Physical Therapy
Original Article Rehabilitation Science

hitps: //doi.org/10.14474/ptrs.2023.12.3.340 Phys Ther Rehabil Sci
elSSN 2287-7584 2023, 12(3), 340-345
pISSN 2287-7576 www.jptrs.org

Effects of Alignment of the Thoracic Spine and Ankle Joint on
Muscle Activation During Sling Exercise

Hojin Shin2™ and Gyeongseop Sim®*

3Department of Health Science, Gachon University Graduate School, Incheon, Republic of Korea
bDepartment of Health, Exercise and Rehabilitation, Yeoju Institute of Technology, Yeoju-si, Republic of Korea

Objective: The purpose of this study was to investigate the effect of thoracic spine and ankle joint alignment on trunk and upper
limb muscle activity during trunk forward lean exercise using a sling.

Methods: 25 subjects participated in this study. All subjects performed trunk forward lean exercise using a sling under four
conditions according to the alignment of the thoracic spine and ankle joints. Trials were performed 3 times in each condition.
Muscle activity of the trunk and upper extremity was measured using electromyography.

Results: In the dorsiflexion, the thoracic kyphosis condition showed significantly higher muscle activity in the pectoralis major,
rectus abdominis, latissimus dorsi, transverse abdominis than dorsiflexion(p < 0.05). In the plantar flexion, thoracic kyphosis
condition showed significantly higher muscle activity in pectoralis major, transverse abdominis, latissimus dorsi muscle activity
than dorsiflexion(p < 0.05).

Conclusions: Regardless of ankle alignment, thoracic kyphosis condition increased the activity of the pectoralis major, transverse
abdominis, latissimus dorsi. Therefore, regardless of the alignment of the ankle, it is recommended to perform the trunk forward
lean exercise using a sling in thoracic kyphosis.
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Table 1. Attachment of EMG electrodes
Muscle Attachment region
PM 2 cm medial to axillary
SA mid axillary line, at approximately the level of rib six
RA 2 cm lateral from the midline of the umbilicus
TrA approximately 2 cm medial and caudal to ASIS
LD 4 cm below the inferior tip of the scapula

PM: pectoralis major, RA: rectus abdominis, TrA: transverse abdominis, SA: serratus anterior, LD: latissimus dorsi.
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Table 2. Characteristics of participants
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Characteristics Male (n=14) Female (n=11) Both (n=25)
Age (years) 23.50 (4.27) 21.45(2.81) 22.60 (3.78)
Height (cm) 174.71 (4.80) 164.73 (4.32) 170.32 (6.77)
Weight (kg) 71.00 (5.36) 59.73 (12.89) 66.04 (10.83)
BMI (kg/m?) 23.33(2.43) 22.00 (4.62) 22.75 (3.54)

The values are presented mean (SD)
BMI: body mass index.
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Table 3. Change of muscle activity according to thoracic alignment in dorsiflexion

Variables Kyphosis Lordosis p-value
PM 35.84 (8.54) 53.47 (30.77) 0.022
RA 46.19 (23.53) 55.47 (27.22) 0.041
TrA 50.00 (29.51) 61.65 (20.60) 0.038
SA 23.06 (13.84) 22.31(12.95) 0.761
LD 25.33(29.94) 50.99 (32.94) 0.043

The values are presented mean (SD)

PM: pectoralis major, RA: rectus abdominis, TrA: transverse abdominis, SA: serratus anterior, LD: latissimus dorsi.

Table 4. Change of muscle activity according to thoracic alignment in plantar flexion

Variables Kyphosis Lordosis p-value
PM 42.04 (12.54) 60.33 (24.54) 0.022
RA 56.18 (26.64) 60.93 (29.86) 0.511
TrA 50.50 (24.38) 64.83 (27.38) 0.028
SA 24.43 (13.83) 24.44 (15.46) 0.996
LD 29.24 (36.20) 52.12 (58.22) 0.015

The values are presented mean (SD)

PM: pectoralis major, RA: rectus abdominis, TrA: transverse abdominis, SA: serratus anterior, LD: latissimus dorsi.

& WAl Sl B S ALgeect & dn
A3 Sule] Aun wEpde] 4 S48 289
Ho] fofat WakE WYAIAch

B AT Aneld WEEY s s,
HlZ e, ulRd, Weste) Bwst Suel 9F

= Aol %:‘IT}-E HExch °.46P =712 wark
Briggs 520]9] ol M= &40 Fodt FFS 1|
o Bt B3 &2 ﬁ—‘rwﬂ}q =85t A7+ AHk

7187] 2% A Sue] dEgold ZHH 285o] o
2 48AEE B olf= ¥ Z(moment arm) 249
03% o7 Uit AmE AlgEch Ao HEe F8

%2 7120 SHakel Wste] 2ge] Yol
ok ojuf 2] Fet @14 d(external force)y} 2]
(internal force)] 2h-gof 2Jaf 2F2|Ql gjxd=lo] &
A, ol2fa SHES P(force)Tt 7 ol AL ur
o, g o7t FrFEE g SR ¢
A 79 7 @l 27k 1ol digels WA Fe 271

gt o3l olf-= Sl ¢
e Z7IA gL =AA 0] J—Hﬂﬂ ﬂ

s 850 Tl o5

o[ i ook mok
iy
lr r&

*MH S50l 4 BRI 57
ek o] Egh wzhz ol

ﬁur % Wi

\:l

1 of
S CEE
261 AT} deof 217

2l Ziii AR
=R 2ol o Z/do]

2 oyehdoial B dAbsol 2718 siddsieEd
[9,21].
1] Axfol| vhsf Wutsr w5 AjollM= Wl o
B Yol HEe Yt TR WRE, W
TRk o B TS Belch B FAAEe
APF} AIE BHAATE vjZ2ZoA e A= Bt
dlolel A HES Aol B EHA felet A
o] Ho|x| gt} o] WEIA o] H2o] ¢Ike n|
Ao R ARET You 5(2014)9] dFo|As Wt
Z o] AHo| HHOl A8HA o] JeFS w|zitty H IS}
FCH22). AR 2 AFtoAE e ol uhE 2%
4 HSHE EAsl 2 Ay e A AEfelA ARt
o /o] FelsHAl S7I8IAAL ol &5 ARael 2l
A2 AtrEnh You 5{22]¢] o w2d s
Q0] A WEAY A7ke] FAe| A FAHE 2

J



Phys Ther Rehabil Sci 12(3)

=
1o
=
%
N
il
=2
X
r
X e
-
1o
i
~{
i
U=
rE
o
e
I
£
o

g=
BTl A7 4Q W 258 e 43S
ol ARt A 7127 L% B Fe 2= A
913}

ol s, Hvt

7
1, st ERlel A Sulel
2o e FAI web B v

Sl QFE Aol AL A 7187] 2EL 5

olsl S=

B Q7o) A4ES AT, AR, W Fu Bels
of AAHS olshEEol ¢S M

nmoa =2

—_—

429 850] Sl o= fIRt Ry 85de)
& ZeOY Agant ARSI 2013519
(2):63-70.

2. Nachemson A: Lumbar spine instability. A critical
update and symposium summary. Spine. 1985;10:
290-291.

3. Cady LD, Bischoff DP, O'Connell ER, Thomas PC,
Allan JH. Strength and fitness and subsequent back
injuries in firefighters. J Occup Med. 1979;21:

269-272.

10.

11.

12.

14.

15.

Caldwell JS, McNair PJ, Williams M. The effects
of repetitive motion on lumbar flexion and erector
spinae muscle activity in rowers. Clin Biomech
(Bristol, Avon). 2003;18:704-711.

Cairns MC, Foster NE, Wright C. Randomized con-
trolled trial of specific spinal stabilization exercises
and conventional physiotherapy for recurrent low
back pain. Spine, 2006;31:E670-E681.

Hides JA, Richardson CA, Jull GA. Multifidus
muscle recovery is not automatic after resolution of
acute, first-episode low back pain. Spine. 1996;21:
2763-2769.

Lee SW, Kim SY. Effects of hip exercises for
chronic low-back pain patients with lumbar instability.
J Phys Ther Sci. 2015;27:345-348.

Marshall PW, Murphy BA: Core stability exercises
on and off a Swiss ball. Arch Phys Med Rehabil.
2005;86:242-249.

Imai A, Kaneoka K, Okubo Y, Shiina I, Tatsumura
M, Izumi S, et al. Trunk muscle activity during
lumbar stabilization exercises on both a stable and
unstable surface. J Orthop Sports Phys Ther. 2010;
40(6):369-375.

Saliba SA, Croy T, Guthrie R, Grooms D, Weltman
A, Grindstaff TL. Differences in transverse abdomi-
nis activation with stable and unstable bridging ex-
ercises in individuals with low back pain. N Am J
Sports Phys Ther. 2010;5:63-73.

Petrofsky JS, Batt J, Davis N, Lohman E, Laymon
M, De Leon, et al. Core muscle activity during ex-
ercise on a mini stability ball compared with ab-
dominal crunches on the floor and on a swiss ball.
J Appl Res. 2007;7:255-272.

A, Wioly. BRI 7S} 2Eo] ARE A== A
25 A 5ol MRl JEF deteETA R
A]. 2003;10(1):63-76 13.

A, iR 539 W2 AANE S0y

T2 vl Pk oMol 58 Sl 2016;
18(4):63-69 14.

AR, 314, o2, oA, gAst olds]. wzt
Al €799 =o| Hsle} vk Y, Bl o
E st 50 2EE Bl Akt
3] k&3] 2015;2015:588-590.

Ekstrom RA, Soderberg GL, Donatelli RA. Norm-
alization procedures using maximum voluntary iso-
metric contractions for the serratus anterior and tra-



effect of posture during sling exercise in healthy adults

pezius muscles during surface EMG analysis. J
Electromyogr Kinesiol. 2005;15(4):418-428.

16. Yoon TL, Kim KS. Effect of craniocervical flexion
on muscle activities of abdominal and cervical mus-
cles during abdominal curl-up exercise. Physical
Therapy Korea. 2013;20(4):32-39.

17. Lee DH, Hong SK, Lee YS, Kim CH, Hwang JM,
Lee Z, et al. Is abdominal hollowing exercise using
real-time ultrasound imaging feedback helpful for
selective strengthening of the transversus abdominis
muscle?: A prospective, randomized, parallel-group,
comparative study. Medicine (Baltimore). 2018;97
(27):e11369.

18. Lee ST, Moon J, Lee SH, Cho KH, Im SH, Kim
M, et al. Changes in activation of serratus anterior,
trapezius and latissimus dorsi with slouched posture.
Ann Rehabil Med. 2016;40(2):318-325.

19. Kendall FP, McCreary EK, Provance PG, Rodgers
MM, Romani WA. MUSCLES: Testing and Function
with posture and pain. 5th ed. Pennsylvania. Lippincott
Williams & Wilkins; 2005.

20. Briggs AM, van Dieé¢ JH, Wrigley TV, Greig AM,
Phillips B, Lo SK, et al. Thoracic kyphosis affects
spinal loads and trunk muscle force. Phys Ther.
2007;87(5):595-607.

21. Feldwieser FM, Sheeran L, Meana-Esteban A, Sparkes
V. Electromyographic analysis oftrunk-muscle activity
during stable, unstable and unilateral bridging ex-
ercises in healthy individuals. Eur Spine J. 2012;
21Suppl 2(Suppl 2):S171-S186.

22. You JH, Kim SY, Oh DW, Chon SC. The effect of
a novel core stabilization technique on managing
patients with chronic low back pain: a randomized,
controlled, experimenter-blinded study. Clin Rehabil.
2014;28(5):460-4609.



