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Abstract
Hamstring flexibility is an important factor that af-
fects muscle performance of the lower extremities and
is closely associated with sports injuries. Therefore,
evaluation of flexibility is important in clinical
practice. Results of evaluation are determined by
types of tests and cut-off values used; therefore, accu-
rate and detailed understanding of these is necessary
before examination. Although the straight leg raise
and sit and reach tests are used to evaluate hamstring
extensibility, structures including the nerves, fascia,
and other muscles can significantly confound the re-
sults of these tests. The knee extension test is per-
formed at 90° of hip flexion to minimize the posterior
pelvic tilt that occurs during the straight leg test. The
knee extension test is most recommended for selective
evaluation of hamstring flexibility. The knee extension
test is classified into active and passive tests. The
cut-off value is usually set at 20° for the active and
at 10° for the passive knee extension test. Although a
strong association is observed between the two tests,
the active knee extension test is preferred in clinical
practice because it can be performed by a single ex-
aminer, which serves as an advantage. Age, sex, and

warm-up exercise tend to affect flexibility; therefore,
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results should be interpreted with caution. Detailed
understanding of each flexibility test is important for

reliable evaluation.

Key words: active knee extension test, hamstrings

flexibility, sit and reach test, straight leg raise test
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kA 5% 5 WA T ZS(hamstring muscle)> T Al WEE S0 A o] FREEE |, ok, ST

A= 4 Q¥ =) 5718k (Croisier 2004; Ekstrand -, 2011; Henderson 5, 2010; Witvrouw 5, 2003).
SAGY H IS Folxl dol= B7] ok (gluteal muscle weakness) 2} LA SHAl Fo] glow X IF A
(sacroiliac joint)] ¢HgA-S HoJE™ 4= Qlt} (Massoud Arab 5, 2011). ©] wliZof IdelM = W& ve]H59
g A ARE AGAE 22T dAE Al W A% 5AE 2% 7] F(criteria) 0.2 €835kl itk
(Heiderscheit 5, 2010; Whiteley -, 2018).

A7) GAG R T80 BE o 52 Hobelr] el 8142 A Ak strait leg raise) FAT, Sko} SIE oko 2 #3]7]
(sit and reach) FA}, 58 (knee extension) A} & 37147} th A 07 AFE-E a1 Ut} SR 2| AL oko) Sl
NOF Ho)7] Ak ol 7I7E QoA ] ARGRIAINE FH ] FAqlo] ofjE = kA 2] Al
(extensibility) 7} ]2+ A TFH2 Al o] FFS B HHE 2Ea Sk SR AN ¢t dEHE 1.7° =
el vlElste] =Rk 109 4 31 o] WAstal, okof Sl Sko® w8]7| oA W dbd o] Wty w8 &
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o = A3gkel] oF 3em % JFS v]H = A o2 I} (Bohannon %, 1985; Liemohn %, 1997). % 2 thg]
%o e E A S 913 Gajdosik? Lusin(1983) 53 HAARE AlAISHATE (Gajdosik @} Lusin 1983). -5
B A B HE 90° w3 AdElelA FElelr] wiitell sHA A Ao el HAdske EE et 2] IS
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Aol o3l 73l == F-5H HAREo] ARE-E Atk SHAIRE Fredriksen 5(1997)<> %5 7532 Hdl Zt=7F 514
D}ﬂ—ﬂlﬁl A7 7 €hsH(relaxation) ¥ oy 2, W A vh2] W] 22l (quadriceps femoris muscle)®] &% &3¢
5 FE5E AAPE ¢ U2 Aelo] & 4= glthal F4SFAT) (Fredriksen 5, 1997). 5§ 7%
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WAt AT 948 24S A% T2 A4 33

(dominant leg)2} H]-%-AIt}e](non-dominant leg) I+ F5H T AT 2ol 7F WA R A] kSkt} (Yildinm 5, 2018).
=, 5% FEEY Hd A5 AT ZHY 2y & S A e AoE oA B, W
AFolA s T5 TEH AAF P A0S =2 AT ERlEa lorg AN U Al ' EEE
ZIAIA o ® FEsh| Rk s W o] wet shubE AE A 0 R Falshs o] agAd Zlojtt o E &0,
TE AR ABAF Y (FEE FEWHEE He T X EAF 1 vk AR oM 2 4 RE 56
T AB8AF 1%)0] Hestrz, delM= 58 F5E HAPE U2 AdEo] = ¢ itk wkeF 54 AR P
ArLE 25 Faslof shthd, o5 A RS B A v H 252 4 Al(reciprocal inhibition)

FE AALE WA FEs Zo] FH T (Agrawal 2016).
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HPA= A5 HolE foll vhE A (supine position)® wETH YE ALY FERHES &d F T 54
Hit] & the(contralateral leg)$} =HEE ~EE o] &3lo] X5 EHlo]E 9] g sttt (Figure la). I PAH= &
= U2 (ipsilateral leg)®] P HAES 90° w3 ¢ FE5IHE HE AHs] st} oF 712 o8 A2 F5H
S JPIHEL 90° wHS FAEof shrbs Aotk I 90° W FAE S8l b AT (thigh)y= AW
A &AM A& o] FaL Qlofok sk, i glo] AL o o]F MY Ao R {fA|5h= A o] Tk
AutA o7 B %—% the] o] Fof JPHE w3 FAE FET (Neto 5, 2015; Oh -5, 2019; Youdas 5, 2010)

= H
7 A (myoclonus)©] YRS wi7bA] Hof FEHS Tk, Hd B
LY A FERES 2 8 IR E] ARIA =S slar o] 2 vhA et %] (endpoint) ©. & A 3T} (Gajdosik
¥} Lusin 1983; Yildinm 5, 2018) (Figure 1c). €4 ATollA= 3 Al AE#ZH ZH2N(first stretch sensation)©]
AR AFE kA 2 H 02 AS7] % St (Cameron?t Bohannon 1993; Corkery -, 2007; Kuilart 5, 2005;
Turl?} George 1998). +& FSH2| ¢ JJEJX]'—OJ S (discomfort) = 5 W3 X FAF Wl 2 ¥
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Figure 1. Subject lies in supine position (a), starting position of active knee extension (b), ending position of active knee
extension (c)
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Lmu

F58 s BATE 7§13 8 7] (lateral epicondyle of the femur)E 502 YA the] =7 ](greater tro-
chanter of the femur)?} o] 71&E AK(lateral malleolus of the fibula) AF0]2] Z}-S 74 st} 25 A|(goniometer),
AR} A5 7] (digital inclinometer)(Figure 2a). 5 % A28 (Davis 5, 2008; Neto 5, 2015; Youdas -5,
2010), #Foll= B4 57 %A (inertial measurement unit)(Figure 2b) 2 2V} E 3 (smartphone)(Figure 2¢)2] &4 %
7} HAF FolA a1 It} (Dos Santos 5, 2017; Gnat 5, 2010; Oh 5, 2019). A& % H7te} 22 E43 H2 o)
Q&= A7) ofplehd, =4S F7 23] w332 s Hitgks AFR-$ (Hamid 5, 2013; Neto %, 2015;
Norris2} Matthews 2005).

d
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3
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Figure 2. Digital inclinometer (a), inertial measurement unit (b), clinometer application (c)

3. o 7|1

AL 2k S5k !%E”E Z h:(knee extension angle)’(Magalhdes -, 2015; Youdas 5, 2010)5 714 A4k §lo]
O E AR obw, g7tolwel = IF Ako] ZP(Nakaizumi &, 2018), Hi= “180-7F58 ZH=’(Figure
lc)(Kuilart 5, 2005; Lim 2020; Lim 2019; Park¥} Lim 2020)% A7 &]&to] AFE-817]1 % st} A A wvpe| v} v &
7 gl AREekaL 9low, HIEE 95 Agl(cut-off value) FF 20°% kAl Ak HAF ghol 200K A
L5l ©Fo] vk sk} (Singh 5, 2017; Youdas 5, 2010). HA T H2E9] &S Hrlels 7E
(1nclus10n criteria) 0. 2 5% T5E 2% > 2000 AMA FH S Fo U 3hol= glom, oo ot sk AR

Witk AdF Ao A= Ao 2 30°(Bandy 5, 1997; Erkula ‘5, 2002; Johnson -, 2014; Neto -, 2015),
25°(Magalhdes ‘s, 2015), 15°(Kuilart -, 2005; Webright 5, 1997)5 & 7+ AMESH7|® St} 5 348
757t s WER 2% Hoh g A7) "ol (Oh 5, 2019), 7§ T8 AL Al AghE 1002 S50
31715 3} (Gnat 5, 2010).

Y HAF W 7Egko] AdolatAl A E = AL Adnitt 21 9 Adsto] thEY] wjiEd Zlojk Ad tid At
o] A7 o= F QA 3y vlEo] & T vk FEsh AA 540 2o stujety, AAAA Al v

W9 @A AolaheAe] wep duh s tebd 4 Slrh (Yildinm 5, 2018),

78 40 Ui o R 3t 5F F5H AAR] SR Ul 412 S(intrarater reliability)i= 0.93~0.95% ulj-$- =3k

o} (Davis 5, 2008; Oh 5, 2019). ¥the]Z Lpro] Brhstriehe $Althel 0.92, Wl $AITH 088 2 Aol 7}




AR (Hamid &, 2013). "ok Bl the|F 2o ©5o] Qlrbd JE a3 w3 5

= = =
o Qlof, WhHs S A iAoz WiEo] A ¢ vk shANE Adgks 30°% Ao A o do
A= IAAE ’z}ii & 3E Aol 4 0.91(95% confidence interval, 0.87-0.94)% W of -9} #HA|glo], F-&
H A b =2 AFEEE BT (Neto 5, 2015). F58 AAR: U 55 FHZ 7357 b, 75 75
H AAbel st N?JE T A Ak AT 1402 WX X, 7As AolS b o ® $F Gnat

5(2010)2] ATolA FF T2 S Ul AE == 0.88~0.93 0% E34Th (Gnat &, 2010).
T8 AAReE SR A B gkol Qi O E w37 AARS] AdHdAl= %521 O-WD} (Davis %—, 2008;

Hansberger -, 2019). AL WHel wel 574 2bA|, =8F 94, Al 220 i T8

(segment)®] Zo] 9 H]4=FA] F 2 (noncontractile tissue)®] 574 o] thE 4= Slo], HAL 7& ] T'/Hzﬂi

Ske}t} (Cameron®} Bohannon 1993; Gajdosik 2001; Kendall 5, 2005). Z} A} WHH-E 113-9] 543} 3HAIE 2t
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SAHA AR JPE del AFBEIE B2k el s, $28 Ak B HAteResY asg
B7Fel7] S8 E(gold standard) O 2 WoFEo A3 Lk, 3|ape] AH gHdel] 72T S PAE 7R
o s REH FAS Bel, SHAAY A 55 FUR FPHE o) o

=4
A EE QR GaTedEd T P9 w2 HoE AAD = S ARe] vk & A QY (Ayala

s XA A9 75 FHE olHe 24 Xal7] witel, 5% F=8 HAF the] ARE- RI=T}
st} opnk, A7 A ole vkt &yl thel 2@l (biceps femoris muscle) 2] 4317} A 2 A T B
=RE S 7SS A et 5 FHOE ke R A S 4T =Y 7 AU (Hu &, 2012). 314
A Hol Ml 252 &= 9] T (fascia), A7 ¥ (neural tissues), ¥+ T (joint capsule) 5l 23l
A% S W=t} (Lim 2021a; Miyamoto 5, 2018). B=8k &HE 9% 9} ¥i)] & P #d w329 4% o9
WA #3S Agtel= 2o =2 defA] QIth (Bohannon &, 1985; Fredriksen 5, 1997). =, "kek 79| HZjo] &
TE2EY TS Haglsty HA T IS A S B 208 Rlsk= Flolehd, A A AN A
7} 71 A5k FHEA = kg Zlolt) Ak gk (cut-off value) 80°% S o] 80°K.t 2S¢ wEo] 3l
U}al Bt} (Castellote-Caballero 5, 2014; Gajdosik 5, 1992; Kendall ‘5, 2005). 71733t A1-& tido = gt
SAA U AFEE 0920952 =2 F5o]v (Aalto 5, 2005; Davis 5, 2008), &5 iAol % 0.95~0.96

(95% confidence interval, 0.93~0.97)= %8k o w, -Altke] o} vl--Atte] 1F [§-235F Zfol= FAUTE (Neto &, 2015).

2. oot Slzm o= =35]7| ZAAL (Sit and reach test)

wE} AT w2, kol Sl ko 72 13]7] HAR= 37 A1 (lumbar extensibility) K .UhH= B A ohe] H 5
¥ ZAF (modified sit and reach test) H.tH= 117174 A} (classic sit and reach test)
Ht} (Mayorga-Vega &, 2014). 3pA|RF Wby o] aw3] F2ro 2 WA
ol Azre] AW wE Walisly] witel WA T H % s Al 4 Uk (Gajdosik
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5, 1985; Liemohn 5, 1997). 24| # A3l 54 &5 §3 AFoA 7Hs HlE B4 HES 44
(hamstring stiffness) ®.UF TFE Q40 O A7 Fas v Z1 02 1 E St} (Miyamoto 5, 2018). Kendall &
(2005)> ¢ko} S 2o 7 393]7] ZAAtel A 2] w ek M (confounding variables)o] &S #HA3ksl7] fl&f 4w
1 AKmodified sit and reach test)yS A|¢Fsl7] = T} (Kendall 5, 2005). 9o} S ko 2 393]|7] HAR= &3
Arkg 78T 7 ole oA tiRbF o2 A 7HeE 7 Qo T WgE widel 534 AT S
o] A S-S AdiAe ARbEA etk S U A 5= 0942 ohE AARSE o) FES B

(Davis 5, 2008).

o [

R
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=
AA 2] o7t FvsHA, 548 24 FhAska v 24 S8 "k ofol whet B {9
ARA 02 7FA4gtt (Bell?} Hoshizaki 1981). W #89] 22 Q1ERE ofy 2}, &2 =4 %24 ¢ (lumbopelvic mo-
1w 31 It} (Zawadka -, 2018).

S i)
BAE F-94S zka ) (Bell?} Hoshizaki 1981). 71743+ A 91S it
e

O

URHA o2 oS AR & 2
st Ao, F It 55 58 A 130, e 5 AARE 44° Zol7t ISITE (Yildinm 5, 2018). 3
< 5T s T2 AAF 2 A7 AL ARAT, AAE T HAF 1F Aol vt ZT FEH AR} vz A
2, 75 SHAANANM T oA L 8° B FA8-S B AT (Youdas 5, 2005). F4 W thet g&3t Hris
M E FUHE He IR g § FA6ks Aol sk, 25 vpol s} g el mhE 7]5=o] Al

2. AIXM ZH| 23 (warm-up exercise) 0{F

4 24 A AP F0] B ameup) o1 F7 Aokl G w1 5 glrk AR B0 $ES 2% Y=g
o o) o -
_ i =

B BHow AA ANE SHol/|Nr: thy $AY FA-BWS WERANOT FHSI|E Fh (Athadh
H

QY
23 AN FERE B39 542 63 W8 Faee, nixn 24 2wg /)F

Wheatley 1976). 5% % =
Zh(baseline) ©. % A3} (Depino 5, 2000; Lim 2019; Spernoga 5, 2001). 3FA| %k ¥4 S5 g3} 63
st TE FEE AEE AARIeE S AFolA] KA ol 2] Hasklon, H& wol B
57 2 AFE A W BaE ST (Lim 2021b). 7S 58 T A5 Wo] ofd, FE3A 9]
WA w3l-gs E8ahs tikd WS AR FH] 502 AR A T Fasitt
3. 3{2|SS(low back pain) FF

gk HATEE IS 0] EEs A48 S7HARITHE A A7 ok AR H e
AolM= 71E AT AE SRk 279 A4 o] whon, o]of et selEs AL E4E HA T
A5 FaAS 2t Qi v F o ® ARAS 5 glvtal At (Hori 5, 2021). FalE FEES
S o m 33 55 TEH AAR A AYN AAkE v B ] ol s AdaAzr BEE g




t} (Shamsi 2019).
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