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Effect of push up plus on sling and stable surface on muscle activity
and lung function in adults with forward head posture

Hee-Kang Yoon', Hong-Gyun Lee
Department of Physical Therapy, Dongshin University
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3 Yol 1A} SIGATE F 1699 g AW A Ale] B Hgla vxary Ao 7k g4
Oﬂ*H UFAY Se128 Mg e oM UsAY 82 255 20151 7¢8 697-F 89 289714 851
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Abstract This study aimed to identify the effect of the push-up plus exercise with sling on the muscle activity and
lung function in adults with forward head posture over a period of 8 weeks. A total of 16 adults with forward head
posture were recruited. The participants were divided into two groups : control (n-=8) and experimental (n=8). From
July 6 until Aug 28, 2015, the participants were instructed to perform the knee push-up plus exercise and knee
push-up plus using sling exercise three times a week to begin with and progressing to three sets of push-ups on each
occasion after 8 weeks. The participants in both groups showed an increase in their craniovertebral angle (both groups
p<0.001) and a decrease in their crania rotation angle (control p<0.05, experimental p<0.001). The participants in both
groups showed a decrease in their trapezius activity (both groups p<0.001), an increase in their serratus anterior and
lower trapezius muscle activity (both groups p<0.001), (and an increase in their) lung function (control group p<0.01,
experimental group p<0.001). These findings show that push-up plus exercise improves posture and increases
activation of lung function, while the push-up plus exercise in the sling is more effective in improving the forward
head posture. The push-up plus exercise in the sling was more effective in improving the forward head posture, but
there was no significant difference in the lung function between the two groups. Therefore, the push-up plus exercise
in the sling is recommended as an exercise that is effective for the improvement of the posture and lung function
of persons with forward head posture.
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&3 g3 HolA 9] F4Y E8& 5ol W AW ARl 2= wrls wXE I%F
1, M2 9ogA w2t o ME HdE Wiy A7l Eelth
[12]. F419 E2 S8 s = o] A
1.1 A3 gHed Il g2 ATEo] o] FolA|aL givk vheke el Wy
Adidlse] A7t AFE Y A2 & velrl S U] Al e FHY Fe Tt 3ol AAl &
IAE FEHE ZUHE FAE0F 817 wel A€ AME 849 FEAEE BQIT10]. L3k EokA s
AHA AME FAEH = FAA] HFE ANE F 0 AAUS S9-S5 AR HY 50 a3t ajrbe
vk guE Al ol AME whgmZd ZYekstE QI AR s N AE vk
(external auditory meatus)®] A FAA G} AES SFATHI3,14]. HE A e 2 2K 57
o] F= Aol AJAJWH(sagittal plane)ollA] R4S wf < orstol H| &g A4S A FRely] wlie] zpAA A
A Aol HA (malleolus) 2F7F ¢HES AupA] o Mol ¥A] ¢hal A&HETd H7we S4E B 910
=2 TYAS AA JYBAhip joint) T2 o T BE A uAgY} 2E X5 FA7F Fasii15].
S A} o}7] B (shoulder joint)S F3}3la wpgH 2 @A A Thdg Aol A g AW AAE RSt
Mo A AAEE ARAlolY 1], s ZEE AHE 7] 9g o R WalA] A 5, 53 7heE, o
HY g HF FAMNA ko ® = A7} A& o N +F Z2aH 2 gYst ATE0] zleE oA
& RO A WH= HalEkS F7kA7]aL O 91Eke] ¢ SITH3,5,6]. Tgk wE] A AAANEE g 23 AbE
E W (upper cervical)i= ¥H(extension)¥| 3L o} AL ToR ¥4 F o] AL gity HAsH
(lower cervical)?} SW(thoracic)s SWeko = 3 Hg 3 EAe] F49 e, TE AR HAA 9
(flexion) ¥ 1A= A S FA8H Hat o] AAE w2 FHA9 Fez, dEr7] Al F4 ZeaF
A8 2}A|(forward head posture)2til & U A& sk A5l Mol $iri16,17,18]. 3HAIRE A
olgkar k23], W ks S(cervical lordosis)@} 0‘531 w79 ATt SEehAl FEd ot v A 2 €]
(thoracic)®] SliS(kyphosis) -2 & v]gAZIel  JHAell thste] A7t ol Atk Kim[8]2 W] AW =}
24 Wl 7hErib cage)e] #AY Fols do Al ARl Aol A4 ARlel nlste] "ozt &
]U% 75l Wk wea 7ieg-Ele] v s AL of9f wdste] Ml AW AAE 7 AL Sl 439l
2 984 (lung volume) ¥ H&2K(vital capacity)S 74 9 #H7|% TS A A+ F5T Ao F49]
"]7]‘31 TEG] okl YSU4]. T3 25 & FH 2 EF0] A AN A H7sel dig e
78S Yo7/ A9 wA5FFHupper crossed O} o]FO XA kTt
syndrome)s FEHAIZIT) o]8)dt 2HES 558 o wpebA] & Oﬂ:rL% o AR Qg 224 d3 5
59t E% Al(inspiration) T2 ARE-Eo]ZTH5,6,7]. ] A ZARD AIES] 2HA1A Exﬂﬂ FEY
] A ZARL A3R1ES 11]7]—‘5—% AAAAE AR QIS HY)e ARl 5o R UFAY FY
H3) ol oz w9} Ho] FH(alignment)S AH3F 2 250 AAFAE Lol C’L@ A A 9} =3t
A Wi AL H7)5e AT =98 Fukn A AW F us 23R SAYES dolry] 93
SHATHS]. W A A= Eﬁ THE EvE S 3 ATE ATt
A7) o oW Qb f-so] F3E AL Sltk
[9]. Decker S[10] o}/l IHES E&A0E 54 1.2 g=H
7171 $18hM = o7l Qbd<rQl U} T3k AR 1) RSl tale] ebgat X moj A g} o)Al g)
<, ofEf] AR 2B EE ST AT FA FH9] Zea $%o) vl A A9 WalE doln
of 9] SAEZY SRYEE SE= o] A/t 7] 9)gelrh
313t} Ellenber$} divies[11]2 SEUE 73} 2 o7 2) RS thato] ob et x| wol e} o)Al
WE QPgsA7]7] f3 BabAl fEom FHY EH FHY Zelx 250 TR oI FIE vHE
22 ARG ot 7] fjgtoltt.
FAU Fo2 8-S FAY e H719 mhA 3) gl diate] ebg ek Aol A o} oAl
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F49 Bz 250 AYl5ol oW T HA:
Stohi] $Igteltt,

2. 28

2.1 A7 Fo{x}

B Ao gdAE MAC 91213 D Wl ug
gk 20~30th M| A A Y 16 o=
Hieboll A U q) Fel 2 8 (A 41, oA} 49) 3
<MY YFEHY F22(knee push up plus) 8
(FAH4E, A4S ez A8S gt
(Table 1). A75 A&Fs7]d A9 23} Lol
el 2E didasel A AHe & A5 s o
dlstal Fofdd s Fogh A& e r AFE X
& 3} tH(Figure 1).

A3

Table 1. General characterists of the subjects

Group Age(year) | Height(cm) | Weight(kg)
Control Male 28.00 175.00 71.25
(n=8) Female 25.00 160.00 53.25
Experimental Male 27.50 174.75 74.75
(n=8) Female 2325 167.25 55.50

control group : knee push up plus
experimental group : knee push up plus using sling

Selection of subjects
(Forward head posture, N=16)

Group | (N=8)
Kaee push up plus

Group T (N=8)
Kaee push up plus usingsling

Pre Test |
-CVA
I -CRA
Intermediate Test (After 4 weeks) -sEMG

-FVC

l -FEV 1

Post Test (After 8 weeks)

Data analysis |

Fig. 1. Study design

G el Amed HoNUlZ¥E IRBS

AT dAES] &4 1 E st AT &
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Eo o

|

A Hofatge) AA71ES o 2ok

A Bl BEFor fad 49l

4 20~300) W] AW AA Al

AR w2 A 2pA|e] FrER vle] 2 F27}o] 49%] v
Q1 A9l

A ] A Z4A) el v BAgke] gl A

Aol tidozE AR, AalshA Wrle] glEal,
QA & EAS Aeea) At JEgS 5 e
B ped v ) AEA gkl ek FuEs A
3 AHFEAge] AR, A" dsA A 7
AT, AN ¢S = e ohE Fke] e ol
AR 2 QA A AIATH19]

XtMI(Forward head posture)
Rk A FBE olgkstel A Gl B
Azl olg AAEA BAE gla A @ A
H}F/}Eﬂl A Al AEE AR ZGA] G Eg AR E
Ao A= (traguS)JJr el 7t
Mg A AT, 2 F A5A 1m0
W"ﬂ e 7 & F gAY ez AR
< AFHE §A 98 19 HM
Azs AR s
Z}(Craniovetebral angle, CVA)
e ATEY AT LemE
g ol A £2M9) /A5 ol
o] ol 7w 9)FelA ZAF,
3]’ 7K(Crania rotation angle, CRA)
gmsl A 7ee adshs A 2w ATEd &
: A% 42 g7 oleha
25 v A A Als)

Nk
N
L
=)

X*Olo}tﬂ Uial Azt &
= 9m o} 20].

2.2.2 M T (Surface electromyiography)
9 SAIRE
trapezius), $F&U<*(serratus anterior)®] TS =
Ast7] 9lske] ¥ # % Trigno (Delsys INC, USA)
& ARgshATh 9 AsRE A 7)7) flste] FERE
Ao ge HeZdw ARS AR 4] 357w
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&3 g3 HolA 9] F4Y E8& 5ol W AW ARl 2= wrls wXE I%F
o # Hole & R 259 5 AE A o2 fASATE EE FAA AT oAAE UIEAl
gakalr] flste] 7F 5ol gk e 28 HANE S A o RS o R S F97t Fesi Slap]-x] %
HAd 524 F=(maximal voluntary isometric =~ =% F AJZth E &5S AAE7] A Au|AGES 3
contraction, MVIC)&<¢t <& E Z433ith U 3] AAIBHAT
SHA 75 52 F% AASAL ASH npA Y 12 T AAAE A el A WA oAt
S AYe 3% Tt it FHE ASES AMEE 7S e UFEAY Y %%9] A 3= 4
. 2 258 2A%E A& RMS(root mean square) ol 455 Ao S5 AISA 3 & Ao 1=
WHoR S %MVICE A& &9tk delH = 7 gato] AAlstsiTh
o1& FA5FE oA EMGworks Acquisition (Delsys INC,
USA)S o]-&3te] e 7]el e s A3 2,31 HES Hio|lMe LIFESY S
AE A5e] F¥E FEFE(sampling rate) 2,000HzZ SEL FN9E B S8 nlig $Eo 7 TAF Y
A7 skoAT21]. tf.
AR, FH) TR A WY 5E
2.2.3 H7|5(lung function) Ex, B SE0g A ZTyx g3 A T 1E
tigdate] #7)5-E spirometry(Micro LAB MK8)E 2] AIZHS & & tidazt & 4 3l sl 4
ARgstel Skl A A4S S8 oidAtEe] 4 F92s AAnh 283 23 A F o FY
olaed 4 JLF Frp TR A Stk A FEs S 83 A SFATE FHA ] i Tl
52 4 QA M E okF S e ala P Ae 53 Ee 548kt
Alo] EFe] 23] WHE 5 oF 2% Fob whE gk sAl AR, ] EE0 R AxtE] H7] 5ES A
So] mpA L ¢F 62 Bt F717F flold wizkA] Uil
ol oA ES SA] o] a2 23] WHE A[gs} 2.3.2 30N LIZHY E2A
Ak & 33 A4 A3 FAvkt 5wk FA4S st £ & vlHolA 30cm oA SATE 5
R S T P = @s ARRSETh[15] Aok vt A9} sdg WA o2 AT
AA. =84 #&HForced vital capacity, FVC)
8] gk Zo] & 5ol vhal F Aoig W= 2.4 2A diH
AlA = 7o) Hf el 2 Qe BAEA #42 SPSS 20.0 ver. For
A, 127 =24 I %H(Forced expiratory volume  windowsZS AM8-3Ht} 2F A8 A} 7re Wiy na
in one second, FEV 1) Azt VERQTE =4 8o thste] ATA AAS
A HFF 54 A A 1% gl Zolul 7hs9] 18+ Shapiro-Wilk testE 2AIgH A3} B o] A
SHE R THEE shs o etk A7 A3 @ sl )
Sk AA L g E(paired t-test)iA] S AA|SF L, o
23 SMEH T2 7] HlaE 918l = E(independent t-test) ™A S A
Ao A o] &k A5 LRI HIF S A Hof A9 Atttk 4 AdT el BE AT Fo8E A
Ui Feae 9049 UFad FUs &5 Fa7] Al folaE a=0.05%2 3ok
At 7 &E o A A Ut 283}
R 19 13], F 33], F 85+ A-&sh3drh
FHY Ea A= —’E% o7 wlol= Hd 3. 993 A}
T FS gy Ao HA Fa FwAE(elbow
joint)> €43 B A7l F O17711““4(scapul'c1r) o7 - 3.1 Ma| e XAl
-2|(acromion), %] 2]M(capitate)E HHAIATE S 3.1.1 Ma| HEZKCraniovetebral angle, CVA)
& RO FEE vl w9 dHeA e dAAY aidate] Ad AS W HEF4E S4A dxzTd
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AR A7l mE S BlaA] dizEdell A=
2

=

oA 49.33+0.56% 2T d AP BE Sola) =
7H Adks UeERSITh T Abelel] kb WlalE
(p<0.05) ¥HFe] freofgh Aol7t AT

3.1.2 2| 3|FZKCranial rotation angle, CRA)

2k Ad e w7 314s S dlza A

o Ae] B A7 w25 H]aA] tatol A=

149.17+0.73% 4] 148.40+0.80% A 8ol A= 148.83+
&

Al g AdE epiglTh i Abelol w3 W=

(p<0.01)RHFe] Frolgk AFo]7h AATH Table 2).

Table 2. The change of CVA, CRA, EMG, FVC, FEV 1
before and after intervention

Pre Post

Cranio control 47.55+0.52 48.63+0.61%%*
vertebral experimental 47.27+0.58 49.3320.56%** "
angle P 0336 0.033
Cranio control 149.17+0.73 148.40+0.80*
rotation experimental 148.83+0.60 147.28+0.61%**""
angle P 0.333 0.008

control 55.43+7.09 45.29+4,68%**
upper trapezius| experimental 58.02+7.11 45.2943.61%**

P 0.478 0.241

control 42.20+5.50 49.27+5.16%4*
Zi‘::ﬁzi experimental | 40.75£7.09 50.83£7.37% %

P 0.655 0.451

control 43.52+6.69 49.09+5.46%**
lower trapezius| experimental 41.44+6.26 50.39+5.36%**

P 0.533 0.637

] control 2.96+0.62 3.130.68**

Forced vital = mental | 3.15£0.54 3.5740.48%%%
capacity

P 0.512 0.160
Forced control 2.89+0.57 3.04+0.60**
expiratoryvolu | experimental 3.11+0.45 3.470.40%**
me 1 P 0.413 0.117

All value are showed mean + S.D.

control group : knee push up plus

experimental group : knee push up plus using sling
Tested by paired t-test (¥p<0.05, **p<0.01, ***p<0.001)

Tested by independent (f p<0.05, o p<0.01, H p<0.001)

3.2 ¥H AN
3.2.1 ¢ SMEZ(upper trapezius, UT)
tabe] g AZ SARE AN g2ty 4

oA Aol wE A% wa gz

55.43+7.099 4 45.294+4.68 % A& tof| A= 58.02+7.11
o A 45.29+3.612 T BT oM Had AiE
epdth Tt o3 vlas {2k 2ol vt §lsith

3.2.2 YEL|Z(serratus anterior, SA)

dgzte] A A% Ry SAA a2
S | B P < = S R | P B = | i P e
42204550004 49.27+5.16 0.7 A& o= 40.75+
7.099014 50.73+7.37% Ft BT oA SvkE 4
B2 Yephdoh i o 7 vlals §98 2e)zt

AT

3.2.3 of2i SM2Z(lower trapezius, LT)
HgAke] A AF ol AR S4A] tlEd
AFeA Al7]e] wE AF vl el A=
43.5246.6991 4] 49.09+5.46 0.2 A g o)A
6.26° 4] 50.39+5.36 0% Fut BT
45 YRSl Tt a1 BlaE 9

Atk

3.3 HI|s

3.3.1 =M m|&2KForced vital capacity, FVC)

e Y A% vy ABEe 244 oz
I} Ao Ao B Al7]e] whE S HlA] et
ol = 2.96+0.62L)A 3.13£0.68L%E Ao+
3.1540.5401 4 3.57+0.48L% tjZu'¥} AP B F
oatA F7ke AR vEhddch 7 ke 1k HlalE

FO Aol gl

o

3.3.2 1x=7t LAMut=2KForced expiratory
volume in one second, FEV 1)

W] A8 A% 127 w8 GRS S o)

Zat i AT A ] BF AlT]e] e A5 LA O
Zo A= 2.89+0.57L1A] 3.04+0.60LZ A &0l A
£ 3.11£0.45904 3.47+040L% 2o AT BT
frolstAl St AdE JERITE 7 oo o1 L

rir

Folgk Zfel7k glItK(Table 2).
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