Physical Therapy
Original Article Rehabilitation Science

hitps: //doi.org/10.14474/ptrs.2022.11.1.88 Phys Ther Rehabil Sci
eISSN 22877584 2022, 11(1), 88-96
pISSN 2287-7576 www.jptrs.org

Variation of the Muscle Activity of Erector Spinalis
and Multifidus According to Their Respective Cueing
When Performing Tasks, Including Tactile Stimulation
in Prone Position
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Objective: Purpose of this study was to compare muscle activity ratio of multifidus to erector spinalis according to various cueing
including tactile stimulation to provide an effective strategy to provide verbal and tactile feedback during exercise to provoke
multifidus muscle activation.

Design: Cross-sectional study.

Methods: Participants of this study included 28 healthy adults. Muscle activities of the multifidus and erector spinalis were
measured while the participants performed tasks according to the three different methods of verbal cueing and three different
tactile stimulation. Surface EMG was used to measure the muscular activity of the muscles during all the tasks.

Results: Tactile stimulation to abdomen and lumbar vertebrae showed no significant difference in the muscle activity ratio (p > 0.05).
However, muscle activity ratio of the multifidus in relation to the erector spinalis was increased when subjects were given verbal
instructions to make lumbar curvature with little force and to make lumbar curvature while pulling navel (p < 0.05). However, it
was decreased when they were provided with verbal instruction to make lumbar curvature with strong force (p < 0.05).
Conclusions: According to the results, proper verbal instruction was an effective tool to increase the muscular activity of
multifidus. This study aimed to find and provide the most appropriate verbal cueing while doing exercises to activate multifidus.
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Figure 1. Experimental Protocols; (A) Maximal voluntary isometric contraction, and (B) EMG placements

for erector spinae and multifidus muscles.
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Table 1. General Characteristics of Participants (n=28)
Characteristics Healthy Subjects
Sex (male / female) 12/16
Age (years) 23.66 (3.98)

Height (cm) 166.48 (8.32)
Weight (kg) 62.55 (12.31)

The values are presented mean (SD)
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Table 2. Changes of erector spinae and multifidus muscle activity and activity ration depending on different cues and stimulus

(n=28)

Erector Spinaea

Multifidus muscle activity ratio

Multifidus® . b
relative to erector spinae

Basic movement
Basicmovement + Verbal cue (Drawinyourbelly)

t

27.04 (11.51)
19.50 (9.77)
2.830"

32.85 (12.95)
27.28 (11.50)
2.124"

128.75 (40.54)
155.21 (53.21)
3.347"

Verbal cue (Draw in your belly)

Verbal cue (Draw in your belly) +
Verbal cue (Slowly make a curve)

t

21.16 (11.05)
14.08 (7.24)

3.143"

27.93 (11.66)
22.29 (9.31)

2.332"

143.74 (54.56)
176.28 (63.86)

3.281

Basic movement
Basic movement + Verbal cue (Make a strong curve)

t

27.04 (11.51)
40.25 (13.45)
6.879"

32.85 (12.95)
46.28 (13.92)
6.233"

128.75 (40.54)
120.62 (35.12)
2.393"

Basic movement with drawing belly in

Basic movement with drawing belly in +
Proprioceptive stimulus (abdominal)

t

19.50 (9.77)
18.83 (10.06)

0.098

27.28 (11.50)
25.93 (9.60)

0.115

155.21 (53.21)
160.18 (67.37)

0.773

Basic movement

Basic movement + Proprioceptive stimulus (Lumbar spine)

27.04 (11.51)
27.12 (14.95)

32.85 (12.95)
31.48 (15.10)

128.75 (40.54)
126.39 (42.19)

t 0.029 0.550 0.400
Basic movement 27.04 (11.51) 32.85(12.95) 128.75 (40.54)
Basic movement + Proprioceptive stimulus (Multifidus) 7.19 (4.92) 10.12 (8.58) 131.58 (46.31)
t 8.318* 8.499% 0.629

*The values are presented mean (SD)
°(Multifidus/Erector spinae)
'p<0.05



92

Phys Ther Rehabil Sci 11(1)

S s 2229%MVICE ZH25F3THp<0.05). “HjE
ol o arets FEAL A et slelwo] oyt
2R A A3 ot thelae] 2E)
L 14374900, “AA8) HAARMHE BeAR”
he FEAAA 27b =S i 176282 S715)
%Aeh(p<0.05).

SAHPIR)Z 51 PIEML 2R =R A HE
S B0 R et

“BlARRE) g TEARrERs TR A
A HErlgentdse] AayE Wale 0w} 2o
(Table 2). 7|25 2to] 4] H27]g 0] L34 EL 27.04
WMVICH.H, “8]27 B (qaE ZalA] theAeret
£ FEANAE 271E S Ul 4025%MVICR £}
SArp<00s). 7|REzolA thelie] ZEAgEL
32.85%MVICEH, “3]2 A8 (WS Zsl7] gheA
aveke FEAXA7} 27 HYS Ui 46.28%MVIC
2 27181 9thp < 0.05). 7| RE2tolA H37|d o]
ot chedire] EAduls 12875900, “H 8] 52|17
B E wEA Qe TEAX A7) €8 )
L 120622 73t tHp <0.05).

o]l LHe! S2EAIS A| H2 [0 2 Hiof

el thel SR Al 27|t d o] L2
T W3k= b3 Zth(Table 2). 7|25 2tolA A7
29 FEAEE 19.50%MVICH o, o] oigt &7zt
AApo] 271EL Wi 18.83%MVICE 2314 ¢
Utk 7SRl thdte] SEAEE 27.28%MVIC
Fow, o] gt FHzhEzFo] F71E S w 25.93
%MVICE §-ol517] ¢kgkch 7)HEEzlo4] A2
off digh chale] ZEAulE 15521900, o] gt
7Aoo 27 ES di= 160182 Fol5kA] oF

o},

524

S2I0) ChEH ST A| B IR fSiae) 22
= Hgf

slejmo] it F4AR = Al A7 |- ThE LY
23T HWEls 23l ZrKTable 2). 7]E-%E2bof| 4]
237182 2T 27.04%MVICS. 0, wljo] tist
ZZAAF0] 71 HSE W= 27.12%MVICE -2J5}H4]
Akt 7] 2 F A oA T MY == 32.85%MVIC
Fow, Hijof it FZAASo] F7F HS "=
31.48%MVICE F-2J51A] QkQIth7]Eg2to A 237
Aol gk ko) Taule 12875900, o]

e SzAATe) 2 HE W 126397 Rl
A ek

LI Chet ST A S BRI R
2

thdZol Hid HAHAS Al A7 HL A2
TEAYENSE ot dti(Table 2). 722 olA] A
F7192Y] 28 EE 27.04%MVICH o, ThaTo
et H2EAFo] 271 HUE dle 7.19%MVICE 7
4 Bhp <0.05). 7] &52elA] thE2o] 2=
32.85%MVICElom, thao] tigt F2pAA=0] F71
=91S wi 10.12%MVICE 74315 thp <0.05). 7]
AN HE7IHZl HF tdZe 2EAHe
128.75¢101, thdo] tigt FzrHA=0] 37t E3
& W= 131.58= f{ofstA] it

=2

B AT e AAeld T 4 A S2pAA
o] ZFE FEAXNAZL A3 Pavriae] 2y
Zof ofmt GG HIX LA oluy] $Jste] S5t

“WEe o] Yorlareshe FEARA EeEY
2 = H2o|Ye) e T REgus 27}
FHH(p<0.05). Teyhen 5{34] HiHEs ol Y= W
Lo BH Dojit7] 2F(abdominal draw-in maneuver)©|
2}l 319991, Suehiro $[35]7} Loukas S{36]2 HH
o3 52 =283 35T FAUS 49}
sh, v 252 A ol ERUAE S7HAI7I
™ S5|g]ue] AelE S7HIXITHL S18ick Richardson

slEjof ZheljAle At ohurES XAstel=t|
JH o7 z2gsittyl 31¢ct Kahlace $[40]1 Lee
[41]2} Matthijs F{42]> H55F o 5= 5%
= o AS7HEY 28R daska tdde] &+
e STk skglom, o= & d+t9 AiE
SHHkR] gk

“HAH3s| s YAB(UHE UEAAFAL = 574
AAZE 2= NS e A5l e oEEY
&= F7HTHp <0.05).

ol AHMEHE HHs] w=7] flote] F4d&
Z2A-sk= oA o] B3} 7] wiEoletar
M ZFE)E Schuenke $[43]3} Comerford2} Mottram[44]
S =7 oA thdd ) 22 TS0 E493 |

o oft w2t

f



Gam and Song: Variation of paraspinal muscle activity on different cues and stimulus 93

o sigon], o)t & kol sAmiel Axsiert.
diek sfelm el Heiel ek kel

ZHz=7)2 2o tat chd2e] ZaAE= 9-0FkR] okof
ot wef ‘:W_ SRS S 3712 Al 24l
s7] sler S2AxTelglon, sleme) ther 5214
A= FEARNEE Wes e dEFT] 9l
szkxR 0|}, hade] it H2HATe T
of 9AE ores] et BzkaATolc) halol
dfe E2EATOlN sl R Rt e st
(p<005). ol Tiadol] tjgr Z7HEATo] An(t
IHE UYE= TS %i*]ﬁ% Aolefar AYZHE)
Persson's[45]7} TakasakiS[46]S ZZFAx}=¢Q]l £9]

AYHQ A2 TRAE A 97 Hlolol 44
o= AgH A AL SFom, Beneck s 9]
chazel ojet H4HA3S A8 W H2AR)
Fo| RS F7MI7I7] Hoke olghl oAl ailst
acka sgon, ol B 7o) AuE F

SRS A BEolEAR R R
AAE EZRERS e Hasleel de e
ZEH= 7HAEE O (p < 0.05), 23| aTirtd
o] ZEAEE 7P =thp<0.05). Comerford2}
Mottram [44]2} Montgomery2} Comnolly [47]= ZF
YD 2 wE SETUIE 2 U e SEolA
st cha shgon), a8 1Yl SEu)
S A U L SEofd gysiEon s
Danneels 5519 d+olA+= 2 Fxo &5 5H%
L o 2Rt FH=r|ge] 2T} =9k,
79 T Hn | gasl 2y
Felat Aoz giekm shgich. ®, “spAveHs 75
HAA R Qlste] 2 & Wl HOH A2 g =1 &
oA ZsheEs tddEn Aoz HRrH
o o ol WA H| HEolekn Az Eat
Fspirehs FEANAR stel 2 0 W7l 919
A 2 BAE WS fsled g0l AL el
Harlge] DRAES SolwA RS Bt
= T E SRR Sobgckn Az, o
i Belkhiria 5{48]2] AtollA AR FF2AA]
A7k 27 2EREA ST S B
o A7A7} A3k

meb HE7)g2o] o chaae) 2EgEe 37
A717) Sl e o] Honlar, <okt gom
AHMEHE TEOFA L SE FEHAATL =R
g Zoletm AT,

® olo) ARHOE At 47} Aol AuE Tt
AES dUssh=dl ofzleol Aok ARtk F9
o] o] Th=oj2 Hof Qlof tE o= e ol

A g2A B S5 ek
Q7S iR %ol gt BAE o 5
YRR QPP £F F PEAAAE Aot

=
2 AT Qe HelA AR o] EaE T
FAANN U A £ A A e g

FE uX o] ohiy] 9lstel
asEsen A S

2ol A% oA uEe Aol Hox
27, 3N E ot FO2 WAL e 7
AR AEHE A2 et el LEyEst 37
e BASHLHp <0.05).

“HYARG PP WEATAL” e LA
R EL I L EEC LT L RS
213k Ak(p<0.05).

Wt sjefm, chadso] ek ZZAATelA L
Jlestol dhet chaisie] aele] fielet w9
&< Blstert

A8 B9l AUH FEA A A el o)
chede] aEbyu) S7to] & ) .
e 2 Ape z4;<71a:ko11 ﬂif& chae 2]
2 37h A71e ERAQ] TEAAAE AN, o
olel et ot ol Ae S
AR NS Ay 28-S El
2},

_Iﬁ?l r{r

B a7 AEe A, AN, L F0 BAs
of AAHS olshEEol ¢hes Motk

1. Wilke H-J, Wolf S, Claes LE, Arand M, Wiesend
A. Stability Increase of the Lumbar Spine With
Different Muscle Groups. Spine. 1995;20:192-7.

2. Moseley GL, Hodges PW, Gandevia SC. Deep and
Superficial Fibers of the Lumbar Multifidus Muscle
Are Differentially Active During Voluntary Arm
Movements. Spine. 2002;27:E29-E36.

3. McGill SM, Hughson RL, Parks K. Changes in
lumbar lordosis modify the role of the extensor
muscles. Clinical Biomechanics. 2000;15:777-80.



Phys Ther Rehabil Sci 11(1)

10.

11.

12.

13.

McGill SM, Grenier S, Kavcic N, Cholewicki J.
Coordination of muscle activity to assure stability
of the lumbar spine. Journal of Electromyography
and Kinesiology. 2003;13:353-9.

Danneels LA, Coorevits PL, Cools AM, Vanderstraeten
GG, Cambier DC, Witvrouw EE, et al. Differences
in electromyographic activity in the multifidus mus-
cle and the iliocostalis lumborum between healthy
subjects and patients with sub-acute and chronic
low back pain. Eur Spine J. 2002;11:13-9.
MacDonald D, Moseley LG, Hodges PW. Why do
some patients keep hurting their back? Evidence of
ongoing back muscle dysfunction during remission
from recurrent back pain. Pain. 2009;142:183-8.
Tsao H, Druitt TR, Schollum TM, Hodges PW.
Motor Training of the Lumbar Paraspinal Muscles
Induces Immediate Changes in Motor Coordination
in Patients With Recurrent Low Back Pain. The
Journal of Pain. 2010;11:1120-8.

van Dieén JH, Selen LPJ, Cholewicki J. Trunk
muscle activation in low-back pain patients, an
analysis of the literature. Journal of Electromyography
and Kinesiology. 2003;13:333-51.

Beneck GJ, Story JW, Donald S. Postural Cueing to
Increase Lumbar Lordosis Increases Lumbar
Multifidus Activation During Trunk Stabilization
Exercises: Electromyographic Assessment Using
Intramuscular Electrodes. Journal of Orthopaedic &
Sports Physical Therapy. 2016;46:293-9.

Danneels LA, Vanderstracten GG, Cambier DC,
Witvrouw EE, De Cuyper HJ. CT imaging of trunk
muscles in chronic low back pain patients and
healthy control subjects. Eur Spine J. 2000;9:
266-72.

Wallden M. The neutral spine principle. Journal of
Bodywork and Movement Therapies. 2009;13:350-61.
Kennedy C, Levesque L. Therapeutic Exercise for
Mechanical Low Back Pain. Manual Therapy for
Musculoskeletal Pain Syndromes: an evidence-and
clinical-informed approach. 2015:255.

Akbari A, Khorashadizadeh S, Abdi G. The effect
of motor control exercise versus general exercise on
lumbar local stabilizing muscles thickness: Randomized
controlled trial of patients with chronic low back pain.
Journal of Back and Musculoskeletal Rehabilitation.

2008;21:105-12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Souza GM, Baker LL, Powers CM. Electromyo-
graphic activity of selected trunk muscles during
dynamic spine stabilization exercises. Archives of
Physical Medicine and Rehabilitation. 2001;82:1551-7.
Desai I, Marshall PWM. Acute effect of labile sur-
faces during core stability exercises in people with
and without low back pain. Journal of Electromyo-
graphy and Kinesiology. 2010;20:1155-62.

Drake JDM, Fischer SL, Brown SHM, Callaghan
JP. Do Exercise Balls Provide a Training Advantage
for Trunk Extensor Exercises? A Biomechanical
Evaluation. Journal of Manipulative and Physiological
Therapeutics. 2006;29:354-62.

Marshall PW, Murphy BA. Core stability exercises
on and off a Swiss ball. Archives of Physical
Medicine and Rehabilitation. 2005;86:242-9.

Franga FR, Burke TN, Hanada ES, Marques AP.
Segmental stabilization and muscular strengthening
in chronic low back pain: a comparative study.
Clinics (Sao Paulo). 2010;65:1013-7.

O'Sullivan PB, Phyty GDM, Twomey LT, Allison
GT. Evaluation of Specific Stabilizing Exercise in
the Treatment of Chronic Low Back Pain With
Radiologic  Diagnosis of  Spondylolysis  or
Spondylolisthesis. Spine. 1997;22:2959-67.

Barr KP, Griggs M, Cadby T. Lumbar Stabilization.
American Journal of Physical Medicine &
Rehabilitation. 2007;86:72-80.

Costa LOP, Maher CG, Latimer J, Hodges PW,
Herbert RD, Refshauge KM, et al. Motor Control
Exercise for Chronic Low Back Pain: A
Randomized Placebo-Controlled Trial.
Therapy. 2009;89:1275-86.

van Dieén JH, Cholewicki J, Radebold A. Trunk
Muscle Recruitment Patterns in Patients With Low
Back Pain Enhance the Stability of the Lumbar
Spine. Spine. 2003;28:834-41.

Wang-Price S, Zafereo J, Brizzolara K, Sokolowski

Physical

L, Turner D. Effects of different verbal instructions
on change of lumbar multifidus muscle thickness in
asymptomatic adults and in patients with low back
pain. J Man Manip Ther. 2017;25:22-9.

Cowling EJ, Steele JR, McNair PJ. Effect of verbal
instructions on muscle activity and risk of injury to
the anterior cruciate ligament during landing.
British journal of sports medicine. 2003;37:126-30.



Gam and Song: Variation of paraspinal muscle activity on different cues and stimulus 95

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bressel E, Willardson JM, Thompson B, Fontana
FE. Effect of instruction, surface stability, and load
intensity on trunk muscle activity. Journal of
Electromyography and Kinesiology. 2009;19:e500-¢4.
Lim I, van Wegen E, de Goede C, Deutekom M,
Nieuwboer A, Willems A, et al. Effects of external
rhythmical with
Parkinson's disease: a systematic review. Clinical
Rehabilitation. 2005;19:695-713.

Rubinstein TC, Giladi N, Hausdorff JM. The power
of cueing to circumvent dopamine deficits: A re-

cueing on gait in patients

view of physical therapy treatment of gait dis-

turbances in Parkinson's disease. Movement
Disorders. 2002;17:1148-60.

Wang-Price S, Zafereo J, Brizzolara K, Anderson E.
Effects of tactile feedback on lumbar multifidus
muscle activity in asymptomatic healthy adults and
patients with low back pain. Journal of Bodywork
and Movement Therapies. 2018;22:956-62.

K, Kass SJ, Blalock LD, Brill JC.

Effectiveness of auditory and tactile crossmodal

Hopkins

cues in a dual-task visual and auditory scenario.
Ergonomics. 2016;60:692-700.

Boonsinsukh R, Panichareon L, Phansuwan-Pujito P.
Light Touch Cue Through a Cane Improves Pelvic
Stability During Walking in Stroke. Archives of
Physical Medicine and Rehabilitation. 2009;90:919-26.
Dickstein R, Shupert CL, Horak FB. Fingertip
touch improves postural stability in patients with
peripheral neuropathy. Gait & Posture. 2001;14:
238-47.

Shiva T, Misiaszek JE. Activation of ankle muscles
following rapid displacement of a light touch con-
tact during treadmill walking. Experimental Brain
Research. 2017;236:563-76.

Peterson-Kendall F, Kendall-McCreary E,
Geise-Provance P, McIntyre-Rodgers M, Romani W.
Muscles testing and function with posture and pain.
US: Philadelphia: Lippincott Williams & Wilkins,
Ltd. 2005.

Teyhen DS, Miltenberger CE, Deiters HM, Del
Toro YM, Pulliam JN, Childs JD, et al. The Use of
Ultrasound Imaging of the Abdominal Drawing-in
Maneuver in Subjects With Low Back Pain. Journal
of Orthopaedic & Sports Physical Therapy. 2005;
35:346-55.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Suehiro T, Mizutani M, Watanabe S, Ishida H,
Kobara K, Osaka H. Comparison of spine motion
and trunk muscle activity between abdominal hol-
lowing and abdominal bracing maneuvers during
prone hip extension. Journal of Bodywork and
Movement Therapies. 2014;18:482-8.

Loukas M, Shoja MM, Thurston T, Jones VL,
Linganna S, Tubbs RS. Anatomy and biomechanics
of the vertebral aponeurosis part of the posterior
layer of the thoracolumbar fascia. Surgical and
Radiologic Anatomy. 2007;30:125-9.

Richardson C, Hodges P, Hides J. Therapeutic ex-
ercise for liumbopelvic stabilization. Churchill
Livingstone. Churchill Livingstone. 2004.
Fredericson M, Moore T. Muscular Balance, Core
Stability, and Injury Prevention for Middle- and
Long-Distance Runners. Physical Medicine and
Rehabilitation Clinics of North America. 2005;16:
669-89.

Panjabi MM. Clinical spinal instability and low
back pain. Journal of Electromyography and
Kinesiology. 2003;13:371-9.

Kahlace AH, Ghamkhar L, Arab AM. Effect of the
Abdominal Hollowing and Bracing Maneuvers on
Activity Pattern of the

During Prone Hip Extension in Subjects With or

Lumbopelvic Muscles

Without Chronic Low Back Pain: A Preliminary
Study. Journal of Manipulative and Physiological
Therapeutics. 2017;40:106-17.

Lee AY, Kim EH, Cho YW, Kwon SO, Son SM,
Ahn SH. Effects of abdominal hollowing during
stair climbing on the activations of local trunk sta-
bilizing muscles: a cross-sectional study. Annals of
rehabilitation medicine. 2013;37:804-13.

Matthijs OCG, Dedrick GS, James CR, Brismée
J-M, Hooper TL, McGalliard MK, et al. Co-con-
tractive Activation of the Superficial Multifidus
During Volitional Preemptive Abdominal Contraction.
PM&R. 2013;6:13-21.

Schuenke MD, Herman JR, Gliders RM, Hagerman
FC, Hikida RS, Rana SR, et al. Early-phase muscu-
lar adaptations in response to slow-speed versus tra-
ditional resistance-training regimens. European Journal
of Applied Physiology. 2012;112:3585-95.
Comerford M, Mottram S. Kinetic control-e-book:
The management of uncontrolled movement: Elsevier



Phys Ther Rehabil Sci 11(1)

45.

46.

47,

48.

Health Sciences; 2011.

McCarthy Persson JU, Hooper ACB, Fleming HE.
Repeatability of skin displacement and pressure
during “inhibitory” vastus lateralis muscle taping.
Manual Therapy. 2007;12:17-21.

Takasaki H, Delbridge BM, Johnston V. Taping across
the upper trapezius muscle reduces activity during a
standardized typing task — An assessor-blinded random-
ized cross-over study. Journal of Electromyography
and Kinesiology. 2015;25:115-20.

Montgomery PC. Clinical applications for motor
control. 2003.

Belkhiria C, De Marco G, Driss T. Effects of ver-
bal encouragement on force and electromyographic
activations during exercise. The Journal of Sports
Medicine and Physical Fitness. 2018;58.



