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Abstract
Background: This study was to investigate effects of

flat-back posture during inhalation compared to nor-
mal posture, focusing on the expansion of the chest
and the activation of neck muscles.

Design: Case-control study.

Methods: Thirty subjects participated in this study.
Plumb line distances and Sagittal index were meas-
ured using a ruler and a laser level in the standing
position to evaluate and classify thoracic kyphosis of
the subjects. Chest expansion was measured using a
ruler, and surface -electromyography was used to
measure muscle activity around the neck and should-
ers during inhalation. Correlation analysis and in-
dependent t-tests were conducted to compare chest ex-
pansion and muscle activity around the neck between
subjects with flat-back posture and those with normal
posture during inhalation.

Results: The correlation analysis showed a statisti-
cally significant positive correlation between Sagittal
index and chest expansion at the level of the xiphoid

process (r=.558, p<.05), and a statistically significant

© 2024 by the Korean Physical Therapy Science

negative correlation between Sagittal index and activ-
ity of the upper trapezius at the onset of inhalation
(r=-.368, p<.05). Independent t-test results indicated
significant differences between the flat-back posture
group and the normal posture group in the circum-
ference of the xiphoid process at rest (p<.05) and in
the activity of the upper trapezius at the onset of in-
halation (p<.05).

Conclusion: Flat-back posture influences a decrease
in chest expansion and at the same time increases the
muscle activity of the upper trapezius muscle at the

beginning of inspiration.

Key words: Inhalation, Rib Cage, Posture
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JAL] T A= AR A5 FxolA APFHE g B S as o] Fa TE e
o] F e 32 a2 o7 ¥ Uh(Bernhardt ¥} Bridwell, 1989). Al%d% 2%
HA ] A FADT ETHS A T3k Q7o th(Magee, 2014). H]A3A <1
ﬁﬂl A A o] o (Kamaz -5, 2007), 53] B4 A 552 7982

el Edl= S 6PE}(Plres 5, 2005; 71A1<, 2023).

—E | Al 7FEE e G2 7 7HA 9] 7HEE e FAY e R YEhbed 1% THE ek s B v oF
HEo R EXJO]% X :ME(pump handle) $-5-°0] FEE = W, o} % TGl oll A = An|w ) 7k
o7 &2o]= W7 # S (bucket handle) 50| #2ETHDrake 5, 2014). 01213t 715929 &2 YL A3}
o upg} Jeks W= AoR BHuHI §low, tpekst AN 7HEEl 239 Wbyl dA sty skl
(Vellody 5, 1978; Verschakelen ¥} Demedts 1995; Nozoe 5, 2014). T3 Takahashi 5(2007)> W]7g/42 91 z}A| 7}
7o S A oE ATAITIE dle] & S dvkar sl
| Al AFEE = 25 5529 7FE 9(diaphragm) ¥} P2 ZH|ALO| 2, &

T/ Bl BHle Hw o) ZnmE vE] WO o]FAlA

SFCH(Legrand 5, 2003). Kendall ‘5(2005)> &3} o7 5= =5
TEE HA Y s FAELE 7hesstA sk, X}Aﬂ‘ﬂﬂﬁ}i Ak z17olL} oFs)
Hrhal 331 9™ Chaitow 5(2014)2 T d|Eo]Als Uo7 Q& Q4EH
HAAES stk T3 v A AR A% TFEL WEs TR ST W3}
thal & thKoh I} Jung, 2013).
S 1A R AbAlell = HREFAAN7E Qlth AR T = H 57 A doln] 53] ot 2} 95 2]
2l (thoracolumbar junction)®] B2l A5 55 FEE Kol ARPAOR M F33 ZHE7}) 400 ©]
£ WETH(Neumann, 2002; W14, 2024). 5822 FwaS 9% sfelw(L1-L2)8] H A} off
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AT A4S doA 9 7eA 9 ?Zﬂ HEYS FE= 2471 ILu ¥ Chou, 2007; ©]%, 2022).

A Aol A A WErt 7hE-g-ele] el wA= G dE Aghse] ol Rauwa gk
Szczygiet “5(2015) M| 12| ol wWhE ARARIEZE F2H] 3AFA A Q1 FEle} THE-El ] Egel P m Rtk
K138} 0™, Taiichi 5(2019)-> A& M 2| AA e} SR Aol A 7HE5-8] 2 Sy =E vla s A k%
HEZA 7} 15929 Fel G- FAvk Buslith o)A AAgL BEE siee-e e Fge] Yigt o
T WA v AR] AR T o] HBFAAE THR o Abe] Thg-e-e] o] el sk A vE
A7golt.

webA 2 A= F7) Al BB FAAE 7ER oAk AAAAE 7Rt Al A L 7hE9-e] ] g
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1. YA5tCH &t
AT Ayl 20-30t9] T T A ol E Sl 308 2 o AE EAet
7iﬂ(plumb line distances; PDs)$} A]/d4]<(Sagittal index)
7D A 179 R IS WrSlth #4979
As 52 F AR Fo5 oA A4S Ak
7

e

= = v
AR 3 mE B S F5AEel AHA

onf A 7§ 7t 5, o7 Bl sle] S IEAA Aeizt AN B¢ ALJsleh A 5 2017).

BE 3R] HF39 wkaS Frsh] fEl A AR S APEAIE Sl S E AVATE vl
2 S 3 g Atelelon S FHggzte] 40 nke] A9 AFTAAIFOE FF 5+ 40
ol A AAAAIF R EF3HATHLau 5 2010; Neumann 5 2002).

A EME FEE S A8 A1) Bz APEe FAUE 057 Asho] dolA FRAA
(laser level, JS yuanfeng industrial Inc. china, 2023)E AME-5lSITh dlo| A T2 A= °
ol 1m ol HPF S o] AAsIGler HolARtE AxReer A4S 3tk

2) FHUHE|=t AR

TFARAAR = 7P AN R RE HF0 TMAET7EA] O] ARlE Qe A RE SAekA] kol AdE
AES Frreth =& F7RA U A EE Boln T e FiSs Y e Shigas ek Wl {9
FUH(Zaina 5, 2012).

Ao BFEQ C7AZ(CT PDs)9t FAAN O ZRE L3AZ (L3 PDs)o] golw AAF A=
95mm&] #h> A S Xerayoll A s 2] 60° Flw e HESH=U = SoldS WERHTHFig 1.)(Negrini &,




{1 c7pps

{31 L3PDs

C7 PDs + L3 PDs = Sagittal index

Fig 1. Measurement of Sagittal index.
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b= vpetel] IAIE 7ER A FEAE E - FREE A LS sl AARRE 8] AAIE AT

] 2] Fz: 0] w g 7FA] (Posterior  Superior
Iliac Spine; PSIS) Atole] S3HAl el A =5 Qi A= Hw e 7}’\]57]% 216k g H-o] o)A
7 FEHZ HF X E A ESIATE HARK S 2 AFe] 7R A] b (7th cervical vertacbra; C7)E 7 &5k &
Q7] Q8 W3-8 HAEES 33t HARA ) tldAe] S E 55 K3 H(active-assisted extension) 5107
918] w7} gAol= w9k AAE s A WA A3 E AdE At BAsgl e o] HFwE CTE
3 th(Povoa et al., 2018). C7= AT § 127 A 58 (12th thorasic vertaebra; T12) 4! 3% 4] 3] 2] (3rd lum-
bar vertacbra; L3) 7MA|=715 AHskal FASEon 7EAeA 71 7R TAETIE e VIR ®
FAEITE AARE AR 2PER 7SR ARl e A E ST BE S mmdflow 0 e
5 @219 #ro® WSkl thZaina 5, 2012). 5 542 33 MHESA $ Hiiks S mm) 0= 753513
o} o] % T H-919] 7 FEHX Al ke A b V=0 AE @71 SlE BE S wkelA
7HE FEHX Ao 5%k Wk ol g A A C7¥ 139 S-S skl AAITE T8k th(Negrini 7,
2012).

w -

7Fa5-El e e vlwsly] flske] A=go] §-91, Z=715-9, slg] 915 A AAelM SAein A=
of 9= oFEe dYa vt Egkew AR oFEFe o] BN = 45 FHE S 7o) HE
5 ¥ wEel 2o SAsglon 2Er] Fos 2EY] iR 919 FES VIR R EAE FHoE AUs
= 8to] S sle] 9l G Aol Aol Al 127 Zdnm of vhu= XA el A 578831 th(Shim
S 2002). Al SF-LlOIA ) F71 A9k )b A Al M Ao S-S 33 WS - Fdas Y%
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5. Alg 24

AIA S, 7hE-R1 ), B i 28 =SS dlsl Kolmogrov-Smirnov testS ]88t Ftd A4S 8t
A3 WFELS G S BESATHEp>05). §7] Al BH G2 Axd wE rhsg-gle el B FH SEYE
o W3}E otr 7] $18to] Pearson®] F¥H¥A A S ARR-SF O m QAR T1E 2 B T AR 1 gl 9H
Al F7IN S AAE7IA ] Tk G 9 F7) AR 2Rl B 28RS uuom flsto] =
AT A2AAS AFESFTE BA TE 73S SPSS 25.0(IBM SPSS Inc. USA)S AME-38lal, 4945 (a)S 0.05 =
skl

1. 7ol akAte| B ol E4

B A9 e AR AEAY WS olsfigtal AT Folel wod HEAAME 7H A 13
B AAAAE 7R A 178 S T A5 AAsIATE AP T 5] HEA™ S 29.444.66 4 =
e O m o AR 173.69+4.95cmO] ™ it AE-S 75.08+4.49kg0| A O™ o S ZH T 28.66+7.34° Tk
AR LES] H < 29.7143.86MFE  YERREOH it A 173.2944.99cmO|™  Hit AT
71.94+6.95kg0]| % 0 Ht S ZH e 50.5246.31°% 0k AR AukA EA4JQ] o), 7], B5- L S kAR
of gt w24 HE AASAT<Table 1> 11 A3 o], 7], HAllAE 25 el SASA o= e
2ol 7F RO H (p>.05) Mzl tiaix= TAIFCE ok xfol7t THp<.05).

Table 1. General characteristics of subjects (N=30)

Flat back group(n=13) Control group(n=17) t P
Age (year) 29.4+4.66 29.71+3.86 -0.157 0.877
Height (cm) 173.694+4.95 173.294+4.99 0.217 0.830
Weight (kg) 75.08+4.49 71.944+6.95 1.413 0.169
thoracic curvature(degree) 28.66+7.34 50.524+6.31 -8.757 0.000**
"MHSD, **p<.01
2. Al&R|et 27| Al 7taRel &l o2
AEAFeE F71 Al Zha-E] el daAlE 1] 91810 Pearson®] VA GE 574 F 31 Ui<Table 2>.
T AT AIARG BE RN GBI BAOR AT P FRUAS e o= 558,
p<05). AFA| e} AEFolR-9] Ul s|g)H-919] a2 2 FAACR FoT Apol= A THp>.05).
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Table 2. The correlation between Sagittal index and chest expansion (N=30)

Axilla (cm) Sternum (cm) Abdomen (cm)
Pearson
; 0.165 0.558%* -0.183
Sagittal correlation
index
P-value 0.383 0.001 0.334

MSD, **p<.01
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271 Al HESAM S RN OE 29| Jts?el=E Hn
b2k

859 5 AN 15 7 AAANTE 2ol A S AhETIA o) Ahse) BeE vwal] 9 59 T A%
2 2A3hgiTh<Table 3> 1 aﬂ QYA ZHE7) EelolN MBSAATET A LEE Frole Aol 7
9191 THp<.05), LFA] = L] Ztoli= QAU THp>.05). 1213 A SAA LE 1 G

& 2l 29 mwoﬂm %ﬂsﬂ el ekl 1 are] Fel@ Aolrt AR rkp<03). AEFol -9l s)
Brnolo] Wl T g7 Ao|= Hp>.05).
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Table 3. Comparison of chest circumference between Flat back group and Control group (N=30)

Flat back group(n=13) Control group(n=17) t p
Axilla 100.26:4.97 96.55+5.21 1.969 0.059
ting circumf
resting C(lzfnu)m e Sternum 88.03£6.68 82.64+4.96 2,539 0.017*
Abdomen 84.15+7.16 79.6147.52 1.67 0.106
L Axilla 102.53+5.18 99.35+4.91 1.719 0.097
maximal inspiration
circumference Sternum 90.38+6.18 88.79+5.16 0.768 0.449
(cm) Abdomen 87.15+7.68 81.58+7.58 1.941 0.083
Axilla 2.269+0.992 2.794+1.016 -1.416 0.168
circumference variation
() Sternum 2.34620.851 6.147+2.638 -4.982 0.000%*
cm
Abdomen 3.000+2.791 1.971+1.218 1.365 0.365
“MSD, *p<.05, **p<.01l,
4. NAXFLt 27| Al 5 FH e o] AZEHA

ARG 7] A B 28R ARAAE BT §1510] Pearson®] A BBAFE 575 ti<Table
4> 71 A3}t AR FeL F7) Al AR S AETY B BAHCR (o3 5o ARdAE
UER 9 0 H (=368, p<.05) 571 Al ET7ZE] e 28t §7] Al AIZ7E 2 E31e] Hult
o] T ENAE FAHCE felet Abol= YATHp>.05).
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Table 4. The correlation between Sagittal index and neck, shoulder Muscle active (unit : %RVC) (N=30)

Upper trapezius SCM
start point end point start point end point
Pearson
i -0.368* -0.263 -0.036 0.169
Sagittal correlation
index
P-value 0.045 0.161 0.85 0.371

M=SD, *p<.05; SCM = sternocleidomastoid

5. 571 Al HESAM S XN IS 7o) = FH Zed=9| vl

) =o
BEAALFI BPAALE ) E7) A BFA 2BYEE vlLsh) ekl 59 T 45 Ak
<Table 5> 1 A3k B7) A2 770 QAR 2RYEIN BHEAALES B TEN Fo)5
2o 7F A ATHp<.05). YA 7o) ZEA M= F 5 719 2kolE A THp>.05).
Table 5. Comparison of neck, shoulder Muscle active between Flat back group and Control group
(unit : %RVC) (N=30)
Flat back group(n=13) Control group(n=17) t P
start point 163.33+107.2 101.87+36.72 221 0.035*
Upper trapezius
end point 185.29+220.89 152.14+119.06 0.528 0.602
start point 236.72+153.57 281.65+158.48 -0.78 0.442
M end point 503.99+365.57 703.54+403.66 -1.397 0.174
M=£SD, *p<.05; SCM = sternocleidomastoid
V. &= ¢
WA T 572 i 4 & 22 AAR lsto] of g% 552l (lower thoracic spot)2] ¥l A4©|
WSkl F7HE S-Sl (middle thoracic spot)ollA= /AR Haas A-AI8HA] Eote RN R Qs
Anke] S Hol= Al Aot} (Daniel ¥ Eugene, 2007). ©]213t B] A 9l A= 7F5-9-2] 9
S B oR AsA 7= dRlo] & 4 kil 3Gl Ut(Takahashi 5, 2007).
webd B AT 57) A BRSNS 7 thAsh A4S 2H ool A ek Ahele) &
A B g FHYL MLES sl
o Aol = S o) s A A

Fegelo) 25759 Bl EAACR folF &9 4
&58)9) G40 sl Ao B 4 ) Kendall 5
& %7 wEw AuHow 7}—ﬁ SEEE

g3 sl el n B A 7 R dulm Aol
A

=
of B WAL olBa shzute] ety A AL fus

H#A 7 YERskT o]
(2005) o}zl S 2]
gt 7k ute] -5l °§ &5 v 5 A

o gulatol st ofelel] SIS B

:\E rlr
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Hotal &t (Adams 3 O'Brien, 2002).

AT /WY Al E ] A=) F919) ThEEdlelA BE SR 25 A I 2ol A el gk 2fo
7F vrebstel, BE S A Lol P Al el el ZET1H-919 ThEEElrE A el vE o 2 FAE
KA} Jean(2012)& AFTAA 2] 739 A= KBk S99 ohg5o] U S7H BES KBl F
T} 18] 31 Kendall -5(2005)-> 5312 A2 ohads 7k oF% Anm o] P& J O 7| A =i F% Zn)u
Ato]l KA & ZFAaAIZITRAL 3HY1C ™ Lee 5(2010)-> ApAlel whet F2ho] 2ok} F-2 e g7t WA shtar st
Atk o= AHF-sAA G A9 BAAMA el vlEl FY Al AdEjell A oln] 7hE5-] o] FxlotEE F-9|7) o W
V&0 ® FE o] ol AdEEtal & ¢ vk S S S-S ohEsol W EIEE P Al AAH e
7} OE]-J :rLZ:Zv l"%v‘i""ﬂ ooﬂsok% Tos AR B g ol =8 & AFolM = F71A ZE7] 219 =4
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