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Objective: The aim of this study was to analyze kinetic variables between thermotherapy and dynamic
warm-up during drop-landing.

Method: Twenty male healthy subjects (Age: 21.85 + 1.90 years, Height: 1.81 +0.06 cm, Weight: 68.5 +7.06 kg)

underwent three treatments applied on the thermotherapy of femoral muscles and a dynamic warm-up.
The thermotherapy was performed for 15 minutes while sitting in a chair using an electric heating pad
equipped with a temperature control device. Dynamic warm-up performed 14 exercise, a non-treatment
was sitting in a chair for 15 minutes. Core temperature measurements of all subjects were performed before
landing at a height of 50 cm. During drop-landing, core temperature, joint angle, moment, work of the sagittal
plane was collected and analyzed. All analyses were performed with SPSS 21.0 and for repeated measured
ANOVA and Post-hoc was Bonferroni.

Results: Results indicated that Thermotherapy was increased temperature than other treatments (p = .000).
During drop-landing, hip joint of dynamic warm-up was slower for angular velocity (p < .005), and left
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ankle joint was fastest than other treatments (p = .004). Maximum joint moment of dynamic warm-up was
smaller for three joints (hip extension: p = .000; knee flexion/extension: p = .001/.000; ankle plantarflexion: p
=.000). Negative work of dynamic warm-up was smaller than other treatments (p =.000).

Conclusion: In conclusion, the thermotherapy in the local area doesn't affect the eccentric contraction of

the thigh. The dynamic warm-up treatment minimized the joint moment and negative work of the lower
joint during an eccentric contraction, it was confirmed that more active movement was performed than
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INTRODUCTION

A2EX SHFYOME 2EE, OAA|, d28E, HO0E S Chdet
HrLESS HS0A HEAIH 1352 37|18 A 7o &¢ 1
2|1 B 3|52 flof B2 LE0| O|ROX|1 /Utt 1 & 2EXNX|
(Thermotherapy)= 3l 21t 2|0 E= 7Iole EH2z 28X
Ao e MAEEel SN 27|sS 2ET A7Vt Hol o|F

X 2tCHEston & Peters, 1999; Someh & Ghafarinejad, 2011; Maxwell,
Castle & Spencer, 2008; Okada, Yamaguchi, Minowa & Inoue, 2005; Oh,
Kang & Piao, 2016). 2 EMX|E +=ASHA =™ MK L} MTIHALE &
woiA| ot 2% W EBEY R U B9 HES YN 4

= "1 =
glon olo| et ROl B5S AW sto| BT AREHo|

2
H
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gl A SeA7le 9G2S Stih(Kawabata & Tokura, 1993;
Maxwell, Castle & Spencer, 2008). 0|23t 7|2 2712 28 F L=
g 9 243 240 B2 =88 TCHKilduff West, Williams &
Cook, 2013). SHX|Ct ZFHA[Zte| 2EMX|= DRHEH0| 7I5iX|= E2
oI5t 25 L ZMALS| uXxtF7| £t F715H0 2O 27t 5715t
HA 2|7t ZASHACHFalk et al, 1998; Lee, Toner, Mcardle, Vrabas
& Pandolf 1997).

S ZFH[2&(dynamic warm-up)2 A&%t MH&SS F&517| T
o &AIStY 252 F2dflexibility)t 2lF2HA0] Chgt X8-S (adap-
tation)2 EAAIF] ZM R (myofibril2] IHEsH AMES AR|A|Z| D =
Zolthel HZKstrain) 1t €2 F0| == 7ot ACKGray &

Nimmo, 2001; Lee, 2002). EEot &8 FH|RSLE Q5 €5 §|Z3=2
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Hl(hemoglobin) =X|7} Z7tEto 2 OQlsf &l LY LtAQto] ZAgt/slz

P& O|ROIN 2= L At RBLS0| FAEICHTurki et al, 2011).

THMOl FHRE WHORE HA/SH AEYH A 7HHE Fita
7

M N

— O:i =1 T—o od = ™ T+
MNESEE, XTEAEP|, 24 HASHe Ae2 LM U
(Chaouachi et al., 2010; Samson, Button, Chaouachi & Behm, 2012), &
EZX 40| ME S0|HQ FH2s ZEIOWS XESH0] ATO|M
Y2Z|E 2xx M=E0A 2HE HEE7|E oLt OE = Garcia-
Luna, Cortell-Tormo, Garcia-Jaén, Ortega-Navarro & Tortosa-Martinez,
(2020)2] ATFOM= ACL &2 OS] QI8 57 d+=S0AH F
£ HE AFE(Knee-Band Squat), AtO|EAE AT E(Side-Step Squat),
27t2|0t AE 8l AR E(Bulgarian Split-Squat) Z21HS HEA|Z 1,
Achenbach et al. (2018)2| GF0M= FAHE HEE M52 CHY
o= Fldcta|x Z3t 2&(Strengthening of the hamstring muscles),
Eoio|e HEE 2
landing exercise), 1384 25 (Proprioceptive exercise)a AA|SHA|
5to] S2o| 540 Mot 5% FH|RS0| S0 CHal ofmEst
FeS O/X[=X|E 7ot

EEH Y (drop-landing) &2 L2 of HCi2|HlZe2(quadri-
ceps) £219| MEM Z(eccentric contraction)S Sl £5t2| HO|
£ ZA3SIHM 534S A7 7|00 =HEICHDuUfek & Bates,
1990; Lim, Hong, Oh & Lee, 2015). A& =52 25250 S5
= 28 BV M30e S5t FHE A L35ts EFO|
1 (Ebbeling & Clarkson, 1989; Enoka, 1996), tt=4 +=Z1to
Moz FUSHH HESIYS W 2CHE L 2
|n™ 72 A2 H&|1 QUCHHigbie, Cureton, Warren & Prior,
1996; Hortobagyi et al, 1996). [F2FA Sell et al. (2007) SIT0IM = 2
2 Al RERAE| MY E BIHAZ|=0 FIECEl 2 (hamstring)0| E
ci2|dlZef2 20t B2 Jgg sASHX| driz|HZef 2ol et

Alztof et T HEHol B2 FeE O

& (Plyometric exercise), HHE®Z & (Jump and
o

s

o]
of
HHo MNYY = Y=ot

T o o BT oo=
LIk StRACE SHR|2E MEYE 52 Z52 20I1E S/HFlE =5
ol 4% HEfo|n EHo| SXUn Fo| HBse BiSpo| Bijets

dm 22

‘40| ACHByrne, Padua & Guskiewicz, 2004; Lindstedt, Lastayo &
Reich, 2001). tH2AM SHEEL10f THsl HZ(jump), E2l7|(running) =
2 AY(cutting) % St 20| 1AL E MEE 5 252 HAIE
42 25 U oM 24/S2 &4 7t5890| &CHByme, Padua &
Guskiewicz, 2004; Lindstedt, Lastayo & Reich, 2001).

AT THE AFE2 OREE SHX2HE 282 MY =5
ot Flgckel2 fdat AAR dFS0| tE=F0|A2MHJonhagen,
Nemeth & Eriksson, 1994; Rosado-Portillo, Chamorro-Moriana, Gonzalez-
Medina & Perez-Cabezas, 2021; Severini, Holland, Drumgoole, Delahunt
& Ditroilo, 2018; Shield & Bourne, 2018), =&X 2l 2EX X[} 55

2&2 aof EEUHO st 259 HolE ZAM0 A=
olH|et &7go|ct StX|2F O|F AFUM 2EMX| S5 FH|2S Al
S b

SHR|2HE Q| Ibel7t S7tE|0 HHE I (countermovement jump)

9
= SIAFIE 2ot LIEL EEE Al & MAEEY 7 Blas 4
g8 =50 i M2 A2 90|17t S A= TEHEITHLee et
al, 2019). ot EFHME2 FEHE U GrigdZzel 489 =
= &0 weEt ShA[2E oFEd oS4 52 YH0| AS
AO2 A=K, SHX|HES| Hgdu SHETE <t SXYS ot
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45L7| QsiM = EX| P20 T = Z|Cf 2E 2T (angle), 4
L(angular velocity), =T ZHE(moment), X|Ci YZwork) &2 H
=2 o THZEQ HIt7t O|FO|{Mof & Hart UCk matyq & A

= EEUE Al 2F2 2SHKX|(0[5t 2EHXNL LIE QI 2 XX
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el M7 2G| =(TY-20; Swmedi, KOR)S ZE AFEGIXIE2| &
Hrt2| f/0f] 152 S S FULHCochrane, Stannard, Sargeant &
Rittweger, 2008). & ¥ &% FH|2S(EXE)E Dixon et al. (2010)0|
HAISH 147HX| 2 & EHl2s Z2OAE 152 ¢ Ao,
3 MEXNol LfE2 C2ot 2Tt 1) Arm circles forward, 2) Arm circles
backward, 3) High knee walk, 4) High knee skip, 5) High knee run, 6)
Butt kicks, 7) Tin soldiers, 8) Single leg stiff legged walk forward, 9)
One leg SLDL walk backward, 10) Backward skip, 11) Backward run, 12)
Back peddle, 13) Overhead lunge walk, 14) Inchworm. M| HR{ FXX|
(CON)E OFFH HSE FSHK| Y1 158 7+ QXtof SHokM Ch7[SHRY
Ch MK 22 AREAXES sHESH XME Fot §| ot 71

=1 =
2HE 0|83t M22 5T £ 2 HYS HAISIULL
ATHAXES FHIE 50 cm B2 Q0| S2k¢t HEjoiM THE0|
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=5 10 Hz2 F3 7l 4% HEIA HYSHEEHE AHESH
2lg TSI CHMacKenzie, Lavers & Wallace, 2014). EE2HE
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Figure 1. Events definition for drop landing
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5 ok A Brezo|

Aigie 2t 28 B4 B9l 22 FE3 F Duffield, Dawson,

Bishop, Fitzsimons & Lawrence (2003)2] HTL0|A AR El ZAS E3f
H LSRR ChFigure 2).

aal

T=(03%XT)+(03%XT)+(0.2xT,)+(02xT,)

of7I0IM 7= AIH =
of ERRE, 7,5 WNCiZo] EHLE, 1,5 ¥Yolo| EHLES

o|0] gLt

No treatment (CON)

Figure 2. The measurement of core temperature for three different conditions
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6. SAEM

SAXZIOf oM ZE AHE BRIO| L2 One sample Kolmogorov
SmimovE &3 Hrd 452 HAISIRICE O A BE Helo| H
Mo| 2|0 DAYl YYUHTFE M (One-way repeated measure
ANOVAS &3l Ml ZEX] HA|L-O| TSt SH 24 S AT A
Z A= Bonferroni correlation2 Soff MX|&H 7+ XI0| & HABSHRY
Lt 2 SAE40|& SPSS 23.0 (SPSS Inc, Chicago, lllinois, USA)2

283IUSH, RO +E2 o = 052 2L
RESULTS
1. AH 22 2o}

M ZER] MR- E AN Ba2EE 24t Zak(Table 1),
HOT MA|YY = MK Bo2=s ChE MXLYO His] 7+ =2

Table 1. The results of core temperature measurement for three groups during drop landing Unit; °C
HOT EXE CON F p-value E
Core temperature 34.66+0.34% 31.73+0.60" 33.53+0.39"% 233.677 .000" 925
I Significant difference between HOT and EXE at p<.05
# Significant difference between HOT and CON at p<.05
§ Significant difference between EXE and CON at p<.05
Table 2. The maximum joint angle of the sagittal plane for three therapies during drop landing Unit: deg
HOT EXE CON F p-value n?
Hip
Maximum flexion - 66.81+16.08 62.01+15.37 64.57+15.97 1617 215 078
(deg) R 66.44+16.30 62.53+15.53 63.81+15.35 1.031 354 051
Angular velocity 125.52:65.82¢ 99.26+77.55" 133.6766.24° 5.160 015° 214
(deg/s) R 128.83+59.80° 103.43+68.10% 134.88+66.42° 5.060 .020" 210
Knee
Maximum flexion - -76.66+11.71 -75.81£12.80 74971120 301 708 016
(deg) R -80.25+12.24 -76.76+13.91 -78.28+12.25 1.154 321 057
Angular velocity L -285.32+35.61 -282.01+40.71 -304.90+48.47 2979 078 136
(deg/s) R -294.76+33.55% -284.72+32.07¢ -314.84+40.73* 7.040 .004" 270
Ankle
Masximum L 17.73+4.48 23.1£5.87" 18.56+4.82¢ 30367 .000° 615
dorsiflexion (deg) g 22.95+546 24.05+5.80 23.08+6.06 1429 252 070
Angular velocity - 189.4+6545" 254.01+96.30" 215.63+76.80* 12528 .000° 397
(deg/s) R 20343+77.68 225.25+79.05 21342+69.93 3.209 054 144

I Significant difference between HOT and EXE at p<.05
# Significant difference between HOT and CON at p<.05
§ Significant difference between EXE and CON at p<.05
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Figure 3. Graphical representation of acquired kinematic traces for knee joint during drop-landing (blue line - HOT, red line - EXE, green line - CON)

LIEFG OO, EXE MR- 2 M 7HX] MX| & 7H %A LEFHCHe
=.000; HOT: 34.66+0.34°C, EXE: 31.73+0.60°C, CON: 33.53+0.39°C). Al=
=4 Z1 HOTI} EXE (p=.000), EXEQ} CON (p=.000), HOT1}l CON
(p=000) MA|YY 2t BE SHELSZ JFolTh XO|7} LIEFGCE,

SEHY Al MRl T2 SiRIo| MEB A0 B U 2
SEE 248 ZllTble 2, TS YH 44E BE ST
2 go3 2: p=020), AP ZTf

b Xto|7t LtEHE S H(E,: p=.015, 2
EXE XX (E - 99.26+77.55 deg/s; ¥ - 10343+68.10 deg/s)2 CH2

AL HHOT: ZF - 125.52+65.82 deg/s, & - 128.83+59.80 deg/s; CON:

Zt - 133.67£66.24 deg/s, $ - 134.88+66.42 deg/s)0fl H|ol =2l Zt<
T7h LIEFHLE SERES 2R 2% *F Ci2|Q] A8 SAHH
O =2 ROSH XO[7t LIEMH O H(p=.004), At=EM ALt EXE (-284.72+
32.07 deg/s)= CHE XX (HOT: -294.76+33.55 deg/s, CON: -314.84
+40.73 deg/s)nt H|m A| 2| ZtE T} LIEHCHFigure 3). HSEHE
= HIE2F Z = (p=000)2 ZHSZ(p=000)0M M ZHX| MK

B SAXHLZ 7olet XO|7F LtEHRICE At 4] Zafp X0y By

—

0L Tlo

S22 AEs EXEZL 7FY 3A UEHRES0(23.145.87 deg), A& =
(2540149630 deg/s) SA| CH2 K X|HH(HOT: 189446545 deg/s, EXE:
215.63+76.80 deg/s)0fl HIsH ZH& Wh2A LT

- Zk p=.000, % p=.000; ¥H & - E p=029, 2 p=011; 25 & -
Zk p=.000, 2 p=000). NTRHEON|M ZQ BE EXEER -0.33+0.36
Nm/(BW*ht), ©: -043+041 Nm/(BW*ht))7t CHE X X|E=(HOT - Zk:
-3.30£1.24 Nm/(BW*ht) 2: -3.84+1.49 Nm/(BW*ht); CON - Zf -3.47+
1.62 Nm/(BW*ht), ©: -3.61+1.86 Nm/(BW*ht))0ll H|sl =X|7t O
Al LIEFREA, EESF EXES| Z|CH YA Y(HOT - Xk 325.97+202.86 j, %
525.80+222.30 j; EXE - Xk 198.95+209.56 j, < 222.30+194.70 j; CON -
Ik 371.67+251.28 j, 9 432.89+302.51 j)ut X LHOT - =k -81943
+47128 j, 2: -90349+475.98 j; EXE - ZF -89.50+151.39 j, 2: -10856+
190.72 j; CON - Z} -870.25+552.09 j, < -875.32+569.64 ) ZF Zt7
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Table 3. The results of kinetic data for three therapies during drop landing

KJSB

HOT EXE CON F pvalue n?
Hip joint
Flexion moment L 0.39+0.76 0.70+0.39 0.55+0.68 1795 184 086
(Nm/BW*ht) R 0.88+1.22 0.78+0.37 0.81+0.84 097 859 005
Extension moment -3.30+1.24 -0.33+0.36% 347+1.628 60.940 .000° 762
(Nm/BW*ht) R -3.84+1.49 04304118 361+1.86° 52.778 .000° 735
L 32597+202.86 198.95+209.56% 371.67+251.28¢ 4685 029" 198
Positive work (j)
R 525.80+222.30' 222.30+194.70% 432.89+302.515 6.791 011" 263
L -819.43+471.28' -89.50+151.39% -870.25+552.09° 34310 .000" 644
Negative work (j)
R -903.49+475.98' -108.56+190.72 -875.32+569.64¢ 32905 .000° 634
Knee joint
Flexion moment L -0.62+0.22! -0.26+0.14 -0.63+0.458 11.590 .001° 379
(Nm/BW*ht) R -0.52+0.28" -0.26+0.14% -048+0.21° 9.079 001" 323
Extension moment L 2.58+0.95' 0.09+0.22'% 2.81+0.948 112.700 .000" 856
(Nm/BW*ht) R 290+1.03' 0.06+0.17" 3214123 106.866 .000" 849
L 321.19+14563" 117.74+97.55% 332.10+234.84 14,631 .000° 435
Positive Work (j)
R 226.30+136.72" 122.09+105.66' 222.64+123.19 6310 007" 249
L -1039.29+499.69' -52.99+106.93" -1225.37+526.245 73.939 .000° 79
Negative work (j)
R -1239.57+533.46" “44.93+94.86" ~1503.52+651.64§* 87.109 .000" 821
Ankle joint
Dorsiflexion L 0.06+0.12 0.06+0.05 0.03+0.03 800 394 040
moment
(Nm/BW*ht) R 0.06+0.21 0.05+0.02 0.07+0.22 131 867 007
Plantarflexion L 2.37+0.65' -0.01+0.02 -2.49+0.66° 203.583 .000" 915
moment
(Nm/BW*ht) R 256+0.71" -0.00+0.01% -2.58+0.68° 209.297 .000" 917
L 68.10+52.78 51.48+51.56 77.07+72.38 1.067 347 053
Positive work (j)
R 88.40+65.69" 50.75+12.28% 86.84+87.61° 1424 422 044
L -970.12+330.82! 91541829 -940.01+332.26° 121.282 .000° 865
Negative work (j)
R 992.47+86.71" 2.89+8.31% -1076.55+380.60° 98.495 .000" 838

I Significant difference between HOT and EXE at p<.05
# Significant difference between HOT and CON at p<.05
§ Significant difference between EXE and CON at p<.05

LHEHGLC

SEHE2 Yl 71| el RE SHECZ Roloh XHO|7F LIEL
ChFigure 4, 2@52ME - X} p=001, 2 p=.001; MHZHE - X} p
=000, &: p=000; ¥ & - Z}: p=.000, 2: p=007, 28 & - Z} p
=000, ©: p=.000). Atz 24 21} =AW ZHEN M= 25 EXE
(BI2HE - ZF -026+0.14 Nm/(BW*ht), 2: -0.26+0.14 Nm/(BW*ht);
MEZHE - Z 009+£022, 2 006+0.17 Nm/(BW*ht)& CHE XX
HEZZHE HOT - Zk -0.62+0.22 Nm/(BW*ht), ©: -0.52+0.28 Nm/
(BW*ht); CON - Zk: -0.63+0.45 Nm/(BW*ht), 2 -048+0.21 Nm/(BW*ht)
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/ MHEZHE HOT - Z 2.81+094 Nm/(BW*ht), 2 2.90+1.03 Nm/
(BW*ht); CON - Zk: 2.8120.94 Nm/(BW*ht), 2: 3.21+1.23 Nm/(BW*ht))
of HisH SA LiEtstY, /28 Y Eot F EXEZ B A LIE
CHYA U HOT - &k 321.19414563 j, S 226.30+136.72 j; EXE - Zf
117.74+97.55, 2 122.09+105.66 j; CON - Zt: 332.10+234.84 j, : 22264
+123.19 j / 8™ ¥ HOT - Zk -1039.29+499.69 j, ?: -1239.57+533.46
j; EXE - %k -52.99+106.93 j, ©: -44.93£94.86 j; CON - X -122537z
52624 j, 9 -1503.52+651.64 j).

HBHHE IS HEBDR DUEE: p=000, 2 p=000)2 SH
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Figure 4. Graphical representation of acquired kinetic traces for knee joint during drop-landing (blue line - HOT, red line - EXE, green line - CON)

AEF: p=000, 2 p=.000)0lA AtO|7} LIEMGED, AA=2A Aut EXE
o] §&x=23 ZHEZE -0.01+0.02 Nm/(BW*ht); 2 -0.01+0.01 Nm/
(BW*ht)= CHE M A[HHHOT - = -2.37+0.65 Nm/(BW*ht), < -2.56
+0.71 Nm/(BW*ht); CON - ZF -2.49+0.66 Nm/(BW*ht), : -2.58+0.68
Nm/BW*ht)Ofl HISH ZA| LIEHGED, S5 A FA| JHE 2| LIEHRCH
(HOT - Z}: -970.12+330.82 j, S -992.47+386.71 j; EXE - X} -9.15+1829
j, $1-289+831j; CON - ZF -940.01+332.26 j, 2 -1076.55+380.60 j).

DISCUSSION

= g7Es EEUE Al 2EXX[t Y FH|2SO| SHX|HE 25
ofstof oftst xto|7t A=X| =elst=H 50| At 2= AFEHA
MHE2 620 2N 2EMK|, Y EHIRS, FHAE 2AE = 4
2 Y 299 2= =F1t 50 cm HA0M EEMYS SHSIA
Ct. oj, M=HoAfol SHX|2E| tigt 25ty Y=E +Hstd
=M SHALE

MR = AFHORSS MM BE2bs 28N, FNK, S
THR2S =22 /UL 2EMK| Al LIEfLHE SE2 A L M|

220l RS S7MAA LIMA| 22qA| 2EXE £ 4517] 9
S AAEHoR AN BH2EE S7H|7|He delHel &F HE0|
2O HCHCornwall, 2007). SHA|ZH O|2{3H HIS2 2E8 | 2 I
2 O|X|X| A2 HozZ MZIEICt Maxwell et al. (2008)2] ATO|A =
2ENA T AZZE AMOIEE £ 21t SHXRESS A0 2
oY= 23|23 ZABAT, Lee et al. (2019) HFUME 2GHK| =
MTE Hz= A REREQ| 220 CHot HBHE 2rEg 4= QIRICH
O S0 K2R EHez 2YMX|E MEY 42 2LZ 38, &
44 gl , gl got A

S5 U4, dAest £ 9| AuUt LEHHCED Bk
C(Lewis, Holmes, Woby, Hindl

1999). MM 2HXMKXE &3
Hib= iR Xz o 40
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