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Early surgical intervention for acute incomplete cervical spinal cord injury: an analysis of 387 cases
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[Abstract| Objective To discuss the clinical efficacy of early surgical intervention of acute incomplete cervical spinal cord
injury and the selection of operative modes. Methods The clinical data of 462 patients incomplete cervical spinal cord injury,
who were treated in our hospital from January 2003 to May 2014 were analyzed retrospectively. There were 387 cases in the
operation group (283 received anterior cervical decompression and bone graft fusion and internal fixation, 26 received anterior
and posterior decompression, and 78 received simple posterior decompression) and 75 cases in non-operative group. The
neurological function recovery of cervical spinal cord injury was evaluated by Frankel classification and ASIA scoring criteria.
Results The patients were followed up for 12-27 months. The results showed that the Frankel classification was improved to
different degrees in 432 cases, with an improvement rate of 93. 51%. The improvement rate of operative treatment group was
98. 45% , which was higher than that of the non-operative group (68. 00%). The ASIA scores of both groups were increased
after treatment (P<C0. 05), and the increase in the operation group was greater than the non-operation group (P<C0. 05). In
addition, the ASIA improvement of the anterior and anterior plus posterior approach surgery was greater than that of the simple
posterior approach surgery (P<C0. 05). Conclusion Early surgical intervention should be given to acute incomplete cervical
spinal cord injury so as to promote the neuronal function recovery.

[Key words ] acute cervical spinal cord injuries; incomplete; surgical operation; operation modes

[ Acad J Sec Mil Med Univ, 2016, 37(6): 761-766 |

AYEARTE LIRS B E, & HRCRETAETAREST AR X T AR LA A
fEFER BIGHN T BAT— A BT AR s e e — bR . S 3 N
Fe RIS E A A F S a e i 0 8 F w2 DRIk R T2, s s 5 1 1 AR iR Lz Bl

[KFHE] 2016-04-25 [(BEZHE] 2016-06-14
[fEERmN] %5, EIREN. Email: xiongfengd7@sohu. com
* W {EVEH (Corresponding author). Tel: 021-81885629, E-mail: jialianshun@163. com



« 762 - B TREE KR 2016 4F 6 7.5 3T

IR IS Fahs . (B E B AR A BB B (s F1 RIFETS 9 1 (1. 86 %0) . 2k )i 13 i (2. 69%0) , Fr &3k
B ST REFR /T B (AL FGREHIERAE T TR B ks A3 588 Rl 90 R 3k 462 $i(95. 45%0) . T Ak
AL IS FALT IAME LB EUW G S DRen)H 5y WRBIREVT SR A T 28 838 S K g R T ks
PR IARSE R FER G . W LR AEARSE AR A A A PR EOR
EHEBEBG AN R ARG BB T 1.2 — AR AR 462 BiEE L B 317
2003 4F 1 % 2014 4 5 A% —ZBE R¥FRKAEER: (68, 61%) .20 145 ] (31. 39%) ; 4Ry 9~72 %, F
WALy BRIk e PR 2 R S U sE $(48.7£0.5) %, 9~30 % 94 i (20. 35%0) .31~
B R 462 B IG R BERL, BT R HIRIAIER 60 % 311 #(67. 32%0) .60 % LA I 57 ] (12. 3420,
FBHFREAR MR, UALIGIR S, SRR < ASE 7 326 1] R4 58 i, BATE 15 43 i,
TR B 19 4], HoAth 16 1), 453 455 Jt R S B0 L% 15 A
I8 39 B, b miixi 4 15 5] R 4 12 1]
L1 oAsg&m W8 2003 48 1 H 2 2014 45 H VURCE AT 7 B PRIE T 2 ], HoAth 3 3]
O B R EERAE = B AU A BE SR 1 S R 5 4 ABEJG# AT X £ ik CT 2 MRI k45, il
T BEI R E VOB, ABERRUE: (DBUEREIE o X2 CT K& WPAGHEA B4 HEAB- T AL
3JHLAN: () Mgt fs H W A 2 FEwEH 0 MR EA BT N gt T i P s
(DGR IEMSERIGIT s RGBT 7Rt HE (DUAHERRTZR B3 50) S5 5 00 . i 1 MRI P74k {2
BRARME : (D S BTSSR 5 8 e s A SRR/ I SO HE T I S L4545 19 B i A
HHEB: (2 ABERTHG T2 3 8 (DRIT A 5 0028 MEM] 2048 P R UL I B 32 R A ] 3 58 1
SERE S SEAIRYT AU s (O BEVTHAE B LM R R ZE  fiA BB R BE 32 TR e B R R B A 2 i
T2 . AR ARG 2 PE SR a0 B 563 . G 5 AR 0 2 B AR .
Hoh SE e IiMEE B 79 B (14. 03%0) , RFERH  HBEW G H Frankel 439 B % 111 #, C 9% 138
HERBEI07 484 B (85. 9700) . ZBURBUIRIATE  HI.D 9% 213 ], I ] & 3F 17 3¢ B B BE i 05 Uh &
EHCEHEMEE T 12~27 A A kY, SRR (ASIA T4

®1 [UTELHEERGBEROPALRBRGERE

N=462
e p|
PR HiF 0%
STt BV EAVEAS {55 FoAl

Ciyz n 12 2 0 0 1 15(3. 25)

Coss n 31 3 2 0 1 37(8.01)
Cspum 62 9 4 1 3 79(17.10)
Cus n 96 21 17 3 6 143(30. 95)
Cs/s n 79 20 12 7 4 122(26. 41)
Ce/7 n 34 3 7 5 1 50(10. 82)

Cr/Tin 12 0 1 3 0 16(3. 46)

A (20 326(70. 56) 58(12. 55) 43(9. 32) 19(4. 1) 16(3. 46) 462(100)

1.3 &5 AR AP HT AR ORI R G E (B 4.8 5)58 £, Roch i
BN IIG TG DL RS o I FARAMAET R4, EBUEAR & 6)20 i, dEF AL 75 #i(16. 23%0),
TR 387 H(83. 77%0)  FARMAMET RATEF LT EEIRIT I KMy 42 51 sl mi g 42 51 = Al 3h. 3k
RATKEE R4 BRSO, B AR BTIEAN . G5/524 b HA B ANE E TS L Wl sh BB Th RE R L vk ZE K
WABER AR DL B b ey P67 OO0 T R vl SR e kI T B K T b B R e 2
LR Je 7 ohifii6yy . TAROT Bl B8 s Wk v . s IR AR Y I 4 T A BB IR
R R P 2 R (B 1) 283 i (73, 13000 s SUMERT 25, Bf)7, Lk Frankel 43 2% J2 ASIA $F43 75 9 %5 46
JEIE A AU AR A T E AR B 205 3026 1 45 FREE R S R SR AT RUR

(6. 72%0) 5 B4l J FE U PN [ 2 78 511 (20. 15%60) , H



5 6 1. vt L 4. AR e A SUR BE U I AMRLT 35 387 {1 23

Bl FEERGIEERE cage A KR A EEAR
B 42 % i A ARET MRL L G, Ce X B BEABE - B K
Ji s i s ST cage il A ERAR N E 2

5 CorHEMIEERE 5 B
u m »udJqu

B2 SmiEsMr e ERRIER

EBBEERENEEAR
.56 B 5. A RETH #EMRI 7~ Co~Cs X W 8 AT I YA
R A BRI AN (5538 AR B ARG SHENNNL R RTT

BT Coys HEM] BT I@ﬁ%%ﬂx HE BB 2 L IR AT R B G GG
HEE OB AR AR (Roch) B » BTG B I56A S8/ E ) B A AR AR E 1

E3 BAESMEFBRATAEES NBREREA
k.22 % B AL EATE 5. Ax ARET MRIJR Cos B 970 458K TE
PEATRAMITEL . Co s WIS B S 5 By ARRTBHEIIRL 7% Cos
TR, Co I Cs HERRIIT: Co ARIGHURMILH 75175 B
FEME 5 AT L0645 UG B P cage 2 BRAR P 12 A + 2401 B
U RS REIR 8 5

B4 ZEGRERRBMEERELBRAESIR
ITREBRE#ESRIBITSTRNEE
BAERILL 13 % 505, A RATZESG] L A5 2 AR BE K 0 6743
W VRARGE A T BEACHE T 007 5 B S0ME O 437 F U0 5 0 5 4 B B MR A
I A G ZABCRA s C: A73UG B REME IS 5 VIR IBEAE 5 AR

BRET A 1T R Jim S A R AR S o i 7

B AU G 8 s e
B (1]
Nkxiicin

gt

- » N~/
5 FEAERTREANHEEUNERGE
FHESMA B BBE ST N B E AR
LA L. A ARRTHHE MRI ORI Cos 1< T BEJS A7 &
b, CusAFas B: BEUNZ WA S SR G0 B 1L METF A2 . 35 4
JrEZIE RS SHEA J57 TR 2 A 7R A7 I B HEAR B
FIERGE N EE ARG BUE 7803 A AL RRUEVE R4

m_§CN:

‘
6 FAEHEMBEIER. TEEAITEL
ERREEEREAR

Pk, 58 %, iﬁ%{t A *HUIM*EMRI SR AR B R R T R AR
L2275 BoME M) 5 ™ 5 A AL RS2 AR s B: HUHEARTS

ML 7R TG % Ca—o HERE UE Roch 84 A [ &

1.4 “its4 RH SAS Ver 6. 12 4175
T2 #i Frankel 4390 B 17 WSS BE51 15 1 42
THREMR SZAG DL » AR T HEOROR S Brge T HE L 3R
§7 )5 Frankel 23 A5 2% & Ir o5 A 0 FUAE b B
5 ASIA VP43 LA ots R o R RO R REAS ¢ A 55 1L
BORITHT G 225 . KR /KHE () 2l 0. 05,

2 & X

2.1 Frankel & &K EH L ARFITALEE
462 ), ¥ R RS AR J5 5 B Bl U A B VT ] A



« 764 -

WKW 2016 426 H .55 37 %

12~271H B A7, 640, )M, gk 2 a] i,
93.51%(432/462) ff) fe & Frankel /324 A R FE
W, FARAMAEFTARARIT G Frankel 539058060
STRTEA SR TARAIGIT G Frankel 73900055 %
1£98.45% (381/387), & T AE F AR 411 68. 00%
(51/75),

2.2 ASIA 5K E&HL N ILETARE

ARIEBEI B FRATTRE T AR AL 55y iy % 4 (B4
B IEA A BT A 5 5 B A (L2l 5 B A s s
BTRE AR MHEE B AR . B3R 3 AT I, &4
ASIA VP4 5B I7 T LA A W WA . 2 R A 48
THERESL(P<0. 05) . X454 F ARiiJa ASIA #7453
ZEAEM AT ELAE, 45 5 R IR I 41 > 5 B AL > F
AR, S 4LR1 22 54 G T2 L (P<<0. 05),

®2 RUTEEFEBRGAIETTZUR Frankel 528

fEpagil

VAITJG Frankel 704 n

VBT WA n ()
Frankel 434% n B C D E

AT % N=283 B 48 0 3 17 28 48(100. 00)
C 86 0 0 23 63 86(100. 00)

D 149 0 0 1 148 148(99. 33)

NS A A N=26 B 17 0 2 7 8 17(100. 00)
C 9 0 0 3 6 9(100. 00)

LG I N="78 B 16 2 5 27 12 44(95. 65)
C 19 0 2 8 9 17(89. 47)

D 13 0 0 1 12 12(92. 31)

JEFAR N=75 C 24 0 6 16 2 18(75. 00)
D 51 0 0 18 33 33(64.71)

it 462 2 18 121 321 432(93.51)

&3 BT HIEIRTT 462
MEWASTERGH ASIAESER
Tks

WK e WTE TR 2
HAHT AT/ 309 40.64£20.2 65.9£22. 7% 25.2419. 204
A AR

gl
FEFAR

ASIA: EEGHEBGih 2. P<<0. 05 5IEFHT L 4 P<
0. 05 5EF R LA ; AP<C0. 05 5 Ml f5 F2H

78 44.5%+19.8 62.5+20.4* 17.9+21. 64
75 47.5+21.3 61.3419.2* 15.1+£16.1

2.3 SFREAAMEL FARAMAETF K413k 37
B (8. 01%0) & K& A JF K AE , Hovb il B & e 16
IRV E Y= 3 R Nl N & o 3 O 7 I
BitERE S 3 B HoAh 3 . B IR ARG
BHEIFRIE KRR 58.97% (23/39) i m T
TCJR kA A (1 R 3 (3. 31%, 14/423), Hivh
15 il I 5 v i i S0 1 5835 b L 8 1 AR TRk
i 5 12 491 e J 453 403 KB 5 b L 6 401 R A O JRRE 5 T 4B
VO BB BT R T 3 9 A I R E 5 2 8 R GE 45 4
L1 R A RE 5 3 1 A G I R R
A JF R E . B I R RE T B W ] 34 3R A5 SR

i o B A AR S 2 T 1 O R R i
B J5 5 5 3 A B B HOR YT

RIS

MR TE A HUE BE 05 FU 2 0 3™ e
WL OIS R G AAED s FET R, T BEPK
522207 20032014 4E 18] 7E R ATHOIA I BN B
TRHY 484 B A ME AN 8 L HUE BERUG R L 5 9
BIBEAE 27 A A NBETS. W R 589 &0 S B
5 JE SO 32 B2 N S0 BE A0 S R
1 E E L IIRERRT , FECO I RAE RS H
DA KA G B3 1 il R B T ARG 4 B DL AR
P RFE R R BT E RN, 1E 462 BifF
WRE A 37 BRI EIE, 5 8. 0120 fEA i
RAIEA 39 filh A 23 Bl kA & K0T R KA
2RIk 58. 970, 1M 423 B TC A 45 1 B 3 R A 14 ]
(3. 3190) RAEFFRAE . AT H K 75 B 1A 6] 35 7545
TRIRYT  Forh 4 (Bl IE e o B 1 M3 IR R S
H B IE 2RI IR A BRI A ROETT » LI
BHREMIFRAEM I B, SEARTE2IE
BE 13 3103 I oL B 220 255 7 JR 3 1 sl i A2 5
SRR S 35 8 h Wi# 24 h N 44 T Kl
I3k 2 e » [ Bt Ry P e S K H 88 I 58 b /K i 17



5 6 1. vt L 4. AR e A SUR BE U I AMRLT 35 387 {1 23

e 765

P LBUE IR SR AR . JUHOER A WA R
A RS SR PRI O N A 2R R AT S
HGf  WE AT o P A FE o A, SUAT LI A 6
HIEBNE RAF 26 AF . 7 TARSEM RV R TAR
B0 L [ 7 25 AL 190 R Sk AN 52 42 S0 45 1
S NI i AR IPS

X PR AR B T A D B S I
AFAEAN )R 1) S0 05 28475 M 2 D R SR AR R
2 NER T ARG X B AR IR
A TFARIGIT A A 98, 7100, i HEFARIGIT
LB 68. 000, W& T 1A EIE. X T
T A ] 5 30 ) SRS 52 2 U B0 1 AR a2
BFARAFAES B A 22 F N T AW 1 ROR I
A TARSFIRYTH A LA 2725y RV 2
AFEIA] 25 130 ) AN 5 42 S0 R 04 7+ T ARl s A I
BNRORSFIRYT (0 8 T 3R AT AR A M 2 I REW A
SEUF A I T S A A B P 1] LR B A F) I A
JEN . ARENGAT 14 53 B AR E S ST R
iR B S SME IR AESNSE IRy BB
L 25 AUR AL 1T 2% S48 B8k UL JC B S i
B R DU S S e L RSFRYT 3 d ARGk B
AW RANEE G R AT, KB4 T 22 ST
B Cs MEA R EVIFMBRN I E AR ARG 10 d B
AES NIRRT N S 3l L ATk I 4 BCR
Wi I FATIN D FIUI 45 3 58 90 A O L el
VOO AT Bl ] BE R BE— 22 KR AL B 1 s
(] R e 2 Dol o sl O B 0L 10 1 Bk — 2P I EEL
A A F W A 58 A U B4 45 5 0Dk
Fs FERERR T A s o BV BEAT ] S 03t B HL A
Bt . HATESRE A LT 2 A 8 2 505 #E
U0 DT A 08 s PR RIS 18] A o L S P A 58 42 30
A0 0 B AT IR — A B A - A
A LA A ICU A B i (8] 3 il 2 AR i 5 2 AE 19 4
AR IRAEAE )G 8 h MBI 8~24 h X2tk
ANGE U AR 5 BEAT T AR A P [ S
MAINREW SR RS HREE .
JEHIE R ISMRET T BEB)T 1k A58 42 50U 45 1 5%
Py 58 2R SR BT - O RE R I8 A I A AE L ks
UG AT ZHE

BR SRR TR i s 8] 5 e 2 IR AT AR A
IR TGS AT 1 AR I A a6 20 i X ) B
SR, H I A e A B 3220 O I IS 2B
E ARSI X T AT 5 e 38 2R AT sk
PR I T AR Rl N [ E R S7 B R
SEOUME P I+ AR P o JRE AR A o S Pk A - T s e

WIS . T A AN g SRR
M5 AT FARE 28R AREEREZ
B 20 KRR B 3 TS BOHE ) 385 D) BR U8 A
PR A D)8 e 5 22 5 BEs e AR, 1iif % 22 BOR #9iHE
Ul HE AR PN T AR B s R S A i A 2
BRI cage LA BRI 55 cage Bk iz HIMENR] 5 . 2K
PRI [ . AT AR T 286 (1) e 45 20UHE AT #E
W T B LY Frankel 4320 f ASIA P43
BAg 2] ol . UG BT RIAR YT AT LATE FHHEAR I
FEETHE R G0 A7 [ 5 sMEAS B AR | 7 ST 105 1
B2 BMER S5 1 R B AL B IR R
R H MM DA LA SRS B T A T RBUR5E
BEDNRIT LA, AL 78 HIRISS T AR
RGOS TEAFITR METhRel] ek, 1
J BT AR ) 42K 52 AR 5 B R 1 o HL X 5
AR AR Z UHE C MM 558 IF KE
{18 HH B 70 0 5 R e R A ok R 9 )y TR
RIEEF AR, AR4G BT RAR G w2 R B A i
# . (H ASIA P53 B IMEACHT B8 T AR/, BT B 08U
AL A T R B A SR D A B A [ 3 2 o
2l Je 5 U A B PN T R TS R R T R R A L R
J BT R R AR T B TR B 5 S5 AT A TR R
B BEREM LG kst 22 5 (AR Rl T P L
BRI [ A T 0B T AL B A AR
AL A E T RN Z IS . Hi)s
A A B e A1V {FL L T 5 5 B 0 T B 0 e P
[ 7 AR ARL S 365 A B AR F B A 1 7 A 4R T
ARIGHES

FERERET ARBARES R EAEEH B 53 0%
[l R 2 A A R E A, HEEETFA
BRI RE/ NS A F L P R, [ 245 A R
B FARINZHE N, AN T — 2™ FF A
JBAE B BE R A B 3 | TR A T A 254 e
MR R MW 2 1 19 LA % i i 86 204 B P 3
TP 20 B i B 49 6 12 3 38 400 VS 0 s 1 9 491 3%
£ T HIG ABRIS T ARIGIT Wi 8% 08UE f5 BUHERR
FEPEATIIA S8 25 1) BB R BRI )T R T R
X et P 1 P P A Y BOME A e 78 1 R85 )
RS RIE AR . B2 BEE T4 UE , B R B
FE o AW LTI T I 6 A AU Py [ a2 26 4]
BIARATIE IR

AT AV 58 A U BE 5 28 P R AR
FARIGYT W E BRI -0 il D) 5 2 ol HoAth I B TG
sz FAR, SR E AR BABF RGBT, RATR
FMAET ARG YT ik EE A FER RN 42 5 | ol 42



« 766 -

WKW 2016 426 H .55 37 %

S ALHI Bl Sk 2008 478 71 [ 72 , BRYTY . 9 o SR
REHRORR - R SR | T 55 T 8 ol SR 0 T 7K 3
BN 2IPENE S EERIT . AN 4G T2 S E IR
SRR . ARUUREGE T ARIGST 75 4], Horp 51 i
ZUIREA PR ARF 2 J5 SR8 1 i N TRk 2k
FLEE R PO T AR E IR YT A FORA N
68. 00 %0, A T4l

AMR TR TUE BER T R AR AEE T
ARIGIF XTI REIK . BRI A B S H R TR
BTSRRI BAE THETF ARG . X Sk ™ & S fE
P 540 520 T R A 9T AT IO W R IR T AL
SRUT L FETF AR AR M 2 £ L ST I ST IS A A
PETFARIT R T 54005 B 08 [ 2 , A )5 B G T
AN T FAME A R B IR R PR 2k HAR A A
REHT G 7 A Hl i BB AR —Fh AP 1E 8% .

(& % 3 #k]

[1] LIJ, LIUG, ZHENG Y, HAO C, ZHANG Y, WEI
B, et al. The epidemiological survey of acute traumatic
spinal cord injury ( ATSCI) of 2002 in Beijing
municipality[ J]. Spinal Cord, 2011, 49, 777-782.

[2] CHEN Y, HE Y, DEVIVO M ].
demographics and injury profile of new traumatic spinal
cord injuries in the United States, 1972-2014[ ] 7. Arch
Phys Med Rehabil, 2016 Apr 22. pii: S0003-9993(16)
30068-5. doi; 10. 1016/j. apmr. 2016. 03. 017. [ Epub
ahead of print ]

[3] DVORAK M F, NOONAN V K, FALLAH N,
FISHER C G, FINKELSTEIN J, KWON B K, et al.

The influence of time from injury to surgery on motor

Changing

recovery and length of hospital stay in acute traumatic
spinal cord injury: an observational Canadian cohort
studyl J]. J Neurotrauma, 2015, 32.: 645-654.

(4] SEHENT. Rl AR, SHESIO 4028 53077 [0 . A
B 1997,7,237-239.

(5] BRI BTE . SUAHER0 R Raapr R kel ] o
EHF S R4 2013, 21:363-367.

[6] NEUMANN C R, BRASIL A V, ALBERS F. Risk
factors for mortality in traumatic cervical spinal cord
injury: Brazilian datal J]. J Trauma, 2009, 67. 67-70.

[7] LEAL-FILHO M B, BORGES G, ALMEIDA B R,
AGUIAR ADE A, DANTAS KDA S, MORAIS R K,
et al. Spinal cord injury: epidemiologycal study of 386
cases with emphasis on those patients admitted more
than four hours after the trauma [ J ]. Arq
Neuropsiquiatr, 2008, 66(2B): 365-368.

(81 B, SRS p0 RO L) 1. h RSB R
2007,45.274-276.

[9] BAUMAN W A, SPUNGEN A M. Coronary heart
disease in individuals with spinal cord injury:
assessment of risk factors[ J]. Spinal Cord, 2008, 46;
466-476.

[10] MILLER L S, STAAS W E Jr, HERBISON G ]J.
Abdominal problems in patients with spinal cord
lesions[ J |. Arch Phys Med Rehabil, 1975, 56. 405-
408.

[11] KOPCZYNSKI S, DERENDA M, KOWALINA T,
SIWIECKI T. [ Surgical treatment after cervical spine
and spinal cord injuries of the C3-C7 level ][ J]. Neurol
Neurochir Pol, 2002, 36:. 669-682.

[12] KAWANO O, UETA T, SHIBA K, IWAMOTO Y.
Outcome of decompression surgery for cervical spinal
cord injury without bone and disc injury in patients
with spinal cord compression: a multicenter prospective
study[J]. Spinal Cord, 2010, 48, 548-553.

[13]J CHEN T Y, DICKMAN C A, ELERAKY M,
SONNTAG V K. The role of decompression for acute
incomplete cervical spinal cord injury in cervical
spondylosis[ J ]. Spine (phila Pa 1976), 1998, 23.
2398-2403.

[14] FURLAN J C, CRAVEN B C, MASSICOTTE E M,
FEHLINGS M G. Early versus delayed surgical
decompression of spinal cord after traumatic cervical
spinal cord injury: a cost-utility analysis[J]. World
Neurosurg, 2016, 88: 166-174.

[15] FEHLINGS M G, PERRIN R G. The timing of
surgical intervention in the treatment of spinal cord
injury: a systematic review of recent clinical evidence
[J]. Spine (Phila Pa 1976), 2006, 31(11 SuppD) : S28-
S35.

[16] JUG M, KEJZAR N, VESEL M, AL MAWED S,
DOBRAVEC M, HERMAN S, et al. Neurological
recovery after traumatic cervical spinal cord injury is
superior if surgical decompression and instrumented
fusion are performed within 8 hours versus 8 to 24
hours after injury: a single center experience[J]. J
Neurotrauma, 2015, 32: 1385-1392.

[17] STEMPER B D, YOGANANDAN N, PINTAR F A,
SUN Z. Development of extension kinematic corridors
to validate a head/neck finite element model [ J ].
Biomed Sci Instrum, 2001, 37. 239-244.

(18] Malfh.xd 3¢ S 0 i F A 0 Xt [T
FRgEE 2225k, 2006, 86 : 1885-1887.

L19] X L Fh R 25 50 A XU L AL 485, R F ARG
STAMESEREH L] AR B R 2Rk, 2004, 6.
1206-1208.

[(Ax%miE] N &





