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Effect of Trunk Flexion on Muscle Activity, Motion of Scapular and Scapulohumeral Rhythm
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ABSTRACT

The purpose of this study was to determine the effect of trunk posture on muscle activity and motion of scapular and
scapulohumeral rhythm. Thirty-one healthy subjects performed right-arm abduction and adduction along the frontal plane while standing
in both upright and flexed posture of trunk. Scapular upward rotation, anterior tilting and internal rotation ware recorded using a
motion analysis system and muscle activity of upper trapezius, lower trapezius and serratus anterior ware recorded using surface
electromyography during abduction and adduction in both trunk postures. then, scapulohumeral rhythm was calculated. Scapulohumeral
thythm and scapular posterior tilting in flexed posture was significantly decreased than in upright posture. Also, muscle activity of
lower trapezius in flexed posture was significantly increased and serratus anterior was significantly decreased than in general posture.
The result of this study revealed that flexed posture of trunk altered the muscle activity and kinematic of scapular. Measurement of
trunk posture should be included the evaluation of dysfunction and disorder of shoulder girdle since rehabilitation of trunk posture is
important to restore of upper limbs function.

Keywards : Trunk Flexion, Muscle Activity, Scapular Kinematic, Scapulohumeral Rhythm
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Hsls olRd Ay e4lHde] e AFAIAA YeR}
1, o= o7 2] A%} (orientation) 3! =2 ¢(motion)©| 5}
9} AFE THBraman et al, 2009).

HR|7]5<E o7l e} nlAdl 1A]9} 54 71557 (dynamic
dysfuction)}& 4 TAed EUC Heeh 22 odd 2
Wo| 9 9lojm(Burkhart, Morgan & Kibler, 2003), o17j#-4
7155 Ao HrHE sl o 22 st g #
22 P4 o] thFayad et al., 2008; Lin et al., 2006, Ludewig &
Cook, 2000, Yang, Lu, Chou, Chang & Lin, 2009). 3242 of7)
W =98 $1&yol¥&E 9 upward/downward rotation), UZE/HE
(anterior/posterior tilting)7]€% % ¢HE/MIZEES (intemalfexternal
rotation) -2 72| S-CHBarnett, Duncan & Johnson, 1999; Karduna,
McClure, Michener & Sennett, 2001).

A D5 B4L 28 Aot A de o, S
HEE 55 AAedlA HAos Yehm, 47| &5 bE A
AlellA AAfaljof o3} FF §lo] HEE she 259 S48
of7] & 4=tk T of7fm F okslel B, I8 B
T AATS P89 H231E Igh o] AR o &5 o]
“S(dyskinesia)> Zo] WA|7] FHH 2 JA43 &54 o
Uz o]Fg HHoRZ &8 & gl YA EolA 3tk
(Wilk, Meister, & Andrews, 2002). 15| E-(upper trapezius)3}
o} A E(lower trapezius) % 95U (serratus anterior) < 2
A B o e vty Fod 9de 3t
(Ebaugh, McClure & Karduna, 2005). 45U ojAf+= of
7w AZ=s 9 YA Z50)™(Hamada, Igarashi,
Akita & Mochizuki, 2008), ©17H1<] $|&yol&EH 2 JyH
Z71edes 2dsta Ak 98-S i(Thigpen et al,
2010). ©A7] Ft ol AR of7m $1& EHS FA3t
7] 98 23 9&S 3ThNissen et al., 2007). H5A|E2
ORYITAIET B AFUZE oPmE EoE EY A=
8] 0 2 2183} (Neumann, 2006), ©15 & SHE9| B+
2 o 7eRA Aol Qe FFA AN HEHTG
(Diederichsen et al., 2009; Lin et al., 2005, Lin et al., 2006,
Ludewig & Cook, 2000).

TR|7100A 71 Bt BB 2o A, oAl et
3|H, J8l3 B IAE 9AY] AAYEkS FATE T8
3} FLEO|THWilk et al, 2002). T3+ 2 &3 o] dA&AQ 53}
of TmMel 229 F Q93 THCrosbie, Kilbreath, Hollmann &
York, 2008; Theodoridis & Ruston, 2002). 3% & £3F<H 9 5
e 22 Zow FHsta WiEoE 7]2-0)A X7k Crosbie,
Kilbreath, Hollmann & York, 2008), 59| 2& AA KT} &3]
AR SHe = BPe haslal = 293 & 2299l
718 #3)-& %715 (Edmondston et al., 2007), 552 #38 A
Aol 4] ot T & 2299 WMl Be| 715A Ak}

o

AFF i(Theodoridis & Ruston, 2002).
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2 A9, nA e 2198 100 Hz2 2285k dhdatel
QEZE I Y& T =EHUL, AN FFuiE o7
7FA19] Bl (root of the scapular spine), o171 <] o} Einferior
angle), 5-%2] Zhacromion angle), YTl 71& FA-§7|
(lateral epicondyle), Y5 WA HW S| 7}AE7](spine process),
A WA, F WA, G HA 5 G HA Sl ZPAETo] R
2t (Figure 1).

Figure 1. Markers point of attachment
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A& FR7 AEATE 3] MPI00WSW(Biopac System Inc.
CA. USA)E ARE3HTE H=-2 o]= EHZ= (Biopac System
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HEE FHEIA ddAE =AY tidsie] MVCE 5
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Figure 2. (A) Humeral angle: The angle between a line passing through C7 and T11 and a line passing through lateral epicondyle of humerus and
acromion angle(posterior view). (B) Thoracic angle: The angle between a line passing through T1 and T2 and a line passing through T10
and T1l(lateral view). (C) Scapular upward rotation: the angle between a line passing through C7 and T10(trunk reference) and a line
passing through the inferior angle and the root of the spine of the scapula(the spine of the scapula)(posterior view). (D) Scapular anterior
tilting: the angle between a line passing through C7 and T10 (trunk reference) and a line passing through the inferior angle and the root
of the spine of the scapula(medial view). (E) Scapular internal rotation: the angle between the Z axis (mediolateral axis) and a line
passing through the root of the spine of the scapula and acromion(superior view)
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o] Eofl AF-S FUTE MVCE ZF 2504 338 S5
om, 7z} 3171 3029 F412 7Ktk ol = A T F1t
3z 5% HE K root mean square; RMS)#E2] Ht ks Ak
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X100

(A) Upper trapezius (B) Lower trapezius (C) Serratus anterior
Figure 3. Electrode attachment site
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1. 5%

() S1gm 89 A4} 5 4%
S A AR A S A 22 ZAA 27.61°,

Table 1. Result of humeral abduction angle and thoracic angle (umit: °)

Upright posture  Flexed posture )
M=£SD M=SD ! ?
TA 27.61+8.40 41.69+9.28 -17.033 .000*
MHAA 150.40+11.70 138.68+15.27 5.351 .000*
paired t-test

M : mean, SD: standard deviation, TA : thoracic angle,
MHAA : maximum humeral abduction angle *p<.001

=3 AANA 41.69°2 F ARA Zhll f2]dE 2ho)7} e
(p<001), Aol HE A A L EY AEe 22 2
A 150.40°, F3 AHA|I A 138.68° 2 F AA| bl 23k 2}o]
7} AATHp<.001) (Table 1).

d

@ AA el AR EE 5T A7im 22 Hlw

oS ZE E A7l S HHI} Bg BFoA
A 7hel) f2lg Zpol7h ATHp<09). HE=
A 7hel) ol gt ko7t AR (p<.05), B
g ATHp<05). IEEHL B AA 2t Fo%
Zol7h AU (p<.05), Eir &< AA ol o
AATHp<.05)(Table 2)(Figure 4).

ot o=s ofdm Wy F2t o] EEHe] A%
2 9 Fol Ugteng oz F9 AL ool ¢
Z712e] AU AEEHY FAYL 59 Fhol Uskem

= opii= HEOR T|2ojAv wpEEoR Y Si3lth

2o
=
&

Table 2. Mean and standard deviation of motion on scapular rotation (umit: )

Upright posture  Flexed posture t r
SHR 2244093 1.36+0.52 5.847  .000%**
UR 3395757 37.27+8.08 2563 016%
HAb
AT -13.48+3.02 -10.78%5.33 23052 .005%*
IR -4.44+8.60 -3.71£5.80 -473 .640
SHR  254+0.72 1.95+0.71 4955 .000%**
UR 32.2247.93 33.07£8.11 -903 376
HAd
AT -12.9214.45 -10.44+5.25 2806 .009**
IR -4.55+723 -2.00+6.22 2,185 037*

*paired t-test *p<.05, **p<.01, ***p<.001

M : mean, SD: standard deviation,

HADb : Humeral abdcution, HAd: Humeral adduction
SHR : scapulohumeral rhythm, UR : upward rotation,
AT : anterior tilting, IR ; internal rotation
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@) BEH 23 AR S oA 2HY Pl

o7 Eel 5t 01771111319] A& 22 A w3 A
Al 5l A Rt 25 Zhl ot Zol7h YR T (p<.05).
oMol 7Y %L AAeh w1 AA| Bl Y
I B ol frol gk Apo)7h VERA] L};fE‘r(p>05) 0177}1“31«1
PEEHS = AAeds Zadt BE 1l Tl’/]d' Aol 7}
YUEIA] kAT p.05), #3 XW]OH t B3 89 2t
Trof gk Apo]7F ERSTHp<.05)(Table 3)(Figure 4).

Table 3. Mean and standard deviation of motion on scapular rotation

(umit: °)
Humeral Humeral ‘ .
abduction addcution 4
SHR 2.24+0.93 2.54+0.72 -3.238 .003*
) UR 33.95+7.57 32224793 3.598 001*
Upright
posture AT -13.48+3.02 -12.92+445  -1.163 254
IR -4.44+8.60 -4.55+723 137 892
SHR 1.36+0.52 1.95+0.71 5714 0007
UR 37.27£8.08 33.07£8.11 5.148 L0007
Flexed
posture AT -10.78+533 -10.44%5.25 -522 .606
IR -3.71£5.80 -2.00+6.22 -3.086  .004*

*paired t-test  *p<.01, **p<.001

M : mean, SD : standard deviation,

HAB : humeral abdcution, HAD: humeral adduction
SHR : scapulohumeral rhythm, UR : upward rotation,
AT : anterior tilting, IR ; internal rotation

Scapulohumeral Rhthm Scapular Upward Rotation

Upwa 4 —>

¢ \
Fexed 1 |

3 ]| m
0 05 1 15 2 25 3 50
O Abduction @ Adduction DO Abduction B Adduction
Scapular Anterior Tilting Scapular Internal Rotation
Anteror  —> Il ——%. |
| | | — ‘
—
: - Flexed ‘ ‘ Flesed
s | \ =
| | | ‘ N Ei
et ——
- !

-20 -15 -10 -5 0

DAbduction @ Adduction OAbduction B Adduction

Paired t-test between postures or phases *p<.05, **p<.01, ***p<,001
Figure 4. Result of scapular kinematic

2. &5 =
A HYy 2 Fob AR 28 TEE o

A 2F 73 AA A 3560 SMVCE}F 3720 %MVCE AHA| 7H

Table 4. Result of %MVC between the two postures

(unit: %MVC)
Upright Flexed
Muscle posture posture t 7
M+SD MzSD
Upper trapezius ~ 35.60+32.88 ~ 37.20+30.08 -1.080  .289
Lower trapezius ~ 3041+1605  3592+1724 -3873  .001*
Serratus anterior ~ 39.22+21.31  31.79+13.18  3.186  .003*
M : mean, SD : standard deviation

paired t-test *p<.01
o frelak zto]7h YATHp.05), 12w Hz} g Fok o}
SAEZY 2§ FATE T2 AAe #8 AA0IA 3041
%MVCS} 3592 %MVCE A bl frofgk o)z} SIStk
(p01). S 3 28 Bk dRUTY 25 SEE 2
& AA|9F F3) A oA 3922 GMVCE} 31.79 %SMVCE AHA|
Zhel| frefgt 2ol 7} QIATHp>.01)(Table 4).
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S WY ok o EEY, ¥X71LY B IBEY
of 9t BART, oISAR ¥ FEUDY 25 BYE
Bl A BAL AASET SRS 25 BYE
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= 1200744 SlEm 1E Ft oM e] BEH U=
-057), 71 2= -007) B AFEH] wH U=
1783 25 o)t *&1%74]7} A ok SAIRZY 2
== 120"77}1] Sz HF Fet ofm o] ABEHY ¥
A= -086), FE7I2U FAUG= -193) F AEHEH &
A= -.170)3 é% oI AHAAE it dHEUSe
=5 BAEE 1200714 12 EY 53 ol HEEH
324) 2 E=E] FAYUe= -310F 7T 5o
oFZ7]-8-0)0] & lol(r— 170)_1,]__

Ji

V. = ¢

B A7E 733 ddAelAA EEe
225 oAme] 22 3 2% %WE% LR
& dolrgith SlEm F24 SxolA W AT Z& A
oA 27.61° B8 AACA 41.69°2 F AA 7l F2l@ o]
7} 0;1049_111 B d7E T 239 L%A0 WalE o)

@ % qdglom ool e opmle] LEs 2% FHE
A58 90} ¥ & 2

B ATl obisielse S WYt B3 BFd
259 T AARTE T AN Frelsl Aasigon,
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o ZEHY FAUL AT B A 22 A Hh
78 AAA A YERITE Mell et al.(2005)2 EHw A
A 2920 3E W] 9 A7 Ak 2bll o s geElE
7 &3 2w &8 Tz 7)€ slope of the
scapula/humeral elevation curve)S HlWSlF L & W2l 27] 3
9] 25¢ =920 A 25 oAEEES E9Y ¥
= ¥ 250 %49 A 2FEY ekl SRS
o, o7 = EdTW AR 1FlA B 23 HJTk Fayad et
al.(2008)9] ATA EAAMEREAE T 4ol e
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