Korean Journal of Sport Science 2022, 33(1), 019-032
https://doi.org/10.24985/kjss.2022.33.1.19

L)

Check for
updates

Ksro'

Original Article

Tensiomyography Variable Trend of Changes after Acute
Muscle Fatigue Induced by Acute Exercise:
A Systematic Review and Meta-Analysis

Seunghyeok Yeom®, Hyungwoo Lee** and Kyoungkyu Jeon

1.34,5%

" Division of Sport Science, Incheon National University, Incheon, Republic of Korea

2Department of Human Movement Science, Incheon National University, Incheon, Republic of Korea

3 Sport Science Institute, Incheon National University, Incheon, Republic of Korea

*Health Promotion Center, Incheon National University, Incheon, Republic of Korea

® Functional Rehabilitation Biomechanics Laboratory, Incheon National University, Incheon, Republic of Korea

Article Info
Received 2022.01.18.
Revised 2022.03.11.
Accepted 2022.03.21.

PURPOSE The purpose of this study was to establish the criteria for measuring acute
muscle fatigue using tensiomyography (TMG) by quantifying the trend of changes

in TMG variables. METHODS Searches were conducted in the Web of Science and
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Pubmed databases using the keyword “Tensiomyography”. Sixteen studies which used
TMG to measure acute muscle fatigue caused by acute exercises in rectus femoris
or biceps femoris were included. All statistical data analyses were performed using

Comprehensive Meta-Analysis software program. RESULTS The meta-analysis results
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indicated that the biceps femoris showed a significant (p<.05) decrease in all TMG
variables of the elite athletes. Also, in the overall effects of maximum displacement and
mean velocity until 90% Dm (Vc90) showed a significant (p<.05) decreasing trend. The
rectus femoris showed a significant (p<.05) decreasing trend for maximum displacement
(Dm) in the average person, while contraction time (Tc) showed a decreasing trend

in elite athletes and overall. CONCLUSIONS These results suggest that TMG could be
used as an indicator of muscle fatigue indicator, and will help to develop a more proper
protocol to test the response of the body to muscle fatigue.
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=4 28]+ AI7FI Contraction time(Tc), AF=2] A|ZHELE o o=
2 W99 10%7HA] Zel+ AIZEQI Delay time(Td), ] &Y
9] 50%NA] s34 SO%W}XI FA == A7+ Sustain time(Ts),
193 5P FA0A A £5 W9 90~50%71A Al ATl
Relaxation time(T® /4= o] #7139ttt S4-W54 € 8714
Y A% X|$= intraclass correlation coefficient(ICC)2] 95% Al
F47Hg 7lsto 2 griEe, TMGS] ¥<Ql % Dm(0.91-0.99) 17|
2 Tc(0.70-0.98)= W &7 Al 71 AlF = Qle WRIo|tH(Krizaj

et al., 2008; Martm—Rodnguez et al., 2017). 28 Tex Dm
9] 90%°] = AIZEC & DmY A7)0 FaFS TS 4= U7 o
o, o]& EQ‘rO]-Oq <89 £% £ & A4S Vrn(normalized

response speed), Vcl0(mean velocity until 10% Dm) % Vc90
(mean velocity until 90% Dm)7} 21th(de Paula Simola et al.,
2015; Krizaj et al., 2008; Lohr et al., 2018; Loturco et al., 2016;
Pereira et al., 2020).
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52 SHAlOIA Loy, &
7] & H&o] o3t vjEE Tas o
o] Hgste] BE ¥lS FA otz TS Yot (Rabita et al.,
2013), T3t FAuFZ oA FAERT EANFELS AFEHEA
ol A& Aot g A3ot=d $83% JeS drHPadulo
et al., 2013; Peng et al., 2011; Struminger et al., 2013). o|A &
HUAEH T PEAFIL S SH PoA o] 7] wiiol &
5 T 1& ZHo] ol AHgH TMGE AH&3t 12 &4 A4k
& o] F=(biceps femoris, BF)¥} tE %] Z(Rectus femoris, RF)
oAl @o] o]F0]2] 1L ]9 (Garcia-Manso et al., 2011; Garcia-
Unanue et al., 2020; Lopez-Fernandez et al., 2017; Santana et
al., 2018), TMGZ ¥ 25 S43 AgAFolH 44 o8 2345 2
skl 9lo] I FL9 net 7]E2 HEsitt mE U F 259
AL 712 A% Dm9| 4 E EisHs A3 & Yo (Berzosa
et al., 2020; Calderon-Pellegrino et al., 2020; Garcia-Garcia et
al., 2020; Martin-San Agustin et al., 2020; Sanchez-Sanchez et
al.,, 2019), 2 d3E0A= 59 FAE 4R QI Dm9 &
7He BaskeE AT E Uth(Lopez-Fernandez et al., 2017; Rojas-
Barrionuevo et al., 2017). o|& 3t Zx}& 0t ojye} T2 52 &
BF®} RF9] ¥F3-2 H2A YUeUH, ol 54 3 Al 259 F
o] &} Yett= whg9l Z1o g wEth(Bourne et al., 2017;
Garcia-Unanue et al., 2020; Nicola & Jewison, 2012; Sanchez-
Sanchez et al., 2018; Sanchez-Sanchez et al., 2019).

o|A " TMGE 3 & Z7of thgt FA2] o]7o] ARt Z Z7lo] B
ot Aol ASHA ot A} sfjAof] gt R Eglo] k. T
U @7HA] 4 &5 T 259 m2of otk TMG ®Qle] W3} gk
off thaf mel #4 H BAE ol EAT A+ AES AAolth
A 2 A4 934 25 F 34 SSHER Qg H3kE vEE
Ag ST ARA7|E A5t 4 71E8S AAst, olsHd &
%<1 BF2} RF 183 TMGHIR! & Alg4gdo] &2 IRl Dm, Te®
& Ao T7eE Ve90Z F7Foto] BAS §ist S Fg3toto]
TMGE °l-83 1= 54 9| 7|%&E st B2 o] Q.
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Attt FEEE £ 10771 87 & 1174, Aolx £ 32
7 B3 §l

S el BAjo] A&5H3tHBarcala-Furelos et al., 2020; Beato
et al., 2019; Berzosa et al., 2020; Calder6n-Pellegrino et al.,
2020; Garcia-Garcia et al., 2020; Garcia-Unanue et al., 2020;
Lopez-Fernandez et al., 2017; Martin-San Agustin et al., 2020;
Pereira et al., 2020; Rodriguez-Matoso et al., 2015; Rojas-
Barrionuevo et al., 2017; Rojas-Valverde et al., 2020; Sanchez-
Sanchez et al., 2018; Sanchez-Sanchez et al., 2019; Santana et
al., 2018; Ubago Guisado et al., 2017).

Tensiomyography(TMG)

THE 1670 294 34 522 849 ZSYEE BF7tot
71 Y3 4 =32 TMGE AHE35t] BF, RF, Vastus Lateralis
(VL), Vastus Medialis(VM), Semitendinosus(ST), Medial
Gastrocnemius(GM) &+&& H7Fetdct. g, TMGY S3¥ <
OS2 Dm, Te. Td, Ts, Tr, Vrn, Vc900] AFEEQATE Vind AAH]
Vin =0 & LGSt} TR Mgk F B4 AL§HATHPark, 2020).
2E3 289 £% $55 AL 98] o= 200 o o) g)
Vc90S A4S tHde Paula Simola et al., 2015). 2& £3&
& ASE oto] TMGE SHsHlom, AFS: 532 &5 4
At E3, 23tE £35S SHYHEE BF 4 A 9=

Al wedge foam cushione ARHEsH0] 5~15° &3 A& FA5tL
Z245t9 0, RF &4 Al BHIZ 22 AE|o|A] special triangular
wedge foam cushion& AHE-6F] F5Z 140~150° H AHE 74
5}1l &A= A cHGarcia-Garcia et al., 2018; Rodriguez-Ruiz et
al., 2014). 5% Al A= 1msY AZF 51t 0~100mAS] FEE A
A= o, Hd HYDm)7F vetd Wi7bA] FAHo R F7HAIA

3
g Pubmed (n = 126)
g Web of Science (n = 156)
5
=
Duplicated studies

(n=107)
g
E Records after duplicates removed

(n=175)
&
Review studies

(n=11)
z =
Z Records excluded Case studies
=) (n=159) (n=32)
i

Mo related articles
(n=116)

Studies included in quantitative
synthesis
(meta-analysis)
(n=16)

Included

Fig. 1. PRISMA flow chart for the study inclusion
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a1, &4 2F 4 AR 10% o4 A=Atk (Hunter et al., 2012).
£ AFoAE 2719 Z8(BF, RF) 1832 TMGS] S4] 1<l 370
(Dm, Te, Vc90)oll thafl #4510, ZF W52 AdoA] HX|et
L= 07 Q3] 127} §4EH(Hanon et al., 2005; Pereira et al.,
2020), TMG 2% Aol Al=E7 Qi 283 HeISL A8 3ioiTt
(Martin-Rodriguez et al., 2017; Simuni¢, 2012).

s § () =
H/\ét_o

#AE 1670 EAENA HEE oot 9o I &5
repeated sprint ability(RSA), maximal incremental cycling
test(MMICT), maximal voluntary isometric contraction(MVIC),

training exercises, running, swimming, forward tucked
somersaults, surfing?} Zo] FFF Tkl B 18}t

Meta-analytic approaches

O Comprehensive Meta-analysis software(version 3.0,
Biostat Inc., USA)E Ar&sto] BE T tlolg B7 dAE A
Ptk i 2 AA 9 53 A7|(ES)E 95% AF FHCHLoRE
Hedges's g& AF&5t0] Al4tettHHedges & Olkin, 2014).

7 WQlE9 W3} gho] F7ket A positiveZ FAT A&
negative® B7FIH 2™, Te, Dm, Vc90ol| Al %9 Hedges's g@b-
&5 T 7t §ijlo] F7tel &S Uehdtt. Eh B71o] A4S ¢
slo] BE g9l ESE AlAFSle] moderate A4S 5] EEFHAL] 2
i7F & g2 A A HBodner, 2017). /HEATENA T5H
a3 Z777F YA et 7P of, FA 53 HE B 1
S A5tk Borenstein et al., 2010). ESQ] H7F= uj9- 2L
€0.2; 0.2<3240.6; 0.6<H5(1.2; 1.2<8<2.0; 2.0<H| ¢ Fo =z

Table 1. The CAT explanation of 13 questions

715t tHHopkins et al., 2009).

EAEY o]dA £ FRlst] Yl Higgins and Green 12
testg AHEOI oW 50% ©]49] 12+ od/do] Jle Ao R wds)
2 H(Higgins & Thompson, 2002), ¢ g FAlol|l&= th23}
22 o] AHREIT. trim-and-fill 71&& AFHES], Y B
9] funnel plot¥} AL %9 funnel plotZ ¥t 2. H(Duval
& Tweedie, 2000), Egger regression testS ARE-51% 2™ (Egger
et al., 1997), o] ¥H-L funnel ploto] g1 o] A3ttt null
hypothesisoll A5, intercept(0)2] p{.05Y 73 tA 7140l
uE o] =2 WS e

upzjuto g EgHE AFLEof e critical appraisal tool(CAT) &
EE AMgote] EH F4E F46HAHBrink & Louw, 2012).
CAT+= 13719 422 & 4=, 570 F52 A9 34
3 A1E| o #HFo] Qo 47) FEL2 A9 §HIA, thE 47
9] F&E-2 Az 7o QtiTable 1). FE] tigt &2 yes,
no, ¥ not applicableZ 023, yest= 13 no+ 0FCZ 3}
At CATE AAAR 4 A5E ATsHA 2B = Carlssondt
Rasmussen-Barr(2013)9] 371 Z4sto] 11719 99 &
Z 8% ool W Yol Y W EH F4o| £-45hH, 77H0]
W HF G PHEH F4o] $1F, 671 olsto]H HEF 9ol =1L

ol A7t ANT 7, =02 Bl H% W52 EESHT

B 9 A7 54

wER 240 Heddt & 16719 E2AE0NA AT F7HF 39379

Question

Contents

Question 1  If human subjects were used, did the authors give a detailed description of the sample of subjects used to perform the (index) test?

Question 2 Did the authors clarify the qualification, or competence of the rater(s) who performed the (index) test?

Question 3 Was the reference standard explained?

Question 4 If interrater reliability was tested, were raters blinded to the findings of other raters?

Question 5  If intrarater reliability was tested, were raters blinded to their own prior findings of the test under evaluation?

Question 6 Was the order of examination varied?

Question 7

If human subjects were used, was the time period between the reference standard and the index test short enough to be reasonably
sure that the target condition did not change between the two tests?

uestion 8 . .
Q time interval between repeated measures?

Was the stability (or theoretical stability) of the variable being measured taken into account when determining the suitability of the

Question 9 Was the reference standard independent of the index test?

Question 10 Was the execution of the (index) test described in sufficient detail to permit replication of the test?

Question 11 Was the execution of the reference standard described in sufficient detail to permit its replication?

Question 12 Were withdrawals from the study explained?

Question 13 Were the statistical methods appropriate for the purpose of the study?

kjss.sports.re.kr

Korean Journal of Sport Science 2022, 33(1), 019-032


http://kjss.sports.re.kr

022

S.Yeom, H. Lee and K. Jeon

Table 2. Information of the study |

Study (Year of publication) Study design Participants ~ Age (Year£SD) Gender Training level
Barcala-Furelos (2020) Single group / Pre-post test 20 24.0+4.9 Male / Female Active
Beato (2019) Randomized controlled trial 32 21+£3 Male Amateur
Berzosa (2020) Crossover 10 27+1.5 Male Active
Calderon-Pellegrino (2020) Single group / Pre-post test 32 2345 Male Elite
Garcia-Garcia (2020) Single group / Pre-post test 48 20.2+2.3 Male Elite
Garcia-Unanue (2020) Single group / Pre-post test 33 23.4+4.4 Male Elite / Amateur
Loépez-Fernandez (2017) Crossover 16 22.2+3.4 Male Amateur
Martin-San Agustin (2020) Single group / Pre-post test 35 22.0+£2.0 Male / Female Active
Pereira (2020) Crossover 14 21.8+2.6 Male Elite
Rodriguez-Matoso (2015) Single group / Pre-post test 11 28.242.9 Male Elite
Rojas-Barrionuevo (2017) Crossover 14 20.7+3.1 Male Elite
Rojas-Valverde (2020) Crossover 20 20.4+3.2 Male Active
Sanchez-Sanchez (2018) Single group / Pre-post test 20 25.5+6.1 Male Elite
Sanchez-Sanchez (2019) Single group / Pre-post test 62 14.6+2.0 Male / Female Elite
Santana (2018) Single group / Pre-post test 11 20.8+£3.2 Male Elite
Ubago Guisado (2017) Crossover 15 23.4+3.4 Female Amateur

T4 FFL2E Qe ISR s TMGE £A43F A5 XA
Atk 879 EHES AYEAFES AOR ot 7719 =&
2 ofutEo] W E5H QN ARFE HAFoRE ot 1709 £ TR
ofufFolE thAFo 2 sttt AT YAl single group pre-post
test A 97}, crossover ¥+ 67H, randomized controlled trial
T 170929, (Table 2yl ZtAIE Y-8 FE7]5F90

(o]
+5 LEZEF

EAo] AHgH 16719 E2HE F 348 SFIUERE AT *5A4A
2 RSA 47l, Maximal incremental cycling test 17§, MVIC 1
7N, weight training 37}, running exercise 37, swimming 17,
forward tucked somersaults 270, surfing 17& AF&5to] &= 3

S 913, (Table 3yl AHAgt W82 w715k},
Tensiomyography(TMG)

23 1671 E¥E 5 RFE 2451929, BF 54 137, VL &
A 671, VM &4 574, ST &4 1 270tk E3, A
o] Hig}E £43517] 93 TMGY HQle 2= Dm =
A 1371, Td &3 97, Ve 90 &4 371, Velo &4 17H Ts & 24 57K,
Tr &4 470, Vrn 74 378, Vird &4 17} 9t} Dm, Tc, TdE 7
AAGE 282 o]E Veo0 At BAE AHESF Veo0 Ll 2 Hglsto

AA3FRA 25, (Table 3)°f AHAIE W-&-& E715HA Tt
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A74d 16709 EHES CAT A9 Ha 2
HeNgon, 14719 EIE2 | g0l ¥
gtorn, 1719 £d2 HFAF HHEH & A
2 #1g Yol 1 W E2 EZo] Woth (Table 4)° 2+ 149
gk CAT A5=E A AI5H3ATT

o|-A £F2 1’=35.77+30.30(SD) %,
Y AFo| A& ool B T i—f%
F2ofyglon, nE o] Eut WS
AP E A0} gyl vl
A 5y e B4 2gos A3l 25 ¥ BFSF RFY 45 1&
£ S TMG WRldl tigt 2fol& EAI5k9iTt.

BF9 Dm W3} a3 7|04 L¥tele |JstA] QFokA gk
(Hedges's g: 0. 007 95% CIL: -0.189~0.202, p=0.946; I 0.00%), &
2 E &5A4E 2 §olst A E HolFeItHHedges's g: -0.386;
SE: 0.086, 95% CI: -0.565~-0.207, p=0.000, I*: 9.50%). AX A=
23 G5 ZrarF YeRgthHedges's g -0.207, 95% CI: -0.339~-
0.075, p=0.002; 1% 24.51%)<Figure 2). RF Dm%] &37]o|Ax%= L4t
olof| A ZFA|ut G-9J5t A4S H A THHedges's g -0.298, 95% CL:
-0.518~-0.078, p=0.008; I’ 34.94%), VI E 24 AL f2
51A] Fhrth(Hedges's g 0.132, 95% CI: 0.101~0.366, p=0.266; 1*
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Table 3. Information of the study ||

Measure

Study (Year of publication) Exercise protocol TMG variables
muscle
Swimming / 100m with fins to the victim, and towing the victim 100
Barcala-Furelos (2020) ' v (victim: height, 160—190cm: weight, 60-90kg) RE Dm, Te
Beato (2019) Training / 15min workout programs VL, VM, RF 53;’0 Te, Td, velo,
Berzosa (2020) Squat / Each exercise session cons1§ted of 4 sets of 7 repetitions RF, BF Drm, Te
interspersed by 2min between-set rest intervals.
Calderén-Pellegrino (2020) RSA / Seven repeated sprints of 30m, with 20s of active recovery RF, BF D, Te, Td

between

Maximal incremental cycling test / Increased 20 W-min—1, frequency
Garcia-Garcia (2020) of 80-90 rev-min—1, reached an average of 393.8+41.6 W (5.840.4 VL,RF, BF = Dm, Tc, Td, Ts, Vrd
Wpeak-kg—1) test duration was 1228+120s

RSA / Seven repeated sprints of 30m, with 20s of active recovery

Garcia-Unanue (2020) between

RF, BF Dm, Tc, Td, Ts, Tr

Soccer simulation protocol / 3 bouts of the SSP, Each bout last 16min

Lépez-Ferandez (2017) with 3min of rest between bouts.

RF, BF Dm, Tc, Td, Ts, Tr

MVIC / Measure 3 MVIC, and 60s fatiguing isometric

Martin-San Agustin (2020) contraction at 70% MVC

VL, VM, RF Dm, Tc, Vcl10, Vc90

Pereira (2020) Trainimg / 40-50min workout programs RF, BF Vo0

Surfing / Wave size 1 — 1/4am wave length 6-9s wave direction right VL, VM, RF,

Rodriguez-Matoso (2015) distance paddling 40-50m, heat length 20min BF, ST Dm, Ts, Tr, Vm
Forward tucked somersaults / 12 sets of 6 repetitions of forward VL. VM. RF
Rojas-Barrionuevo (2017) tucked somersaults, a rest period of 2min between sets, 5s between BE ’ GM > Vi
repetitions was implemented ’
Rojas-Valverde (2020) Running / 30 min running RF, BF Dm, Tc
Sénchez-Sanchez (2018) RSA / Seven repeated sprints of 30m, with 20s of active recovery RF, BF Dm, Te, Td, Ts
between
Sénchez-Sanchez (2019) RSA / Seven repeated sprints of 30m, with 20s of active recovery RF, BF Dm, Te, Td
between
Forward tucked somersaults / 12 sets of 6 repetitions of forward VL. VM. RF
Santana (2018) tucked somersaults, A rest period of 2min between sets, 5s between BF ’ GM > Dm, Tc, Td, Vin
repetitions was implemented ’
. . . . " .
Ubago Guisado (2017) Modified RSA / consisted of six sprints of 40m (20+20m) with 20s of RF, BF Dm, Te, Td, Tr

passive recovery

RSA repeated sprint ability, MVIC maximal voluntary isometric contraction, BF biceps femoris, RF rectus femoris, VL vastus lateralis,
VM vastus medialis, ST semitendinosus, GM medial gastrocnemius, Dm maximum displacement, Tc contraction time, Td delay time, Ts
sustain time, Tr relaxation time, Vrd radial displacement velocity, Vrn normalized response speed, Vc10 mean velocity until 10% Dm,
Vc90 mean velocity until 90% Dm.
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Table 4. Result of rist of bias with CAT

Study (Year of Publication) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QIl10 Ql1 Q12 Q13 Total Risk ofbias
Barcala-Furelos (2020) Y Y Y NA NA N Y N Y Y Y 8/11 Low
Beato (2019) Y N Y NA NA Y N Y Y Y Y Y Y 9/11 Low
Berzosa (2020) Y N Y NA NA N Y N N Y Y Y Y 7/11  Moderate
Calderon-Pellegrino (2020) Y Y Y NA NA Y N Y Y Y Y Y Y 10/11 Low
Garcia-Garcia (2020) Y N Y NA NA Y N Y Y Y Y Y Y 9/11 Low
Garcia-Unanue (2020) Y Y Y NA NA Y N Y Y Y Y Y Y 10/11 Low
Lopez-Fernandez (2017) Y Y Y NA NA Y Y Y Y Y Y Y Y 11/11 Low
Martin-San Agustin (2020) Y Y Y NA NA Y Y Y Y Y Y Y Y 11/11 Low
Pereira (2020) Y Y Y NA NA Y Y Y Y Y Y Y Y 11/11 Low
Rodriguez-Matoso (2015) Y N N NA NA Y N Y Y N N Y Y 6/11 High
Rojas-Barrionuevo (2017) Y Y Y NA NA Y Y N Y Y Y Y Y 10/11 Low
Rojas-Valverde (2020) Y N Y NA NA Y Y Y Y Y Y Y Y 10/11 Low
Sanchez-Sanchez (2018) Y Y Y NA NA Y N Y Y Y Y Y Y 10/11 Low
Sanchez-Sanchez (2019) Y Y Y NA NA Y Y Y Y Y Y Y Y 11/11 Low
Santana (2018) Y N Y NA NA Y Y Y Y Y Y Y Y 10/11 Low
Ubago (2017) Y Y Y NA NA Y N N Y Y Y Y Y 9/11 Low
Q question, Y yes, N no, N/A not applicable

Study Name Participants Outcome Hedges’s g LL UL P-value Hedges’s g and 95% ClIs

Berzosa 20201 Average BF Dm 0.028 -0.811 0.868 0.947

Berzosa 2020R Average BF Dm -0517 -1371 0338 0236 L}

Berzosa 2020-11 Average BF Dm -0208 -1.050 0.634 0.628 T

Berzosa 2020-1R. Average BF Dm -0517 -1371 0338 0235 =

Berzosa 2020-2L Average BF Dm -0.149 -0.950 0.692 0.729 I

Berzosa 2020-IR Average BF Dm -0.751 -1622 0120 0.091 O

Garcia Unanue 2020-1 Average BF Dm _0372 S1124 0379 0.331 =

Lopez 20171 Average BF Dm 0.046 -0.629 0722 0.893 R E——

Lopez 2017R Average BF Dm 0195 -0.482 0872 0572 {0

Lopez 2017-11 Average BF Dm 0456 -0.228 1141 0191 3+

Lopez 2017-1R Average BF Dm 0.021 -0.654 0.697 0.950 _{r

Rojas 2020 Average EF Dm 0188 0421 0.797 0.546 —_—t

Rojas 2020-1 Average BF Dm 0312 -0.2929 0.923 0317 ——.—

Ubago 2017 Average BF Dm 0404 -0.300 1107 0.261 {7}

Average overall 0.007 -0.189 0.202 0.946 <>

Calderon 2020 Elite BF Dm - 0838 -1.340 -0.329 0.001 — 00—

Calderon 2020-1 Elite BF Dm - 0480 -0.982 0.001 0.050 .

Garcia 2020 Elite BF Dm -0811 -1224 -03%8 0.000 ——

Garcia Unanue 2020 Elite BF Dm -0.103 -0.711 0.503 0.740

Radriguez 20151 Elite BF Dm 0.000 -0.804 0.804 1.000

Radriguez 2015R Elite BF Dm -0279 - 1088 0529 0498 -1

Sanchez 2018D Elite BF Dm 0.000 -0.607 0.607 1.000

Sanchez 2018ND Elite BF Dm -0.148 -0.756 0461 0.634 —a—

Sanchez 2019 Elite BF Dm -0.187 -0.782 0.408 0.538 —_—

Sanchez 2019-1 Elite EF Dm -0262  -0872 0.348 0400 —_—

Sanchez 2019-2 Elite BF Dm -0231 -0.826 0365 0447 —_—7

Santana 2018 Elite BF Dm _0535 S1354 0283 0.201 o

Elite overall -0.386 -0.566 -0.207 0.000 <>
Random effects model Overall -0207 -0.339 -0.075 0.002 <>
-2.00 -1.00 0.00 1.00 2.00

Fig. 2. Results of the biceps femoris maximum radial displacement meta-analysis
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Average

Elite
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RFDm
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-0.607
-1974
-0113
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-0.781
-0.198

0084
0126

0.062

Fig. 3. Results of the rectus femoris maximum radial displacement meta-analysis
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Average
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Elite
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Elite
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BF Tc
BF Te
BF Tc
BF Tc
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BF Tc
BF Te
BF Tc
BF Te
BF Tc
BF Te
BF Tc
BF Te
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BF Tc
EF Tc
BF Tc
BF Te
BF Te
BF Te
BF Tc
BF Tc
BF Tc
BF Te
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BF Tc
BF Te
BF Te
BF Te
Elite overall
Overall

Hedges’s g

UL  P-value
1.136 0.498
0883
1.016
1220
1.398
1.160

0.252 -

0.088
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-0.416
-0.013

Fig. 4. Results of the biceps femoris contraction time meta-analysis
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Study Name Participants Outcome Hedges’s g and 95% CIs
Barcala Average RFTe i
Average RF Tc B s e——
Average RF Te —_——
Average RF Tc
Beato 2019-2 Average RF Tc —_—
Berzosa Avenage RETc &
Berzosa 2( Average RFTe &
Berzosa L Average RF Te
Berzosa R Average RF Tc o
Berzosa R Average RF Tc o
Garcia Unanue 2020-1 Average RFTe
Lopez 20171 Average RF Tc _—
Lopez 2017R Average RF Te —
Lopez 2017-11 Average RF Tc 0.567 ——— e —
Lopez 2017-1R Average RF Tc 0454 —_——
Marti Average RFTc 0665 _—
Average RF Te 0.841 —
Average RF Tc -0.110 ———
Average RF Tc =
Average RF Tc -
Average overall <>
Calderon Elite RFTc —_—l
Calderon 2 Elite RF Tc B e m—
Garvia 2 Elite RF Tc —
Garcia Unam 12 Elite RF Tc 0068 {F
Rodrignez L Elite RF Tc 0.662 _—
Rodriguez 2015R Elite RF Tec
Rojas Barrionuavo 2017 Elite RF Te .
Rojas Bartionuevo 2017-1  Eljte RETe &
Rojas Barrionuevo 2017-2 Elite RF Tc e I
Sanchez 2018D Elite RF Tc '
Sanchez 2018ND Elite RFE Tc &
Sanchez 2019 Elite RF Tc &
Sanchez 2019-1 Elite RF Te S
Sanchez 2019-2 Elite RFTc —_—t
Santana Elite RF Tc - 3 0.580
Elite overall -0.172 -0.336 -0.007 O
Random effects model Overall S0157  -0272  -0.043 P»
-2.00 -1.00 0.00 1.00 2.00
Fig. 5. Results of the rectus femoris contraction time meta-analysis
Study Name Participants Outcome Hedges's g LL Hedges’s g and 95% Cls
Garcia Unanue 20 Average BF V20 - -1276 {}
Lopez 20170 Average BF Vo0 3 -1.2683 .
Lopez 2017-1L Average BF Ved0 -0124 -0.800
Lopez 2017-1R Average BF Vcd0 0.000 -0.675
Ubago 2017 Average BEF Vo0 0378 -0.325 -
Average overall -0.159 -0.498
Calderon 2020-1 Elits BF Vo0 -1492 -1041 {}
Gareia 2020 Elits BF Vo0 -1021 - 1443 D
Gareia Unanue 2020 Elite BF Vo0 -0215 -0825 D — . —
Pereira 2020 Elite BE Vo0 -0.281 - 1014 7
Pereira 2020-1 Elite BF V90 -0.281 - 1004 {F
Perein 1 Elit= BF Vcd0 -0.4%4 -1 {3
Pereira 20203 Elits BF Vo0 0328 -0.396 &
Sanchez 2018D Elits BF Vo0 -0.169 -0.778 0440 0.586 —_—{i—
Sanchez 2018ND Elite BF Ves0 -0251 -0.861 0359 —_—{1
Sanchez 2019 Elita BF V90 -0.649 0539 —_—
Sanchez 2019-1 Elife BF Ves0 -0839 0283 —_—a1
Sanchez 2019-2 Elit= BF Vcd0 -0777 0413 —{—
Santana 2018 Elita BF Vo0 -0997 0615 -
Elite overal 0663 0111 <
Random effects model Overall S029  -0510  -0082 <>
-2.00 -1.00 0.00 1.00 2,00

Fig. 6. Results of the biceps femoris mean velocity until 90 % Dm meta-analysis
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Beato 2019 Averace RF Vo0
- Awmée RF V90
Average RF Ved0
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AYS‘l‘ﬂée RF V20
Average RF Ved0
Average RF Ved0
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Average RF Ved0
Average RF Ved0
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Elite RE V90
Elite RF Ve20
Elite RF Ve20
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Elite RF Vg0
Elite RF V90
Elite RF Vo0
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Fig. 7. Results of the rectus femoris mean velocity until 90 % Dm meta-analysis

55.47%). ESH AA] ATt AL F-2l51A] &trh(Hedges's g: -0.095,
95% CI: -0.256~0.065, p=0.242; I*: 52.67%)<Figure 3).

BF9| Tc W39 aaA 704 LutloA= FoJstA] 9kA
TH(Hedges's g 0.014, 95% CI: -0.180~0.209, p=0.885; I*
0.00%), IHE L5AFoAE ot ZARE f-9§ Hart vet
WohHedges's gi -0.164, 95% CI: -0.316~-0.013, p=0.033; I*
0.00%). DA G A= FoskA] LotHHedges's g: -0.097, 95%
CI: -0.216~0.022, p=0.111: T 0.00%)(Figure 4). RF®] Tc ¥
319 &3 7|94 DEkQlelA = FYotAl FEATH(Hedges's g:
- 0.144, 95% CI: -0.304~0.016, p=0.078; I* 0.00%), YHE &
SAGolA = ofF ZARE {215 AT YERE O H(Hedges's g
-0.172, 95% CI: -0.336~-0.007, p=0.041; 1* 8.51%), AA &
oM FoJst A7 e th(Hedges's g -0.157, 95% CL:
-0.272~-0.043, p=0.007; 1% 0.00%){Figure 5).

BF9] Vc90 ®2te] aata7]oA drtAloA= fostA] et
A9HHedges's gi -0.159, 95% CIL: -0.498~0.181, p=0.359; I*
15.20%), B E 5Ago = ot ZA|RE §oJ5t At v
wom(Hedges's g -0.387, 95% CI: -0.663~-0.111, p=0.006;
I 60.71%), AAAIAME Folgt Trart Yerstth(Hedges's g
-0.296, 95% CI: -0.510~-0.082, p=0.007: I 55.15%)(Figure
6. RF9] V90 ¥ske] amta 7|4« Y¥kel(Hedges's gt 0.335,
95% CI: -0.295~0.965, p=0.298; I* 85.01%), WHE LS54
Z>(Hedges’s g: 0.115, 95% CI: -0.253~0.484, p=0.540; 1°2:
80.11%), AA &3H(Hedges's g: 0.171, 95% CI: -0.147~0.489,
p=0.292; I: 82.28%) 25 S-0]514] Qkgrth(Figure 7).

ANH O R AYE LFHAFEAE BFY ZE BTt RF T
H3t AT 7100 A Y3t Fa7 AR, dRkQlol A= RF Dm ¥
S| A et {9t a7t ettt AA| ao) A= BFY] Dm, V90,
RF9] Tc Bigtol| A R-oJ5k Zr47F Uretsttt.

kjss.sports.re.kr

P-value Hedges’s g and 95% ClIs

-1.00 0.00 1.00 2.00

AR et BAS St
Ao ALgE BRSO CATH/L A BR9Ies w2
[oJ-=4

2

T o v

5ty om, BFQF RFY] A2 thEA ettt
23S 243 23 BFS Dm(Hedges's g: -0.207),
Vc90(Hedges's g: -0.296)3 RF] Tc(Hedges's g: -0.157)°l14 &
ABTY] F9g A Aol Uttt dYE 545 434
2% & BFY ZE W9 Dm(Hedges's g: -0.386), Tc(Hedges's g:
-0.164), Vc90(Hedges's g: 0.387)3 RF2] Te(Hedges's g: -0.172)
oA 93t A Aol Ut AIRE, Iukel2 RFY Dm(Hedges's
g -0.298)°| A5t -2 gt kA o] YErTt.

AA ARl AHoverall ES)olA] BFS] Vco0ollA #95t a3
ol Uett=t, ol= 434 &5 F VeI HAE Bgh A+
Y2 5l= AFFo]th(Beato et al., 2019; Pereira et al., 2020). ©]
4 45 22 A% 2A4F WE9 pH F4art 54999 A
L ao] Gks Fol 5 £55 gao JFS E 5
, Adenosine triphosphate 42| Zr4&+ Actin-Myosin WX-2
TaAA £599 AA2E FIT 5 glon, Et fEARS
I FLEH L HI4F (TypelDY H&o] AR (Type 1) H]
SR £01, Typell 24+ Typel ZFARFED o Y2 ngE=
Zajote] FHFat oA AR Y3t oxidative metabolismo] &
7] 2ol H& /o] Wol &5 Al WA HEFfA FYHoR 4
Z 259 A4S 93 Zoa AaEHEHHAhn et al., 2018; Boyas
& Guével, 2011; Evangelidis et al., 2017; Fitts, 2008; Li et al.,

rr to

Mo kI b

Hopoh 30 i
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2020; Meznaric & Cvetko, 2016). =3t Dmol|A] 23t 4 A3
o] YettoH, o= o& APA4=0lA &5 & 259 =271 71
et AAEE S/ gk Aaket A3k (Berzosa et
al., 2020; Calderén-Pellegrino et al., 2020; Garcia-Garcia et
al., 2020; Rodriguez-Matoso et al., 2015; Sanchez-Sanchez et
al,, 2019). &5 H &2+ AR WHol H+&} Pig S35t pHE &
AF fdota, o] 2 Qs 24 ol Ca2+7t F71sto] troponin
9] Ca2+9) tigt 1A =S F4aA7, 2FA Al (Sarcoplasmic
reticulum)o A A&47F A=, Actin-Myosin 23] 28] $=
Za Q8] AA L7} 715kl B8 th(Boyas & Guével, 2011;
Fitts, 2008). o]2]gt @442 &5 1271 F716t9S o &5 &490]
Fache Al 25 FEE S7HA &5 Al DR olUAE H
ol A%st7] gt Ao g2 24T 4= IchDumke et al., 2010).
RF= Teoll ARE foJ3t A o] Yehgal, ohe BIsdA=
Frolgt Zpo) 7} UrebbA] gkgkoH, o] ZF Aol A AMEE 3 =
ol 450 & 25 FEotA F7] wieltr AztEt z9t
T8E 5 RFY &2E& fdol7|o] 0] F&oHA gttt Bl
AFE0] Q1o (Barcala-Furelos et al., 2020; Rojas-Valverde
et al., 2020), Beato et al.(2021)2.& 2% & PAP(post activation
potentiation) ¥r-&-2.2 QIgt &2 A] ¥H-g-A|7ke] gF4do] it B
Jstlon, ojgjgt AR Teo] AV FEE 4= otk E3 AAH
Q1 Aol A F-9otA] FATE RFS Ve9oo] k7t F7tstel=Hl, o9
e ATE Bk dAq-5o] XE0] JFE £ AR wdHrh
gRkelal M4=0] 5 m& &7 A4 Zol7t Uergon, o
9Ql-2 RFS] DmO AR 593k 4 o] YepstA|q, A= BF
9] BE BIET RFY TeollA #9% A4 AFE Uehilth ol
St Aol = EAEONA AR A3 50 297 HuAY Zd
Al 9] AErt DRt Aol Bl fZ o g A7 EY, o=
29 £4o] wj¢ 523 & o|tHMorin et al., 2015). E3H A
= AukRlT} A40] TALE Y} =52 Zo|2 <l

|

ol it o

o

Al 259 &4 F=of Ao|7t veh 52 Fxof] T2 VA
S Aolgt AZ4E 4= okBert-Losier et al., 2015; Maniar et al.,

2020; Zhang et al., 2021). AP A+E(Higashihara et al., 2018;
Janusevicius et al., 2017; Schoenfeld et al., 201494 B3+
&0l o5t THESFE 259 w21 49t do] Iy 5 & 24
2 BEQItE AdE Higo g, dEE 25457 dRRlEY &5
Al JAER A 3 A9 HAE Bt &5 & o & HE7 §
B Ao g ;7S 4= It (Chumanov et al., 2011; Janusevicius
et al., 2017; Zhang et al., 2021). JEAIFZL2 &5 5 F&9 o
AL 2ot 9T ofH, AR &5 Al 1 AT F
$35lo] 52S whEo] Wk (Kakehata et al., 2021; Lewek et al.,
2002; Shaw et al., 2005). A28 Y34 254 RE7} o=
&S FPot7] 2ol ALt Rkl Te, Dme #a7F fdE
HRlo g AZE

ZE Y HoA

H 3 A1} I3 25 T TMG 2% Al Dm, Tc, Ve909] a7t
UetUd J4 &5 27 f8E Ao2 gRIgh = 911, &5 1
2§ 5H0F SEAATL o|Fo|HE W = IS AT

b
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S AR7FE 5 92 Aol ol &% Hzof o3t AAH 9 -
AAE AT 2% F2 L Z2EZY] T 70T & UL 2L
2 dehdn B3 ASE siAolN £ &5 $ v 2o gk A%
E BFOlA Dm, Tc, Ve909] #4E ZRIste] &5 § 25 W2 £F
S AT S+ Yo £F T2 IS Ak 71T 4 9L
& A0E A7t £ A7 AL wEZAolA A A
AFolA A F4 25 ZREF] 5I4o| gl Folrld,
F5o 34 790l Hee] f2E FUshs 252 A8t 25T
9 2F o] tigt S2e F7H4 A7 2/t
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