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Sex differences in repeatability of measurement for hamstring strength during
maximal voluntary contractions

Woo Taek Lim'?, Ph.D., P.T.

'Dept. of Physical Therapy, Woosong University

‘Woosong Institute of Rehabilitation Science, Woosong University

Abstract
Background: This study aimed to examine the repeatability of hamstring strength during maximal voluntary con-
tractions (MVCs) and to examine the sex difference.
Design: Quasi-experiment design.
Methods: The study recruited 23 healthy young individuals as participants. Hamstring flexibility was measured
before and after MVCs by active knee extension test. Five trials of MVCs were performed, and hip extension
forces were measured using a strain gauge during MVCs. Repeatability was confirmed by intraclass correlation
coefficient (ICC) and coefficient of variation, and the difference between male and female participants was con-
firmed by independent samples #-test.
Results: The forces measured during MVCs were significantly different between men and women over five trials.
We observed the minimum and maximum force production at the first and fifth trial of MVCs in both men and
women. Excellent to moderate reliability of the hamstring strength during MVCs was found in men (ICC range,
0.70-0.98) and women (ICC range, 0.66-0.90). There was no significant difference in hamstring flexibility be-
tween men and women.
Conclusion: In clinical settings, we recommend excluding the first trial of MVCs in both men and women.
Additionally, performing at least three trials of MVCs would be useful to improve the reliability of the baseline
measures in women.
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Al BT
2 gl 7hss ]'74] EL‘:]' =3k, FHof T-qu %‘731*3 "}F%% S 9 F37F 54 9] A5E S FHoR
A FF FYET dE 59 15734 85 (Proprioceptive neuromuscular facilitation; PNF) ~E &% Al
WA Ho o)A SHA 5ol oY, o]E T foF FAd FTUlE olEe ¥ 4 Utk (Feland &
2001; Lempke 5, 2018; Lim, 2018b, 2019a; Cho &, 2019).

O
Al A 8 F42 T8 A AN manual muscle testing)S ©]-8-3F0] FA F4 7158t} kAT X g A
1:

o5l FEE = SHAARE S92 7F A 2] S (inter-rater reliability)7} A% ol vl We 4= glow Hl&

2] % (ratio scale) B+ 572 E(interval scale) FENS] X & A = QLo FHol| Ujgdsts & 2> MF2 o
2 BFE 5 9le dadol vk Mahony 5, 2009). A FF o] 2 S Ad dukel e A 4
N ALZ R 0] &5 A2 S (rating of perceived exertion)E HFFOE HA L& FF5t= AT 7hsshAwE
(Pincivero et al., 2000), ©] 7% A2l Q47 #oyE 5= 9l EAE <kl i McMillan 5, 1995; Parfitt 5,
1996). & toll&, & EE—%‘ Al(hand-held dynamometer) 2! W18 A 7](strain gauge)S ©|-&3}o] AAdoM T &4

LA

>

A 55 %3} sl Zo] 7lsal| 5 th(Baschung Pfister 5, 2018; Lim, 2018a).
Ao g o® AUt 29 SHo] rhsElFlaL ol & RO R Hu 77 FHA Y R AlE
= GA A AL Qi A, titkare] Ve AT 28 WEE A (repeatability) ol OIS H S-S 314
Utk A Aol AA W IF A LF BT AASkE A9 Ea, sUE AR o] Folx v
A ST A2 O3 Al o]Fo1X F7EA; U] Al #] A (intra-rater reliability)ell thet A7t &
UTHCroisier &, 2007). &Y A7l WHRo] o] FojX|= A9, ¥ S5 23] & Py st7 L, 33] o]/
4] N5 F B4 359 AIES AF T Aad oz AAIe7| %= SFeh(Worrell 5, 2001; Todd 5, 2004).
EE o] g3t %SE}EMVJ%HJJ ATelA FL Al S € vla A7 7= sk APE S el o
3 & 8 7b vk 24310 9tk Bamman 5, 1997). 7HE & 3wk AeiF o w7

&

T o, 7ol AuAA =4 2L 5 e FAE ZAE AY
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2] H(Active knee extension; AKE) A LS 478 & 574 Zt%7F 2008F &
(Kang¥} Hwang, 2017; Singh 5, 2017; Lim, 2019b). A= 5% A4 9 A7
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FEUE H AEE ol B2 g ANt el th(Figure 1). AEHUE A8 4 54 AKE 2= Pre-stretch =
ISR, St £ 39 5, A S 5 S0 2 SIS A ABAL Kol 9 ey
AL e A wethEHE = A

T
o, U gL 349} 900)
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acﬂ o $5e 5AH 40z 3 Sﬂ(%/lﬂ 0 #4017
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= o
Post-stretch®™. 7 ] =3}t

Figure 1. The start (a) and end (b) positions for the active knee

extension test for measuring hamstrings flexibility

== =
o], A, 71, AAM RS9 (body mass index), FHFTE FAA4 L H € JY 3F TAA Ao] vHluwe
53] ¥ -7 (independent samples t-test)S Al Y5l A5 TE Ho oA 53] e JP - A 7F ik

542 U4 # A< (Intraclass correlation coefficient; ICC)E Al 3} 413151 ©. ™, 5 7| <(Coefficient of var-
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iation; CV) & th23} o] 3tk CV = 100 x (2 x (SDd / v/ 2)/(X; + X,)) (Portney 2} Watkins, 2000). SDdi=
T 54 F Ako] 8] EFHAK(standard deviation)©] ™, X3 Xpi= A2 THE 7 S ek ZH2be] Hatgkoltt
%71+ IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA)E %3& AAtE e} A7 Figure 1( %5
LahE AQdstar, B BaensdaE r]Elnh AelA feFe 0.052 AT

dTE 3

1. o1 CHAFRIQ| QUHIA EA

-1 T o

ol to]l od st 239 9] vpo]i= 22.241.54), AE61.6£12.0kg, 7] 165.8+7.8cm, A1 A B A5 2234322 LFEFT
T 3k ol Aboliz giglom, AFT 71 F2F 2ol 7k AATTable 1>, AR, AR WA frol et A
o7} fgiek

Table 1. Subjects characteristics

Male(n=11) Female(n=12)
Age(year) 22.8+1.9° 21.6+0.7
Weight(kg) 69.2410.6 54.748.7*
Height(cm) 172.6£2.9 159.74+5.2%*
Body mass index 23.343.2 214431
MESD, *p<.05
A) SOl S5 Sof AWE YUY T 2

T 539 A o7 FHo] AwEglen, BF JY b Fo3 2ke)7h QI3 t<Table 2>,

Table 2. Forces (N) measured by a strain gauge meter during MVC

1% trial 2™ trial 3 trial 4™ trial 5™ trial
Male Mean 82.3£30.3°  84.1+26.8 88.8427.8 88.8427.9 90.7+26.2
1CC° (3,1) 0.90 0.98 0.95 0.87 0.70
CV* (%) 114 4.7 73 10.8 18.1
Female Mean 45.8422.6* 49.9+13.7* 53.5+11.1% 51.8+13.8* 57.1£13.5%
ICC (3,1) 0.69 0.83 0.82 0.90 0.66
CV (%) 245 10.6 10.7 79 235

M=£SD, *p<.05, °[CC=intraclass correlation coefficient; ‘CV=coefficient of variation. ICC and CV
were calculated by comparing each trial with the next trial.

3. Yyret 2o o/ 5 & H HI=
HAG= 7IE o Aatske g ake] W 2 Aol= A RA AlellM 7 Al E Bl (p>0.08), A
o9k Afol= QUG H(Figure 2). TR, 53] thd Ht gk HAL 88.149.5%, AR} 79.788.7% % F2 7k Ao 7}
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T 5319 Al 94 3 T PAe BF fos =2 J9ad H 28 S Aok wkE 315 5ot
=74 9] Bo(variation) H == ICCeF CVE Fall 1= ik Fabe 2-33] 04 0.98% ICC7F 71 =8ke.
™, 5-13]3= 07007 7P Woka, o A= 4-53]7) 09007 7HE =okow, 9IX) 5.13]7) 06602 M Sk}
ICCE 0.90 ]2 1§~ E-S(excellent), 0.75~90-2 E-3(good), 0.50~0.75+ H.F(moderate), 0.5 1|7 £4] o3
18] 14/4, 23] 0114 3/1, 38] oA 3/5, 43
13] ]

A
go] Az Pwo] 255 Fastgon,

i

A el 58lof| Huof| AEo] FrEFS AL v 2SS g eRE FE VS AN R Hd E5FS
3-58] Atolof| 7 wo] BAYEIATHTodd 5, 2004). B 7 Aoz 28 4% ZJo]= F o] AA -] shy
EAof 7]918tHLee 5, 2019). B4 H& 282 AFor Z A wEoR AdHA JdoHMiller 5,
1993), oA }= A4l A=k oin] doiedl a2 Fdoke]e] oFshrt #aE 7] = Shtk(Lephart &, 2002). 3,
Gt B84 54 9], 5% ¥ S (muscle coordination) ¥} &) gk A= 2lo] 7} EETHCoHte, 2012).

i
Sl A 5 ol Y9 A/l A BA H JEE Ageks v, BEA 535 4 7 AdE

2]
715 A FAohs A o AT 24 FEs AT VISl v 7 1E vl
W4 dede B feiM s o 250 75 ARE Boj s Ay A B, AUgkE Vo gt
g A AE olgshs Zlol ¥ U= < Slvh 'Y

Hol div] F2}= 85.3% ARk 71.1%2] 255 RS Btk oxbs 2559 Aod Aot we Wt ofy
2h, @713 st FEHSs A A U= A oA Bes o 5 Qlok o] 54 Aatskd H 2
% FERgANE T IZETE FAL 90% o dellA] thare] ZpFo] WAsh= vhA, oA 9 b
Hofell AA vheFst e FeFo] WAt Sy o4 55 Bt FEHS 59 5 Y(motor unit re-
cruitment) 2} H]& -5 3Hrate coding)®] HZ=o] o3l U & -] gtk (Mannion?} Dolan, 1996; Gerdle -5,
1997). olw el st A AR = 55 5t F5 T (muscle spindle) ¥ 24| 15 7] PH(golgi tendon
organ)°l| A 9] 158 7HS T3l A5 thEdind} Vallbo, 1990; Bernier?} Perrin, 1998; Toffin 5, 2003; Kim

5, 2019). A 9] A FA R A ANA 5 22 Q] 1A & X|(threshold to detect passive motion) &, HRHZ] S

-

2 aFFeAnze] ga v R1ow odulA QthAgel 5, 2005; Nagai 5, 2012). ¥ AFo|A 28L& v
St ARIA o7 Frbskal Qlom, HEgh o402 A9 ZI =l gt A Fo] drtETE -5 Aoz dEA QY|
wlitol] 255 ARl w8 HolZh YRR QIS A ofetal o AT (Franke &, 2017). FX14] F7H= o4
A A7) AR Ao AR 255 DA I AR o] BRSSO BET
2 dAFe AEYH 78 A 5H] F(warm-up exercise)2] 7137} Al EH A ZSht) F & AFoM = FESH
H % %

F 2Ed3 Fre] WakE 235l olol tiat /44 AFol Bash

67.0% 58] F 1315 F 33% Hme| A £Ao] WA oY A
FEo] FAA WA BReIE BT, AUk
Qoick. Ferhe e foy Bel Be AW AFE W, Ao o) 70%

]_
PNF 2EEF A A4 g2 23 Aol & Bolx] ofokth (Lim, 2019b). T o)) S274d S5
|
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= stk 43 A 53] W Fek Al £OH FHE W 7 0E o] BAH0H, 1544 A%
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