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Abstract

Objective: To investigate the influence of real-time ultrasound imaging feedback on thickness and volume of
contractive multifidus after the single sustaining multifidus activation training.

Method: Twenty-four healthy subjects were randomly divided into a verbal instruction group (verbal group,
VG, n=12) and a real-time ultrasound feedback group (ultrasound group, UG, n=12), and then underwent a
single 30 seconds persistent multifidus activation training via verbal guidance with or without real-time ultra-
sound imaging feedback. The begining, maximum and ending thickness (Th),and cross section area (CSA) of
the multifidus of two groups were taken with ultrasoungraphy.

Result: The initial Th and CSA of multifidus between the two groups had no difference. The maxmium Th
and CSA of both groups increased (P<0.05) and no difference between two groups. At the end of 30s activa-
tion, both Th and CSA decreased. The ending Th and CSA in UG group were still more than the initials(P<
0.05), but it is not true for VG group.

Conclusion: The real-time ultrasound imaging feedback does not increase the initial maximum contraction de-
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gree of the multifidus. But during the 30 seconds persistent contraction process, the real-time and continuous

dynamic visual feedback provided by the ultrasound imaging is beneficial to the subjects to maintain the maxi-

mum contraction extent of the multifidus as much as possible, which is helpful to improve the contraction effi-

ciency and training effect.

Author's address Department of Rehabilitation Medicine, the First Affiliated Hospital, Sun Yat-sen Universi-

ty, Guangzhou, 510080

Key word real-time ultrasound imaging; multifidus; contraction thickness; cross section area

FEESFR e e AR e Ay i UL DA 12 i 2 R X Ik
A F RSB AL, W 2KV N B
SR XA TAE AR T e i R, At 22
M IR X P 293 5 el RITAC QA (2 R R T 2
2P HUE T I RERERT , MR AN R R B A LR 7S A
UL TARRESTY. BFFE R, B B E LA E L
JEH e 2 BRI AR )= WA e T 1 ke
AR o FLEEAT WG KRR A K AT 5| K EHERS E
PR, RTINS A A A i I S R KU A
HEAW) 32 R RIS IESE , Z RN B HE R ie 2
JUU, AT R EME SR BET B E W BE , dEF A TP ar X,
FFAEFAE R AR ERF AR E P SR, 220N
HHRRIRIZ L, AEPEAL FIA Y7 A o L o B0
56, A0S S WA R

PEAESR, LA &R MRI P E 4 T 2 2
JUUPPAL S5 0, R DR FCAT B L 52 AS T A% B
BEBREBUBIE R AL SRR IR T N Bz
T i AR SN (EA RS AT IR o SR 7 S B RESE
I S R RS2 D48 5 LA AL, HLHAT A5 68 FHXS
FRMT B g ARRALE R B R (SR Sy
s TEE S ILA R GBI IIZINR i A — 2
Hp T Ay — RS A R TR ARSI
PRGBS EAR T R, i IR 3 5 SR
Pl 2 2R W i s ML SR B2, n] LRSS 7 s
I3 R B2 E R s sl 3, MR THIZRCR
AP AR B R AR . A BIFTE A A
SR, 08428 S5 I P AR B AR BB S ok A T
Z RN B H AT 1, FE P i A SO il
Z RN LR I Zhad R v, S P R Bt
Xt 22 RS S ARRCR N . ST I, AT
B AETR T SEI P S At A BE A £ v M0 LS
S e 22 YU 5 P SN 0

1 X&5F&%
L1 RXEx 4

T ) X 45 4t 58 i BT AT T A i B A
B MWABRME: DFR 20—45 % ; QT 218 TEE
FUF PR v 5 s B RE S 4 F5 0 KM 2 K biering-
sorensen I F5 AL 45 K 1 45 M 2 (biering- sorensen
test, BST) i 30s; @ A B 58 A 5, -4
ERE R

HEBR AR - ONER G 8 BN RS 5 52 H
A TE A TAE s QIEMER T BT AR OB
WY s @B HESAE I et sl M s T A
P LA SOGB4 5 @)™ B g U s DI RE
e RS Bl A 5 e PEAG 1 RGeS 55

LRSI 2761, 204, A 2 BRI ILA
P s, 146 K BST 2l 4k 48 s 5] <30s 177 HEBR -
FERF B A1) 24 BN G2 Bl AIL 53 1 2 2, SIE R
7 [ 2 (ultrasound group, UG) 12 4], 5 iE+8 S
2l (verbal group, VG) 12, Frfy3Zik& B8k 15
Sl A M EESE ISR E . A
B AR LR 2= 55— IR e PR A H e D 2 Wit
M. Geit s A Bos AL Z i QAR 22
RIBEEZE (KD,
1.2 5k
1.2.1 RISy e A7 i UE T E L, R
Uiseit S = L RS P (0 22 B 23K Ry AR B
AE, it B BST s VRS 2 24N %, 5 X5 s 44
5 AR B S 2R 22N, R
S RS T Z RN B LB 520
TERUR EHERHR R Z 22401,
1.2.2 K ik KRR 7 Sonosite M-Turbo fii
#E AR R (L), & AN B R Sk 0% 5—
2MHz, H ZAZE WL 88 5 1 BRI 48— X 2 ZH X 4 L4
TRVA M 22 2L PR B R A A T R A TR A S5 A 1A T

www.rehabi.com.cn 489



Chinese Journal of Rehabilitation Medicine, Apr. 2022, Vol. 37, No.4

1 WA EMEEE (xts)
o = 53] (5 ] o
4151 s A () KT (kg) 5 (m) BMI
P (UG) 12 3 9 24.42+1.88 54.33+4.92 1.60+0.04 21.09+1.09
HIB4L(VG) 12 2 10 25.5142.32 52.14+4.45 1.58+0.07 20.91+1.25
SiHE X=0.25 =128 =1.14 =0.86 =0.42
P 0.61 0.27 0.40 0.67

el ) i, G e i i R A R R EDIR A (T rest) |
e RARRT (T c-max) M FRF2ie s 30s B (T 30s) 46
3L A

HAREA P BR AT : OV B H BURRMA R, XL
- FHCORS B T S RPN, 53 i S, A AR
L4 B2 FEhRic K 75 4k B F IS 1 P 2 L4 s
FRicAh , W BHAK DI R AT, R L4 (LS a4l
JaTEIMIPEAS 2—3cem, B 2 L4/5 KR K]
T TR BT 78 T UG v ], A2 P OR R
15 I RE B2 T A IR 28 14/5 5715 28 56717 3 IR 0 i
SRS ZRNURSEE . QW Yl
L4/5 KT R KTTKF- LN CSA, O E B4
Z RN B 5 e Sk VB Z il R KB 58k
M K biering-sorensen 2 15 AILAE K46 M, B A7 3K
G BURFRME , SUSH B, B i il
PR , Sk BT IR, [ RS B, SO
TR TR IR, AR FFZ L 305, REEZMAAL
A 22 SRR R A B B R SR R A 30s R IR
Ho REZHNEEERS, B L SR
T L R 7 5 SR AR AR IR, B PR SR T B R
e b ) v 7 R R

B —Z X G AT 3 R BST M3, 45 K 4k 5
30s, [E] B 2—3mins AR IEIL PR 78 /2 R , B IR 334E
ISR R . 72588 BST shfEd fe &
EANG T—E R IBIES . RRAPRFIETE 28,
PR Z A E L W, 4E R 2 2N B
REEANES R S R WS Y 5 NG 3 @ i Y
e il 0 et %) P D, D F 22 LR A6 B
B — B[] g B0 o 3 R IBCF- 34 . I v, 2
RZIRFRFFEAE P AL, B 155 88T
1.3 Gt #atr

)3 JH] Graphpad 8.0.2 #X{f- 1 SPSS22.0 i 4 14: K]
G50 BT, i TR L B B A 2 4 e it
R THECRERLER BB CE 2 ) Fon o BRALAR[R]

490  www.rehabi.com.cn

s o) oS SC 4 JEE B A T R A R R T R R
W18 77 25530, AN BROG BRI B, SR H Green-
house-Geisser FFFATHIE . 4 F 00 85 HAH Y
B EYE R U, N A Bonferroni 3 47 35 J5 P
. THECTRER I R g . P<0.05 = BA
BEMEE .

2 BB
2.1 WHZRNERE AR AL
BT 2 B R B, W2 2 2L
JEE A ) PR 25 20 91 PR 28 A sk ) 55 4 30 R R 1)
L HAE YA B L (P<0.05) , Ul BB 5] [E]
PR 25 1 ol AR 22 2 MURE B 2 S A I 3 3 S, ANl
SR Z 2R 22 Sl B 35 v X, FLIF R R R
PIVERIBE T AR RN T A AR 25 5% . AHORGET T b4
LR 2, RAEEIR LA 1,
22 L Z IR IR AR AL LA
BT 2 B R B, 2 2 2R
[Nl S N R IS Y R S R R i)
L HAE YA B L (P<0.05) , Ul B R 5 [E]
N Z (kAR Z 2L CSA 22 5347 B M8 S, ANl
BIZ 2N CSA MY 22 A B R S, AL R &
PIVERBE T L AN Rl AFAE 22 5. DR 3, B 2.

3 iTie

Panjabi S WFSCIA Ny, B AT E M FEE SR 3
NTFRGYE WS R R MER A 055
SR UL VL) DL B b 280 2R 58 (HP X 28 R 55

®2 WATERESSHRABMEEELE (cts,om)

P i) HAE4UG)(n=12) HIBE4L(VG)(n=12)
T rest 2.27+0.30 2.33+0.35
T c-max 3.02+£0.31% 2.89+0.38"

T 30s 2.95+0.34*% 2.52+0.32

7 - S5 4% FH Bonferroni PEAT T Fbdss . (D5 BURAS Fhiss, P<
0.05; @5 T iHE41 4%, P<0.05,



tHhiE51E

20224F 55 37 4%, 55 4 1

E1 FAFRERERESRIEREEELLR

C 3.5+
- UG
- VG
3.0
g
S
#
p 2.5+
=
&
RN 2.0
L5 T T T
T rest T c-max T 30s

A PRS2 2R AR AL, B, 5 TR — 3218 2 2R IS AR K, C. W 2H 22 SV LISCR 52 L Bl ) 2 42k 1]

B2 FWARERESRZRAEEERLR

C 10+
- UG
E g -—E=VG
Q
=
= 6
#
E.;é 4
&
% 2,—
0 T T T
T rest T c-max T 30s

AR 2 E Z 2 REIR AL, B. F IR — 2R 2 2NN R FVE IL , C. W2 2 2 DU R BRI (] U2 2R 4]

*®3 FWARERESSHMEEERLE (vs,om)

I 1] R (UG)(n=12) FIBH(VG)(n=12)
T rest 4.25+1.04 451+1.26
T c-max 7.38+1.56" 6.91£1.77"

T 30s 7.09+1.592 5.14+1.33

H : F5 5047 % Bonferroni #EATM T L. D58 R AL, P<
0.05; Q5 F 1B L, P<0.05.

PR o Hb  gEHREHRE LA 418145y
PRIIVEE” - e B LR, BT B B LTS s [ sh
7 AFEEFE T 2 LA CE B E I AMRHIL 8
HIEE) 053 R HE R T Bt A e S8, s
JERELLA BB AE W S5 R ZNL(Z 2400 . Horp
T2 BN TG TR Z o NILA, B &
TS V5 P, B 6 2—3 AN I AMEME A , 32 B4R )
RAERFE R B v A% S T ORI 2
S HIIBEE S S MR E A EEVIKR ., 1IE

G YNSEZ- Y IR=E S biA iR B AN R B ¥N0)
o Iﬁl\%%—?ﬂﬁfﬁﬂﬁﬁﬁﬂ jtéﬁso%ﬁﬁr P R
T ML ARSI E e, 2 RS0 SR
R AR RE T T F fr“"

H AT, 6K E5w TR B LR IE S 545
IS5 K 254 CT . MRI. JILH B LA 48 75 B
@ REA:A BFFEH MR, CT AL B8 75 A I VR 41

USG5 (R0 A T XF tt,éi%ﬁrﬁﬂﬂﬁfn
E—ﬁ B 45 50% (1ICC=0.72—0.98) 2, 3k G 7%
SO AL R P e P T A 2 HJI JEL JE i
O AT, R B OR RS R RN
0.89—0.96, B A B = M AIFE . AHXTF X2 .CT.
MRI A%, WU R P & — R e R V44
ToI TCAN ARG E AR, v A 22 YRS A o T $ i s
B SIS R S5, &AL PR R UL SR B Ak T AR

www.rehabi.com.cn 491



Chinese Journal of Rehabilitation Medicine, Apr. 2022, Vol. 37, No.4

S LR PRESHY K UUE 5 1A RO % AE LA B R
GEBIR B W BB 7 7 s B 1. B
P AR T PR R PPAG S5 I 25, A7 B T B A%
PAFWUA LSRN GRRCR , Hoal 2t shs
WEE B F B BE B, J5 8RR A BRI B WA SRR LA
AR o B H AT, IO I PRIV FH 22 5 2
SR ANGRRT ) 22 2SR L LA CSA AL, R
FRER AR WA i R v, SRR P S 15t RE 75 A7 B T4
Rt i 2 2R RCR T TE v o DL IE

AHIFFER WU S B (e R = 25
JULTE SRS T B 5 B B s T AR A T A, I EL
AN E TERF SN A 30s R R, Z2 2L 4 5
SR AR AT AR I (B S A SO TR O . SRR, P
2 22 2 UJRE BE Rt i i FRAE e BDIR S R 0 3% 22
S, TE S R WA I 8] 5 (Te-max ), 52 IR 75 R 45t
FAALF TR A L, A2t 2 R R X
BETERE R LAT ST AE R AN (HR , B i 15
SN E]HE A (T30s ) , SE A A S it 2H 22 RNUS R K
BRI AR A0 T 514, SR W SE i A R 5 RE S
SN B N RSl e o A 22 SR i Bl
0 3 SN S A5 A B R e LA B A e BRI
AR W BELERF LN Az B RE ST o

R Jeg 1 AR 1 Bl AN R 258 35 (9 L
PRGE 5 RN BRI B 22 s s (55 b 7 2
RN B JHRS AR 5 B A B A T B AT, 405 e Al
HIROEIMERL W ST E I, S 2 ORAL BEA N7
AIESENF S R A TAFNE L, g
SEIASART B SIS R AU i R, AR K
PRITRCR . TEB MR IILA RGP R I 2R
A=W S A T K e 22 2R SR 5 i B LR
WEEAE T RS-z S ER . o A R fgn] A
S b St sh A AP BE Bt , 1 18 3 RERE AE Sh /11l 2k
T AR R ST N R 8 2 S LS A R D R AR A
DU, HEIIXHAR)Z Z2 2L A BRI 2  , A B
TR ARG IER ARUERI SR . @ i S A=A
B, A B TR R VIR E R 3R R
Ho ) BRI, B AR N Zad R i
R S , A ) T IR B A 1 AR A il
X R B SR

492  www.rehabi.com.cn

2 BRIk SEINE S S N 2 22 20 iR
PG e KRR L, (HUBE P R AT RIS, fp 2
SASE R, A A T 2l E R e g A R
A REORTS 22 2RI IR E , DT $ = YO R
A IIGRRCR o T 245 A, h T LR A A
BB R RR S WA A EE
SRR, AW GEEAS AR D, ez 4 n]
REAFAE—E 22, ISl b — P REA R . T3 51,
BETARAR P2 I 0E P R I A0 45 R
IO S A I i e — AR W SRS

Sk

[1] Clark S, Horton R. Low back pain: a major global chal-
lenge[J]. Lancet, 2018,391(10137): 2302.

[2] Hartvigsen J, Hancock MJ, Kongsted A, et al. What low
back pain is and why we need to pay attention[J]. Lancet,
2018,391(10137):2356—2367.

[3] Maher C, Underwood M, Buchbinder R. Non-specific low
back pain[J]. Lancet, 2017, 389(10070):736—747.

[4] Martin BI, Deyo RA, Mirza SK, et al. Expenditures and
health status among adults with back and neck problems[J].
JAMA, 2008,299(6): 656—664.

[5] Saragiotto BT, Maher CG, Yamato TP, et al. Motor con-
trol exercise for nonspecific low back pain: a cochrane re-
view[J]. Spine (Phila Pa 1976), 2016,41(16):1284—1295.

[6] Russo M, Deckers K, Eldabe S, et al. Muscle control and
non- specific chronic low back pain[J]. Neuromodulation,
2018,21(1): 1—9.

[71 Goubert D, Oosterwijck JV, Meeus M, et al. Structural
changes of lumbar muscles in non-specific low back pain:
a systematic review[J]. Pain Physician, 2016, 19(7): E985—
E1000.

[8] Kliziene I, Sipaviciene S, Klizas S, et al. Effects of core
stability exercises on multifidus muscles in healthy women
and women with chronic low-back pain[J]. J Back Musculo-
skelet Rehabil, 2015,28(4):841—847.

[9] Kim SJ, Ha SM, Cynn HS, et al. Effects of three lumbar
stabilization exercises on the thickness of deep and superfi-
cial fibers of the lumbar multifidus[J]. Physical Therapy Ko-
rea, 2012,19(2):20—28.

[10] Winder B, Keri PA, Weberg DE, et al. Postural cueing in-
creases multifidus activation during stabilization exercise in
participants with chronic and recurrent low back pain: an
electromyographic study[J]. J Electromyogr Kinesiol, 2019,
46:28—34.

[11] Qiao J, Zhang SL, Zhang J, et al. A study on the para-
spinal muscle surface electromyography in acute nonspecif-
ic lower back pain[J]. Medicine (Baltimore), 2019, 98(34):
¢16904.

[12] Faur C, Patrascu JM, Haragus H, et al. Correlation be-
tween multifidus fatty atrophy and lumbar disc degenera-
tion in low back pain[J]. BMC Musculoskelet Disord,



FHAEGES 1L 202200, 537, 554

[13]

[14]

[15]

[16]

[17]

(18]

[19]

2019,20(1):414.
Hildebrandt M, Fankhauser G, Meichtry A, et al. Correla-

BMC Musculoskelet Disord, 2017, 18(1):12.

[J]. Sports Health, 2016, 8(5): 429—437.

2011, 15(4): 465—477.

277—283.

228—231.

function,
Spinal Disord, 1992,5(4):383—389.

dysfunction,

sive follower loads: 3-dimensional computational study[J].
J Orthop Res, 2018,36(11):3004—3012.
et al. The effect

Teyhen DS, George SZ, Dugan JL, et al. Inter-rater reli-
trunk musculature
among novice raters[J].Journal of the American Institute of

AN AR B XNUSC, AR LR R R o 2 20

Pulkovski N, Mannion AF, Caporaso F, et al. Ultrasound
a useful tool to distin-
2012, 21(Suppl 6):

Giggins OM, Persson MC, Caulfield B. Biofeedback in re-

(E3F 481 )

[11]

[12]

[13]

[14]

[15]

722—724.

(1): 101—109.

Kulkarni J, Pettifer S, Turner S, et al. An investigation

Rothgangel A, Braun S, Smeets R, et al. Feasibility of a

traditional and teletreatment approach to mirror therapy in

Gover-Chamlou A, Tsao J. Telepain management of phan-

Chan B, Witt R, Charrow A, et al. Mirror therapy for

JEbe bl SR ERSS , AEMEMG , 25 AR R TERT R SRR B K

tion between lumbar dysfunction and fat infiltration in lum- [20] Wallwork TL, Stanton WR, Freke M,
bar multifidus muscles in patients with low back pain[J]. of chronic low back pain on size and contraction of the
lumbar multifidus muscle[J]. Manual Therapy, 2009, 14(5):
Nwawka OK. Update in musculoskeletal ultrasound research 496—500.
[21]
Ghamkhar L, Emami M, Mohseni-Bandpei MA, et al. Ap- ability of ultrasound imaging of the
plication of rehabilitative ultrasound in the assessment of
low back pain: a literature review[J]. J Bodyw Mov Ther, Ultrasound in Medicine,2011,30(3):347—356.
[22]
Shamsi M, Sarrafzadeh J, Jamshidi A, et al. The effect JEE P AU A R St b g R (9. b R AR e 2k 24, 2013,
of core stability and general exercise on abdominal muscle 28(3):262—263.
thickness in non-specific chronic low back pain using ultra- [23]
sound imaging[J]. Physiother Theory Pract, 2016, 32(4): assessment of transversus abdominis muscle contraction ra-
tio during abdominal hollowing:
SRHIEH, FHOE R, S TR R IR 2 2 AL guish between patients with chronic low back pain and
ISR AT )], A PR 2 5 A 243, 2020,42(3) - healthy controls?[J]. Eur Spine J,
S750—759.
Panjabi MM. The stabilizing system of the spine. Part I [24] kU ATARaE GRE Y, AF . SERF RS IS IR LZ s
adaptation, and enhancement[J]. J FORFZE[T]). W R B AR BE 2 2, 2017,32(10) - 1124—1129.
[25]
Foresto T, Song I, Kim BS, et al. Stabilization of the habilitation[J]. J Neuroeng Rehabil, 2013,10:60.
lumbar spine by spinal muscle forces producing compres-
B K g 2R A B (0], v R AT IR 2R 2 L 2019, 6(34): [16]
into the effects of a virtual reality system on phantom
Anaforoglu Kulunkoglu B, Erbahceci F, Alkan A. A com- limb pain: a pilot study[J]. British Journal of Pain, 2020,
parison of the effects of mirror therapy and phantom exer- 14(2): 92—097.
cises on phantom limb pain[J]. Turk J Med Sci, 2019, 49 [17]
Stankevicius A, Wallwork S, Summers S, et al. Preva- patients with phantom limb pain: a process evaluation per-
lence and incidence of phantom limb pain, phantom limb formed alongside a randomized controlled trial[J]. Clin Re-
sensations and telescoping in amputees: a systematic rapid habil, 2019, 33(10): 1649—1660.
review[J]. European Journal of Pain,2020,25(1):1—16. [18]
Miinger M, Pinto C, Pacheco-Barrios K, et al. Protective tom limb pain using mirror therapy[J].Telemedicine Journal
and risk factors for phantom limb pain and residual limb and E-Health, 2016,22(2): 176—179.
pain severity[J].Pain Practice,2020,20(6):578—587. [19]
Rothgangel A, Braun S, Smeets R, et al. Design and de- phantom limb pain[J]. The New England Journal of Medi-
velopment of a telerehabilitation platform for patients with cine, 2007,357(21): 2206—2207.
phantom limb pain: a user-centered approach[J]. JMIR Re- [20]
habilitation and Assistive Technologies, 2017, 4(1): 1—15. FENHREE IR PR N 3], PR E2E 0, 2019,9
HISCHE, BUAR, SR, 4E. 2009 - 2018 4EE K AR RIS L 4 (34):1100—1102.
AT 15 2 AT B BRARSAT 0], R AR B 2 S AT 2 [21] FEPFHBL, =i,

2020, 4(42):363—366.

B, AL R A AR N A v R A R I
FHIERRD). R B2k, 2019,10(34):1241—1244.

www.rehabi.com.cn 493





