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Abstract

Objective: To compare the kinematic difference of two trunk models during five activities of daily living. The
two models are trunk model composed of thoracic segment, upper lumbar segment and lower lumbar segment
and simplified trunk model composed of thoracic segment and the whole lumbar segment.

Method: Twenty-six young healthy adults performed level walking, stair climbing, trunk flexion, flexing to
pick up an object in front of the ipsilateral feet and flexing to pick up an object in front of the contralateral
feet. The kinematic data were collected using motion capture system NDI. This study applied principal compo-
nent analysis to investigate variance accounted for(VAF degree of contribution) and load coefficient of the two
trunk models.

Result: The flexion angle and the lateral bending angle of the whole lumbar segment are both significantly
higher than thoracic segment in simplified trunk model while the flexion angle and the lateral bending angle
of lower lumbar segment are both significantly higher than the others in subdivided trunk model. In addition,
the load coefficient of two lumbar segments in subdivided trunk model are opposite in sign.

Conclusion: The main motion of trunk is lumbar and the main motion segment of lumbar is lower lumbar seg-

DOI:10.3969/j.issn.1001-1242.2017.06.010
LI H RYITRHG 5 H (CXZZ20130321163655111) ;7 ARAEHE I H (2014A020212655) ; INTHA 1k 28 3 b AR AR 55 15 58 4 300
E (SMJKPT20140417010001) ; TR RBHE TR BEAR 5 5 H (JCYI20151030160526024 )
1 IEREREENIM TR R AL RT 1000845 2 GRYINEAER AT BE A W s PR B A A SR S 3000 % s 3 RIS AR B
4 EIEE
YEH TR R B, T, WL A s Widke H 9. 2016-01-30

www.rehabi.com.cn 661



Chinese Journal of Rehabilitation Medicine, Jun. 2017, Vol. 32, No.6

ment. During some activities of daily living, the two lumbar segments have intersegmental counteraction. There-

fore, it is essential to subdivide trunk segment, especially lumbar segment, into multiple segments when ana-

lyze the kinematic character of trunk motion.

Author's address LeeShau Kee Science and Technology Building, Dept. of Mechanical Engineering Tsinghua

University, Beijing, 100084

Key word activity of daily living;trunk motion model;principal component analysis;kinematics

NMAZ B 20 5 AE A 588 A 38 Sh e S I IR
Ay T e — R UL A R ik s m bl
HSE AT RS N R R E i sh =
SO PR Y RE XS AR I S B
BShVEDSE . £ xR s shE s, EE R
SR B M I Bl g Y B, PR O XS
FER G v A DX i X i iz sl 2E PR
WL 3T B ST R 32 sl A B A
JiE iz sh gAY (HR B AT KR 25 5 1k
W B ak 2 M B A il — ™ B — I WA R 1T 732 B2
ZHOTAN . Ahmadi 5558 2 B0 U0E LB AR 58
NEHE i iz 8, ke B — 15 BL 32 sl B 5 A AH
W], H.LALS F1 L5S1 iz g i@ fe K. Cakir 600
AR 55 AR T, BRI 2 9 114 2 9 i o7 A1, 2 B2 4 v
LALS FILSS1 5Bt UL, A Ti8 82 i, #56E
X RN X SR FH 2205 B A AR B — 15 B b, 20
UF S B RIEHEZ 2 S A DCER T, . T,
AR ST T M B 4 MRS 1) T s K 3 sl A Y
B , FIEE S B ALK Tz sh ARy SR I
SIATE PIRR TR KA T, AR KT
[FUFA TR X B HR D H #1680 T g )
222 S TR ALK T2 AR AL

1 #EREFE
11 B4

AL AIEET 26 MEFRMERN, B &N
169.9+5.9cm, 1A 2 63.5+8.4kg, 1A T 155 BMI
22.0+2.3kg/m’, FIr A7 i B 8 R it , L bR - 1
A 0] DL I8 Shah RERERS , AT T RS R E A543 90
5,64 H WA AL, SCHERT 24h N AEE
FIFLE S, ARSI E] T HIINTEE AN RERE X
R, 1 ELA 1 A B AR R0, B TR TR 1
1.2 W58k B B

S G A 35 M B K NDLIZ sl 2 R 48

662  www.rehabi.com.cn

1 RERHHEETEERTRERENENX

LR P
WA\

b HotE: BN
T%*Qk///iﬂw&
T—ol
" L1 +
@w%agﬁzgﬁégu
/ P

AREL, RFENIA 90HZ,  F ARG S0Pt I &
=4 BB =AT B B G i R
150mm,

JIT A 1) A P RSO FLZE B 3RATTHR E AR
FRIWE SR B AL AN B2 AR 1 BRI AR 0 5 AR
TR E O EE = CHER RS B — = T
PRIRSE , b 26 = 25 - ARIC s Y 1) R
W5 B )iz gl BEEER — TR IC s I ] B R 4
B B iz gl S — A S s ) R
T Bz 2, BEER = M S L m EROR T
P Bz gl . FRic s RGN 1 B B2 e L fEl
V7R bic RIS g5 e AN AR AT R
H % sh B shVERiE Lk R B E 2 W > E3IMbAT]
RE ASRAY5E MGX TR ShVE N 1k .

TRV E QSRR ATE , RS KT, 9]
MFE A e A, i 2 s o K47 E
W FREOR R DL B AR G A 0 A T s b
BRI R EOR G E DL AR B E Bl — 1 E
B, H—U B — Hh 2 S B b K i e A
KA AT H AR h P B AR T I, a4t

% ot JU) 5] 52 30308 S OPR S 5 [ A5 RO AR e R 5K 35
P 5 T A T 254 IBURCE A A A0 7 a5 B JR i
SR 5 [ 5 B HARAS B I PR OGS
AN T 5 X0 S A i A R S B



2017 4F, 55 32 4%, 55 6 11

tHEiai 1L

B2 HFHERIEEIRE

AT R
L
-
=

ST KR K

e 4 Eicp A

A A )

A AR U 22 BV R 1 378 B R, S 3 s
Il 4 30 B RS A R R O R N
o B ShVERAE =4S H i
1.3 Hdiaortr

R EEENE D SERI R LR
SEIMESRR o F KA T R B AR TE Bl S —
A5 25 I R 500 5K ) TB) U — B 31 0%—100%
AR TR0 B A A0 Ko A0 5 BB 4 ) e T
7 BEHT R R 0°—90° 1 [l 5 31 A4 90°—0°yi [B 19 45
AT B 84 9 08 — 4k 3] 0% —90% F1 90% —
180% . 435911 5%cF iy 5 B8 | 4B A S A1 7 s K T
RUFI T B . R RET B T MY By it 4 fh K45
RUP RS ALLE TR [R]4) H B 06 30 BT Bef R
F A 18050 b, i B — - s E R B 1

2 %

2.1 R EBMEZEESE

fat R NFELER TR, A1 4 B AR RO 45
B A =R 35 F B89 0°—90° K 90°—0°3 Bl P , 9
T TR 14 4515 B etk o 7 2 A 2R A L R A
ERS ALRME AT B E . £ LB TE
A RR N B, T B A A B e o A
FUIIES AR B AE ERRRE Sl i 3 s TATE TG 30,
5 B e A A R Sl Y 5 (R A
A HA BRI B8, WK 3—4.

T T W K AR e | AR B2 Jexd o A AR
L AR RS S 2 e I B, AEAnfb
UK AR T T B 1 Jeeh A A RO 2 A A
i 3 4 $i 2 v T AT B
22 BHHNE SUMRETE ST

JAR AT b YRR L [R5 B (A A
WA 8 6 R 5 AR AL R AR R 1 25 B R
i B 1 27— 3 A0 1 DTR R B 1 95% 5 AKEA T
FEFN_EAREERIE Sl A AR AR ) 45 B R A R
(e — FE AR T 85%., KT I, 41 AkHK T4
VNS iy B 1) 575 — 2 LA AE HRE Sl 4 T
85% , I fi W AR T A5 50 g 0 25° A 35 LR Ash , T4
ECI A FIOGHA B AR = Fid 8 o 25— F2 o 1 5t
HRRIE T 85%. LIS,

WE 6 i, AR |, 7 TR TG s, fa K

E3 ERETRESHALEFERETRESAE

4 FERETRESHLETFEETRMNESAE

T 1 T S 1 NNE 1 S < 257

&0

0 a0 /’\ of A ,|:'. Esn :
//\\ o7 / \\\' l’ &=

S0 100 150

TREC®)

¥ — NS S SN N [ 3 M D I T3 N S i S
S0 100 150 S0 100 150 20 60 100 20 &0 100

- 20 20 ~ i

= i N st =

g 10 10 wf- 24 N r“"‘*-" H

= [ £ | of —

= - |# of e i |

= o of | |

= | o

B 10 VIR SE——— U 7,') KT S— " E" R——— | S 1= e

| 50100 150 50 100 150 50 100 150 M &0 100 0 60 100
an 0 0 1§ 5

—~ | e

5 ohaes B S

5o . 20 " 20 /’\\ | r- e

= *,

H \ b5 / - el -5

o o oo {

=

= 4 ol 10

= 50 100 150 50 100 150 50 100 150 20 60 W0 20 &0 100

T 107

,_\d(l 40 40 1

e 5t 5

B 20 20 /\ ] N, |

& \ // % e 0 o Y el

= ~ N gl .. .

zo 0 0

= 5 5

= 50 100 150 S0 100 150 50100 150 W 60 W0 20 &0 100

Time{%) Time{%) Time{%) Time(%) Tirme(%)

& RERIERICTIEN s [RELERYCAIIS i QT i e i AKFATE
//&\ k. =
T of ] S ] e \ / nr“\____.f"'
4 R
}.L
20 0
50 100 150 50 100 150 50 100 150 20 60 w0 20 60 100
‘DI 10 10 10 10
= »| 5 | s o 5|
B e, !
];'E Dl e et o “\‘__r../’ o e 0 j \ 0 fle '\—,.__0_.
B ) 5 5 5
B
z | |
EX 10 10 10 10
3 50 100 150 50 100 150 50100 150 20 &0 100 200 60 100
0 0 a 0
& 0 femmea B 0 Y of 47" |J|~/"'" N
T [ T _‘l/ [
r
=
z | o
= 50 100 150 50 100 150 50 100 150 20 &0 W0 20 &0 100
o 10 1 10 o
> /-
E ol po o 3 o o S YR
PO ‘-\J\.f | -
z
Z -0

10 10 w -k
50 100 150 50 100 150 50 100 150 20 &0 00 20 &0 00
Time (%) Time(%) Time{%)} Time(%) Time[%)

www.rehabi.com.cn 663



Chinese Journal of Rehabilitation Medicine, Jun. 2017, Vol. 32, No.6

R TR £ e R B A 28y 2R A v Y B A
PR b, T R B i i R AU i T
TR, I HAE EAREEAUKPAE TG Sl , Y B
T By B AR KR AT S AR B A T R
ARTAT L, fa] I ASE TR 4 e BEEYY BE Y 2oty 2R BB 1 7EXT
5 OO b B v 13 B, A A DU B

BT R S A 25 e s AL R TR o
X B | BB 5 KA T T Bl T TS
Bty ztr R80T AR B b
SRHIR | EREB R TE TG slrh, BT BRI
N B er R BT SAI

E5 BRETEESACRTRETRELSAESNERAEERS TR

SARTHTAN LK T A6
&

SRR i AR T8
- 1 # L]

S
S

15}
S

r— —
95 22 95
S S
i 90 5 90
I =
Zss Zss
B E3
30 80
75
PCl PC2 PC3 B b PC2 PC3

SEEAR TETAN LT A58 SEE IR TH T i A6 04
et 100 A »

—

00

o

©
b
©
b3

©
S
S

)

Fi Tk (%)
SRR (%)
PR

3
73
G

¥

%
S
3
S

75

=
Iy

PC1 PC2 PC3 PC1 PC2 PC3

—kOKPATE O EMHE O RTHTE < RIRTE -SRI ik

6 ERETRESHLETEELER

7 ERETFRESHELETEETLR

EHAEHTRE MERHEHETRE
W - Lp- N = g
' = &= B MBI R A 1:.I | | l = ﬁanw&mxﬁ;ﬁ
J m .ﬂ = AR 5 0 - S T —
? o] ., WA
1Tl wl] mm A0 mE mf |
. oTHE E wFHE
MJ ] = (1] I_] _,_| .I_I
“ ] ml | i ,.
. il 3 L
« WL [ N o
2 || w— )
D: = o wwEE ) i KT
J T T - [ I = R
3 E—— T == ey — =
3 ik ARSCHO TR 3T ST LA A, — S

AL RIZ S A RIS AT S B B A B AA L S T
FE N AN S AN . (HR H A2 3
SRS, S KAs st A8 sl A A S R R A
AKT B B — R A, B AT 54 20 S R A1
B, B TR 00 o0 A 20 T B AR AR
F o BRI , AR S 53 % L TRT I AR 3 W R ok T
BERIAE TR H RS 3 N Bis s e 22 5%, B 7R R R
M X AT W] R 2 M e ) — Sz g S MU, AT
AR B S T T vk A R B R AR AR
5 A AR B 1938 Bl

664  www.rehabi.com.cn

YRR TR e A s B A 128 35
ST K52 BRI 2 25 i Sl A1 A E ) AR 5
—RIEICHATE , B 2 T S e TR/ IR
JE BBl B B A AR

PR AR F) 254 B A A RE ) AR TE i 26
TER MR BE 25 1A A = Bl 14 0°—90°H1 90°—0°71
FIN, B B 22tk o X 3 2R IR (e A
AL BEA AR T3 , AT AR A B 52 X = Flia
ST ERHR A A FLE RALE] o T2 A R
ZEANE S T BT R E A ZE R IO A R



PHAAE 542

2017 4F, 55 32 4%, 55 6 11

K AT AN R BRI [ AT 285K, e R+
B LA, D25 B REA 2 HLEh iR AR /N,
W T AR AE 52 B SR I, A s AR
PEo TEPIRR/NIEREEE S A TG Sl b, BTSSR I
A RE R 25 8 2 HEA T TR Sl R R E A TR
SR FH LRI 176 Sl ok A T A ol KRR s A ) R
(132 gl 28 SRR ST A BE AT 21 B0 8 35 A 45

FETLR H A G o feg A n] LUA BE B
PR T BN 2l e A R R AT L K
L, AN Beih sl b, R BOU S B =2 E 30

i R 3 M B S — A3 B ST AR R B
NP s, TR Bl MR L 25 Y =l I 20 7 fa g
YRS N AR A KR v e 1 A JBE Y 26— 2R
TTHR ARSI 95% , 1T/ IN I 242 2l B P RD 376 3 B 25
— R B TR AR 2 B T 85% , R IR 2
R S04 B e it A 52 B0 DM ey, /)
Wi B2 4R I, 4K 2% 755 B0 e A RE PR R 2
JEEPR AT FR) 025y 2 (7 KT R 5 sl e ol T g
L REA N, DR M — FE R0 B TR A AT
FSH X AR A A DU 5 3R
25 B2 8 55— 0 TR AR g T TR e AR
HE# 1L 85% , 2 WK ALK TR A T A 4K
TR B M R B

A A HE FCRAS [RGBl 1 A (18] 6) 1
S— E RO BB RECR I, TR IR T R
FEETY BEA AT AR B 2 v T AR B, RIIAESE I
X ARG S, A BTk I O ok 7R
ORI R R E S A Sl R Y B B R B T
IR BE, DA, S AUt — i sl b B BTk
Ao TEPIRR/ N AR S AT S, R BOATR
JEEY BEA T R BCH B T AT S A S A O, i
1B B AT S PR — 2 DMK e T AE A
RIS S, I B T Bepis s B T
Jr T A—Ee i fa g YR A TR R 12 3h A
—ANEER, I 22 T N B S ) is Bl

YR RTEIG S, TS R ARG %, &
WA MRS RA B BE NS H L. HI, i
BTN ST AR VU AR 31, A BB R 36
ARG, FAt = Fol i Sl b S BRI B Bt
By R BB TSR . RIS

TEIL =T Bl A1 BBl AR AR AR o i
IR A R4S fe s K A28 v 14 1Y By iz 2
W 285/, o R L T W K~ R R A 7 A ) e 4
Mz Bl 22 et o i, 22 Skt n] BE DR R i ift i
P BRI A P i i/ Nl B Ay 22 51k

ALK TR LS BT Y Be e it £
BEEME A BEAE AR B H 1S sl B T 3 R B
S RIS B Al i3z S0 o X AT REJE: Lee 55 i
(RS T 0 AR08 3 A BE 22 AR /N —
AR I e T a8 32 o B, B izeR
R 22 WA T A B — M (A Y, DTG 7] LA 7R
CiEAh] I erymife i d o

4 HHip

AW HTT 26 MMERR A NTEAKCPATIE,
R AR TR R AR XA B AR T Rh
HE &S T, BRI S A AL R TR fE s 5 3
fE by 22 Sk o AT AR Y R Y Be R i — R
PAMINAR , 3 2o 24 A0 A% T80 e 3, RN A B ) 22
SRR W e i SR L Y BOR
AT B FEE S B IR IEAHATE
R SR SR T SRR AT ARG I B A
TESIARERTATE, YR BT SRS Be ) () S [l A X iz
gl FERIG AR Tz s R b AT B iz i
R, RAEA SR . UL, FEH TR T2 3l 434, i)
JEX HUAN RIS A1z Sl R s B A
Beiet ek, UL B A fb A E o A b B

S 30k

[1] Lee SW, Kim SY. Comparison of Ranges of Motion in The
Thoracolumbar Region for Clinical Diagnoses of Patients
with Chronic Low Back Pain [J]. Journal of the Korean So-
ciety of Physical Medicine, 2010, 5(3): 363—373.

[2] Asgari M, Sanjari MA, Mokhtarinia HR, et al. The effects
of movement speed on kinematic variability and dynamic
stability of the trunk in healthy individuals and low back
pain patients [J]. Clinical Biomechanics, 2015,30(7):682—688.

[3] Mahaudens P, Banse X, Mousny M, et al. Gait in adoles-
cent idiopathic scoliosis: kinematics and electromyographic
analysis [J]. Eur Spine J, 2009, 18(4): 512—521.

[4] Hajizadeh K, Huang M, Gibson I, et al. Developing a 3D
Multi-body Model of a Soliotic spine during lateral bending
for comparison of ribcage flexibility and lumbar joint load-
ing to the normal model[C]. ASME 2013 International Me-
chanical Engineering Congress and Exposition. American So

www.rehabi.com.cn 665



Chinese Journal of Rehabilitation Medicine, Jun. 2017, Vol. 32,

ciety of  Mechanical 2013:VO3AT03A027-
VO03AT03A027.

[5] Chow JW, Park SA, Tillman MD. Lower trunk kinematics

Engineers,

[6] Waters

[J]. Manual Therapy, 2013, 18(2): 130—135.

2002, 21(4): 481—494.

an Spine Journal, 2009, 18(11): 1677—1685.

in adults: a 10-year experience in the surgical management
of 87 cases Clinical article [J]. Journal of Neurosurgery-
spine, 2011, 14(4): 475—483.

Cakir T, Evcik D, Subasi V, et al. The Efficacy of Gabap-

Nowicki BH, Haughton VM, YU SW, et al. Radial tears
International Journal of

LEE JK, Desmoulin GT, Khan AH, et al. Comparison of

Vogt L, Pfeifer K, Portscher M, et al. Influences of nonspe-

(L% 617R)

FEFE A 1 22 AR RIRY 7 1 BT 1]

S 30k

[1] Laureys S, Celesia
or apallic syndrome[J]. BMC Med, 2010,8:68.
(7753):734—737.

2002,58(03):349—353.

patients with disorders of consciousness[J].
Neurosci, 2013,31(4):473—485.

Neuroscience Letters, 2008,448(1):24—28.

Cavinato M, Volpato C, Silvoni S, et al. Event- related

Raettig T, Kotz SA. Auditory processing of different types

Li R, Song W, Du J, et al. Electrophysiological correlates

Laureys S, Perrin F, Brédart S, et al. Self-consciousness in

Consciousness and Cogni-

Strauss M, Sitt JD, King JR, et al. Disruption of hierarchi-

Chennu S, Finoia P, Kamau E, et al. Dissociable endoge-

Vanhaudenhuyse A, Laureys S, Perrin F, et al. Cognitive

Demertzi A, Tshibanda L, Verville V, et al. Multiple fMRI

Holeckova I, Fischer C, Giard M, et al. Brain responses

Bennington JY, Polich J. Comparison of P300 from pas-
sive and active tasks for auditory and visual stimuli[J]. Int

and muscle activity during different types of tennis serves [11]
[J]. Sports Med Arthrosc Rehabil Ther Technol,2009,1(1):24. entin in Patients with Failed Back Surgery Syndrome [J].
TR, Putz- Anderson V, Garg A, et al. Revised Turkiye Fiziksel Tip ve Rehabilitasyon Dergisi-Turkish Jour-
NIOSH equation for the design and evaluation of manual nal of Physical Medicine and Rehabilitation, 2014, 60(4):
lifting tasks [J]. Ergonomics, 1993, 36(7): 749—776. 323—328.
[7] Williams JM, Haq I, Lee RY. A novel approach to the clini- [12]
cal evaluation of differential kinematics of the lumbar spine of the intervertebral disc - Anatomic appearance, biome-
chanics, and clinical effects [J].
[8] Lee RYW, Wong TKT. Relationship between the movements Neuroradiology, 1997, 3(4): 270—284.
of the lumbar spine and hip [J]. Human Movement Science, [13]
3D spinal motions during stair-climbing between individu-
[9] Ahmadi A, Maroufi N, Behtash H, et al. Kinematic analy- als with and without low back pain [J]. Gait & Posture,
sis of dynamic lumbar motion in patients with lumbar seg- 2011, 34(2): 222—226.
mental instability using digital videofluoroscopy [J]. Europe- [14]
cific low back pain on three-dimensional lumbar spine kine-
[10] Akhaddar A, Belfquih H, Oukabli M, et al. Posterior ring matics in locomotion [J]. Spine, 2001, 26(17): 1910—1919.
apophysis separation combined with lumbar disc herniation
% A5 MMN F1 P300 (3% 3% s FT AR A S . TS 4H agnosis and prognosis of unconscious patients[J]. Neural Re-
. generation Research, 2015,10(3):473—480.
'EE%XETE{EE:J: (ON) éﬂ%ﬂ RS éﬂ,ﬁﬁos gﬂ%ﬂ RS éﬂ'f{‘% [8] Real R, Veser S, Erlbeck H, et al. Information processing
e \ : 4 4 e VB ok in patients in vegetative and minimally conscious states[J].
XEE*H {U‘O XT:‘F OS 41 RS ,E_’EE%XE&VFH {U‘ EI/J “H Clinical Neurophysiology, 2016,127(2):1395—1402.
i@,—ﬁﬁﬁﬁﬁ%ﬁz’iﬁlj\ﬁ%,%—jﬁ‘ﬁﬂﬁgi [9] Cheng L, Gosseries O, Ying L, et al. Assessment of locali-
R sation to auditory stimulation in post- comatose states: use
RN = IS 8} N Y — o A .
Zlﬁjiﬁﬁﬁﬁmiﬁo ﬁn%j‘j%#ﬁ:m Re, 7 Eﬁﬂ: the patient's own name[J]. BMC Neurol, 2013,13:27.
FLIMOS A RMRS A2 —BInf . Bz Affrrsss 101 c . o Sivont 8, et ¢ .
brain potential modulation in patients with severe brain
%ﬁiﬁﬁlﬁﬁ@?ﬂ P300 %ﬂ MMN, HX%%%%U T%éﬂ damage[J]. Clinical Neurophysiology, 2011,122(4):719—724.
\ SN 11]
3 Sk AP EN=) THME [
leﬂ MMN%‘HP:&OO {Bifpﬁﬂl I /{j(/ﬁ?q Eﬁ%#’ﬁéﬁ of pseudo-words: An event-related fMRI study[J]. Neurolm-
BRI VSUWS HIMCS B SIS R BUR TN, - o 2008390 14201425
:Blﬁ%'%' c¢cDOC %%E’%ﬁﬂ@ﬂ\%ﬂﬂjﬁﬁ,ﬂmz*%%%’ﬁ of processing subject’s own name[J]. Neuro Report, 2015,26
(16):937—944.
[13]
non- communicative patients[J].
tion, 2007,16(3):722—741.
. [14]
G, Cohadon F, et al. Unre.sp onsive cal predictive coding during sleep[J]. Proc Natl Acad Sci
wakefulness syndrome: a new name for the vegetative state USA, 2015,112(11): 1353—1362
. . . [15]
(2] Jemnett B, Plum F .Per31stent vegetative state after brain nous and exogenous attention in disorders of consciousness
damage. A syndrome in search of a name[J]. Lancet, 1972,1 [J]. Neuroimage Clin, 2013,3:450—461.
- . L [16]
(3] G%ac1no J, Ashwal‘ ~S’ Childs _N’ et ‘al. The' minimally con- Event-related potentials in comatose and post-comatose states
scious state: definition and diagnostic criteria[J]. Neurology, [J]. Neurocritical Care, 2008,8(2):262—270.
[17]
[4] Kotchoubey B,_Vest?r S, Real R, et al. Tow-a.r ds a more pre- system- level baseline connectivity is disrupted in patients
cise neurophysiological assessment of cognitive functions in with consciousness alterations[J]. Cortex, 2014,52:35—46
Restor Neurol [18] ; ’ - :
X | ) . h o h to a subject's own name uttered by a familiar voice[J].
[5] an ’P, Di H, Yan X, et al. Mls'matc negativity 'to the pa- Brain Research, 2006,1082(1):142—152.
tient’ s own name in chronic disorders of consciousness[J]. [19]
[6] Rise(;ti l\(/il, Forr;lisano R, Toppi J’he];'lz'ﬂ. .OnJERgs d;tectign J Psychophysiol, 1999,34(2):171—177.
in disorders of consciousness rehabilitation[J]. Frontiers in [20] Wronka E, Kaiser J, Coenen AM, et al.

Human Neuroscience, 2013,7:1—10.
[71 Li R, Song W, Du J, et al. Connecting the P300 to the di-

666  www.rehabi.com.cn

The auditory P3
from passive and active three-stimulus oddball paradigm[J].
Acta Neurobiol Exp (Wars), 2008,68(3):362—372.





