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The Effects of Different Surface Level on Muscle activity
of the Upper Body and Exercise Intensity during

Mountain Climbing Exercise
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Objective: The purpose of this study was to investigate relations and effectiveness about mountain climbling
exercise with different level of support surfaces by analyzing heart rate and EMG data. A total of 10 male
college students with no musculoskeltal disorder were recruited for this study.

Method: The biomechanical analysis was performed using heart rate monitor (Polar V800, Polar Electro
Oy, Finland), step-box, exercise mat, and EMG device (QEMGS, Laxtha Inc. Korea, sampling frequency =
1,024 Hz, gain = 1,000, input impedance > 10'2 (3, CMRR > 100 dB). In this research, step-box were used to
create different surface levels on the upper body (flat surface, 10% of subject's height, 20% of subject's height,
and 30% of subject's hight). Based on these different conditions, data was collected by performing mountain
climbing exercise during 30 seconds. Subjects were given 5 minutes of break to prevent muscular fatigue
after each exercise. For each dependent variable, a one-way analysis of variance with repeated measures
was conducted to find significant differences and Bonferroni post-hoc test was performed.

Results: The results of this study showed that exercise intensity was reduced statistically as increased surface
level on the upper body. Muscle activity of the upper rectus abdominis and biceps femoris for 30% of
surface level was significantly higher than the corresponding values for flat surface. However, the opposite
was found in the rectus femoris. In general, muscle activity of the lower rectus abdominis, erector spinae,
external oblique abdominis, and gluteus maximus increased when surface level increased, but the differences
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were not significant.
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injuries.

Conclusion: As a result, the increase in surface level of the body would change muscle activity of the upper
body, indicating that different surface level of the upper body may cause significant effect on particular
muscles to be more active during mountain climbing exercise. Based on results of this study, it is suggested
to set up an appropriate surface level to target particular muscle to expect an effective training. It is also
important to set adequate surface levels to create an effective training condition for preventing exercise

Keywords: Mountain climbing, Muscle activity, Exercise intensity

INTRODUCTION

lo
Hu
T
o
o]
n
[nmy
o
°
(on
Q
<
rlo

Copyright (© 2021 Korean Journal of Sport Biomechanics

2H|E[X] Rot 4o 0| XYz HE0f LY, FY+F
2Ot MRG0 S7tel HEE o|D|otChKim, 2008). §&HS ! AE
Of HisH HIZHRI2 1@t 35HY, T=H SHY, M| AYELS
282 S715t, 83| S IXEE, deats 22 42d &
2ol F=RQI0| H|ZQl Ao 2 2E{M UCKLee, Kim & Sung, 2001)
HIZES O|stAL X|23517| QI8 MEE= WHezs 258, 4
oY, A=Kz X 2 50| ALt 0| T A=Kz} 29 &
&5 A 2AE, ZHH M7t #EE7] Q20 S Aol

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits
unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



AEd

0
e

OfA =[H 2Ix|e]

=
IT

=

=

Kwon (2001)2| A0 X2 2K

The Effects of Different Surface Level on Muscle activity of the Upper Body and Exercise Intensity during Mountain Climbing Exercise 73
FE| 0 ACHPollock &

BO| HITZH K20 7}

KJSB

20 W X aK o B @ 0 Ob mu B K RO T8 & m___%.m,mmmu_.
_ = = o 0 = <0 T o o < = 0 —
= NE Ly IR =2 g = w HEEE S s E
g o X O Emoyp K b ™ =) o 705 &5 3H
on O © o T ®T R U OA g s o < o & N or ®lEER
W A HuE A 2 — &l X35  c o 3 & wml & 2E
E T e R = - ol o — T R _E ASmEnN g 3
cWEwuaonmmE W 0 oh = K K 5 oS oy gzl
m.._lw.LlwI.A_ETHﬁ.AooJ =3 0 o ok o 2 H g g 8w
T R I T 238 oF E = 2 8 om £X 5o
S E W E YT AU g of N H R0 o g S %8 8s5q Zy
_._.:|7rL.|=.I H ol .___1.|0M «Ir " S = § o T QK T
o_.._6._.._.LX Ho =0 r- X o LN IR 0 %0 D T S$So EmAT
Lo ®or o ow™ gx g & g0 zu OF Rl F TSR 4T E g
T T = I o Mo < il < Z o = A WE Mo
m___ﬂo_kluﬂoam%%ﬂmae 0% X - X W s mo.mmu_.owﬁﬁ_
Mk oW Ry w S £ ol & — B o & freso 3 5
TN ooy VR BB D od 5 < 90 = 50 W EO g 2y
HWmMWWEELXuﬂn_.m_.DL Nﬂr_wl WE S i MOMQWM.ML,_.__.
= < O K o oF 20 41 m > W= R ar LS 4 = &
éxAAo_.J%xﬂ_ 0 Ao i = 0 o oo g = E&X
ﬂ._Ao|_=Mm._uo_.a|:_._mMB z_u_mu_umw < % Byl _._._K1.mow,.s,wnn
o oy o Bl ST L o L B oo KD w = ol J o 51 &6
A.__._._oH — k3 <F = o H [ i) neonuml
R N e ol G R K o = H 5 e 23§38
RS R N AN - B o < up o T o 3 g & g s8R L2
ﬂo_m.l.q_hél_._..rlﬂm_ﬂ._. = M ™ A _ 1y om m;mem@:_m;_.
o 22 g m - otm BT o - S g = H o S8 e E2mwE g
- -5 © K oo < Wo - X X O — . o T - < K L E 8§ L F 30
© X AT — T W ml O X 2 T +H 8L I - TR =) O = o X "> 8
_._.T_ﬂ§=_q_=._o_|_l o_ulow__" mp ©3 (@) o JIW._A.WA_._._ KO El____ _ /4 W_ﬂ 0O o_uuMw.%.EmJLﬂul
= oor o, o X o e R I - B N go @1 ol K wl T & ol o = < W& e gof = U
X ok o 0 ORT HDoap o B o - I — OH = 1 0 <B N Bg = s 95 3 g o X
PgMumgrpgw e w ¥ oyoXET AU F2mn 4 oywey =¥ omarg8mgim?
SR T T M HE oK = = IMHs N = am N o oo & RI=RCE &5 5
=) _._._ocma_‘.._Al._.A._.mo_.Ar_me_._l.,Alu._ee_,mAIE m_wﬂmﬁwoﬂ_,gu._E:T_m_anx._M_._uiﬂm&._Wuﬂo_u_w HWMW_.E_.MTF
) Ok N,_._._ = ¢|ﬂmu &M OF = oMW_n._ﬂM_ < oMLJ o 100 4y = = 1l ol of X+ nl & Ho = < mmﬂm.k.o & Q0 W o ol ™ ._n_._
B w2 dREN g g TR g cwasm o rxamy T Eme YT TRE =N
HomEwygesd P50 -y=x cFWH o WpamSrgadP Vs L Ny o WD FTRLI T
= s R 2w S I - ISERa IR N < = SO oo = N0 o oK — o ™
ELIT Hatgwom:dgF < N o %0 & oF KM ogunox_.z_.ﬂr_o_a_n_._ﬂlo_u T = uo o OH
= - 1o E 0 W g o3 LHo | o =0 N N _._._Q 50 o o Pl =0 il g = == % ~ U ._..A.._ e S MW ] 1o o ol _|I.H M._ 81 i+ ok i MH
— P r < (o] - [ O — =~ S OH Hr oV — & L > H_o._ 10 H0 or ol Kl ~O - B8l g _ L
o B A g F B 0F E o2 N c A EM o Sogpmpme ™A Y W To g0 7 O
umgm_,m_m._EE_;EH%HO_EEMKa:ﬁW _______E,ﬂmnm%%ﬂ:_Momlx_momyzl%ﬁm%% Tas o O &
O = s W N = _ o o & 3 — o1 mn — Ko ol 3 o = K ol i ® = X T & - o
[ = [ o = = mr [ ml G K Q! ) < X @ b
prl A N N Hr oo SomgaPwrdilsdarolas Ssacmgy
dEQRT PO D st d gzl MEmDdaomo@e 0 5w g 5 o B KM o -
N o g ® PO F oz ol K303 B K on g 5Ky T R Ko @ o B Mooy Mool Blmoomol B
L. 0% L 1 Ele oA Lo _ = g0 oL OH gn @ Wow o5 B = T KIr o
N B m SN W WOy o WLTR SRR SR B Rl 5 W Sy h g 2
Eoma 2 Mg Mo 2 S gmfon BMymedoastzd g npgoggo PH¢WFany
3 o o = — O = =~ = = K o= [l — - 2ol X = S o _ s
SeHEmMaaE gt agMe ™ USSR g B em Tl Sy oum S DkomE TS o
ML T FgmE e Mty NEmw e M R BMa R re H o m
o W N o =p M4 D0 - Y oob T i E % o=l 1 Y- ol D 3 o= m O —y K0 77 O
= < N of M - % = M 33 I T e T = 20 @l K - rJ T H B3 go KV
= OF M . " _ K © ot i, 70 © moooop 2 KO T R [5 0 g
B cnEiEReansiao sy VmARSgN TRBET Lo tHdpal e @D
W D S FE T quigroddo oW o sz T A I L 8o, m ol IRy &
OH kom.__ﬂ_H1_|._to+Ao_.._w_._._o.A| OoH o Ho pyy gu of & ol M4 o~y o B 10 .rom mw_m_._._o _._._o_uTW_nq_E o o K
— % u o m._R [ or A4 Ho __ oH ox 2w RS = O T+ 10 R T WO = g = T 53
. (A._o_u.sMo:_oor_m__u_.oMauor_x.r _u_eu___l._&o_._mutZe_m_.m.._uam.MoMmzo%._|o_._o_.._w._m_._p_._ 70
E_ﬁﬂwﬂ_wmmm_.:%ioraﬂmm%#gﬁémc%@_:Or.A__Mlohﬂ%mugool_min%mmozﬁwﬂouﬂﬁﬂ%%im
s N £ V= o pol =g =" 9 o 80U SR - I - o Tl S = s B
%o_A_HEEMHoﬁ._:__oo_um_mm_r_._._omusa_mno6ATEﬂumulceﬂaO9|_m_r_mo_eﬂIA|1r_._o_eHn_|._.{.suuo_n__&_.ww|or|m.._m_uxo
<) = < oH ol 70 o mu I 2 AT I r Qoommos P oyg - Koy
- o o, o K OH = o 2 X g ™o,y 2o X e K L L) - ur of 1
U oju " o- m = o - .__Lo @ o N 2 T m s T n ofr X i ol ol & LHo 1 o < T K Ol ou < e 3% 10 |_A.m == S = ol o%
S mr X, T — M| A 4 < ok oI A = 4 m K Ol = - N0 W= = € — 4 ® W oo = TN W o
Ex 3 so & o O S Wy & O o WO O s~ Ty o 4 2R GBS g
= S olg g E TG W R EgFgT T ppms ww T saR Ko Ao s e 2o &
= m H 20T olodm TR <FTgHT T imM < gid®oron ol T kT K < oI JJ 8 Aar M o oo T o KIr oI ol

http://e-kjsb.org

(ASIS)Of FEFSERICHU. S. Depart-

ment of health and Human Service, 1993).

.



74 Jun-Ho Park et al. KJSB

Table 1. Muscles of interest and the electrode placements 3. MEEX}
Muscle Electrode placements
RE OHAE A0 S0P M m2E REE = U= B =
A 2SS SRS, 2o &M 102 2F 7HEA fIYEE

nz rlo
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25% of distance between the
URA xiphoid process and pubis,

midway muscle belly 2 AE0ME ORRE 220|Y S2F Al KXol /X BE 27
St7| o HESH X|HojlA{e Yt OFREl S2to|Y S&, mAXt M
ol 10%, &2l 20%, 112l 30% §0|°I 2EHAS X0 HE
of OR2El 22to|Y SEOZE L&Y AZFR| =0 Csl &
75% of distance between the o £o= £ES AL OIT), B2l SelolY S0l +Y &
LRA xiphoid process and pubis, L 5 N JU—. , N
midway muscle belly L= HEZSS AFE310] 120 beats/min2 AHSIRCOH, 28 =H £
A Al 30z S HAISIRACEL HE 2|9 H[Z2 fFYS SHSH| <6
2t 25 7F 522 FAIZ MSStRICt E5 & /X Hztof W2
" o 25 24 5FYS 2ol MEEFT|(POLAR V800, polar, Finland) MM E
3 c¢cm above iliac crest, at 45 o St Al AlHEAZ SR ALO]

o above the anterior superior 8% 2/3 X|Fo|| 8310 =5 ZFRALCL
iliac SpiEe (ASE?' level with OrR2El S2to|y 29| 2 E FY Al LEXNES Z[AS6H] 2
the umbilicus of ERET 24 290| P2 M| Mol YRLE HS T M
=2 BE&SIQLE EBH 2HE XFEQ| EFEZIH(normalization) Y2
/8l (Table 22t 20| 252 X|CH 2% H& == (maximal voluntary

2 finger width lateral from isometric contraction, MVIC)& AX| C|O|E ==& ™o HA[SRACE

ES the proc. spin. of L1 MVIC 2HEX| £ 4N 2XE HOo|EH= ME &5 1,024 Hz2
A5t
Greatest prominence of the Table 2. MaXimUm V0|untal‘y |Somer|c Contl‘action
middle of the buttocks well
GM above the visible bulge of Muscle MvIC
the greater trochanter URA Crunch position
LRA Crunch position
EO Sidelying position
50% of distance between -
RF ischial tuberosity and ES Back extension
caput fibula GM Prone hip extension + knee flexion 90°
RF Knee extension
BF Knee flexion
50% of distance between .
BF ischial tuberosity and MG Ankle plantar flexion

caput fibula

4. X2 2N

35% of distance between o=
MG medial knee joint space and 1) 28 Tk
calcaneal tuberosity

Al O-2El S2to|Y 2 Al AH| X Hatof w2} +=&E 2129l A
Ht4 X2 = 7t E Z4Al(Karvonen, Kentala & Mustala, 1957)2 &€
Sto] mAXE A|Of AlEf=0f CHDt 25 Z=E MESHRICE

EI(%) — HRexercise - HRrest % 100
HRuax — HRyest

= HYOME OMRE 220l 23 Al THAS2 ¢H /XIS
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Table 3. Exercise intensit (%)
Average
Normal 61+11.5%"
10% 58+10.4%
20% 55+10.8°
30% 53+10.7"*

Note. ¢ significant difference between normal and 10%
0 significant difference between normal and 20%
* significant difference between normal and 30%
# significant difference between 10% and 30%

O El 2201 28 Al &7 FHIZ(URAS 20| HE2TE gt

2 (Table 42t 20| 30% Z740| Normal Z710f H|s§ EAXo2 2|
SHAl S7HSERACE

Table 4. Muscle activity of the upper rectus abdominis (%MVIC)
Average Peak
Normal 24.5+£10.0 64.8+21.9°
10% 286+10.2 65.6+25.2
20% 22.6%6.2 785+26.2
30% 259+9.2 92.4+26.5

Note. * significant difference between normal and 30%

OFREl 2210|Y 25 Al oHE SHIRAC| BF L AC) HED
HE U2 (able 50 20| BE KON SAXC2 [oI3 Kto|7t
LEERLR] et

Table 5. Muscle activity of the lower rectus abdominis (%MVIC)
Average Peak
Normal 27874 72.2+24.6
10% 24670 75.5+189
20% 26.0+5.8 8191222
30% 314487 83.5+24.0
3) 2FA2

o2 El 22t0|d 25 Al AFAZ(E0)2 B K At HEIWE
U2 (Table 6)ut Z0| ZE =AM SAH2=Z Foloh XtO[7} LEt
LEX| GEQACY.
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Table 6. Muscle activity of the external oblique abdominis  (%MVIC)
Average Peak
Normal 4321838 110.1+£24.1
10% 448+9.5 116.3+28.7
20% 40.6+8.7 115.9+32.3
30% 39.1£9.0 125.2+31.9
Table 7. Muscle activity of the erector spinae (%MVIC)
Average Peak
Normal 27.5+6.6 86.8+25.8
10% 28.8+7.1 8841253
20% 30.3+7.2 9831258
30% 304182 99.4+27.0
5 HE2

| tHEZGMe Ba 3 2 HE2TE

A
E ZAOM EAXCE Q0|8+ K0|7} LIE}

Table 8. Muscle activity of the gluteus maximus (%MVIC)
Average Peak
Normal 20.0£10.0 92.9+264
10% 16.9+10.3 101.1+£27.7
20% 16.0+94 100.2+254
30% 224+12.3 109.7+22.9
6) CHEIZZ
o2&l 220l 235 Al HEFZRA2 2 8= U2
(Table 9)2F Z0| Normal Z=710| 30% =740 H|s| EAXMESZ {2o|d}
A S7tot ALt

Table 9. Muscle activity of the rectus femoris (%MVIC)
Average Peak
Normal 53.2+17.0 249.7+54.2"
10% 50.0+£18.3 196.4+58.7
20% 51.5+£19.6 21294559
30% 4831194 183.9+59.7

Note. * significant difference between normal and 30%
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7) CHElO| =2

O2El 22ty 25 Al HEl0IF @AY AT HEIWE 2L
(Table 10)2t 20| 30% Z710| Normal Z£710i| H|s| EAH X2 R9|
SHA 745kt
Table 10. Muscle activity of the biceps femoris (%MVIC)

Average Peak
Normal 335+11.5 135.5+394"
10% 39.3+104 154.2+43.1
20% 36.1£10.8 155.6+46.1
30% 372107 208.3+41.5

Note. * significant difference between normal and 30%

8) Li= H|5Z

ORREl S210|Y 25 Al WS HIZ2(MG)el B2 X At M2l
H= 22 (Table 1)1t 20| 2= UM SAHHSZ Fofot X0[7}
LIEFLER| QFQLLE.

Table 11. Muscle activity of the medial gastrocnemius (%MVIC)

Average Peak

227.4+512
237.6£574
236.0£59.2
238.6+£54.0

Normal 50.5+144
10% 64.0+174
20% 57.5+15.7

30% 51.7£16.3

DISCUSSION
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2527} (fE|0|S 22 57} HEX2e ZAZ LiEtt AN A
ol Skl wat EX 289 & wurt Yatxle o= LiEt
O} webd 2 o] Zmp wetAlz|nkt st 280f et Aol &
0|2 HMH3IH ZHSH= 20| HCH O SapHQl SSYHo|at T
B},

2 d7E £ 0l2E S2t0|Y S5 AlZH K0 Fojx|
Qon), M= 20| Yol JARIRLE H|T HAS 9t 25
dtblo] Al2E FRE 0 X £ US O WIECL £ HT0N
£ Of2E 2210|825 Al AH|o| 9% Bisl7t AX| 280f OjX|E
Qee MO0} T HOE BHEHEIC) w3, WO FAEQl Of2El
S3t0|8 SEUH HAIS 98 0128 S2to|Y 25 Al sixlel ¢
x| #si7h oIH 22ZA 0| 0K Ao gt BRI We Ho
2 meE)
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