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Abstract; Objective To study changes in kinematics and joint coordination of the waist and hips during sit-to-
stand and stand-to-sit tasks in patients with lumbar disc herniation (LDH). Methods The Vicon 3D motion
capture system was used to collect the kinematics data from 20 healthy controls and 20 LDH subjects, and
differences in movement patterns of the lumbar spine and hip joints during sitting and standing tasks were
compared between two groups through statistical parametric mapping (SPM). Results During sit-to-stand task,
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the lumbar spine flexion and extension range and hip joint abduction angle of LDH subjects were significantly

limited, and the hip flexion angle increased. SPM analysis showed that for both groups at initial stage of sit-to-

stand (10%-13% ) , there was a statistically significant difference in flexion angle of the lumbar spine, and lumbar

flexion angle of LDH subjects was significantly reduced, while hip flexion angle at 2% -14% phase was significantly

increased. During stand-to-sit phase ( 65%-68% ),

LDH subjects showed increased hip abduction angle.

Conclusions LDH subjects have limited lumbar flexion and hip abduction functions during sitting and standing,

and they need to be compensated with increased hip flexion activities to complete functional tasks. In clinical

evaluation, changes in motor function of the spine and hips should be focused on.

Key words: lumbar disc herniation (LDH) ; lumbar spine; hip joint; statistical parametric mapping (SPM) ; kinematics

HEHE (] 28 HAE (lumbar disc herniation, LDH)
VE R R H W = — , Ay thE 530 el Y — 00
BN pd e ), R 2 D) e A2 40 S B D g
B A (] L, ™ 5% M) AR 19 A W6 R LDH 5
EC A PEIR AL 23l R T A U | B 2 5 e )
ARG (anAe sy ) R . Hob Aesris shifE
H AR i DTG 3, 2 IR SR DI REAT 55, HL
5 LDH AR BB 5, L, A7 4 2% LDH &
HIATH AT S5

VFZ W50 HR 5 10 WL %8 A DA AR 3 i iz
gk B v A W) 01 2 Oy TR AE N PR S, Claeys
S URTE K B, R B 1 2 3R T B £ ]
R FRAT M AR B il 1)z S AE 55, T HL 2 3R B A
BT S 4E 3R, Shum %500 BF 5% 3 01, i AR
AR UL FEAE AT DG T 1Y 12 Bl R R A
A AFDNE T G5 1938 2h DTER T B ik S8 Xl 2
6] i1z 2l bl W 1 2 35 2 . 53— 5 T, Crosbie
SELOURR Y R B MR SR RS SR R T Bh
(range of motion, ROM) 3Z FR | 17 2 5B [X 3 1% 3l
FEIR R W HE B ROM /b FIE 51 ROM H4 i,

HY AT UL ) DA AR 32 31 3l ST 1Y) — S8 2 ) 7 R AE
FESCHR AT 9K 2 B O W] 45 2R 3 B A% T X% LDH
BE YRez g HL T A EE B A%, JC R E#dE T I
Kig¥y . H LAAE B9 )R IR AE Lo B8 i 2 4,
ROM 1 Jir 43 #7 AT 55 Jo] 403 4 5 5k ) 1) 55, 1A %
JERE AN B, 20 T AT 55 U A N T 4 R Y 22 S
ASCX LDH H 3 0 TG I iR g i B A2 1 35 A 7 3ok
FE AN ] 19 5G9 12 3l 22 RRAE EAT X 1, OF HORE o3
BTy J& 31 45 5 12 2 AT 55 19 B A 1) 8] ) 4], 42 v %k
PP T TR W i B DA KOS R NRE Gl il FHAS
[) F1 e ok 52 B [ 1) 20 BB AT: 55, AT Sy i PROH

HEVEAG R YT LDH R0t 1y ) 2 SR B R
1 FRIK

T g BE 2 R 2z s e P i P B 45 G EE B
5 36 YA i PR S A E 1Y 20 5] LDH 8 35 il 20
g et FRSZ X3, B A 52 038 A 2 i 45 2 1 [
AT, i B 2 KA e R BH e P B 46 A B B
IR RS EAR I ST
1.1 BENBIZRENNRE

O i 18~55 %, HEHIAKE ;@ 47 N TC IR
i TCM A NLRIRAE ; B TEMERAZ IO H ME (] Bk
78 TCVFBL G ZE 17 BB e 5 O 25 5 (@) A T e
24 Bz, & MEAAT 24 h RIZLE S, © A ES
AT I B G R A
1.2 LDH BEWMNIRE

O iy 18~55 %, HHIABR ;@ H ) &2 i IR
BRI S R L 3 N H ;B A 4 R &R AR
(LR ZE s 12 30 7 IR IR F S SR 55 ) 1Y)
W AP AE % @ 3 PR B 1% ( magnetic  resonance
imaging, MRI) /R 14~5 1L5~S1 ®H,;E AES
INAB 58125 8 M [ 45
1.3 HEBRHRAE

HAETIE R Z — , AEEMWAARKLE . © BEA:
JEEEAAM @ AR WA AR
S5 H REAS R A B G IO A R I A | 1
I A R G045 ™ B 5 BORS pioms AR @ A
B SR P 0 | 728 25 s oy P 5 R 1 R R
H:Q EIRM A2 ; © ANE TR IL R R A
QA O R A A A AN A SR R
(ZJEAEAY HZER) RS EREF O E3INAN
ZhnHABIIG PRI



A #,%. [EHEERHESE LRSS FHRES T

ZHOU Xin, et al. Analysis on Kinematic Characteristics of Patients with Lumbar Disc Herniation During Sitting and Standing 715

2 FLIGAHE

2.1 UEFEH

N LT AR iz Sl e 2 48 ( Oxford Metrics 2y
A e ) TR RS, EEAE A1 & Vicon
Vue i 3[R AL, AT K 3 W A0 A0 R 5 0T 2]
iz B, R DR LLARAS ARG 4 Y iz Bl 405
15 3 Vicon Vero 2.2 ZLAME G iR EAZ AL, LA 42 2
SEARIC AL I AHALIN A 220 TR R (2 048 x
1 .088) , 5w KA A AT 1K 330 Hz, A 52565 3 H 1Y
R FE AR R R 100 Hzg L fF 21 4b % 45 i a5
(19 mm) , SCHAEEZEHEGEHRHEEAEY) 1%
SR AT, S s Al E WL 1

E1 SSRETERE

Fig.1 Laboratory space setup

2.2 HEBES

TEFE Vicon Nexus 1z BNl RGEHY Plug-in Gait
A PEA T RHNL AR A A A, 2 R M A Y
BRI S5 56 7 SiME(CT) BRI 56 10 Mok
JRZE U i B LR BB KR T S I A
BREL PR B A L BRAE ARSI AORS G £
WLIE 2,

2 Plug-in Gait #HAFRICAE

Fig.2 Anatomical placement of Plug-in-Gait markers

2.3 XBHRE

TERGRNE LN B SR H A S (B R
BB A5 ) SR B FIAR A5 i W 3 S8 U, BT AR A
iSRRI R DLSE AR bR S R A
IR AEBNASAT 55 M, 3k 52 35038 3 B O A8
IRGE . WFFE R B, B JBORN A0 R BB A3 A
[l ¥y 2 W 5 R Wi aa 32 | Bl 1 e As i DL s 3R
WS S TR DR SR AT R AR R X Ak 3
It AL TR B i R R BRI, (HAS Fe i 523 IR
Feri) LA, IF B fE A b, 52K A
TEREBA R TR BA T R T L, SR AL T2 &
(8, LUELS B B m B A, PR AR T 5 55,
MG A, S PR LA A O A Ao 3 B M A
ER S SL AL, IR Bl S A S T AR — R B
SEHER3 s PR A OIS A A [ R b EEAE
30, MK R, 4 b 2 A 58, A IE
AR A i 2 s B B (DLIET 3)

B3 a-ar-MFERE

Fig.3 Collection of sitting-standing-sitting movement

3 HIEAE

fifi I Nexus B HEATEE BUALBE & 5, S04 T
FRASERASE R TR Hh 1 X G 0 5 S B e 0
OCPE BITE N SR (B DA R R a5 1T
SRIG RT3l 25 R AR W B E A7 Ak B FO 4G A
0 BRI e MR Pl u . b AR ic Bk iy
1 UE F Woltring 138 F 28 SUSRAIE 5 U1 AR 2% (T
M FTEREE R 15 mm) LH . FFET Plug-in Gait
BEA AT A HRE L % 0G5 AR B A A5 B JT (T
JE B Matlab 511725 B #F — 20 A0 3, FHAE 2%
A B T A 1z ol F sl ) S 8080 13— fk R
1ANE 100 /NEHE s 20 R S8 31 55 R A, A S7 AT
F5 B LE ) 3L F C7 Aric W Y Bk B R AT



EREMNE %378 $£48 202458A
716 Journal of Medical Biomechanics, Vol. 37 No.4, Aug. 2022

RT3 A DAL B s F DA i ] 2] A A B B, 2490
AR RT 50% 55 50% 10,

iz Bl 2R Ok R (B ) RN G 4T A 2R MR Tl
{14 e At L R e bR T 1) AT R ROME, 1278 3 ot 32
AR O A B AR R Horp G T Ja
fibiig IR 5 R Jah [T 08 27 3o 6 G 75 vt 14 B A i
55RO FE 2 22 6] 1) AR R IE A AR R G T
Mo HE OGS P W A e A 5 OG5 el bR Jh R g O T v
A BT PR 32 A B 3 e B R Al R 5 B
ST B AR AR A AT AR IR R s, B A
AUl O R 2 5 i 4 O R Bl L 8 11 B 2 i
(e, ARG N ) i e pfPR A

O i

4.1 ZITSHME

AR B2 1 2 $ W S ( statistical parametric
mapping , SPM) J5 ¥ FLF AR XS HRZH F1 LDH 25 2H [i]
(R EEAN I ] 3 41) , #5E0C 715 LDH 32380 8 -5 TCHE
iR A2 10 LA X T

i ] 5 X Matlab f8 15 ( MathWorks 2y 7, 2
=) #47 SPM 437, DASE K A IR spm1d b6
(www. spmld. org) FZIRE, 7EIEATHEIRILRER,
FH N B PR EC spm1d. stats. normality. ttest” #E 17 £
ESYEEAL . MRIEEHE EASE, RS 8RS 4L
i) Hotelling” s T2 K50 FEHCH A B 5G9 AN A2 OGS
B E2E R (a=0.05) . SPM 69Hotelling” s T2 A
RJE TR, ST PR K RITE 4
AN ERL RS IS E] 0 ) T b A SR B
SPM{ T2} 5 SuPM | T2} (FESHURA) . N T KL%
2R R JE 22 5 1 S AR AL, HOA T AL P T B AL 2
BB o% (5% ) I 5 B {E A e fE 4 il st An
FOMEE R 252 5, WP = HEmt AR G5 1) 581712 3
EYS vy INANEIES ¥ie AQ IFS/NITIER NI
KA BT IR 2200 M. BT , 235 %)
ST SRR AT A BE EAT S B E S R XU ik 7
FEAS ¢ #:36 (SPM { ¢} 85 SnPM | ¢} ), 24 SPM fh £k
(SPM{ T2} 5% SnPM { T2} ; SPM { ¢} & SnPM |t} ) ¥£
ARG (]9 e Ml S BB, 2> R AR e i
PE, HT RSB SR AH E AR, 2k E i 2 AH 28
SRR I A, RO B R i
% SPM [ £ i R (% |, O T BERL 7 B 11 5

FHOC P AE, X TR A AESE SPM kg, iRk gk
B4 10 000 YK
4.2 EMsit

KM AL AEA ¢ K555 5 Mann-Whitney U 5 55
(a=0.05) & Z i T YORE, AL 36 A 1 244
TE (RIS B R TR AE B0 I B S AR AR S, il
Q-Q PRI Shapiro-Wilk £ 55 S0 iE £ 88 1 IE A1, R
R K85 Fisher K5 H0RG55 oA T RO70RH (B £ e
%) o ARG B SPSS 21. 0 #E4 7, XUl
P<0.05 RERAGIFE L,
5 MIRER
5.1 —/ER

BRI Bl R IR AR 11 40 )32 103, Xof 4
55 LDH 2145 20 i), A\ 41 B 25 8 S i W) 2 15, PR 4L 7
N EI2E4RAE BT HE(P>0.05) , ARG E L 1,
F1 BikE—RER

Tab.1 General information of the subjects

2057 3 K'Y iy, % BMI/ (kg-m™2)
X AR 24 14 6 31.33+7.21 23.38+2. 31
LDH 41 13 7 33.40=+5.93 24.42+2.97

P 0.736 0.233 0.284

5.2 &t ROM T

AR B3 3l 57 DA K sl 37 [0] 3] Ak By Bz, LDH 21
B S S5 R A B R e SRR T TG B ROML 55 %6 B4
FHLCERAT e 222 5 100 e 500 Jee 55 K A R D 2
SRS L (WK 2), SPM 4rbrBs, 4L7E
AR ST EIE B (10% ~ 13% ) B AT I i £ 2 77
G225 (P=0.044) , X A A% LDH 4H i1
JE AT R (ILE 4)
5.3 #iXT ROM Xtk

A B F 0 3T D Rl 57 3 Ak LB B, LDH 2 55
AT B K R A % ROM 55 % BE 4 AH L AR AT
Giiter2eS, ERR TS b, AR 3 57 B B ¢
TR I ROM, DL B2 M ST 31) Ak i B A8 5 15 de
KBRS 25 55, B KA A N 22 53 o 40
A (W 3) , SPM 23 M s, W2 7 M A 5]
SEAR R B B (2% ~ 14% ) 55 5C 71 i i AR B A AE S
2P (P=0.011) , LDH 20 i il £ 5 3k 6 A7
FALBBE(65% ~68% ) , LDH ZH i 565 4N & £ i 4%
XFRREH /N, AP TE SR 27 22 5 (P =0.048) , WLIET 5,



B &% EHEfRHESELITIRNEHEHFES T
ZHOU Xin, et al. Analysis on Kinematic Characteristics of Patients with Lumbar Disc Herniation During Sitting and Standing 717

®2 TREMRAAEEREIL (" P<0.05)

Tab.2 Comparison of spine angles between two groups during different phases B (°)
AR BBt ML A B Ex
Hibil JARTE (Jai - AR (-AhE) JART (R i-f) AR (M-SR )
7N R/ ROM TUN /) ROM ON ) ROM iON /D ROM

LDHA 11.30£4.17 -11.28£5.39 22.58+4.78 1.26+2.53 -1.42+¢1.90 2.68+1.02 11.51£3.04 -10.81£5.66 22.32+¢4.12 1.81:2.56 -1.93:1.69 3.75:1.52
XRRAL 20.38+7.07 % -13.04£5.60 33.42+8.56 * 2.14:1.16 -1.28£1.79 3.43:1.43 20.86+8.91* -12.625.56 33.48+10.21 * 2.02+1.26 -1.26:1.90 3.28+1.64

T AE DO R AT AR I S5 DU, S5 (X 1078 A A e 2 A

N \ o L, o
30 3 3 a=0.05. P=3.329 Frre § a=0.05, P=3.284
~ 20 o 2 o 2 _%@Em o 2
= 10 = 1 = 1 Oi’ 1
= B g & 0 & 0
& 0 & &) &)
-10 i -2 3 3
- ! R 2 3 : Pt A Lo -4 T
OO 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 IOO 0 20 40 60 80 100
AT —HE/% AA— 37 —H8/% AT —HE/% AT —HE/%
(a) BN (b) SPMAH7

4 AEHRBASERNEITL
Fig.4 Comparison of spine mobility between two groups during different phases (a) Range of motion, (b) SPM analysis
11 : SPM 43-H P v 41 €8 g 20 AR TR AR X 1), 8 B0 1B R I K 6 X /s S PR AE e T 25 e I TR B 5 P

x3 AEMBEFHHEBXHREIL( P<0.05)

Tab.3 Comparison of hip joint angles between two groups during different phases LT (°)
AR BB PN L eE
Hibll JARTE (Ja h-Pi e ) AR (-AhE ) JARTE (Jih-fi ) AR (P-AhE )
TN R/ ROM ZIN ) ROM 1IN %) ROM 2ON /D ROM

IDHAl 85.17¢7.79 -0.49+7.61 85.67+8.27 0.98+4.60 -8.95:7.52 9.93£5.06 85.19¢7.30 0.627.56 84.57+7.25 1.03+4.52 -8.44£7.16 9.47:4.53
XHIRAL 72.54+15.127 7.48+12. 10 65.06+18.90* =3.99+4. 54 -10.5246.64 6,53+3.75 " 82.0247.90 10.07+12.73 " 71.95+15.56 " —4. 17+4.90* -11.44x7.55 7.27x4.40

T+ TEELX LA 5 3 154 o 1T S AT, S70 (B0 A G 3 A e s Mg

5% 1 JE A P CA 4 5% 1 JE A P A
P=0.011_,— 05. p=3.113 3 a=0.05_P=2.915 P=0,048
3 1 ] )
2 §¢§
o = X ) =1
= z 0 S0
& v -1 5 -1
-2
3 2
20 40 60 80 100 40720 20 60 80 100 020 40 60 80 100
AT —A8/% AT —A8/% AA—ST—H8/% AE—ST—H8/%
(a) WEBNE (b) SPM4H ¥t

5 ARMERAMARXTIEHEILL
Fig.5 Comparison of hip joint mobility between two groups during different phases (a) Range of motion, (b) SPM analysis
TE :SPM 43-#7 v 21 68 e 2R A Q3R B A5 IXCIH) , A B 1 SR 2 A9 6 DX ok /s A PR AP AR e v TP 22 S I Tl Be 5 P L,

6 it 312 i 110 5% 3 8 2 T2 5 L T 5 2
ST ORSE S 1T R R AR SR
WFFE 7 LDH SR AEMASE O BTBIR g5 py o 7, i 20 S BR800 L
AU i ROM. A 52 KR, AR SO T A BEI o L pes ) | M R 60328 3095 L LU 32 5 g
SN, ) A P 3 S5 AR AR TR 20 g iz o
BT 4 ) 5 S, 01 R o 9 E U SER 3ot AT 25 B, 7 B8 T B 9 A i o
SRS AN R AE UT BRD BOMARER S R I A AT 1 AR 9 L v
Z WA TR AR SREA Y I FL AR R, LD B2 77 1 (R R, 5/



EREMANE 378 $£48 202458A
718 Journal of Medical Biomechanics, Vol. 37 No.4, Aug. 2022

£ T R e A SCHEN, SR 22 S ph T AR ]
FRO UL A 955 25 2k 0 L L2 i s
WL 4 17 26 AR TR L S5 T A4
it LDH 323 % 195 30 e S8 77 76 32 B (L3 36 15
T M 97 5 A 2 A L 0 22 52 I £
s U0 0, e A ML LDH B
SOHIV DIRE FIEAT G, BRIE 60T, 47 A (1 8 3
5 AL SR T W B 1 1 e g
S R R B4 s R SCiA 5 R
SARFHILL , LDH 8 3 76 A7 A o P R 3R
71660 525 SHE R, AT B0 UL P % Bt 2 k2
A5 ORI AT A 5 I ) 42 1 5 1 20 5
RERERIAT e,

SRR, LDH 525 5 A A i I 5 30
PR, TR B 4 0 0 5ok SE AT 4 T
A I LDH SR % B Ak T2 S0 B
SMRRE ST R e, [t A8 ST 32 M S F A
AR A DDA B, IR 1 LDH S 377
RASASHAR B 3 55 2215 B 1 HE W, 6 oy
WA S S S0 W o 5 R
RERZ MR o L T 6 5 LA O R e
AN SN R, A AT AL 5 B I PR
B S AEEAG LDH HE 0 DI RS , 335 A v
Y 7 SR BRI B R N

RSCAT A S BT AT 3 — A5 53 7T
W LA R B, 9 FLASS BT LU B
5 SN PR AR B T 22 SRR X B K, 3 7T g 15
WA A YR T e, KA BT T4 R 2
T4, RIS X705 9 5 L A7 4 UL P S
TR,

7 #ie

ASCEE X LDH H % A 57 IR 0938 302 0 7
J B, LDH 22304 TS ) JE i ROM. W 2 3Z BR i iy
S8 S, AR AT S 2 8 ke
JRAT 55, I FLA 5G4 41 R A Bt )t 2 BB, BF9E 4%
AR I R EEXT LDH B BITEAG 2T h IR o)
REAT , 1075 0 5 OC TR (A A k) 1
By Rl I

S Xk

[ 1] GBD 2016 Disease and Injury Incidence and Prevalence

[10]

[11]

[12]

[13]

[14]

Collaborators. Global, regional, and national incidence,
prevalence, and years lived with disability for 328 diseases
and injuries for 195 countries, 1990-2016: A systematic
analysis for the Global Burden of Disease Study 2016 [J].
Lancet, 2017, 390(10100) ; 1211-1259.

DEYO RA, MIRZA SK. Clinical practice. Herniated lumbar
intervertebral disk [J]. N Engl J Med, 2016, 374 (18):
1763-1772.

COX ME, ASSELIN S, GRACOVETSKY SA, etal
Relationship between functional evaluation measures and
self-assessment in nonacute low back pain [ J]. Spine,
2000, 25(14) ; 1817-1826.

CLAEYS K, DANKAERTS W, JANSSENS L, etal
Altered preparatory pelvic control during the sit-to-stance-
to-sit movement in people with non-specific low back pain
[J]. J Electromyogr Kinesiol, 2012, 22(6) ; 821-828.
SHUM GL, CROSBIE J, LEE RY. Effect of low back pain
on the kinematics and joint coordination of the lumbar spine
and hip during sit-to-stand and stand-to-sit [ J]. Spine,
2005, 30(17) : 1998-2004.

CROSBIE J, NASCIMENTO DP, FILHO R, etal. Do
people with recurrent back pain constrain spinal motion
during seated horizontal and downward reaching? [J] Clin
Biomech, 2013, 28(8) : 866-872.

CARR J, GENTILE A. The effect of arm movement on the
biomechanics of standing up [J]. Hum Mov Sci, 1994, 13
(2): 175-193.

KHEMLANI M, CARR J, CROSBIE J. Muscle synergies
and joint linkages in sit to stand under two initial foot
positions [ J]. Clin Biomech, 1999, 14(4) . 236-246.
WOLTRING HJ. A Fortran package for generalized, cross-
validatory spline smoothing and differentiation [ J], Adv
Eng Soft, 1986, 8(2) . 104-113.

PAPI E, BULL MJ, MCGREGOR AH. Spinal segments do
not move together predictably during daily activities [ J].
Gait Posture, 2019, 67(1); 277-283.

CAO J, WORSLEY KJ. The detection of local shape
changes via the geometry of Hotelling’ s T2 fields [ J].
Ann Stat, 1999, 27(3) :925-942.

PATAKY TC, VANRENTERGHEM J, ROBINSON MA,
et al. Zero-vs. one-dimensional, parametric vs. non-
parametric, and confidence interval vs. hypothesis testing
procedures in one-dimensional biomechanical trajectory
analysis [J]. J Biomech, 2015, 48(7): 1277-1285.
PEYDRO MF, LOPEZ J, CORTES A, et al. Kinetic and
kinematic analysis of the ‘ getting up from a chair’
movement in patients with low back pain [ J ].
Rehabilitacion, 2011, 45(2) : 99-105.
SANCHEZ-ZURIAGA D, LOPEZ-PASCUAL J, GARRIDO-



A #,%. EME SR HERE LR EIESFSES T

ZHOU Xin, et al. Analysis on Kinematic Characteristics of Patients with Lumbar Disc Herniation During Sitting and Standing 719
JAEN D, et al. Reliability and validity of a new objective Physiol Pharmacol, 1991, 69(5) : 683-694.
tool for low back pain functional assessment [ J]. Spine, [18] ARAB AM, NOURBAKHSH MR. The relationship between
2011, 36(16) : 1279-1288. hip abductor muscle strength and iliotibial band tightness in
[15] PAQUET N, MALOUIN F, RICHARDS CL. Hip-spine individuals with low back pain [ J]. Chiropr Osteopat,
movement interaction and muscle activation patterns during 2010, 18(1): 1-5.
sagittal trunk movements in low back pain patients [ J]. [19] KENDALL K, SCHMIDT C, FERBER R. The relationship
Spine, 1994, 19(5) : 596-603. between hip-abductor strength and the magnitude of pelvic
[16] DIEEN JH, CHOLEWICKI J, RADEBOLD A, Trunk drop in patients with low back pain [J]. J Sport Rehabil,
muscle recruitment patterns in patients with low back pain 2010, 19(4) ;. 422-435.
enhance the stability of the lumbar spine [ J]. Spine, [20] NELSON-WONG E, POUPORE K, INGVALSON S,
2003, 28(8) : 834-841. et al. Neuromuscular strategies for lumbopelvic control
[17] LUND JP, DONGA R, WIDMER CG, etal. The pain- during frontal and sagittal plane movement challenges differ
adaptation model: A discussion of the relationship between between people with and without low back pain [J]. J
chronic musculoskeletal pain and motor activity [J]. Can J Electromyogr Kinesiol, 2013, 23(6) . 1317-1324.

ARTREXRPR RIWMENHETEXK

SCHH S LASR A SCHR PN AR A B 0, AN A R BT A D) M A SR EE R N AR R A S, TR L
A AR S A SOk S R R E R, BRI URBER S L EMNE R, BIWIER
T3 B T SCHR 14 PN 25, 3 o o SCOSCH DA M3t 400 B, WA 3 ARRINIESR BE, REMH<A
N7 CAEET TRATTT SN BRIR Y 21

RN ZR LS 4 NEE WP 5 458 458, (1) Bl 3808 iRk, B o 4 54k
VLIRS, T LIS T B 3 Sobh bt (2) Jrids 8 BIEGEIr FH I SR B X 52 SR SIE 06 1) LR O 5. (3) 2
HARTFFE I EE R RO B A5 6 B R LT 0 DISE e AT I U AR AR AR G (4) 2
W AR R TLR A 0T B R HE AR T . A 00T 48 S AME AT 00 (8 00 Rk B A1 1) K R
SOHE LR DR R, ) LR S BR A R TR AR . D SCIR L 1 N 25 55 v SO 2 1Y N 4 SR AR — 3,

e SCHH BRI B A, FRIER , 5 b SCREET R, Jrids (5 SR AT SO

AP Y 43R



