540,5 L (S8 (sladie S e eslinal (K355 5 (S5 5
O (Ll Coen O 4l Sa O p) JLis o obis Ol

ol il S 9 S jul s pole alzo >

Saaias 53 o slaans; gladl o pl Sl sl s
e gl nl e ool 58 o anls Sla lo S = s
5 0 ST 6l 0 LBl el anls a5 sdd ool
el s Bl (glo S e glaazoan 53 015l Claasl sl

(F2-¥9) W5 s
23 S Dbl Slpm ladis (555 0l planil ol
R anlS Sl b Sas 55 5le ey 65 Jalse 550
055 Wy b el 3B el Ol das s cel ail
O g il S a0 5 5 (a0 5ST033 &l g «(F1) ik (o 5T

Al (5L (FF) sdosnd S > slads, o (¥Y) &l b

(LS T (b Curog () 2

S anlo Ol 6y b ge 5 LS Oleys Gl 0 b
oAl LS 5O o 5 e sane Iy 1 s
sledlas lag,ls 51 oYL 595 G pae Lol en ol jLiS
Slasls Gome b 5 ol 3550 55 Jlm ol L L(FF) ol
515, 50 53 (gl 95 8 g 315 3 52 5 s V| el s
2,00 55y (s 53 o 28l Aka

e )Lis fallas as Lol Jlee gladde: ol o -\
anls Sl dn a5l gacanl (S 5 Shes S5 o
350 35 Sl Sllesl bl (b pl Lo s e ol
133 s (550 55 g3ate (1S s Ol
el olew 0 Dl sl glaoles 5o (> ST o sas 4
(FV=10) 552

Al Sl e B s 5 1 a5l Sleys Y
ol Sy 5 L gy 3 S ol S sl
Sladis g5, bagsls ol 2 ceae glas Shas 550 sl
53 ealizal BB LT 51 Sl slaws Lol cdilods Jiolesl Sl

(O =FA) ol ol anlis Ol slas

Slg> BB 895 (£ Ololo Ol
SEodp? s slayd Slides gl Sl sladde 5leslix]
J'.?q@\yﬁj&)ﬁcdj}c;{wggﬁ.uhéu):}.g;.w\

,)},u;ugwudaﬂb;&a@ujduaﬁo\yggu\


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

el Gl Glogs J> 3052 locid iy 4 oligS (51950

< 63> J8Lxe0 g (5622 SS9l

oy sl p by Mas J S sy pl oS 55 el O 8 o i
Il (S SIS o 1 S50 obs amls lan l) o3,
ol S 255l 3 5 e S b e (S35 555
Aas o LSl el anls e 38 0l e el s
Sl Gl 5> xlS glas s 15 oo 51 sl ((P0) dlia s
ol 2l (S sl sl Lo 5 5 aBlS w555 0 gage
WO sace (2l Sl s (ol anglo s sl oo 3505 O sas
S e S (S Sl lac bl Dl Ol e 5350
S sm e 53 0 (b e (JS Slapieen 338
Sl S 1L ol Bl s (oLl fale B3 55 e 5
otsf%yww\g.gw.xswu%@w\_;ﬁfg\
J g 3l g sl odicanlllans ) g (LA 0 gane s gdoma 05
SG 3 el Sl sane pe 5 gl o DL T sl 51 Ol
@}\ﬁw|wmvuﬁcugq,b&j\@kz@
Sl s 5 Sl bl 51 e Sas SAE 35 8 e sl
o 2l i 2550l OLEle SUIS olsb sl Wl sene
303 s S50 Do S K bl 53 Jalad b s o e

(O 555 0l 3 a0 0ly Jeon 5
s o 0L e Olb s Shas e )5 Gatd Jlw Ao 5 50>
S Sales Wil st S 530l anns SO Sl gla e oS
Gre s S8 b G e BLET L ol S bl o
S AN OIS o5 e 2 BLI s sl (6 0 2 2,
S5 il B S a SaS 05y ol il ol b
(P JS8) sl anils cllad Cuspioms O 5 alal3T anlias
a oad 53 slas s S Sloslinal b 318 e Sl (gla JUS
5 s 1 ey 5l e 5 3,15 o 551 Cillin S5ae
(GoaST) e SIS o slad sl ins ol 3
Slaedi ;S a1 (5,a5hS V) S5 sles U GladliS
S (o) 00) (pmds Jas Ol s oo Uil 1
sl S S S ot (51 ool 0 S 5L
ol bl ol s Gla e 5, 3 &S olagslop
5 S ol e S5 LUl el el esliud sy
JS2) 20ls (B andllas 550 Gla0 seme 5 550 Lo e
ol o3ls 13 WS Jgaal slad js elbo slacila) (Y

Moy s 503 S 3l 5 Jae 55 el nl i o 50 S
Jaa;nt&iyg:jbw;jwbbuy@sfiguﬁ&w:
Skl aalSas (pl 355 pn plowil 5 0 U8 S aalS L
jo\):‘c,;,w@r;uuﬁ&ﬁ@ujqjdﬂigw
01y ol Cilises Sl 35 015 o o5 5 opl o s 1 (65 )
IS 5 3eolS Lo 548 (o lor L olSnn 3 S oLl o
oS ealitd 3, Jlesl 51l 2305 sl 4 05 0
ook 383 5IUT e sdle s ol Infinite Horizon (IH) oS -
J).BW}éuw]d:ﬁb‘)‘}@)Jucé&dﬁﬂ\)g
Sl H oSaws 3l eslizul ol Jl 5 .(OA) col 2550
S 5S Jde 3L a3 g 30 (55l olSs G LS | e
XS g3l e |y Sl Sleds A5l oo 2 (Sus el
el o3 ol bl el 5l ol a3 51 ol il (04)
S o pled bl ki pd b alr Jle b aslis 53 5 Je
BERCRUS| WSR-S PIRGIN B (PP Ra7-5 W5 PGS PRE g
oo 1 05 g Lan 5 g oluen i bl B ae N AVA L
Jde sl o sladde dslen (F0) 555 o slowl ol C}Lp\
ouj‘@uufi.éo)ﬁmkx;\osm\p,ulj:@djuesp
sl ol anls 5l dlses Dl j s ol 5 g3laes b
e e S5 ot W5 35 (S35 S 6)
G375 005 3 Snrst S Ladsl e iaS g5l 4
Loy o s Sl (5Ll 5 350 (s 0 055 0
Al o OLL LS o555 55T 35 5T 55 o oS 5025
aipon ol ool lan 5Ll 5e slls Joe ja ko, La oS shailon
WJle Ol ge a5 (g 3laned 2l Dl U0 5 o AU
waS Jos Sl pge Lo g O gm o 2L slas ) 5o
i 0dd Sl Il opl b sy e eslizud Qe Jaw 55 oyl
Sy g il i anlobigla fse D18 0 5 05 S S
Sl iy a5 aS sdh Chadle el il IL

Y)Y sl oo
Slaellil oS = 3 5 alad |y gl 5 e o DL | ol ansls
5 Fan heh SeS w4 Ulp e S e bl DU O
e s i e 25 sl 55

o2 (FF=PY) 5 S aelll 5 50 ol Ll bl sl k4


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

19V Glimoj «lg2 6 louds o o Jlw

e Implantable

o Epidural electrical
stimulation
74 v

2 a

e Motor states decoding

pulse gengrator / g -

Spinal cord

ol il S 9 S jul s pole alzo o

o Motor cortex activity

(90)'@%',@,&\5&&LL;);.«,?awsg,“mulsdm,;sjuﬁ..—rJs.:

Sleyd e o U,

v : v

Bl (pwdige Jge Gleye oy Jobo

B slanls Olys sl 2 n g sl sl -F S

ﬁujié&&u)ble.éu;uj‘)é‘)y))‘u:&qd|)é.a;
d‘f‘jksulj)d.wc(\c)g}g.&@bMM\}}&L&ULJ;‘&M
Sl ALe a5 303 2 5 2l Olle Cond s 5 5o 5 Oley
JA &;JL: wu\.’\@w—v‘) L;,)QJ" OLO)J—Y ‘LS;L‘)J JJLN_\

g o andllae caalsl js

éb)é J}LA —\
s sho(GeorgesMathe”) (43 5 555 ¢ Ve Ko 3l

Sl Vgome 4 Co3lS LB Ll ekiSu 5 S & s s e
Sladsile 23,8 o Juate 0355 n 3liin] G as S o5
SlisSelapbld xS S es Ak e o LI
b o Voo s B O L dlsag) (S SN SG os
oL S sl LIS a0 O yews a3 e iale 3T LS o J 1S
L gioe Jame Las g xSl 5 b 5l aS dl syl SO SNSS o
s et 4S Ly o o Db S gl i s s,
laasl gl ccikaa] (1 .(F0) 3005 DL 03 S 28 > L
A S S 15 A ) se 0Ll 5 )se s wlie Sl
oobss Ll o bss Jlsisl 5,500 Sls b DUl

il K5 e el anls 4 Sese 513l

= Ao Oloys S1p g S 9)
G3lesl 0mST s Shee 5 ltle ol anlss 5l e YV gans
S os ke sl L e an Lo Oloys (gl 5 s 58 oS


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

el Gl Glogs J> 3052 locid iy 4 oligS (51950

< 63> J8Lxe0 g (5622 SS9l

IS slad sl 4y fas b 5 aibe o Bl oss ks L5 o
.(V'—?Q) .,\.;Jj.f&

(MSCs)  coriil o (3l sad g —¥-\

Ao o Ol gl sae ile S lacsl OYLLS 55 5 0lsl3 55 50
ol ladshe Ol 5 o s LB 5 0l 3 e s S
Sl r s el slad sha .l (6 5L 3 L s eslinad (gl saniiil 5o
3L IS O 5 eizos ol Sl s Lo Ol
Sadshe $o) ol g U Lsd e 5SS 5 oLl
Ao Sl ad e nl e b el S penilie (o0l
Sl Jole dl 5 a5 L5 g0 5305 4 Jols s ol
a bad b ol ¢opoman L 50 (pathotropic action) (s 5les
&3k slad b (V) 6 5 s olizl S o 51 gla k5 53 Sl
5558 1 s (BMMSCs) Ol gl 530 3l o ad S il e
Y=VY) 165l ol Sluls gla bl a1

(OECS) b g ibg g3k slad show —¥-
(gial) JUIS ko ¢35 S ols il ool sbadsle
Al sl SO, s 3Ll 5o pege B &S
(s bl) oo oae oS 53 b b0 ST
(hs 5l G5 s oBawnps 5 Lsde 2ol
Sty Ol el o2 ol sad e s o3 S 1y 425
sl e 4 sl sids ook sdshe (VF) LS
W35 gm0 Joe 53 a0 5eST (Ll sl o shlan oo
3 e VPV il ool Sl ol angls Olays (sl
03 ol Jo G ol b ol sk L s
58, 3 s 5 0 5ST L des izl 5 01 Kes 5 Ramon Cueto

(SCs) Ol slad ghow —F-)
oo U e e oSis ad b Olsd sladshe
L sk sl 3208 5 55 Loy O 5 (Slad sl gy il gy n
o8y ol 5 g el 20528 L(VA) 553 on el e
Ly by sSB el gl i 5 Gk sl skl Jaee as

eE sordilye golty e ook

@ olgi

e Jbsd 34 ,So

Slays slad sl glsl -0 IS

03,5 b andl 5l GYL Gss &S L85 a4 |y Ol gl ae
slada 3las ol Jlu £ 5l s (FF) 53 Wgw |y Loy
L A 4 Oloy OF 3135 oo oalinal L s (g1 Ol g5l 3o
o s Sledo b el 5l s b (gl sk
ol ala s Jleys gladsho g5l ((0) S5 5,8 o 513
s Sl ladie s dms s OLES 1 Olsem 5 Ol el
(NSCs) s g5k slad sho ile plad o ¢ ol ansls
e by sladsle (MSCs) eriilie (g3l slad she
(SCs) Ol sd ghw OECs) oL 5 (g3l slad sk (ES)
b2 50(PS) e s (ol (slad sl s dld slaflis SLe
b 3 bl e sk ol 511 5l eslizal blazs S 13

.L;&)‘J}w)ﬁ)wwJJ)AM\)‘)J‘\SJJ)‘J

(NSCs) _owas 3l slad g =V
5 (oligodendrocytes) w5, L5 Sl slad s (WO, 5
&3k ae slad sle 5l olaazes (astrocytes) e 5 2
55 o anls Ollew 5 OVLS 5 5o badshe ool tizes
AT gl dass 53 A3l o 5 dls 355 i Lk Jl
by s 3l glacdl Sl V) dol 2SS s el I
2 el ol (s ol b 5 o anls o
S5 a5 S sSE a4 b as ool slad sl
S5 59,5 5556 (NGF) ae A, sla, 3SB alex
5 OL 53 (GDNF) JUS s 55,5 5556 5 (BDNF) (g pae
e e LAt a8 LT Glalase 53 L

a:jxﬁél{ui}av&lédgwm‘wﬂﬁwwéudyﬁ


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

19V Glimoj «lg2 6 louds o o Jlw

FI:ge oy

ST Ay S 5255 @95y p 4le
\ 4

C el i jf cbli> D

S ge 0L ys sla b, gl -5 IS

(AV=40) 558 e ealizal ol Sl SlislesT s o5l

P35 Bloys Y

el e 3 glalede LB slacs iy 408 slaans o
ST e s o e ol 5 485 )0 IS0
505ST G, 88 Jalge 5 ol amls b ol b e
Sls cpl il e (s o 1L 5 ST, 0T 0s 4l
& 5l Gl Ll 55 0 6 15 sl SOl 3 anw 5 4 sl
Al Sl a1 o anls Sl e 3lasl 5 el
Jalse e aled) el O s ¥se 55 Vsane I 50 50 slalla
Slasl v (lee Loale 03 S pbea b 5 I35 0SS o5
Ol Sl gl 51 P) JS0 8 oo 5 adods el 655 o
SIS s b 4 il s das e OLES T ) S e
A Ll gt aallles s Sy ol

6 ol 5l el -1 Y
5 0 ST (33l pde OISl gl 2 o L i o]
Sy gl s (sl s Slelisd a8 Il 3l oicS
S Dlaissd ool s g il 20le 5 Llse Sl s al sl
5310k D56 58 s s ol e Dl 51 615 o e 555
Voo oSl 5l e sBethea caiwe 3 ool 53305 58 o3 O
Sl Sty sles 4 0B &8 Sledl ds (0SS aS (L))
ol s s s 53 a3l 5 Sle s o i o e
Clasl o 53 oy 2l Lo S TNF-a U 5 4 L5 00 5
s (A7) W3 S esliel LS lge sl lals 131 555 e
100 L5 | anls o a5 b5 Ol 41 1L+ S

(AY) Cvilol o 5 Shas 350 b al ol 5 das o S

ol il S 9 S jul s pole alzo >

Sad s dd 5 5 ad 550 sLis mhas (555 Oy 5 (AY)
O g e 0 pST Ay Cel S Joho 7l oS 5L
(AY) S oo Wil a0y 5uST (g5l 53 ages

Jls lasls Sk —0-)
3 et 4 3 Sablome a5 0 (SLadl Oy o s
oot i Clab sl ol s (AT LS o SaS Lot
PRGN S S P PRV S VENSU JrAPYCR (FYURE
bl Sle 03 2 o 5L AT 250 08 e b a0 51 L
has o g 1) len (S sl gl LB b

() AL oo 2alS Cal Oy 5 el S S Ak 03be

(ES) w53k sbad o —#-)
S e 5l a8 dmes plad e (i ool sbed e
33l sb o ad b nl o s & LaS 0l
il glad e IS8 4 5 S lasl 1 s 1S
Aol i o L adole ol (S men (AD) Ll s
S b AS e S el anls g3l sl clin
Ls bl Sl sladie 5o s ol slad b (J1>
Sl sladie s i ool slad sho I pl b o
Comorr S A3 Lo 53V gane 3 55 g0l i sy Logits
OLES Sl (535 anllae (AF) T oo s w4 sl sl
slaieke bk @ e oo Gusby slad s L g S50

.(AV)JP&&SfJW)M

(IPS) Wl 015 5 ol lad g —V-)
lad s sla S35 51 (b (W 0155 2 o3k slad b
13 1y ey plets Jsbu ¢ 55 a A 55 ke Sl i ol
@sdaze sblse glls Wl Ol 0 slad sl 3 eslizal L(AA)
Sl 5L bl s cpl ol e ol glad she &0
S5 Lsm CblB 5 Wl 1 o ool slad sl 3V
Ol W ol gladshw o s al bl o Lls 52515
(teratomas) p 531 5 sl Ale lee s (solis slad sl 0ls


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

el Gl Glogs J> 3052 locid iy 4 oligS (51950

< 63> J8Lxe0 g (5622 SS9l

L kige -

(g e Ol gl dile calises gla sl Ll 55 o bl pwlige
ool AV=42) 1S (5Ll | sl ple s odlas colas!
b S Jre plaand; Sl sl o b S e
(&3lesb 0T Ga &S ol Sy 5 ol S 3 ¢ gord 03] 50
dad sk Sl cwdige (AA) ol il s Sas 55 L Lo
ot l3 S 85 S oo oS 5 L (S s 3050 5 Lad 55 0 5
Sgh oo Bl CEs L g3l ege B (g aw

e P S P W T [RT-R PRI CASTS P PRI
Ol oS glacasls 5 Bual ola by, .0 58 0 eslita
—49) il oal 35 5 0 3 S eslinad ol ansls Olays gl
QKK

S 5 4o 9 Som

4 2 Db (S350 5 e LT Ml 5500 lie il o
e Dlodo flgl g A s 5 anlllae a5
Clidos ) 4y sl 53 LAS 6 me 485;: Odes WT
S ity Sl 5 ol angls Oleys (8l 0 plo
Ogoe S (o anls Ol s po et szl g, sk
535 0> s Sl gl AT s addls Lk 4
Dol Lol dlatisy ol B b pme oo Sl Ole s
Rl S Se Ly Sl e 5 (J5S5e Ol Sles
e 1l 5348 LS o el (6 50 58 il s 255 s
A oy (S5 2 050 3 sl

References

1- Porter R. The Cambridge lllustrated History of Medicine.
Cambridge Univer-3328 sity Press, New York; 1996.

2- JavadiParvaneh M, Sahaf R, Delbari A, Kamrani AA, Fadaye
Vatan R. Health Status of Elder Spinal Cord Veterans.
Iranian Journal of War and Public Health. 2017;9(2):97-103.

3- Zargar F, Foruzandeh E, Mohammadi A, Bagherian-
Sararoudi R, Habibi M, Psychological health of veterans
of Iran-Iraq imposed war 22 years after the war. Journal of
Behavioral Research. 2012;10(6): 544-553.

4- Vander AJ, Sherman J, Luciano D. Human physiology: the
mechanisms of body function. McGraw-Hill. Boston, MA.
2001.

S o 3 5 S o XY
505 & Bl gl 5l 513 el anls it o
VLt el o5Y ST sl gl sl e Il S
Alasl ot 0555 S S 52551 (535 Lo 55 gl Joma 5
S5 ke Jls Ol 350 S e o> ol 655
B0 |y O gmeST At 45 el oS S o U 5SU5m ki
53 LS 5 G il 51 g S i ) esdle S e
O5STs3lasl slp (Sosd le SO s T e 52 & e
Lais ¥+—) NEP 5 NOGO (glagsl L oleys 33 o slou]
O ST iy s o LS 45 el (glo3 28 (la,lS 4 5es 5
68 o anls Sl gladde 55 s Shee 55

QYY) 55 dal g

OguST Ay K o —¥-Y

b dl; dsb oo d e i s ulin () Ligla A gla, sSG
L clacl a8 Jolye (655 0 Slas! e 55 5515 bLS )
oAl Lol B cnl Sl 1S L g oo olas Ol 5 ol
s o QLS Al s L(AF) i dal g 4 dis el e (6830
b sl Jsb 53 05nST A 53 pege 5 A sl 5SS
R4S S o sl ae Slae] wt it l Sl g
B anls Ol gl Sleys (ol pl sl o se 555 ele
(A0) LS o sl

5- DeVivo MJ, Go BK, Jackson AB. Overview of the national
spinal cord injury statistical center database. The journal of
spinal cord medicine. 2002 Dec 1; 25(4):335-8.

6- Bunge RP, Puckett WR, Becerra JL, Marcillo A, Quencer RM.
Observations on the pathology of human spinal cord injury.
A review and classification of 22 new cases with details from
a case of chronic cord compression with extensive focal
demyelination. Advances in neurology. 1993; 59:75.

7- Bunge RP. Observations on the pathology of several types
of human spinal cord injury, with emphasis on the astrocyte
response to penetrating injuries. Adv. Neurol... 1997;
72:305-15.


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

19V Glimoj «lg2 6 louds o o Jlw

8-

9-

21-

Yiu G, He Z. Glial inhibition of CNS axon regeneration.
Nature Reviews Neuroscience. 2006 Aug; 7(8):617.

Cramer SC, Lastra L, Lacourse MG, Cohen MJ. Brain motor
system function after chronic, complete spinal cord injury.
Brain. 2005 Oct 24; 128(12):2941-50.

Allen AR. Surgery of experimental lesion of spinal cord
equivalent to crush injury of fracture dislocation of spinal
column: a preliminary report. Journal of the American
Medical Association. 1911 Sep 9; 57(11):878-80.

Allen AR. Remarks on the histopathological changes in the
spinal cord due to impact: an experimental study. Studies
from the John Herr Musser Department of Research
Medicine of the University of Pennsylvania: Collected
Reprints. 1914; 2:383.

Bareyre FM, Schwab ME. Inflammation, degeneration
and regeneration in the injured spinal cord: insights from
DNA microarrays. Trends in neurosciences. 2003 Oct 1;
26(10):555-63.

Tator CH. Review of experimental spinal cord injury with
emphasis on the local and systemic circulatory effects.
Neuro-Chirurgie. 1991; 37(5):291-302.

Tator CH, Fehlings MG. Review of the secondary injury
theory of acute spinal cord trauma with emphasis on
vascular mechanisms. Journal of neurosurgery. 1991 Jul 1;
75(1):15-26.

Toborek M, Malecki A, Garrido R, Mattson MP, Hennig
B, Young B. Arachidonic acid-induced oxidative injury to
cultured spinal cord neurons. Journal of neurochemistry.
1999 Aug; 73(2):684-92.

Goodman JH, Bingham WG, Hunt WE. Platelet aggregationin
experimental spinal cord injury: ultrastructural observations.
Archives of neurology. 1979 Apr 1; 36(4):197-201.

Sandler AN, Tator CH. Review of the effect of spinal cord
trauma on the vessels and blood flow in the spinal cord.
Journal of neurosurgery. 1976 Dec 1; 45(6):638-46.

Jamme |, Petit E, Divoux D, Gerbi A, Maixent JM, Nouvelot
A. Modulation of mouse cerebral Na+, K (+)-ATPase activity
by oxygen free radicals. Neuroreport. 1995 Dec; 7(1):333-7.
Hall ED, Braughler JM. Effects of
methylprednisolone on spinal cord lipid peroxidation and
(Na++ K+)-ATPase activity:
during 1st hour after contusion injury in the cat. Journal of
neurosurgery. 1982 Aug 1; 57(2):247-53.

Stys PK. Anoxic and ischemic injury of myelinated axons

intravenous

Dose-response analysis

in CNS white matter: from mechanistic concepts to
therapeutics. Journal of Cerebral Blood Flow & Metabolism.
1998 Jan; 18(1):2-5.

Farooque M, Hillered L, Holtz A, Olsson Y. Changes of
extracellular levels of amino acids after graded compression
trauma to the spinal cord: an experimental study in the rat
using microdialysis. Journal of neurotrauma. 1996 Sep;
13(9):537-48.

22

23-

26-

27-

28-

30-

31-

32-

Liu D, Xu GY, Pan E, McAdoo DJ. Neurotoxicity of glutamate
at the concentration released upon spinal cord injury.
Neuroscience. 1999 Aug 1; 93(4):1383-9.

McAdoo DJ, Xu GY, Robak G, Hughes MG. Changes in
amino acid concentrations over time and space around an
impact injury and their diffusion through the rat spinal cord.
Experimental neurology. 1999 Oct 1; 159(2):538-44.

Xu GY, McAdoo DJ, Hughes MG, Robak G, de Castro Jr
R. Considerations in the determination by microdialysis
of resting extracellular amino acid concentrations and
release upon spinal cord injury. Neuroscience. 1998 Jun 8;
86(3):1011-21.

Beattie MS, Farooqui AA, Bresnahan JC. Review of current
evidence for apoptosis after spinal cord injury. Journal of
neurotrauma. 2000 Oct; 17(10):915-25.

Crowe MJ, Bresnahan JC, Shuman SL, Masters JN, Beattie
MS. Apoptosis and delayed degeneration after spinal cord
injury in rats and monkeys. Nature medicine. 1997 Jan;
3(1):73.

Emery E, Aldana P, Bunge MB, Puckett W, Srinivasan A,
Keane RW, Bethea J, Levi AD. Apoptosis after traumatic
human spinal cord injury. Journal of neurosurgery. 1998 Dec
1; 89(6):911-20.

Shuman SL, Bresnahan JC, Beattie MS. Apoptosis of
microglia and oligodendrocytes after spinal cord contusion
in rats. Journal of neuroscience research. 1997 Dec 1;
50(5):798-808.

Popovich PG, Wei P, Stokes BT. Cellular inflammatory
response after spinal cord injury in Sprague-Dawley and
Lewis rats. Journal of comparative neurology. 1997 Jan 20;
377(3):443-64.

Mabon PJ, Weaver LC, Dekaban GA. Inhibition of
monocyte/macrophage migration to a spinal cord injury
site by an antibody to the integrin aD: a potential new anti-
inflammatory treatment. Experimental neurology. 2000 Nov
1; 166(1):52-64.

Means ED, Anderson DK. Neuronophagia by leukocytes in
experimental spinal cord injury. Journal of Neuropathology &
Experimental Neurology. 1983 Nov 1; 42(6):707-19.

Taoka Y, Okajima K, Uchiba M, Murakami K, Kushimoto
S, Johno M, Naruo M, Okabe H, Takatsuki K. Role of
neutrophils in spinal cord injury in the rat. Neuroscience.
1997 Jun 6; 79(4):1177-82.

Donnelly EM, Madigan NN, Rooney GE, Knight A, Chen B,
Ball B, Kinnavane L, Garcia Y, Dockery P, Fraher J, Strappe
PM. Lentiviral vector delivery of short hairpin RNA to NG2
and neurotrophin-3 promotes locomotor recovery in injured
rat spinal cord. Cytotherapy. 2012 Nov 1; 14(10):1235-44.
Qi HX, Stepniewska |, Kaas JH. Reorganization of primary
motor cortex in adult macaque monkeys with long-standing
amputations. Journal of neurophysiology. 2000 Oct 1;
84(4):2133-47.


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

el Gl Glogs J> 3052 locid iy 4 oligS (51950

< 63> J8Lxe0 g (5622 SS9l

35-

36-

37-

38-

40-

41-

42-

43-

44-

45-

46

Bruehimeier M, Dietz V, Leenders KL, Roelcke U, Missimer
J, Curt A. How does the human brain deal with a spinal
cord injury?. European Journal of Neuroscience. 1998 Dec;
10(12):3918-22.

Levy Jr WJ, Amassian VE, Traad M, Cadwell J. Focal
magnetic coil stimulation reveals motor cortical system
reorganized in humans after traumatic quadriplegia. Brain
research. 1990 Feb 26;510(1):130-4.

Topka H, Cohen LG, Cole RA, Hallett M. Reorganization
of corticospinal pathways following spinal cord injury.
Neurology. 1991 Aug 1;41(8):1276-.

Enzinger C, Ropele S, Fazekas F, Loitfelder M, Gorani F,
Seifert T, Reiter G, Neuper C, Pfurtscheller G, Miller-Putz
G. Brain motor system function in a patient with complete
spinal cord injury following extensive brain—computer
interface training. Experimental brain research. 2008 Sep
1;190(2):215-23.

Jain N, Catania KC, Kaas JH. Deactivation and reactivation
of somatosensory cortex after dorsal spinal cord injury.
Nature. 1997 Apr;386(6624):495.

Kaas JH, Qi HX, Burish MJ, Gharbawie OA, Onifer SM,
Massey JM. Cortical and subcortical plasticity in the
brains of humans, primates, and rats after damage to
sensory afferents in the dorsal columns of the spinal cord.
Experimental neurology. 2008 Feb 1;209(2):407-16.
Ballermann M, Fouad K. Spontaneous locomotor recovery
in spinal cord injured rats is accompanied by anatomical
plasticity of reticulospinal fibers. European Journal of
Neuroscience. 2006 Apr;23(8):1988-96.

Courtine G, Song B, Roy RR, Zhong H, Herrmann JE,
Ao Y, Qi J, Edgerton VR, Sofroniew MV. Recovery of
supraspinal control of stepping via indirect propriospinal
relay connections after spinal cord injury. Nature medicine.
2008 Jan;14(1):69.

Boulenguez P, Liabeuf S, Bos R, Bras H, Jean-Xavier C,
Brocard C, Stil A, Darbon P, Cattaert D, Delpire E, Marsala
M. Down-regulation of the potassium-chloride cotransporter
KCC2 contributes to spasticity after spinal cord injury. Nature
medicine. 2010 Mar;16(3):302.

Bracken MB, Holford TR. Neurological and functional status
1 year after acute spinal cord injury: estimates of functional
recovery in National Acute Spinal Cord Injury Study Il from
results modeled in National Acute Spinal Cord Injury Study
IIl. Journal of Neurosurgery: Spine. 2002 Apr 1;96(3):259-
66.

Brodkey JS. Reversible spinal cord trauma in cats. Additive
effects of direct pressure and ischemia. J Neurosurg.
1972;37:591-3.

Carlson GD, Minato Y, Okada A, Gorden CD, Warden KE,
Barbeau JM, Biro CL, Bahnuik E, Bohlman HH, Lamanna JC.
Early time-dependent decompression for spinal cord injury:
vascular mechanisms of recovery. Journal of neurotrauma.

47-

48-

49-

50-

51

52-

53-

55-

56-

57-

58-

59-

60

1997 Dec;14(12):951-62.

Dimar JR, Glassman SD, Raque GH, Zhang YP, Shields
CB. The influence of spinal canal narrowing and timing of
decompression on neurologic recovery after spinal cord
contusion in a rat model. Spine. 1999 Aug 15;24(16):1623.
Hall ED, Braughler JM. Acute effects of intravenous
glucocorticoid pretreatment on the in vitro peroxidation of
cat spinal cord tissue. Experimental neurology. 1981 Jul
1;73(1):321-4.

Braughler JM, Hall ED. Lactate and pyruvate metabolism
in injured cat spinal cord before and after a single large
intravenous dose of methylprednisolone. Journal of
neurosurgery. 1983 Aug 1;59(2):256-61.

Tator CH. Biology of neurological recovery and functional
restoration after spinal cord injury. Neurosurgery. 1998 Apr
1;42(4):696-706.

Blight AR, Toombs JP, Bauer MS, Widmer WR. The effects
of 4-aminopyridine on neurological deficits in chronic cases
of traumatic spinal cord injury in dogs: a phase | clinical trial.
Journal of neurotrauma. 1991;8(2):103-19.

Liu XZ, Xu XM, Hu R, Du C, Zhang SX, McDonald JW, Dong
HX, Wu YJ, Fan GS, Jacquin MF, Hsu CY. Neuronal and
glial apoptosis after traumatic spinal cord injury. Journal of
Neuroscience. 1997 Jul 15;17(14):5395-406.

Modi HN, Suh SW, Hong JY, Yang JH. The effects of spinal
cord injury induced by shortening on motor evoked potentials
and spinal cord blood flow: an experimental study in Swine.
JBJS. 2011 Oct 5;93(19):1781-9.

Wells JE, Hurlbert RJ, MG, Yong VW.
by minocycline facilitates significant

Fehlings
Neuroprotection
recovery from spinal cord injury in mice. Brain. 2003 Jul
1,126(7):1628-37.

Jakeman L, Ma M, Stokes BT. Considering the use of
transgenic mice in spinal cord research. Traumatic CNS
injury. 2001:180-201.

Rosenzweig ES, McDonald JW. Rodent models for
treatment of spinal cord injury: research trends and progress
toward useful repair. Current opinion in neurology. 2004 Apr
1;17(2):121-31.

Zorner B, Filli L, Starkey ML, Gonzenbach R, Kasper H,
Réthlisberger M, Bolliger M, Schwab ME. Profiling locomotor
recovery: comprehensive quantification of impairments
after CNS damage in rodents. Nature methods. 2010
Sep;7(9):701.

Scheff S, Roberts KN. Infinite horizon spinal cord contusion
model. InAnimal models of acute neurological injuries 2009
(pp. 423-432). Humana Press.

Anderson TE, Stokes BT. Experimental models for spinal cord
injury research: physical and physiological considerations.
Journal of neurotrauma. 1992 Mar;9:S135-42.

Rivlin AS, Tator CH. Effect of duration of acute spinal cord
compression in a new acute cord injury model in the rat.


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

19V Glimoj «lg2 6 louds o o Jlw

61

62-

63

64-

65-

69-

70

71-

72-

73-

74-

Surgical neurology. 1978 Jul;10(1):38-43.

Fehlings MG, Tator CH. The relationships among the severity
of spinal cord injury, residual neurological function, axon
counts, and counts of retrogradely labeled neurons after
experimental spinal cord injury. Experimental neurology.
1995 Apr 1;132(2):220-8.

Silva NA, Sousa RA, Fraga JS, Fontes M, Leite-Almeida
H, Cerqueira R, Almeida A, Sousa N, Reis RL, Salgado AJ.
Benefits of spine stabilization with biodegradable scaffolds
in spinal cord injured rats. Tissue Engineering Part C:
Methods. 2012 Aug 17;19(2):101-8.

Heydari MB, Asgari M, Jafari N, Mohtavipour M, Zolfaghari
M. Various Numerical and Analytical Methods for Studying
the Electromagnetic Fields Effects on the Human Body: A
Classical Review Article. Paramedical Sciences and Military
Health. 2018 Dec 15;13(3):58-72.

Jafari N, Heydari MB, Asgari M. Simulation of Mobile
Radiations in Vicinity of Adult and Child Head. Paramedical
Sciences and Military Health. 2018 Jun 15;13(1):1-7.
Capogrosso M, Milekovic T, Borton D, Wagner F, Moraud EM,
Mignardot JB, Buse N, Gandar J, Barraud Q, Xing D, Rey E.
A brain—spine interface alleviating gait deficits after spinal
cord injury in primates. Nature. 2016 Nov;539(7628):284.
Mathé G. Transfusions et greffes de moelle osseuse
homologus chez des humains irradies a hautes dose
accidentellement. Rev. Fr. Etudes Clin. Biol.. 1959;4:226-38.
Gage FH. Mammalian neural stem cells. Science. 2000 Feb
25;287(5457):1433-8.

Lu P, Jones LL, Snyder EY, Tuszynski MH. Neural stem
cells constitutively secrete neurotrophic factors and promote
extensive host axonal growth after spinal cord injury.
Experimental neurology. 2003 Jun 1;181(2):115-29.

Cao QL, Zhang YP, Howard RM, Walters WM, Tsoulfas P,
Whittemore SR. Pluripotent stem cells engrafted into the
normal or lesioned adult rat spinal cord are restricted to a
glial lineage. Experimental neurology. 2001 Jan 1;167(1):48-
58.

Shihabuddin LS, Horner PJ, Ray J, Gage FH. Adult spinal
cord stem cells generate neurons after transplantation in
the adult dentate gyrus. Journal of Neuroscience. 2000 Dec
1,20(23):8727-35.

Fehlings MG, Vawda R. Cellular treatments for spinal cord
injury: the time is right for clinical trials. Neurotherapeutics.
2011 Oct 1;8(4):704-20.

Brazelton TR, Rossi FM, Keshet GI, Blau HM. From marrow
to brain: expression of neuronal phenotypes in adult mice.
Science. 2000 Dec 1;290(5497):1775-9.

Woodbury D, Schwarz EJ, Prockop DJ, Black IB. Adult rat
and human bone marrow stromal cells differentiate into
neurons. Journal of neuroscience research. 2000 Aug
15;61(4):364-70.

Doucette R. PNS-CNS transitional zone of the first cranial

76-

77-

78-

79-

81-

82-

83-

84

85-

86-

87

nerve. Journal of Comparative Neurology. 1991 Oct
15;312(3):451-66.

Feron F, Perry C, Cochrane J, Licina P, Nowitzke A, Urquhart
S, Geraghty T, Mackay-Sim A. Autologous olfactory
ensheathing cell transplantation in human spinal cord injury.
Brain. 2005 Oct 11;128(12):2951-60.

Lima C, Pratas-Vital J, Escada P, Hasse-Ferreira A, Capucho
C, Peduzzi JD. Olfactory mucosa autografts in human spinal
cord injury: a pilot clinical study. The journal of spinal cord
medicine. 2006 Jan 1;29(3):191-203.

Ramén-CuetoA, Plant GW, Avila J, Bunge MB. Long-distance
axonal regeneration in the transected adult rat spinal cord is
promoted by olfactory ensheathing glia transplants. Journal
of Neuroscience. 1998 May 15;18(10):3803-15.
Ramén-Cueto A, Cordero MI, Santos-Benito FF, Avila J.
Functional recovery of paraplegic rats and motor axon
regeneration in their spinal cords by olfactory ensheathing
glia. Neuron. 2000 Feb 1;25(2):425-35.

Hill CE, Moon LD, Wood PM, Bunge MB. Labeled
Schwann cell transplantation: cell loss, host Schwann cell
replacement, and strategies to enhance survival. Glia. 2006
Feb;53(3):338-43.

Oudega M, Xu XM. Schwann cell transplantation for repair
of the adult spinal cord. Journal of neurotrauma. 2006 Apr
1;23(3-4):453-67.

Mirsky R, Jessen KR, Brennan A, Parkinson D, Dong
Z, Meier C, Parmantier E, Lawson D. Schwann cells as
regulators of nerve development. Journal of Physiology-
Paris. 2002 Jan 1;96(1-2):17-24.

Lawrence DG, Kuypers HG. The functional organization of
the motor system in the monkey: |. The effects of bilateral
pyramidal lesions. Brain. 1968 Mar 1;91(1):1-4.

Neumann H, Wekerle H. Neuronal control of the immune
response in the central nervous system: linking brain
immunity to neurodegeneration. Journal of neuropathology
and experimental neurology. 1998;57(1):1.

Popovich PG, Guan Z, Wei P, Huitinga I, van Rooijen N,
Stokes BT. Depletion of hematogenous macrophages
promotes partial hindlimb recovery and neuroanatomical
repair after experimental spinal cord injury. Experimental
neurology. 1999 Aug 1;158(2):351-65.

Conley BJ, Young JC, Trounson AO, Mollard R. Derivation,
propagation and differentiation of human embryonic stem
cells. The international journal of biochemistry & cell biology.
2004 Apr 1;36(4):555-67.

Hendricks WA, Pak ES, Owensby JP, Menta KJ, Glazova
M, Moretto J, Hollis S, Brewer KL, Murashov AK.
Predifferentiated embryonic stem cells prevent chronic pain
behaviors and restore sensory function following spinal cord
injury in mice. Molecular medicine. 2006 Jan 1;12(1-3):34-
46.

Keirstead HS, Nistor G, Bernal G, Totoiu M, Cloutier F,


http://jps.ajaums.ac.ir/article-1-168-en.html

[ Downloaded from jps.ajaums.ac.ir on 2025-07-16 ]

el Gl Glogs J> 3052 locid iy 4 oligS (51950

< 63> J8Lxe0 g (5622 SS9l

88-

90-

91-

92-

93-

Sharp K, Steward O. Human embryonic stem cell-derived
oligodendrocyte progenitor cell transplants remyelinate
and restore locomotion after spinal cord injury. Journal of
Neuroscience. 2005 May 11;25(19):4694-705.

Takahashi K, Yamanaka S. Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures by
defined factors. cell. 2006 Aug 25;126(4):663-76.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T,
Tomoda K, Yamanaka S. Induction of pluripotent stem cells
from adult human fibroblasts by defined factors. cell. 2007
Nov 30;131(5):861-72.

Nori S, Okada Y, Yasuda A, Tsuji O, Takahashi Y, Kobayashi
Y, Fujiyoshi K, Koike M, Uchiyama Y, Ikeda E, Toyama Y.
Grafted human-induced pluripotent stem-cell-derived
neurospheres promote motor functional recovery after spinal
cord injury in mice. Proceedings of the National Academy of
Sciences. 2011 Oct 4;108(40):16825-30.

Tsuji O, Miura K, Okada Y, Fujiyoshi K, Mukaino M, Nagoshi
N, Kitamura K, Kumagai G, Nishino M, Tomisato S, Higashi
H. Therapeutic potential of appropriately evaluated safe-
induced pluripotent stem cells for spinal cord injury.
Proceedings of the National Academy of Sciences. 2010 Jul
13;107(28):12704-9.

Bethea JR, Nagashima H, Acosta MC, Briceno C, Gomez F,
MARCILLO AE, Loor Kl, Green J, Dietrich WD. Systemically
administered interleukin-10 reduces tumor necrosis factor-
alpha production and significantly improves functional
recovery following traumatic spinal cord injury in rats.
Journal of neurotrauma. 1999 Oct;16(10):851-63.

Li S, Liu BP, Budel S, Li M, Ji B, Walus L, Li W, Jirik A,
Rabacchi S, Choi E, Worley D. Blockade of Nogo-66,
myelin-associated

glycoprotein, and oligodendrocyte

myelin glycoprotein by soluble Nogo-66 receptor promotes

96

98-

axonal sprouting and recovery after spinal injury. Journal of
Neuroscience. 2004 Nov 17;24(46):10511-20.

Maisonpierre PC, Belluscio L, Friedman B, Alderson RF,
Wiegand SJ, Furth ME, Lindsay RM, Yancopoulos GD. NT-
3, BDNF, and NGF in the developing rat nervous system:
parallel as well as reciprocal patterns of expression. Neuron.
1990 Oct 1;5(4):501-9.

Costigan M, Befort K, Karchewski L, Griffin RS, D’Urso
D, Alichorne A, Sitarski J, Mannion JW, Pratt RE, Woolf
CJ. Replicate high-density rat genome oligonucleotide
microarrays reveal hundreds of regulated genes in the
dorsal root ganglion after peripheral nerve injury. BMC
neuroscience. 2002 Dec;3(1):16.

Oliveira JT, Reis RL. Polysaccharide-based materials
for cartilage tissue engineering applications. Journal of
tissue engineering and regenerative medicine. 2011 Jun
1,5(6):421-36.

Jukes JM, van Blitterswijk CA, de Boer J. Skeletal tissue
engineering using embryonic stem cells. Journal of tissue
engineering and regenerative medicine. 2010 Mar;4(3):165-
80.

Lanza R, Langer R, Vacanti JP, editors. Principles of tissue
engineering. Academic press; 2011 Oct 13.

Silva GA, Ducheyne P, Reis RL. Materials in particulate form
for tissue engineering. 1. Basic concepts. Journal of Tissue
Engineering and Regenerative Medicine. 2007 Jan;1(1):4-
24.

100-Nomura H, Zahir T, Kim H, Katayama Y, Kulbatski I,

Morshead CM, Shoichet MS, Tator CH. Extramedullary
chitosan channels promote survival of transplanted neural
stem and progenitor cells and create a tissue bridge after
complete spinal cord transection. Tissue Engineering Part
A. 2008 May 1;14(5):649-65.


http://jps.ajaums.ac.ir/article-1-168-en.html
http://www.tcpdf.org

