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[HE] HH WEERHN T EPhrinB2 It R 4% Y5 B8 7] 72 5 T 40 i ( BMSCs ) Xof i i K s B 453453 1)
PRI B AL . ik KRBT ES 4537 BMSCs, LIS RERE 8 A5 EPhrinB2 #%4% BMSCs, R
REAHLEC TR 0K 96 HK RAN MIRTFARLL 70 BRLL(fRIFR PBS 41) (25 A8 7 241 (iR EGFP/BMSCs 41)
J EPhrinB2 H 20185 #5240 ( fiiFX EPhrinB2/BMSCs £H ) , % FF 240 K Bl 0Bk i ( HIE ) 5 455 7 6 PBS 4 |
EGFP/BMSCs 4 2 EPhrinB2/BMSCs 4K Bl U REATHL , FARJF 7 d B 435K PBS 7 . BMSCs S8 068/
5 EPhrinB2 JE [N 54 4% BMSCs 7144 %] PBS 41 .EGFP/BMSCs 41 . EPhrinB2/BMSCs 20 K B 2 Y, T Asidi 4
28 d J5 T FH A e 20 24k 2 1 R - 20 K BRI E 2 2 EPhrinB2 25 (3535 ; 5% J HE 4 875 B R N IR AL K
SR CA1 X2 0 B ;R A TUNEL WA I K BV S 4 22 ST R T4 100 5 SR FH G0 88 D 6 AR S BT 251X
Nestin }2 CD31 63k7KF, TR 28 d J5 3% FH Morris 7K 28 2RI 45 20 K B ) T2 BE )1 7281k, 58 K
45 28 d J5 , £ ¥ EPhrinB2/BMSCs 417 & 2041 EPhrinB2 % [ £ 58 B 2 5 FHF A4 PBS 41 )2 EGFP/
BMSCs #1, 20 7] 22 57 ¥ B 4324 75 L (P<0.05) ; 3 41 EPhrinB2/BMSCs #4175 CAL X5 B i 48 B B 42 F
PBS 41} EGFP/BMSCs 41 ; EPhrinB2/BMSCs 241§ D X 20 TR B BAL T H B 441 (P<0.05) . 53/ i
PR AT Ts EPhrinB2/BMSCs 4175 Nestin [ CD31 BAERY B2 R T HEA A, w2l e R 5
7~ EPhrinB2/BMSCs 41 Morris 7K 285 5256 F- 3K W BH W A8 F PBS 41 & EGFP/BMSCs 41( P<0.05) , 45it
PRS- EPhrinB2 %4 BMSCs B4 S iR K B AR 25 165 5 X BE = 23835 EPhrinB2 JE [, A B T 14 22 0 48
Ak B B 2k IRl G PR T, i Az i 2 AR R
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[ Abstract] Objective To investigate any protective effect of transplanting EPhrinB2-modified bone marrow
mesenchymal stem cells (BMSCs) with a rat model of cerebral palsy. Methods BMSCs were isolated and cultured,
then further modified by lentivirus-mediated transfection of the EPhrinB2 gene. Ninety-six Sprague-Dawley rats were
randomly divided into a sham group, a solvent control group ( PBS group) , an empty lentivirus group ( EGFP group)
and an EPhrinB2 recombinant lentivirus group ( EPhrinB2 group) , each of 24. A model of cerebral palsy was estab-
lished in the rats of the PBS, EGFP and EPhrinB2 groups using hypoxic-ischemic encephalopathy. Seven days after
the operation, the lateral ventricles of the PBS, EGFP and EPhrinB2 group mice were injected with phosphate-buff-
ered saline solution, BMSCs or EPhrinB2-modified BMSCs respectively. EPhrinB2 protein expression in the hippo-
campus was detected using immunohistochemistry 28 days after the operation. The neuron density in the CA1 region of
the hippocampus was observed using hematoxylin and eosin staining, and any apoptosis of hippocampal neurons was
detected using terminal deoxynucleotidyl transferase dUTP nick end labeling. The expression of nestin and CD31 in
the hippocampus was observed using immunofluorescence assays. Morris water maze testing was also conducted to e-
valuate changes in learning and memory ability. Results Compared with the other 3 groups, a significant increase
in the expression of protein EPhrinB2 was observed in the hippocampuses of the EPhrinB2 group rats. The pathologi-

cal changes in the hippocampus among the EPhrinB2 group were significantly less severe than those in the PBS and
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EGFP groups. The rate of apoptosis in the hippocampuses of the EPhrinB2 group was significantly lower than that of
the other groups. Immunofluorescence showed that nestin- and CD31-positive cells were significantly more numerous

in the EPhrinB2 group than in the others. In the water maze the average latency of the EPhrinB2 group was signifi-

cantly shorter than those of the other groups. Conclusion Lentiviral-mediated EPhrinb2 transfection of BMSCs into

the hippocampus can promote EPhrinB2 gene expression, promote angiogenesis and neuron differentiation, inhibit ap-

optosis and accelerate the repair of injured nerves.
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T A0 AL R R 1) — FloR BIR Y T T B B A
WARR AR S o B BB 785 T 41 M (bone mar-
row mesenchymal stem cell,BMSCs) J& /1€ T4 56 HA
91l 3 L 2 R Y — SRR A0 5 AR OGRS A B, TE A
TEMEE T BMSCs R T o o i 22 400 | 10078 PN B2
AMSE 5 AN B S HUE S BMSCs 6 AE X ik 5kt
I BRI AP R R 35 SR SR D 18 95
AR CRIET N BRI - 1) TSm0 T
RLFHBN T, 2o s A0 U B IS g 1) B 0RE , 1
o R 4 L ST B A R R R A L PN R 38 |, 2R st 1B A
A8 L DA A 28 T A ATS B AT F RIS 5 S 2 ) Ak
WRE, TR RN H YL

FITIE R B, 2140 0 AR 18R AT 40 i 32 14 (eryth-
ropoietin-producing hepatocelluar receptor, EPh 3Z{4) J&
TS BRI 2 AR N AR T2k T Al e m
#ifir 4 EPhrin, EPh 32 {K5 EPhrin e {4 AE ]
J5 TR | e S2 A 1 L P T S TR Bk B i 1R 1k 0T |
BAE TS EMAERGERE MR AR T m | R e
ARG BRI RS R I A AR A D T 4 R A PR
FAUTD ;IR JC A 2 W 35 Al O 7 2 L) 5 5 e 5 B
EPhrin #{% EPh {16 {55 R 485 EPh i EPhrin
I {5 Sl . EPhB4 321k H 5 EPhrinB2 it i
FSE M 1454, BT EPhB4/EPhrinB2 {75 58 B 15 JiF
Z 50 28 R G0 L8 A N BB 2 R T Ry B 5 A
AT AR FEIRIE EPhrinB2 BL K 7R R G A S 4
JCIERS K LAE A K 20 M AR 1y TR — e AR 5 (E
T EPhB4/EPhrinB2 7140 MU AR 1A ¥ 7 o K B
AOVET B i N Ah ki DL GE BT AR T
2017 4E 3 J1 2 2017 4 9 JT 4 1) >R F A IR a4 ot If i
J# ( hypoxic-ischemic encephalopathy , HIE ) 1% #5772 il
VEMGE K RUBEHD 44 5% 4 EPhrinB2 JE[R ) BMSCs #
3] e R B A 25 P O U8 EPhrinB2 FRIATE L,
PRI RS EPhrinB2 3 R §6 Y BMSCs Xof igi 5 K

RO 47 14 DRAP A FH B AR ML
MEEFE

—  F B B Sk

RS IE R AdHE 7 H iy Sprague-Dawley (SD) K i,
[AEVFATHIE S SCXK (79)-2017-0001 1, Hi e 5t B B}
KSR sy b fR it MEEAR I 1A 12.5~18.0 g,
W7 TR st ERF RS g bt o ABIESE 325
345 LV EABR R Y] (13 FIBKE EPhrinB2 1897
AR ) Frd 5 2 £6,5¢ Y6 25 1 (enhanced green fluroscent
protein, EGFP ) ( L1 Bl 3L R fb 2= A BR /2 7l ) L EPh-
rinB2 BT PR (92 E Abcam A ) K BUEEH
(Nestin ) 55w ST 1A (B2 E Abcam /A H] ) \ TUNEL J {7
SAM A T A (DAB A IR & (REP A
A)) K CD31 HsgEHLAR (P E Abcam 2~ F]) W)
Ehric iR IgG (FEE Abcam A F]) | L-Z BiiA
PR FNBEME 5 ( 32 [ Sigma A H)) 55,

L7 i

L3540 R FIBEPLECT- R 20K 96 K SD R R
N 4 R 24 H R B TR BEIREh 2 v
(phosphate buffered solution, PBS) X} F& 44 ( faj # PBS
) AN AL (PR EGFP/BMSCs 41) & EPh-
rinB2 H 2185575 41 ( R EPhrinB2/BMSCs 41) .

2. B AR % . R Bl R HIE 35 #8577 %% PBS
41 . EGFP/BMSCs 41} EPhrinB2/BMSCs 21 K K il A%
e S YR | FEERIBD RN R B2 ST AR
PSS A TSR IE ) 1 Bl oy B I S FLAE M R B K
FEHIRER S Mg MR SR 2 b, Bl AR K BUE T A A HL
BEE AN P, B8 PN LA 929% %+ 8% ALK AU S bR ik TR
AR FFEEE 2.5 h, TR 2 L/min, 4EHHIE N IR
JE£(37.0£1.0)C, dRZRR 1 h J5 R Longa W43 4
AT EAT 2V 4500 0 2 43 B 3 400 52 5 R
RS , BAR T S WSk 11-13] . RFARIK
B B A SLE B K, AN T 4540, Hoe Ty a |,
AR R T TR AL T, Sh L AR s ) %
M 100%

3. KE BMSCs 438 2l S 973 . B SD K R & 81
HERE F Ab Bt 5, B AR 350 75% & 1 iz i
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5 min, FETCH A AF T 0 8 K BRI B SR 1, 7% 75
B, IR AR 3 (R FL 508 10%) 1) DMEM
( Dulbecco’s modified eagle medium, DMEM ) 1% 37 3 2%
T8 Z e E s R A A, RSB E RO
i 25 1500 t/min B0 3 min J5 3 L35, LT E
20 60 - ) B R, $ 1< 10° AN/ 20 it e 3 e o
F 25 em® LRI T, BT 37 C MWD ECH 5%
CO, TEIRBFRAAN IR 48 h 5P 00,96 h Jr 584
W, 2 J5 R 3 AR 1 R, T8I B BT T s gR
B B[R] 70 5 40 A K1 O, R U R A0 B A R SR
80% ~90%H} H 0.25% JBe 8 i +0.04% £, —_ K& VU £, TR
(ethylene diamine tetraacetic acid, EDTA) JHLAZACE 3
UL &,

4.EPhrinB2 15%% B¢ A+ 2 2 BMSCs 3597 5 %%
Y M K3k KBl EPhrinB2 185 B 8K 5 EGFP
FRic, 2R FHFLA 120 52 7= A= 95 3 TR 132, o) B ) 4%
TR IR B AR B 80 C VKA T 745 FH . e FHER
3 AR FLAF 1 BMSCs 270 F 96 FLARH , AR F 125 7%
AN 1378 2 e 240 L A4 BR 200 19 2% 52 %80 ( multiplicity
of infection, MOL) 43 5l il A EPhrinB2-EGFP-LV FlI
EGFP-LV ; [ B #3055 22 5 e A AR BUIMA 8 pg/ml
FIMERE Ye ) IR A1 G BT 37 °C 5% CO, R b i
7758~ 12 h M AMMOIRAS #8215 97353 ~4 d J5 i
196 ik B WLEX BMSCs 1 EGFP 28 G k1 i,
A3 S 4E FH EPhrinB2-EGFP-LV 1 EGFP-LV % 441 2
21 BMSCs 4B 7, 2R FH 0 =X 40 BSOS I e 2R lic
R YOR B = ) BMSCs (F5 94 J5 72 h) |, PR 4E 40 i ik
JEN 1.0x10° A~/ pl TSR Eesh e

5. BMSCs FEH : % ] 10% 7K 4 S0 T 1 08 JRR A B
Je B L TR E AL L, K RSk R A B T
T3k B i U T R R, SRR S 1 mm A
1 mm 2B T 4 mm ZAME WEE S, RTFARH
TR R e TR 2 1) 2 M0 i 25 P EE A PBS TSl
PBS 4H7R1EA PBS ¥ 5 pl, EGFP/BMSCs £H i3 A8
R E e Y BMSCs B K 5 pl (4R BE 1.0 % 10°
A~/wul) , EPhrinB2/BMSCs £ | 73 A #5447 EPhrinB2 f
IR Yt BMSCs 2% 5 wl (40 E N 1.0x10°
OATIDIR & 9)[IL = 1 SE NS UN ox YA+ a8 AT
10 min, FE S Z5HE B A S min FREERE &S

= BRAIUA KA

LA AL EAS TN EPhrinB2 335 T 1455 55 28
KT £5 2 BEHLER 8 HR R, R 10% /K& & 17 1E
FE PRI, 2000 WP 3 2 A B ER 7K 300 ~ 400 ml #h ¥k,
Bl G HETE 4% 2 B HEE 100 ml, [FE 5 min J5 4858 K B
FEREBU ALY 2% UK A a3 S5 BB A3 5B 07

PRI R ()& 4 wm) U1 5 Sl 2K Bt
2B 5 53 50 e bt B EPhrinB2 £ 5 BE UK,
37 CW A 2 h, B SR il & (Rl %
i 1gG) UEHI P A T4 R & BB e ( diami-
nobenzidine , DAB) I t& IR R R YL ik |5 B
FE R, T 100 A5 35 38 O 2 W T 150 S A LT
EPhrinB2 A4 Mg, BOLF391H

2. i 2H 2 FRAG A 43 i B 20 R BRI e ()R
4 wm) AT ANE -2 (hematoxylin-eosin, HE ) e, %
H Leica KU T R GETHE KR ZMNE S CA1 XKL
JUE B,

3.V B 28 G T EC I I A A 1 R AR i
SRS T 10 B R 45 12 7 (terminal-deoxynucleo-
tidyltransferase mediated nick end labeling, TUNEL ) 5l
AP TG AL, P T AR A ARG 5 42 DAB B
WK GBI R, B 1A 2D SR R G Ud B A5 i
A7, BEHAS 2H R BRI i g Eh 21 2, 100 £ 538 )2
SRR T RS P B 4 A B S T BH M A0
o7 A S A L (RRAH R T3

4 A PE VAL Nestin/GFP I CD31 ik, T 1
PR AR 28 K45 4L FEHLI 8 HK R, KA 10% 7K &5
P AT s JRR T A R, 2800 I PR 3R O 3 A PR UK 300 ~
400 ml gk, Bl JEHETE 4% 2 W 100 ml, [ 22 5 min
JEALFE R R BUINZL 2L, 4% 10 wm JEEETT RN Y A
JERAE T - 80 C BT &K, £ 41K B A i i
30 min, Z 2L MIEE 2 h 5, V1A L4 Bl e btk
il Nestin AI9e8t K Bl CD31 BATgREPUIA, BT 4 C oK
FEIER 5 2 RN FHife 1gG(FITC Frid, 1 : 500)
MIZOC PR RER, EIRIFE 2 h; &5 DAPIL £ 7
B, &5 R PO BRI I, 71410 4> 100 f5455
PP Nestin/GFP BH P 40 g % &, B ¥ {E, R H
CD31 PEH Yo, 5t BB ML CD31 BH U
ERCR ARSI S ESE G B R T, K
ik BT By 4 > Bl AL X5 E 1T 0 2%, R H Tmage-
ProPlusB 440 #1437 4

P G B A S

TREBNIN T 28 d IR 28 it Morris 7K 34 5 6
W45 20 K B A T M 25 A8 R BE ), TE K R B AR
2 G R A b BE ASOhR 12 AR S K BRAK A K R BT
] EE B A K R IER I 1E S K B - R I - 55 B
o INF ] ( BB AR I ) o FE BRI S50 R B4 0 A 2
MARFAIK FATK, 40K BAE 120 s IR R E]F 5 0
BB ZEE FIFER 10 s, IR A 120 s,
BERINZRIE R 60 s, B KRB R ILYINZE 4 K, %505
RFEE 5 d, LA 5 R 09 7 2490 IR I A 0 A S it
5T
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BT WA=}

AR ST AR B BE LA (r+s) Fas, K ] SPSS
120G 127 B A AL A7 50808 43 B, 22 4 350 85 1a) 1L
BRI Z 4, P<0.05R R EF BB %5
X,

7 ES

— 4K B EPhrinB2 Gy 20 AL AN 45 5 L 35

T I B ARG & BE , EPhrinB2 FH A4 200 it 52 A2
(1), THEC 100 F5 55 I0EF T FHPE 20 i gk i, 25 5%
7% PBS 4 . EGFP/BMSCs £ F1 EPhrinB2/BMSCs 4H
T 4] 2 EPheinB2 FH - 40 i K2 25 48 F AR 41 WA
L% (P<0.05) ; B 4b EPhrinB2/BMSCs 2H 1§ T 20 41
o EPhrinB2 FH 14 41 il %% & 78 ¢ PBS 41 X EGFP/
BMSCsZl B3 2 4l 0] 22 R B A G it 22 8 L (P<
0.05) , FLAAREHEILER 1,

A NIEF AR ;B 9 PBS 41;C I EGFP/BMSCs 41;D
EPhrinB2/BMSCs 41

Bl 1 452K B T 420 EPhrinB2 FAE 40 Mo 4 ( Sy difb
Peft, x100)

F1 HAKREELS CAL X EPhrinB2 FHYEAI AL #5208 B
Rty SRR 22T T O HE AR (&5 )

EPhrinB2 - SN
agl s Wby oCR AR
(/I\/mmZ) (/|\/m-m ) (%)
BFARA 8 4.50+2.45  210.75+15.04 0
PBS % 8  31.25+6.22° 95.87+14.67°  58.25+7.74°

EGFP/BMSCs #H 8  32.37+3.50° 135.62+11.41°" 43.75:4.86%
EPhrinB2/BMSCs 41 8 55.87+9.53% 170.37£10.54*> 27.87+4.29*

T 9B ARH LA, *P<0.05; 15 PBS 4 L4, "P<0.05; 5 EGFP/
BMSCs 4 0442, © P<0.05
TR BRI A 2 B AR A BT
HADCEIER R I, T AR S 2 e HES A
W SRR B8, M BTIR G, R AT TH M PBS i
L2 T HEIN KL MA% 2 2 e s B R e 5k
4i 22 DL, 20 B B 5T I TR PR O R 0 ZE 45 IR EGFP/
BMSCsZH Al EPhrinB2/BMSCs #H ¥ & # 25 5 HE 51 #1

B MOA% MEATIE M, BORE o A TR Y AR i A8 T A b
ZI0(K 2), PBS 4t CA1 X 42 0% B IH B A
TR T AR 4 EGFP/BMSCs 41 fil EPhrinB2/BMSCs 21
(P<0.05) ; %3 4 EPhrinB2/BMSCs 41 & CAl [X #i £8
JCEFBE LS T EGFP/BMSCs 41, {4} i A% T3
R (P<0.05) . HAKEHLILZE 1,

|

WA AT AR B 9 PBS 41;C Jy EGFP/BMSCs 41;D Jy
EPhrinB2/BMSCs 4
B2 AR RAMEG DAL L TT A LA (HE J 2, % 100)
= ASHAKRANIE TS (TUNEL 32) 1550 He g
AT GBS K B, B A R URL 20 L B A
PP IR T 200 (1 3) ; PBS 4 55 X #h 2 oo 40 i 07 7=
L TS FE AR (P<0.05), [F Bt B B & F
EGFP/BMSCs 4 } EPhrinB2/BMSCs 4H ( P<0.05) ; 1fij
EPhrinB2/BMSCs 2H i T [X #f 22 o0 0/ T~ % 0 AKX T
EGFP/BMSCs 41, 4 0] 2 5% B A G b 22 & XL (P<

WA HIF RSBy PBS 41;C Jy EGFP/BMSCs 41;D
EPhrinB2/BMSCs £

B3 KRR X 2 os i T 1% B L 4% ( TUNEL
DAB 441, %x100)
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P 4% 2H KB Nestin PHPH: 40 M HE b3

AR PE DRI & PR, Nestin BH ME 4 g 5 21 (4,
GFP A4 R4k 6O (K 4) 114k 10 4> 100 545
HLET T Nestin/GFP FH M 40 ffd £ 1, 45 2R 7R EGFP/

BMSCs 41 . EPhrinB2/BMSCs £ Nestin/GFP FH 1 2 it
KRR T AR K PBS 41 £ (P<0.05) ; 74k
EPhrinB2/BMSCs #H Nestin/GFP 14 4 il 54 2 78 i
ZF EGFP/BMSCs 4, Al 22 R ¥ H A G it 2= 2 X
(P<0.05) , EREHELE 2,

WA HRTFARL;B g PBS 4H;C Jy EGFP/BMSCs #4H;D 4
EPhrinB2/BMSCs 4

B4 &K AN 2T Nestin/ GFP BHE 40 0 L %5 (4
PEPEIEYL A, x100)

T A KB CD31 B4 M5 b i

e e B & B, /NI CD31 FH M N B2 41
MapsE st ar e (B 5) ., 1% 10 4> 100 A E A EF R
INIMAE R | 45 5 5 75 PBS 41 EGFP / BMSCs 4H &

WA WILT AR, B Jy PBS 4H;C iy EGFP/BMSCs 41;D W
EPhrinB2/BMSCs 41

5 BRI
Jege, x100)

I CD31/DAPT BHYEGN A g (S eoe

EPhrinB2/BMSCs 417 th 21 2 il 4 2% B 3 3R
HWI R IGE K 2 a2 R B BA ST X (P<0.05) ;
734 EPhrinB2/BMSCs 2H ¥ 55 21 23 f IfiL 45 %% B IR 48
PBS 41} EGFP/BMSCs 4H W i 36 K, 41 /] 22 35 B
Gt L (P<0.05) . BAREHE W4 2,

x2 KK Nestin J2 CD31 FHM:40IEIT4L

HH (2+s)
Nestin/GFP MVD
215 J2- PR A0 A 14 A/ mm?)
(/100 f5BELET )

BFARA 8 2.87+1.24 6.25+1.66
PBS 4 8 3.50+0.93 11.55+3.21°
EGFP/BMSCs #H 8 27.62+11.2% 33.50+3.81*
EPhrinB2/BMSCs £H 8 56.00+4.342¢ 41.87+3.79%¢

T BT AR AL, *P<0.05; 15 PBS 4l IL#, "P<0.05; 5 EGFP/

BMSCs 41 b4, P<0.05

AN K B AT A 2E AR e A

F Wi 28 d Ja K H & 81 Morris 7K 28 B K K
B AT S 2 (R4 2R A T, 7 5 d gt # v & B
T R 41, PBS 4. EGFP/BMSCs 41 )2 EPhrinB2/
BMSCsZ K BRI B 4 I 25 R £, L4 20 5 B
Fi ] 347 32 ¥ 45 5 S 99 45 R B & B8 PBS 4 EGFP/
BMSCs#H }% EPhrinB2/BMSCs 2H 4% 5] & B F i 6] 44
BEFARAAHBEL, A ESHAE5 ¥R X
(P<0.05) , 37 Wi K B2z 21 g2 se i T B G AT
RFE, ET 2P R R B, PBS 21 KRRk kAR
P KT EGFP/BMSCs 4 Fil EPhrinB2/BMSCs £H
(P<0.05), EGFP/BMSCs 41 k i ¥ 1k 1 0 8 K F
EPhrinB2/BMSCs 4 ( P< 0.05), $2 7~ ] fii % 1 5
BMSCs 1] BH {2 435 e 4G it i A 53 495 X6) 3897 A A Bz 1 A
IHRER S ; 3f H EPhrinB2/BMSCs 5 GFP/BMSCs %
ki e R U 43 g P 4 VR B AT B I 25 R (P<0.05)
FA%HE W% 3,

T3 SAHKE Morris /KK B S0k B AR B b4

(s,x%s)

20 51 A b VA 1
FARA 8 21.00+3.46
PBS 41 8 76.70+2.43*
EGFP/BMSCs # 8 41.87+3.09%
EPhrinB2/BMSCs 41 8 32.75+2.76™*

5B FARALE, *P<0.05; 5 PBS 4l H#,"P<0.05; 5 EGFP/
BMSCs 41 HL#,©P<0.05

o
ACAF R AT BAR R L T A1 RS AT 7 Mo A

JU BT AR ARA ST /N LI 64 LML 1) A8 R
BT e HLE AT RE L . OB AUEM; @i
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YERT; QEFRAER s @BG I 58 21 4 2% 1, Jn o 28 fioh 1
BEFIE B ; & 4l AN RE = A B2 (R A0t PR 73R 5
11K 3 A 8 11| K = S A P R = S s o e A
BN A fE

BMSCs SRiEF 5, H A KRB HHE S HGFEAE IR,
RESEA T A b, K AR R AN 3L R ELAH
BTG4, HAe 2R BRI S rpops b 22 2
BRI B BRAR W 2 R g it , B )z AT s, B
RIAFFE & B8 EPh 32 A8 d5 K 1) 1 20 R ity 32 AR KR
HER EPhrin EEFATANMRE, B2 ivis,
EPh/EPhrin 5 F V5 3 3K 76 #h 28 R 45 h 546 A ) 72
JE RN R T AR Z BUE BT, EPh/EPhrin 1
L BT N-H BE-D-K 4 B2 ( N-methyl-D-aspartic
acid, NMDA ) & 5B 28 i | 28 fish ] 28 14 AH OC 2 1 46 i
AR HERR 2T REK 5 5 3 1] 3 2o 7 A PR 1 8 2
O3 FEEARIEANE P B P VR 2 T A i ok i
PEZS . LERR 2 EPhB4 21A& H 5 EPhrinB2 & 3%
M gh4  HA WS & I EPhB4/EPhrinB2 {5 5 18
BREES S5 R M AR, RIS & B
EPhB4 Z K5 EPhrinB2 o4+ 5 AF F vl 68 S 2052 1k
C A 3R] o A T R R A, DT A 3 0L £
SAE 5 , B EPhrinB2 A& HAT 5 2 AR G 25 #4 3fe 2
ZIRREE S T IR, — B 5 EPhB4 Z RS 4 ) Ho iy
Jo PN T S R B s R Ak, M 2 A I XA 5 A% 3 R T
YIS, 24 EPh SZARIETE 5 &4 B B iRk, SR 5
WML 4G Ras Ras fHXH H \Rho Rapl SR & BEHL
fiff (focal adhesion kinase, FAK) 25{5 5431, 31 8 1of
AT 3 R T A R AR 2= RN, A i EPh/EPhrin
{5 58 B A 0T BE KA i 040 s R AT T A LAY
Z—

EPhrinB2 FE KL T XL REM & TT 2P
A , S 5MERG KT, i S m | 5 k]
SR AR IR A K A, T ELAE AR J5 R e e 41 it
Ak G R Rl RERA AR, BEAERT T 2 0 B
SIS S 9 i 0 40 R BB R EPhrinB2 7K P
AU AT EPhrinB2 5 EPhB4 S 2635 7] fE
Z 5 2P e s R . AP i e Ak g
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Risk factors for hamstring injury in professional soccer

BACKGROUND AND OBJECTIVE In elite soccer play, hamstring injuries are the most common noncontact injury. As the evidence
supporting the use of stretching exercises for the prevention of these injuries is limited, this study examined the relationship between ham-
string injuries and the flexibility of the hamstring and ankle.

METHODS Over two consecutive soccer seasons, players in all 18 teams in the Qatar Stars league were assessed for injuries. Data col-
lected also included age, playing season, team, leg dominance, playing position, ethnicity, body mass index, as well as ankle and knee
range of motion. Hamstring injury was defined as acute pain in the posterior thigh, occurring during training or match play, and resulting in
an immediate cessation of participation.

RESULTS Of the 438 players completing the study, 78 sustained an index hamstring injury. Goalkeepers were significantly less likely
to sustain a hamstring injury than were other players. In addition, injured players were, on average, 18 months older than the uninjured. A
multivariate regression analysis revealed that age (P=0.002) , player position (P=0.02), passive knee extension test results (P=0.008)
and dorsiflexion lunge test results (P=0.02) were significantly related to hamstring injury.

CONCLUSION This prospective study of professional soccer players found that modifiable factors related to an increased risk of ham-
string injury are decreased knee extension and ankle dorsiflexion passive range of motion.

[ %% B :van Dyk N, Farooq A, Bahr R, et al. Hamstring and ankle flexibility deficits are weak risk factors for hamstring injury in profes-
sional soccer players: a prospective, cohort study of 438 players, including 78 injuries. Am J Sport Med,2018,7,46(9) : 2203-2210.]



