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Effect of Functional Exercise Using Linear Ladder on EEG Activities in College Men
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Abstract Background: Exercise influences the generation of brain cells through learning and experience in the process
of acquiring motor skills and helps improve brain function. It is necessary to scientifically verify how brain wave activity, a
method of analyzing brain function, affects movement. Purposes: We scientifically identify the positive effects on EEG
activity when applying complex functional linear ladder movements in an appropriate environment. Methods: After
recruiting 30 male university students, we divided them into a linear ladder exercise group, a treadmill exercise group, and
a control group, and exercise was applied and measured repeatedly for ten weeks. Results: There was a statistically signif-
icant change between groups in the left prefrontal lobe of alpha waves when exercise was applied (p <.05). Conclusions:
Although exercise has a positive effect on EEG, line ladder exercise, which applies a complex pattern and produces more
leg movement, appears to have a better impact on brain function than traditional aerobic exercise.
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M = o5 skl Alelgt & 4 ek (Cotman & Christie, 2007).
o] 715 7S 4 e el EA uhE He)
0] HA el AHEEA L A3k ofiol] A o] BHHA 0|8 e FHAEY, 2013), AT AN AAFHE
ARAEE, Aol = ¥ 724 7FEe) 754 el =% 2 A7A FsES FI ® °ﬂ H]”‘l}/\]?]hﬁ](Brlsmar
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7 374 (occipitalel| A 2 715532, HAF AJgle] 244, <F
A7), w32 AeelA & vehs §A¢] lHk(Kim &
Jang, 2000). WE}T}= A5 (frontal)oll A 2 7| 5= 31, F
o A3l A4 F5E T o ¥ AAlA FH (wide
spread beta rhythm)s}A] Hepl= EAo] glon], 52| §
efell whe} ] ube] W 3}r) et ol (Crabbe & Dishman,
2004). oFebr, T80 HEHQ] Ak A48
S | ¥u}le] o] FrlslH (Bailey er al, 2008), 272}
359 9 g AE AT A diEe] g 55
o] mzbx AAFHe gt FAe] FriElviar B st
(Cahn, 2006). T3}, Jeong et al.,(2012)2] Aol 1042
AAols dike s 285 kA 50 53 &5
43t A7 A3 ZE 299 Hipt FAsE NS A
313, ARl SR Y oAM= He A EA3 A =r)

2A ezl AR 9} vlasle] 2] 5 Al FE =
o] -5 FAe] FASE = vET} ol AR 5ol M
3 ¥ =3}(laterality) A =7} 2v}al 319 vF(Ungerleider,
1995). o]¢} Zo], 52 9] 7|5 At E=go] =, A}
7o) A4 B} RS A Y-S B3hes 3ol HAlst
+Ae] w3l TAAQ e vE 5 -2 AAL
AUt

AYAT5 T2 A, 5] HI e v|A= é“'%w]
& vt AFE2] R g uE 7]
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E& A 83led AL v =8 AYSE Aot &
AldE] -5 ke e] AEHel fAk-E ‘—’}ﬂ 7+
A 9} 5710 8ol AA}F © LeeE 2 ¥t
NM= A F 2ol WstE Fa 7hdst -’l‘;\ﬂ"ﬂ’\i o]
2 2R 7HA] el RS sfed HEET%
7%= $-5°]vKSudha et al., 2012). A]—':]-?'J—f%‘g < :} S
T52 E 7% (Hess et al., 20013} AS5E2] 77 —’r—
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Tablel. Characteristic of subjects

Group  Age(yrs)  Hight(cm) Weight (kg) BMI (kg/m?)
LLTG 19.70+1.41 17433+329 6490+9.5 21.34+293
TEG 19.50+0.84 173.43+2.71 6426+8.6 21.35+2.63
NEG 19.80+1.13 170.40+4.81 6190+12. 21.21+3.50

P 0.051 0.287 0.844 0.804

Values are Mean + SD, N: 30 persons.
LLTG: linear ladder Training Group, TEG: Treadmill Exercise
Group, NEG: Non Exercise Group

s 309 AAsIAY. B4 ADHNEG) 10
$SAHTEG) 104, 24 $-5 HHLLTG) 10422
A FAYOR 7o) FRke TR, BRI
Table 13} 2o},

, Egl=r

—lﬂlﬂl' *x-[ |:||-H-I
HIpH3LE otohir] ffste] AAls} ¥915A7]9] QEEG-
8(LXE3208, LAXTHA inc, Korea)s ©]-8-3}t}. o] AH]
E TR A HFE AamoR FAF] glen s}
%—Xéﬂr =53 dolHE AAshs FH22 AMHA. A
2t Aol k- HlolE] WS HAselr] Sl &
gk AAAPE AAsaH.
Aol Apetel APAA IR FHEel7t A=
o) zel| kobsiAl Bl L, 7“}%}# 4 A A7 5}
BUHHES F—sﬂ 01” A 55 AAzEeE A T8
Aol At 75 a3l HEM AAe A8k A,
T2 2555 27 A7 sk el Stelel &
= WH3e] Hel A E Al e, AT 25E F
E3kar, A= d9lel wehe &9l 9 2SS,
e A AAHelM SALE sk
A5 32 10%-20% =PAIEE A5 wiA]R (International
10-20 system)(Fig. 15 ©]-83e] w2] Fwe] 879§
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e
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Fig 1. International 10-20 system.(www.laxtha.com)



Fig. 2. Position of electrode.

2 Faslolon) 7|5 A5 (reference electrode)?] Al 3}
= A& 5, XA S (ground electrode)?] A2E= = F &
CREEEEE

Falo] AL FAsy] Aol 73} HHAGS H 45
5] Slsle] ATE 42 olfaled vizlel o %AL A
F A4 A5l A8 E(ElefixZ-401CE, Japan)g €3 7]
o 2 sjoleh. 2R GA] A ol 2% 2em 27]]
AZE Hof Fulo] v 2 TAHH =S slch(Fig. 2).

kot 24 dHY

AT B AZEJo]Ql Telescan Z=2 18 (LXES209,
Laxtha, Korea)s ©]8-3}o] dloe] 3 F A3} om,
¥ 3he 256Hz 2% FIE5 AR8-she] 12-bit ADW 3
(analog-digital converter)ell 2J3l FHAFEZ A= T AAH=
2}E (rawdatay= 314-5-2] ¥ Sh(fast fourier transform)S %
3] »]zke] Al (relative power spectrum)el] i1 7k
< A d o8 NS HFE record BEE
o]-&3le] Az} |uua)S WA TR A d A}
o] E4E& Hasst ok H ot F344 o 9(frequency
band)x= &I} 3Halpha,; o)= 8~13 Hz, Wl E}Z}(Beta; B)=
14~30 Hz=2 A& 3193}

E AL 718y 28 =23

Z AFERIE o83t 7158 X2 732 Polman ef al.,
(2009)2} Park (2010)°] A3t -5 T2 7215 Alg 53]
off A ATFAEIL, AFR7E B AR M EERA
7] olF Al 7P g M-S =S A AnE F
25 93 4 QS W] A FRpE Ads slsl e, 7
el 2 AlAElS 737, 213 WS upte] AlAjE e
= 3tk 5 A= A A S47](Polar RS 100,
Polar, USA)E ©]-83e] &3 Al W $lellA] zla)aisl L,
Karvonen WAlell &3t 53 Albeg AbEste] 2855l
(Karvonen & Vuorima, 1988).

12FE= A 7= 30~40% HRmax, 3~10F= 7% 60~

AAE o3 ™ - o] 8l

Table 2. Functional exercise with ladder program

Duration Intensity
(min) (%)
Stretching 10

Ankle skip, THR
Lateral high knee runs 40~50
High knee skip -
Wide skip
Skip & Crossover
2 in, 2 out 40
Icky shuffle 3-10
Bunny Hops
One foot Hops
Ski Jumps
Zig zags

Stage Content Week

Warm-up

Main
exercise THR

60~70

Cooling

down Stretching 10

70% HRmaxell A A8l e, F 1057, F 3318 7]%
L= FHsH A 74 1024 APl & 5
2 13] 4087 AABIH. 5 F 5% 2= TA A
Wb 24 7] = -5 A= (Rating of perceived exertion:
RPE)S- ‘Aol Waliale] #18§5l9dvH(Gamacho et al, 2018). A}
A3k W2 Table 29} 2o},

Efcd 28 =27
EFcd 5 22 738 Karvonen?] 222 o]-£3}]

EEAE ARl oT, 1227 30~40%°] A7l
55 A BH 3~105E 60~70%2] FEANAM £
< AAsleH, F 1052, 5 33, 4084 AXsisie. &
HlE-E 108, AR 1085 E3ste] w3 F 60wzt Al
Alatdet. £ AR FA Ak 3479} EeA4E
(RPEYE ]85} F3doAF-E Felssiet.

Az 24 dHY

£ 7= Windows SPSS/PC Ver25 B4 =238 A}
L3191z, 7F WielEel Wisk Fd M), EFHAHSD)E AFE
slodct. 255l e SAA7] 7F Aol E dolr ] 9l
o] HHEEA] BAREA (two-way repeated measure ANOVA)
< ARgakeh. AdEaRgel gt ARS8 A
T zlo] M-S 98l o-3-FE-(paired sample) t-tests AA|
sjol o, 7k A]7] ¥ 57k Aol dUAEAREA (one-way
ANOVAYJA|3], Duncans 53l g1l A4 ol
FEe =052 AAsG

2 o

atntme| gy Hst
= ARIE o83t 715 £ o83t ¥ i)
(alpha wave)H 3= Table 33} 2t}
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Table 3. Changes in alpha wave activity

I[tems Group Pre Post A% F
RLTG(a) 0.295 + 0.074 0.416 + 0.094%** 41.01
TEG(b) 0330+ 0.075 0.397 + 0.056%** 20.30 TG33946§$
Lt NEG(c) 0.286 = 0.133 0.269 = 0.081 —5.94 GXT- 19,501 *+*
prefrontal F .654 10.325%**
lobe post-hoc ns c<b,a
RLTG(a) 0.306 + 0.083 0.426 + 0.083%** 39.21 G2.746
Rt TEG(b) 0.346 = 0.089 0.399 + 0.072%** 1531 T:48.193 %%
NEG(c) 0.286 + 0.107 0.296 + 0.095 3.49 GxT:13.495*
RLTG(a) 0.303 = 0.089 0.445 + 0.102%** 46.86 G2.235
Lt TEG(b) 0.357 +0.106 0.410 + 0.081%* 14.84 T:43.551 %%
NEG(c) 0.316+0.070 0.301 + 0.091 —4.74 G x T:25.611%**
frontal lobe
RLTG(a) 0.323 +0.095 0.464 + 0.102%** 43.65 G1.525
Rt TEG(b) 0.369 = 0.110 0.427 + 0.081%** 15.71 T:33.421%%*
NEG(c) 0.337+0.107 0.329 + 0.092 237 G x T:15.244x

Values are Mean = SD, unit: 1V, 2\ = (Post-Pre)/Pre

RLTG(a): rope ladder Training, TEG(b): Treadmill Exercise Group, NEG(c): Non Exercise Group

*p <.05, ¥*p <.01, ¥**p <.001

FHE AR H3ke 25 2Hp <.05), A7 2t Adst
4(p <.001plA 27 freolgt Wz e e, AR 24
A 2% TelMe BAIFEY Edel=d 5 1F, &
Alete] $E1E0] FolsH w2 ZoE el A7) 2t
AR Ae 5 P T el feIsH 571
gt Ale= veptt

5 AT W3she A7) 3 AEA(p <.001)001A
frojgt Msprh velkew, A7) 7F AR A T 8
FgM T F71eE AR el #5995
o] AT WSk A7) 7} A4S A(p <.001)0A 23t
W3} e on, Al7|7F AR Ao s Eel

Table 4. Changes in Beta Wave Activity

A relspl 371 Aoz dehge.

HIEHTIe| B M3}

£ Al o83t 716 o o83 HIle| viEls}
(beta wave) 2= Table 42} 2},

AAFe #5345 H3te A7) b3 Adazkg
(p <.001)PIA frelgh Wz} velgkom, A7) 7+ AREA
A F ELFA FoEH Fket AeE vehd
25 AT Wshs A7) 7Hp < 001 AZAE-(p < .05p
Al relsh Wspt velg o, A7) 2F AR Ao R
TELFNM T Fket o= el 95 AT

Items Group Pre Post A% F
RLTG(a) 0.224 £0.517 0.287 £ 0.039** 28.12 G:1.394
Lt TEG(b) 0.213 +0.039 0.242 + 0.034%** 13.61 T: 25.143 %%
Prefrontal NEG(c) 0.229 + 0.049 0.236 + 0.060 3.05 GxT: 16.523%**
lobe RLTG(a) 0.217 £0.053 0.292 + 0.047** 34.56 G:2.926
Rt TEG(b) 0.212 +0.046 0.239 + 0.039** 12.73 T: 22.902%**
NEG(c) 0212+ 0.042 0.202 + 0.053 —4.71 GxT: 14.578***
RLTG(a) 0.218 = 0.055 0.271 + 0.036** 2431 G: 2.804
Lt TEG(b) 0.220 + 0.054 0.245 + 0.054 11.36 T: 15.770%%*
NEG(c) 0.196 + 0.058 0.197 + 0.046 0.51 GxT: 5.232*
Frontal lobe
RLTG(a) 0.224 +0.051 0.268 + 0.043** 19.64 G: 2264
Rt TEG(b) 0.221 +0.062 0.241 £ 0.061 9.04 T: 6.003*
NEG(c) 0.207 + 0.044 0.188 + 0.064 -9.17 GXT: 8.758%**

Values are Mean + SD, unit: |V, 2\ = (Post-Pre)/Pre

RLTG(a): rope ladder Training, TEG(b): Treadmill Exercise Group, NEG(c): Non Exercise Group

*p <.05, ¥*p < .01, ***p <.001
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o] H35 FAste] AFH AAFHe =924 (Alpha
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ik (Delp er al., 2001). -F{-Z}Zi_j-_' Ag_;«]s} 7154 0=}
Ef = 358 53 ¥ dRFe] sl W) Hule] &

Aol s F AR -{J_r‘i}%l\:‘r(Amjad et al., 2019). 3"}
g & o] 43l 7|5 - ET vy R 2 B e

S AAIRE EYEd S 5aFeME 2 AATE 7‘4
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At FAol| Fol 5 AT o RS HEF] A5t
438} 215314 &= 1]-57]3H(desynchoronization) & Aol
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= g (Moraes et al., 2007). TFAA Q] 7|53 S0 &
Fo| "ekal ukrle] AU AAE] wtel A5 #
AbAg-Foll vl sl -5 A4 §F velarl ZAE o=
ARG, E A7l 75 89-s 15 EdEEeEs &
Hol| A 10577 &5 Foll 343 duue] Z7)7F =32 W)

2

%,
el

o
)

15 - o171 83

el ] W2 olfis 3t 34 Al o5 L <kdE A
oM S-S 6}“’37] ool 7 =59 i7]°ﬂ zfe]7F vt
ehd o2 godle) el FHue} 9xo] EAS Al E
o, A3l FEEFE Fx o} 4] Fo| 1 —E 7 el
B ol slgl o), &5 Fo] AFE AEd, 99
HIgAd o] At RS o ol oA ﬂ"% &3
=)o) EAQl 89, T, A1 BEE, A7 &
=¥ 7)5o] E Hlem %%%E}(an et al.,2006). Hsﬂ
AT SRS o838t 7 eSS A4t F o
g Aol Hgt A7t o] FoA A et A AT-9} v]XLE
3 = oot} AU Eo3)t RS 2438 Efsa &

9 144}%}** wsle] Ao} vlwale] 75455 Al
6};1— 39 w92 o] EAYd A= e

]9} Zre], FA Al FAlT T EYol=diE B
7 ¥ el Bl Ao vepgod, e E
A= 5 vlaste] EAE] el A7) Tl
Hapl & o] aHeR A " ez vy, Ak
2Fe] HEHQ Ed= 53 vlusle] = HuieAde]
I 2R 7] Wi, vekst 4lA1 9] 715 e
RS 2 3l FAME] 58 A £EeEA
A = e +Folz wdo

a4 =

B QT ) s 309 AR 1057 24
DRl ol 84 1A S} TEA BN EEE 4
3 Al el B dake e Slsled
A2 Q7o) A%E B2 b} 28 ARE @a}u}.

2 S ol 4a 715 £50l B Wzl Wehe
ujrie] H2 AATI|HE 25 ol EARCE §
ol Ael7} ek owl (p <.05), AHFAA A3t 7%
FaF5) EA =R 25e] FA 28l wlaled, EHe)
o2 vehgeh. A7) 79 Aol dsiste) wielse] 2
QAT Aol 715 $58F} Edmd $5a
Folld EAHOE folg Aol7} versdehp < 05)

Fl1>"

o

g Ho

References

Amjad, 1., H. Toor, I.K. Niazi, H. Afzal, M. Jochumsen, M.
Shafique, et al. 2019. Therapeutic effects of aerobic exercise
on EEG parameters and higher cognitive functions in mild
cognitive impairment patients. Int. J. Neurosci. 129(6): 551-
562. doi:10.1080/00207454.2018.1551894

Bailey, S.P, E.E. Hall, S.E. Folger, and P.C. Miller. 2008.
Changes in EEG during graded exercise on a recumbent cycle
ergometer. J. Sports Sci. Med. 7(4): 505-511.

Barnea, A., A. Rassis, and E. Zaidel. 2005. Effect of neuro
feedback on hemispheric word recognition. Brain and cognition.



84 ZARIE ol §3 715 o] AT A 2] H5) SAol w A e

59(3): 314-321. doi:10.1016/j.bandc.2004.05.008

Bazanova, O.M. and D. Vernon. 2014. Interpreting EEG alpha
activity. Neurosci. Bio. Rev. 44: 94-110. doi:10.1016/j.neubiorev.
2013.05.007

Brismar, T. 2007. The human EEG-physiological and clinical
studies. Physiol. Behav. 92: 141-147. doi: 10.1016/j.physbeh.
2007.05.047

Cahn, B.R. and J. Polich. 2006. Meditation states and traits:
EEG ERP, and neuroimaging studies. Psychol. Bull. 132(2):
180-211. doi:10.1037/0033-2909.132.2.180

Cotman, C.W., N.C. Berchtold, and L.A. Christie. 2007. Exercise
builds brain health: key roles of growth factor cascades and
inflammation. Trends Neurosci. 30(9): 464-472. doi: 10.1016/
j-tins.2007.06.011

Crabbe, J.B. and R.K. Dishman. 2004. Brain electrocortical
activity during and after exercise: a quantitative synthesis.
Psychophysi. 41(4): 563-574. doi: 10.1111/j.1469-8986.2004.
00176.x

Delp, M.D., R.B. Armstrong, D.A. Godfrey, M.H. Laughlin,
C.D. Ross, and M.K. Wilkerson. 2001. Exercise increases
blood flow to locomotor, vestibular, cardiorespiratory and visual
regions of the brain in miniature swine. J. Physiol. 533(3):
849-859. doi: 10.1111/j.1469-7793.2001.t01-1-00849.x

Erickson, K.I., R.S. Prakash, M.W. Voss, L. Chaddock, L. Hu,
K.S, Morris, et al. 2009. Aerobic fitness is associated with
hippocampalvolume in elderly humans. Hippocampus 19(10):
1030-1039. doi: 10.1002/hipo.20547

Garnacho-Castafio, M.V., R. Dominguez, A. M. Gonzélez, R.
Feliu-Ruano, N. Serra-Paya, J. L. Maté-Mufioz. 2018. Exercise
prescription using the borg rating of perceived exertion to
improve fitness. Int. J. Sports Med. 39(02): 115-123. doi:
10.1055/s-0043-120761

Hess, D.M., C.J. Joyce, B.L. Arnold, and B. M. Gansneder.
2001. Effect of a 4-week agility-training program on postural
sway in the functionally unstable ankle. J. Sport Rehabil.
10(1): 24-35. doi: 10.1123/js1.10.1.24

Internationa 10-20 system. Laxtha Homepage, http:/www.laxtha.
com(2022.08.29.)

Jeong, D.G, B.Y. Kang, and J.G Lee. 2013. Change charac-
teristics of electroencephalographic activity after acute treadmill
exercise among healthy college people. J. Sport Sci. 22(4):
1035-1044.

Jeong, J.W., CM. Jeong, and K.H. Kim. 2012. Effect of
maximal combined exercise on electroencephalographic wave
and cognitive functions. J. Sport Sci. 21(2): 1033-1043.

Karvonen, J. and T. Vuorimaa. 1988. Heart rate and exercise
intensity during sports activities. Sports Med. 5(5): 303-311.
doi: 10.2165/00007256-198805050-00002.

Kim, Y.G. and N.G. Jang. 2000. Distribution of dominant EEG
by level of mental activity. J. Kor. Behavi. Biol. Soc. 9(1): 51-
60.

Kim, Y.L. 2013. The review of exercise and neurotrophic
factors(BDNF): With focus on acute aerobic, resistance exercise
and regular aerobic, resistance training. J. Sport Leisure
Studies. 52(2): 663-674.

Landi, SM., F. Baguear, and V. Della-Maggiore. 2011. One
week of motor adaptation induces structural changes in primary
motor cortex that predict long-term memory one year later. J.
Neurosci. 31(33): 11808-11813. doi: 10.1523/INEUROSCI.
2253-11.2011

Lim, TH., K.D. Hong, S.L. Park, and Y.S. Jang. 2006.
EEG(electroencephalographic) characteristics according to
national archer' concentration strategies. J. Coaching Develop.
8(1): 77-87.

Moraes, H., C. Ferreira, A. Deslandes, M. Cagy, F. Pompeu, et
al. 2007. Beta and alpha electroencephalographic activity
changes after acute exercise. Arq. Neuro-Psiquiat. 65: 637-
641. doi: 10.1590/S0004-282X2007000400018

Park. C.G 2010. The effect of SAQ training for athletic
performance and physical fitness in female basketball athletes.
J. Coaching Develop. 12(2): 219-228.

Polman, R., J. Bloomfield, and A. Edwards. 2009. Effects of
SAQ training and small-sided games on neuromuscular
functioning in untrained subjects. J. Sports Physiol. Perform.
4(4): 494-505. doi: 10.1123/ijspp.4.4.494

Sudha, V.N. and B.P. Chittibabu. 2012. Effect of six weeks of
speed agility and quickness (SAQ) training programme on
selected biomotor abilities of male handball players. Sports
Yogic Sci. 1(3): 53-60.

Kami, A., G Meyer, P. Jezzard, M.M. Adams, R. Turner, G.
Leslie G and L.G. Ungerleider. 1995. Functional MRI evidence
for adult motor cortex plasticity during motor skill learning.
Nature 377: 155-158.

Voelcker-Rehage, C. and C. Niemann. 2013. Structural and functional
brain changes related to different types of physical activity
across the life span. Neuro. Bio. Revi. 37(9): 2268-2295. doi:
10.1016/j.neubiorev.2013.01.028

Yap, C.W. and L.E. Brown. 2000. Development of speed, agility,
and quickness for the female soccer athlete. J. Strength Condit.
22(1): 9-12.


http://www.laxtha.com(2022.08.29.)

