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WE.BHE ML 12 B8 LR T 1 2 Y2018 1 AR e 53 P (chronic non-specific lowback pain, CNSLBP) Z¢
K PR A A P43 ( visual analogue scale, VAS) 3B 21 BE [ 5% 1 43 ( Roland-Morris disability questionnaire,
RMDQ) J 5K T 8 WL RS A A5 RE J1 AR | Sl CNSLBP Lo K22k il BE A T 07 B4R MLkl . ik %
45 %, CNSLBP 2 KAEA LA SRR Al 22 4 (n=22) AU EINAL (n=23) , 388 T BTG LA 2l
VAS RMDQ 1753 KR T L MshZS AR 77, 855R S8 shmi b, &0l 12 JARRLE s T, 1 Il 2h e K
HRARA CNSLBP 4 K242 VAS & RMDQ /3 B35 T FE; #1335 30°/5.90°/s T B4l JLIE J1 4 (extensor peak
torque , EPT) FATERE 90°/s P4 44K T Jit UL J%E (flexor peak torque , FPT) 3 i, EHN A 30°/5.90°/s
AR L (F/E) ¥ 52 TR, FIRARES T, (G RLHE 4 NSLBP %2 KA AR HiTJ J7 [0 £ 5 45 5L (anterior/
posterior stability index, APSI) BE TR, MIRRET, Hhi 40 NSLBP % K2# 4 APSI, Mk Fa & 75 5 ( stability
index,SI) . ZiA5 J7 1] 2 7€ 48 U ( medial/lateral stability index, MLSI) ¥4 & TR, T E I APST B 3% T [%,
12 iz sh T35, 5 gdl th i, S Pide 4l VAS R E 30°/5.90°/s T F/E Y08 3, fHUE 30°/s,
90°/s THKT EPT W EHN, FIMLIRA T, il SIAPSI K MLSI ¥ B 8 T Ikl &t ST
YIGRILEL , BRIz 3l AT i 30 50 R P Al CNSLBP xR 24 A 4K T Jat i UL 7, 38 3 PR IRCIRAS T sh 28 Pl se oy, el

CNSLBP % K24 FHETS
KR WHAR, KT AN AR AR SRR R TR KL shasEf
FE 4SS R 318.01 XERARERD: A
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Abstract; Objective To observe the effects of 12-week pilates exercise and trunk strength training on the scores
of visual analog scale ( VAS) and Roland-Morris disability questionnaire ( RMDQ), trunk extension/ flexion
strength and dynamic balance of female college students with chronic non-specific low back pain (CNSLBP) , so
as to offer a practical-based evidence for the rehabilitation treatment for female college students with CNSLBP.
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Methods
strength training groups (n=23). Then, the scores of VAS and RMDQ, trunk extension/flexion strength and

A total of 45 female college students with CNSLBP were randomly divided into pilates ( n=22) and
dynamic balance were measured before and after the exercise. Results After the 12-week exercise program,
compared with the pre-exercise period, the VAS and RMDQ scores in the pilates and strength training groups
were significantly decreased; the extensor peak torque (EPT) at 30°/s and 90°/s angular velocities in both
groups and the flexor peak torque (FPT) at 90°/s angular velocities in the Pilates group were significantly
increased, and the ratio of flexor/extensor ( F/E) at 30°/s and 90°/s angular velocities in both groups were
significantly decreased. In the eyes-open condition, only the anterior/posterior stability index (APSI) significantly
decreased in the Pilates group. With eyes closed, the APSI, stability index (Sl), and medial/lateral stability
index (MLSI) significantly decreased in the pilates group, and only the APSI significantly decreased in the
strength training group. After 12-week exercise, compared with strength training group, the VAS scores and F/E
at 30°/s and 90°/s angular velocities decreased significantly in the pilates group, and EPT at 30°/s and 90°/s
angular velocities increased significantly. In the eyes-closed condition, the SI, APSI, and MLSI in the pilates
group were significantly lower than those in strength training group. Conclusions Compared with strength
training, pilates exercise can significantly increase and balance the trunk flexion/extension muscle strength of
female college students with NSLBP, enhance dynamic balance ability under eyes-closed conditions, and
improve the low back pain of CNSLBP female college students with CNSLBP.

Key words: pilates exercise; trunk strength training; chronic non-specific lowback pain ( CNSLBP); female

college students; low back pain score; trunk strength; dynamic balance
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AL BESUNEN 0.4, a=0. 05, I3 HE 1-8
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Tab.1 Basic information of the participants

o pagsyll x| ELEE /2|
(n=23) (n=22)
ARG 5 20.26%1.39 20.41%1. 50
HE/m 1. 60£0. 02 1. 61£0. 01
TR/ kg 60.57+1.75 59.95+1.32

25, B3R 3 U, 4K 60 min, $54E 12 A, ARkl
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45, Wi sh B TE &b B0 K B 55 N 5L BT it
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— Rz shfg IR R, WP T AT, JCA A 2R
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1.3 WikAE
1.3.1 A EE# S £k VAS H T A
P I R A A N 12 SRR B A 1 4%
K29 10 em WEhAR R, AR 10 A2 5 W5t 43551 hy
“O” 17,0 ZrFARTOHE , 10 2040 M L 252 1 i



# 18,%. TRRMERT ARG ZXFEBEERRERERNTRILR
YANG Mei, et al. Comparison of the Therapeutic Effect of Pilates and Trunk Strength Training on Female
College Students with Chronic Non-Specific Low Back Pain 949

I E N S T e Sl T 15 N N T - A P S A
FHIS AT 20 B8 19 — I #0105 N, 32 3l BUAT )= ik
SARHETE B AR HhREARER A C ¥ 12 B2 1Y AH
f, RIEZEE R OS2k A G HAT
gL
1.3.2 EmshaelEriA sk s8h THEE R
M T BE B g )8 2 %% ( Roland-Morris  disability
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( medial/lateral stability index, MLSI) , 4354t 3k 57,
Ip A K 7E O R T R AUIR T b Y S 43 3 AR R
BRGNS P
1.4 SitZareE

JIT A S50 B4 1R ] (P 8 e hR i 22 )

K SPSS 21.0 X %4 #F 17 G it 2= 43 M, R H
Shapiro-Wilk K36 BT 45 £ 45 359 Ik MIE S 5010, >R H
XL R H 2 I 5 22 0 W AT 2 O 5 A R R L
7 P>0.05, 1 /2 BRIE B2 4 560 3 1A P R0 A6 56 445
B P<0.05, WA R BRI FERG 560, B 24 i
Wk Rl i <L R P KR 2
(R AAAESC BAE . A ANFELESS BN, W 43 A
TR 5 4547 TE 28 FLALN, T B4 AT B0, LA
P<0.05 FREFHAGI¥FE X,

2 #R
2.1 AEFRXFFXT CNSLBP L KF4 VAS &
RMDQ 4 {ERI 0

LR 2R T A2 N 5 25 43 B s, 20 531 R ) %
CNSLBP % K 2fH: VAS 3l A B # 58 5 8
(P<0.05) , B[] {7 Saso s A i, 5 T 1T g,
12 AR SR+ 1 U SR 1 5 41 CNSLBP %
K2EHE VAS HEEEIRTE S TR (P<0. 05) 5 4151 fa o
SN R, T TRT, P41 CNSLBP 4 K224 VAS
IME2E S TG F L(P>0.05) ;i s T His , %
iR VAS BELT 1 Il ZR4H (P<0.05)

2 <[] X CNSLBP % K244 RMDQ 4 {E TG
BFESEH AN (P>0.05) , ] 328800 73 B 45 2R 2
7N, 12 JEE R4 S KT B 2RI 4 CNSLBP
LR A RMDQ 2 & D) g F i3 37 4 N FE (P <
0. 05) 3 H 5] F5%% % RMDQ B2 JCSE 1125 X,
THRT JG WA [E] RMDQ 4 E 2 F 8 L824
X(P>0.05) , WK1 %2,

8- -
» FHI = FHE 25
L # K20
K ph ,
Bs #x o 15F
w4t =] #
< Z 10p
2+ sk

ChmiGE whia ) ARIGE  Fhied
(a) VASIF4 (b) RMDQ¥4
Bl1 ZTHRREFAEINSEFTHAIE CNSLBP X KZEK R
LB (n=45)

Fig.1 Comparison of the pain scores before and after Pilates and
trunk strength training intervention in female college
students with CNSLBP  (a) VAS score, (b) RMDQ score

TE.*P<0.05, 8 BT 5 HAR; *P<0.05, J1 & VI 4R 41 5 % B 4L 4
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%2 VASK RMDQ WEHREESEMEFEHH(n=45)
Tab.2 Two-factor repeated measure ANOVA of VAS and RMDQ

Bty VAS RMDQ
20 51 F 10.613 2.921
P <0.001 0. 095
P 1] F 109. 383 238. 128
P <0.001 <0.001
SEHALN F 18. 873 2.828
P <0.001 0.1
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Fig.2 Comparison of the trunk muscle strength before and after

0
HEVIGE HhiRa

Pilates and trunk strength training intervention in female
college students with CNSLBP (a) Flexor/extensor muscle

strength, (b) Flexor/extensor ratio

FRE(P<0.05) , 40 RN B sl SR R, T Y *P<0.05, 3 BTG H A “P<0.05, J34 Il 4 4 5 % B4R 4
HIPIZ 2 [0) il F8 45 B+ U5 A B 30°/5,90°/s e
x3 BFMANEAZREENEHESHT(n=45)
Tab.3 Two-factor repeated measure ANOVA of trunk muscle strength
~ ZH 5 Fisf ] BEH AN
di [iF 0y . o1 BER
AR/ (°)s7"] 7D m - F » F »
30 JENLLH 0.396 0.533 18.619 <0. 001 1.365 0.249
UL 6. 802 0.012 172. 098 <0. 001 11.321 0. 002
F/E 4. 146 0. 048 74. 549 <0. 001 3.782 0. 058
90 JENLILH 0.018 0.893 16. 614 <0. 001 3. 158 0. 083
UL 6.032 0.018 80. 435 <0. 001 6.799 0.012
F/E 5.148 0.028 17. 539 <0. 001 0. 652 0. 424
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Fig.3 Comparison of dynamic balance parameter under different states before and after Pilates

and trunk strength training intervention in female college students with CNSLBP

(a) Under eyes-open conditions, (b) Under eyes-closed condition

. #P<0. 05, BTG LA P<0. 05, i Il 53 hidi 4 o,

R4 PEFESEVURAREENEFES(n=45)

Tab.4 Two-factor repeated measure ANOVA of dynamic balance parameter

a— ros gkl B[] AEH Y
F P F P F P

SI IR 0. 000 0. 988 3.621 0. 064 0.811 0.373

P4 AR 10. 747 0. 002 74.728 <0.001 53.098 <0. 001

APSI e IR 0. 137 0.713 9.354 0. 004 6. 190 0.017
PAHR 1. 886 0.177 71. 080 <0.001 24. 420 <0.001

MLSI IR 0. 659 0.421 3.217 0. 070 0. 004 0. 950
PATHR 2.324 0.135 63. 163 <0. 001 41.920 <0. 001
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AR 30 F BRI ALK A ) R I 2R

VAS .RMDQ §K T~ Jeti 1 06 J 5 K 5y 25 57 M5 1) 52 il
ZER IR X NSLBP 2 K2z A i $ 41 1 el s 3%



EREMAE $£39% FS5H 20245108
952 Journal of Medical Biomechanics, Vol.39 No. 5, Oct. 2024

BT F1EVNLRA

F i, & Uiz 3 97 #9097 CNSLBP B ik i 3k
P h R —Fh &7 92 4 B LA b iy AR K+
Pl BE T A8 Bl , I AE DY B2 2 SRR &2 05 1 i N+
BT i Fe S, Mazloum 45000 5 2% B, AR X T il
Rz g, - RiRE s % CNSLBP H 2 4 72 1 Fn T
REFRAG A B AF B % . A SR VAS & RMDQ
P4 12 3l S 4K T 7 = Il 2R % CNSLBP 20 K
PR YRR R B B TV ) e R A 1 S ), 45 SR R R
283 12 B g B AR T Iy I 2k, Wbz 3y X
)i CNSLBP Zr K22 A 19 B S M0 1) g i 545
1) 5 2 OSSR AP B o) MR 4 A AR AL TR T
TR, BRI e AR A Z M R & 22 %, 5
Ferndndez-Rodriguez 25" $ H 3 hir Hi S D 0 05 e e
A AR P it 22—, T % fifk 1) R R A e A AR T
TRt PR A I ZR i A5 —3

SRR IR WL T SR 0 AR 2155 & I
I O SOH i 98 kA A s 2 R AR R B R 2
— M 2B E N R PR S B R
SR AT LLSE 2ok 38 I 48 T L 77 050 4 A e 1k 4
I, B R A PR R B AR S aE sh R
Panhan %5 " A58 & B, M PR T I EAEH)
PR, AN E AT UG s A0 ) B 38 ] DLA R0
TG BB R LA 22 2L B HE R JUL , DA T 2 o A A
FETE AR LN BUVLRE 9 B K LT, 02 H i
RN rh B S AR, AR Sk HOA R
30°/s( R BAILIA AR K ) B 90°/s (e B FIL A 1Y
it 77) , L5 & B, 2ot 12 8 fr 4 KK T S =l
ZrT90, B 1 s SR AE A BE 30°/5,90°/s B 4K
T LI 7 6 55 1 TR b4 22 S e gt i A = LA,
P4 CNSLBP 2z K2 A 7R A [ £ 38 B8 9K i
WL 34 5 2538 hn s 5 B Fi 48 40 CNSLBP 2 K24
TEFAHE 30°/5,90°/s T IKTA ULy &34 1 & T
JEINGRA MR E WA 2 8] 22 S RS i B
o ARSCHEN | 1 BZ 45 5 0% B T M 3R 30°/s
90°/s YR IL Iy 5 5s , A1 PRI K A kR
R &R, I B b dt iz gt b AR 2 91k
FE f% ff7 22 38 R 8 9 4 HE AL A vh ST A ol A
K INVLP R 34 52 30— 0 i, 165 i Ao L ) ==
WRTWL F/E VT 8T AL B~ 15 10 M e
MERSE VR 248 A5, W95\ Ty, .0 B B i) F/E

FLIE R FE 0. 79 ~0. 85 Z ], 8 X />y [l , AT 5
TR fl 5 )RR AR, B s & T R ) L AR SR IR,
P AR T I+ 12 JA G, sl gl
PrERLAAEfA T 30°/5.90%/s F F/E WEH BFE T
K%, H% P74t iz sh + Wl s, 30°/s B F/E HUA{E N
0. 85, FEIEH YL N 5 1 90°/s B F/E BN 0. 86,
BEATIEH M, I EL% B 42 40 7F A 3 JE 30°/5,90°/s
T F/E WAE BT 24, #n 12 A
FretR R CNLBP 2 K22 4E 4K 1 I At UL 77 Lb 1)
W TAEH, 5NN, T CNSLBP W S I
T BEWR IR Fr 8 4395 PR B AT IL ) o R R
BB A EY ) R, 12 J8 3% 74858 sh7E ek
3 CNSLBP 2z K28 A IR Oy 1 A F 9K+ 1 211 %,
A HE 5 M B 1G58 CNSLBP 42 K 27 28 4K 1 LA
1, PR JE AR LA G

F5E 2R, CNSLBP f835 1) 959 e A Ty e e
M5 arRe ) N S R RS s A
Pz S 45 F 12 S I Bk 248 R g gl 21, il
PO BRI Z A5 IR S LR B R A Y AR 1k
I FLP 5B ) T 422 0 7 o BB R W o
A BT RS E L BEIR A 2 2L BRI, 2
71 7 B R IR T 3 e R A AR SR B T LT e
MR T AR SCR B, 45 12 JE AR R &
KT NS, TR S5 1 1 5 hr 2 41 CNSLBP &%
(S SSEATRE S e R I ZRdl A B R ks, i
TN shAS P e SR g /N, 5 (Y
WL —3, J5 R R B, 20 J84% 58 77 il 25
X CNSLBP K5 28 55 R 2 AR A {4 3 it K F- 1l g
JC E R, Kibar 2 BFSE K B, 6 JE 325 7
SRR AT LA 3E 3k A T A i 0 A 2 B 1 M O
AR AR SR Bird 25OV KR, 5 R
B A AR NP e A ), 45 SRR
[i] 4 JA R T e 3 i 0 s ) AR R[] 5 [ kS
5T AR, CNSLBP S i FAS AR 240, 25 2 5L
T AN L R1 L 400 By A P s o i o
FELVE AT, 22005 i A B BELDBIT B, SF- 55 58 7 119 4k
F AR EE AL A A R g 2K R UL 5 AR AR R i
BUYL R, AR 12 J8 ¥ f 4R 12 3h T U AR
ARAF CNSLBP % K24 g &8 Vi fig g i T 1
YIZRAL, IR P4 2 8] 3h 5 P 2 500 = e 4e i
R RE SRR B Y5 CNSLBP % K4



# 18,%. TRRMERT ARG ZXFEBEERRERERNTRILR
YANG Mei, et al. Comparison of the Therapeutic Effect of Pilates and Trunk Strength Training on Female
College Students with Chronic Non-Specific Low Back Pain 953

AIEGEA K, SR T L AE BR AT TE RN | 75 )i 5

12 Ji3 P SR+ i I 253 %7 CNSLBP %
KA — 58 IR VE T A FE AR T Bl 25, 35
P BB R A T 4 M % CNSLBP 4 K24 A I
I, SR A UL 7 B Je A LK 7, B 4 b 2 5
PIHRIRZS R CNSLBP % K244 sh 5 F- iy g

FEEMRER L,

EE KA B M 5 5T A1 20 383 A& ik U3

r’%, if'ﬁ(":r‘ iaaaﬂﬁz"ﬂ C 0 % &*ﬁl’]’ﬁ;ﬁ:\ﬂt;dﬁﬁm
=R ERHIEREE R G PR,
S E 3k

[ 1] BREA, EmeE, T, 55 655 0 o 5T i R
[J]. HEEZERH, 2024, 21(7) ; 169-173.

[ 2] YRR, 7O JR Ik 00 T000 1 Al A S T T e 4o
R IIE R EE [ D]. Kb MR EZGRY, 2024.

[ 3] TSIGKANOS C, GASKELL L, SMIRNIOTOU A, et al.
Static and dynamic balance deficiencies in chronic low
back pain [ J]. J Back Musculoskelet Rehabil, 2016, 29
(4) . 887-893.

[ 4] SHANBEHZADEH S, SHAHALI S, EBRAHIMI TAKAMJANI
I, et al. Association of pain-related threat beliefs and
disability with postural control and trunk motion in
individuals with low back pain: A systematic review and
meta-analysis [ J]. Eur Spine J, 2022, 31(7) : 1802-1820.

[5] Mflfl, @2t Bk, 4. 18 rEERE = NN % LR
FESRE BT RO B sT [ J]. BEH A 1%, 2023, 38
(1) 176-181.

YANG QQ, MENG XZ, GU WT, et al.
characteristics of plantar pressure and balance in patients

Analysis on

with chronic nonspecific low back pain [ J]. J Med
Biomech, 2023, 38(1): 176-181.
[ 6] HAYDEN JA, ELLIS J, OGILVIE R, et al. Exercise

therapy for chronic low back pain[ J]. Cochrane Database
Syst Rev, 2021, 9(9): CD009790.

[ 7] FRANKS J, THWAITES C, MORRIS ME. Pilates to
improve core muscle activation in chronic low back pain.: A
systematic review [ J]. Healthcare, 2023, 11(10): 1404.

[ 8] HLAING SS, PUNTUMETAKUL R, KHINE EE, et al.
Effects of core stabilization exercise and strengthening
exercise on proprioception, balance, muscle thickness and
pain related outcomes in patients with subacute nonspecific
low back pain: A randomized controlled trial [ J]. BMC
Musculoskelet Disord, 2021, 22(1) ; 998.

[ 9] ELIKS M, ZGORZALEWICZ-STACHOWIAK M, ZENCZAK-
PRAGA K. Application of Pilates-based exercises in the

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

treatment of chronic non-specific low back pain; State of
the art [J]. Postgrad Med J, 2019, 95(1119) ; 41-45.
MAZLOUM V, SAHEBOZAMANI M, BARATI A, et al.
The effects of selective Pilates versus extension-based
exercises on rehabilitation of low back pain [J]. J Bodyw
Mov Ther, 2018, 22 (4): 999-1003.
FERNANDEZ-RODRIGUEZ R, ALVAREZ-BUENO C,
CAVERO-REDONDO |, et al. Best exercise options for
reducing pain and disability in adults with chronic low back
pain. Pilates, strength, core-based, and mind-body. A
network meta-analysis [ J]. J Orthop Sports Phys Ther,
2022, 52(8): 505-521.

W, JEEE, MRS, AE AR AR e R N A S A 2R
TR e e (D] BRRIAE 17, 2023, 38(6) : 1260-
1266.

CAO B, ZHOU X, YAO CJ, et al. Research progress on
biomechanical characteristics of nonspecific chronic low
back pain during lumbar flexion and extension [J]. J Med
Biomech, 2023, 38(6) . 1260-1266.

REYES-FERRADA W, CHIROSA-RIOS L, MARTINEZ-
GARCIA D,
disability, and strength in non-specific low back pain
patients: A systematic review and meta-analysis [ J]. J
Back Musculoskelet Rehabil, 2023, 36(6) . 1237-1250.
PANHAN AC, GONGALVES M, ELTZ GD,
Neuromuscular efficiency of the multifidus muscle in pilates
practitioners and non-practitioners [ J]. Complement Ther
Med, 2018(40) ; 61-63.

SRR, A, R, A5 JIZME T YR IR T Ll Re s
G RPN T J]. MERCAE R 24235, 2004 (4) ; 289-
291.

VLAZNA D, KRKOSKA P, SLADECKOVA M, et al. Trunk
muscle dysfunction in patients with myotonic dystrophy
type 2 and its contribution to chronic low back pain[ J].
Front Neurol, 2023(14) . 1258342.

AR, R, R X R R S T R AR BT B
RBFFE[J]. KB R SCERE], 2021, 29(6) : 61-64.

T, XI5, iM\% j? RE I RSN
TR R YT HE R WOR AT J]. P EE R A, 2018, 39
(8): 1216-1219.

KIBAR S, YARDIMCI FO, EVCIK D, et al. Can a pilates
exercise program be effective on balance, flexibility and
muscle endurance? A randomized controlled trial [J]. J
Sports Med Phys Fitness, 2016, 56(10) : 1139-1146.
BIRD ML, HILL KD, FELL JW. A randomized controlled
study investigating static and dynamic balance in older
adults after training with Pilates [ J]. Arch Phys Med
Rehabil, 2012, 93(1) . 43-49.

SALAVATI M, AKHBARI B, TAKAMJANI IE, et al. Effect
of spinal stabilization exercise on dynamic postural control
and visual dependency in subjects with chronic non-specific
J Bodyw Mov Ther, 2016, 20(2) ; 441-

et al. Isokinetic trunk training on pain,

et al

low back pain [J].
448.



