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The effect of hamstring self-stretching on quadriceps femoris and

hamstring muscle activation during lunge exercise
Bo-ram Choi., Ph.D., P.T.

Dept. of Physical Therapy, College of health and welware, Silla University

Abstract

Background: Hamstrings are among the most im-
portant muscles in our bodies, They affect sports,
exercise, and daily living. However, in the 21st
century, most people sit for too long due to envi-
ronmental factors. Consequently, their hamstrings
shorten, causing not only abnormal posture but al-
so deterioration in overall daily living and exercise.
The purpose of this study is to investigate the ac-
tivity of the quadriceps femoris and hamstring dur-
ing the lunge exercise when hamstring self-stretch-
ing is performed by people with hamstring short-
ness and to propose appropriate performance con-
ditions for the lunge exercise.

Design: Pre-post Study.

Methods: Twenty-three subjects with hamstring
shorteness (hamstring length test < 155°) were
selected. To measure muscle activation, electro-
myography patches were attached to the biceps
femoris, semitendinosus, vastus lateralis, and vastus
medialis of the legs with hamstring shortness.
Hamstring self-stretching used the hold-relax meth-
od of proprioceptive neuromuscular facilitation
stretching, and muscle activation during the lunge
exercise, pre and post self-stretching, was

compared.
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Results: The hamstring was significantly longer post
hamstring self-stretching compared to pre ham-
string self-stretching(p{.05). All muscles were sig-
nificantly more active when the lunge exercise was
performed post hamstring self-stretching compared
to pre hamstring self-stretching(p<.05).

Conclusion: To prevent hamstring shortness,
stretching should be applied as a requirement, not
as an option. Since the efficiency can be reduced
during the lunge exercise in the hamstring short-
ness state, hamstring self-stretching should be per-

formed before the lunge exercise.

Key words: Hamstring, Hold-relax, Lunge ex-
ercise, PNF stretching, Self-stretching, Shortness.
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FdthelZ(hamstring muscles): 229} T2 IRt S5 oz} gobr Adsh= A EEole @A
HAE 83 I5oltHKim 5, 2013). 2141715 SCIA WA Tdet wesd, AFE ] e, A 2732l 371,
AUEES] thFalE ATRIES kot Sl AlRte] ojAHA FEhae] AR Blo = Qlsf Fgrie|e] vt
FA A7 YeRHA "t (Jandre Reis®t Macedo, 2015). ©]of| w2t H‘ﬂ‘jrﬂll—]' dotedldai21te] £
1 o= thefo a&A]l TS WIAZI7] o, Avrt FEtEE 9= A3l At 54 L5008 FHu
< ©50f tiet s8] FA Y AlRkE B 918 AFolA B 7sde AlSRITHNorris, 2008). webA Fd ke
o] Ghzo] Bule] HZ AAE S, HAeHe] TFe /12 oI Hele] HEal gL Zefslel sfele A
o7t TAYSHH(BARASH 5, 1970), Y88 517 Atolo] § A 3o ¥isl= 5]2]&Rte]E(lumbo-pelvic
rhythm)ol= 4290 A vt Hamill?} Knutzen, 2006).
oA AtolA= FdHEZe] B0 2 It RO UAA Q] &4 ofyzt, 7ot 4 171l o
=7 S PR oAHRl 7157dolE WA= A S AIstaL, Fidohe o] Aol 2
S X3t Ok ZAolA 518 551719 2 ATF-AEH A (self-stretching) 7'M} 1558
I8 832 Al FEtH2Y f940] 24 S7FEIU(Kim 5, 2015), FEthe o] Z-2 tid=tolA &7
ol AV-AEFAR 1A 252 Al W, T AX] BF FHEHEEY] 94 FYeE Q| 5
o) BIHIKANES) 2T, 2019), o4 A -AEABE A OIHE ThkaA AR 4 A, HAAERS
ZA7 287 Qleje] &4 ofeh, o] 28710 BHS ZAH, SHY 05 23 A 2 o] £8o]
E]Q(xm 5, 2002). 1H=E ¢=E FguEds AVHFAEHA R B9 ATe W A 50l o' 2e4
o] OLQ_X] _9J—O]6H 2 rﬂ_g_ﬂ_ oh:}
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229 FEE Hol1 Q17] whiEo] A & axtaolr, Xagte] AH|E 7HHGHA 250 7Fs oK Stuart 5
1996). E3F AA] 52 dote|vlde2a 14%35}311"— bHSHA A3kt & Sle 50, AFE E5HT Eir
73 8 8] e 283 432 WA X 4= AtkHeijne 5, 2004). AT Fgtha]o] 9= A
o 97| &5 $YolH, < %qﬂﬂl%‘ﬂiﬁol Z/slohs B i)l Fdohe2e] SE3t o|gho] o]Fof
AA sk S A (reciprocal inhibition)7F A2 GojuA] ¢b7] wiizol], drtejuldziLe] L3t &4 Woliet
4 AUtHChang &, 2018). Alc7t FEtHZEe] ©%0] Sl Alteol Fdt e @53 QIAIsHA] 23t A fX]
5= A =W, Fidoieo] A4l dold wE eﬂ—l—(vastus muscles)2] ZH=7F WA Yehta,
AT A&ARl 5 WIS Fldttety E4ES Zdlote] o] HES 2T 4 UK R,
2022). 12EE gt 950] s AFREA H‘éﬂrﬂi@l 2EHH Fof| 7] 52 AP o, ol
EFYS 4380 WA F USA Doks Fart Qi

£ 4= 1A &5 Aol FgrhE e @50l Sle dAeA Fdtted AVHAEAE AEE o, 94
o2 Ueihs doEvideidy} fdvtety 84S ot aAt gt
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Al 2378 ddo = Frk A A 242 HA] 5 s&el Algte] §la, 6754 o]

TEAAY A78H &40l oo High olo] glom, Fdtiel doldAL Al FF tEl F ot tElete RE

4 ¥ 7%t 155° oJsHed -2 18092 Fdrhe2e] @50l U= AR FchKumar, 2011). 2 6704
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Table 1. General characteristics of subjects

Age(yrs) Height(cm) Weight(kg) Hamstring length test(®)

Subject(1=23) 25.1+£3.7 156.3+6.3 56.1£5.2 151.6£2.1

2. A =
7} B 2A % (surface electromyography; EMG)

B dFoAe FEAHEE SA5] Yol B SHE(4D-MT& EMD-11, Relive, Korea)E AR&3ICH BESE
E(sampling rate)> 1,000l2& A3, 20~ 4501 F3t HZo] ME-sA D (bandpass filter)E AMEZ
o}, A7) 4159 2= AAst] $Istod 60Hz }:x] ZE|(notch filter)E AMEZITE. 7€ tlolE= B Al
(root mean square; RMS)22 A Fct. A= H2F Al A £017] Yol g2 £08 F&F Folg =2
APP, A= & o Fol Fdvide]l 5" o9 doeFd#dXbiceps femoris), ¥
(semitendinosus), 7}EHX(vastus lateralis), QEE2Z(vastus medialis)of] ¥2Hct dolg|Sdawj2S
8 A (ischial tuberosity)®} Zote]# HE|(fibular head) AFe|9] £} X% o] —,—3}9&1 B3] &0 oF& K71
ELTEFT] Atole] St Ao FAGIT B EEE HAIY BT IAIRE ] &S o2 A9 of#iE 4/

Aol 7RSS IS e 78S o2 A9 2/3°] F&FitHerman &, 2009).

o

i?HIﬁ

mﬁ

. g 93 534 $E(maximal voluntary isometric contraction, MVIC)

A 94 5AE $5S dAE 7L Qe 179 HEmMV)E HiAlsh, SHEE HISWE ATHEC
& H|wsl7] {8 SHPHCram, 2003). 2 A9 Bl tARl 250] A 50]7] wzol #A] 59 23 A&
=5 FARE BRIl AFE 508 MVICE SA3 tdA= 1789 At J33dat 53 90° |9
JE= okl e AHo] aAFcE HES 01‘5'“101] 1% & AS o)7IH Hd o= dojuA Fh o]
4= o drredidaiyt FgvEl2Y] 35 @/(co-acitivation)s = 4= 3171 Hhzol EE 252 MVIC
E S Ao 243 &= 9ith o] 3L 3 2AsA] HFL Ygon, =4 Alo] 187 5412 g & m2E 45
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tHFigure 1-A).

3. AT A

7). Sdrtel Zo| @ K hamstring length tesy)

AT RS HlR LA AT REREE 90°= SRRt 12)0] PE(lordosish FAT] 9
3t e gmoR W glosky o, $2S T 53t st vdon Werleln s B2 Be
Waehy Pk o B4 39 AAWOR, 108 T4 Fol 39 SN BF Uk A Ao] 1871] FAL

F3l oks BIE FHASIEHKim, M. 5, 2009). FdoEE AV-AEAA A3 o 22 AR,

1. A % (unge exercise)

QFAIA B9 E58= WA flal Al AU FotA AL, F&2 518 Foll F=5 ok &= v
ol Fdcia|e] 95E £9] JPgTEy FEHES 90° w4 Fo R Eglor, BiE el JEYHd H
I FE53E 90° wRloE FEOoE WIdth FF o9 U K= 11AR ysdstA AAAF |4 AAE
20%7F GARAL, & 53] AR 25 Aol 18 oY S FA412 HIKSelkowitz 5, 2013). ®A] A4A|
£ AASk= 20% B9t 2T E SPFA, AA HolHe o 529} F 525 ALt 5119 10% 519 24%
£ AR, 25 53] Sl st RS ALzt 33]9] HolHE Byt Wisich Fdohelt AVH-AEHA A
o] Z+ AAFcKFigure 1-B).

o} FgdotelE A7-2AE % (hamstring self-stretching)

18584 AL A (Proprioceptive Neuromuscular Facilitation; PNF) % 8-4]-0|¢khold-relax) 7]¥
2 A7) fIet e Aol 7Heidl T34 52 B9l ol fske tiEARl PNF AEFA 7]&o|t. o]
e B gl AVHAEHAS AT PNF AEHH 28 i 3 AAR BFo] gl= |7
=30]1, FFo] “AAH At o]zt AR 327 FARE v, AEF(circle ring) 22 FE2] #9lo] Aoty
102 53 90|, AE3S 759 B WFoE GAFHA FdoheEE A3 HPuentedura 5, 2011). 103]
£ Aol A lset® o] 33] BHEFAL, A|E Atojof] 589 FAXZRS 7HiltKFigure 1-C0).

[¢)

)

Figure 1. A. Measurement postural of maximal voluntary isometric contraction, B. Lunge exercise, C. Hamstring self-stretching
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4 B4 9y

E Aol BA A= SPSSWIN(ver. 22.0)2 ARt A3 A3 sl Shapiro-Wilk HAS AR&gloH,
el A-AEHA At 9] AolE v|wsl| S t-AY(paired t-test)S AP o, FHHS-E FHFte]

2o] Zoloh rkel e, MUST, ZMEE e, Sy e Bl fo5Re 0.052 M

M |+Z27

FHAEHE T AV-2EHY AR AF-AEY o FdaEl2e] dort folstAl S7HRH. FdtElE A
2EFA Fo G4 252 W2 W, AVF2EAY AEG BE 252 BTt FolsH 571K Table 2).

Table 2. Comparison of muscle activation between pre and post self-stretching (N=23).

Pre-stretching Post-stretching t p
HL(deg) 146.26+10.46 156.18+11.88 -3.249 0.000
BF(%) 28.64%10.85 31.96+£11.90 -4.621 0.001
ST(%) 28.26+£12.35 33.10+14.74 -3.929 0.003
VM(%) 56.50+14.32 61.23+14.82 -3.522  0.001
VL(%) 64.26+9.99 71.31+£13.38 -5.370 0.022

HL: hamstring length, BF: biceps femoris, ST: semitendinosus, VM: vastus medialis, VL: vastus lateralis.Values are expressed
as mean tstandard deviation. p<0.05.

V. 2%
ook Sl ARlo] e WTQISS Fldrtelo] HARE S5 AR AH8sH ol 994 A, FYckelae
4% 5 B EAVH AR Kim 5, 2015). F9ThElRo] 95 319 Bolt U A4, B9 ol 59 /1%
ofs Zastod AuFHel WIS 7% Askh SARHKIm 5, 2012). kAt tlaRe] drjele sdrialae)
%9 7K YLolE QXS BT A Sste] B Fn] BEOR tlRt 252 St AX 252 T o)

Fdotelo] 952 xR K3t A A 52 AlPTIchE, UA] 250 ojHl JFLS F=A] Lok Wavt
FaohE2e] AEHAS g Fof] A 25 Al TEARY Hsh} QA dobs "art Qlrt. £ Aol B3 FHY
theEle] ©Eo] Sl tiRlAl FgthE AVH-AEHAS 3 & X 25 Al, FgtiEs AV-AEHA HAHc
doieuldeidat fdviele] /4wl o AjolE Uehfi=A] gote izt fick. £ Ate] Ay, FdvkEs A
7H-2EGH A 3o Fgviey dolrt fooHA S, dotelvidEiat Fdntee B &40t {9t
A 7t

HEohEE AF-AEHA BHOo R ARSH PNF AEH L2 2 (static), B/3(ballistic) 2EHHI} A 7 &
o] ARgoh= 3t AEHA F shfo|tMiyahara &, 2013). &5, 7, #E9 1-5587](proprioceptori= FES
SFAAAR B 89 53t A4 Hstel DE|1 Fa) Ago] vhgRit A-AEHAS 289 +Y Q=
T} A 55 AL HEY S SHIZIAL 2ATE T BHES 7)5E P Choi B, 2009).
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2 AtollA AREE fA-o 71H2 SARE7]3HGolgi tendon organ)9] 15 AZAAES A=0t] AEHAS
SR} Sl= 520 Tkt 28 WRsH s YElE 0|83t Zo|thSharman 5, 2006). ATk} 22 Aol A
+ PNF AEZHo] @3] 5420 Ed(torque)?] 571 T 32 (stiffness)d] A3} 59 &5 F+2E9] Al%0]
opd Algol gt At (tolerance)?] S7H= Qs WEA7FSHAE 71 5 011:}_,—1 FcHMahieu 5, 2009). ©]
7 dFoA= PNF AEF A 9] &-go] Jria|Z2X(rectus femoris)T} YL T4 T 9] 895t 2715 YER
(F7 5, 2011), PNF 2EHH A& {50 m2 A 7t Aloli= PNF AE S A8 thgAolA REE2
7} k% FgrhE]Xmedial hamstring) B/d%=9] 725t —7]'7]' UAMTHH 2] 5, 2012). o|HE A7H-AELH v
HO| SRl PNF AEFHo] AT F710 & & 4 W] Whieo] vt &5 Aol &1 5258k &8y
I ATHEEE 5, 2003).

] 52 AFE 53 A EAR] 23 &5 AE Eolth HE £A9 1S o 5 A 220lH
A FE P20 358 (co-activation)S F&oks Al 28 ¥&°|tiEarl 5, 2001). B3l A& *5
< e 2 Aok 9t ZEOH0A 8 5 WHOE ARGE o] 4
&35 Beo| B P AlgRttHIwasaki 5, 2006). BRI XA HA A
LIt 37K oW, @717te] ©17] 50] A 43 58 el E=ol vkl FtHSong &, 2018). Atk HA
52 B E T TIEE 2] HEo| 1.18:1E REETY BHEE ASAE 5 7] ol FEEUEES
=5 Hpatellofemoral pain syndrome) &AF9] Ao a3}4Q1 2%o|tk(Irish 5, 2010). kAt 0]A 9] HA] &
5ol et a3E goti= Atois BT ARls o s Ao, thiiAte] &5 dolof gt FAP} o]0
2 A FEPH o] AFoM= |4 &5 Al FEtEE 95 IFe] g B4 4ol IR EEE
<} FEE2Y] TR AA UERRTHEE R, 2022). ©] Zite FETEZY] 2ol Aol wet 259 84

o] gyl A omgith. 1B E 25 Hof o] HARE F3l thdAte] AdEiE EId vt 1, 259 °ﬂ°c}"‘
T T50] SSEHUATH AEFAE 33l oA ACF & Aolth & AFolM= FEuEE APHAEHAY A8 &
of FEtZe] o7t felstA 7L, |A &5 Al, FEvteld APHAEHA AR do=vldadiZ Fd
e 2R 2= fosHA 715 1HEE %X] +5 Ao AEH A o] gk Hat ofuz}, o]Hof FHgo
9] ZoJH AP} HIEA] o]Fofx{of Slct.

HA] 52 EAR] 271 ARE 50lH #A] 250 AMSEE 450 SAHEE Pobr] S8 Fdf o4 54
4 FEMVIO)S S4T de 1& -vjf—;lol 1E AHE 55 FEolA 22 Aol dojuks WReRE SAEofof o

l'l

G SR ] o]l ) 25 AT Hrlelzea] Ay od $44 45 252 JPnd 000 3
FHE ghof AT st —‘?—?Jr 160~170° B QoA B2e Hi g AL AA ;q%o—g— Z0] A=
HPES A A Newman 5, 2003). o1 ATOIAE the] Zloje] doe] AAOE TA) F3 A ABHLL

208.86%% PFE2TZ 151.87%= | 004 A £5 $A1Y 100%E 2Hcl= HE5S % 4 ATHEREY
5, 2018). T tE AollAls, EF AR A 25 AKX AAR dobg] vidE2e] MVICE £7831eH, Fiddt
&+ @5 O50] 94 &5 Al 7RSS 141.38%, EFETE 141.22%= B 100% olde] 244 E UEkl
CHE 2, 2022). MVICE ddAt 749] ofn] EXfjsl= BESH 2lolg Alistr] sl tiidAte] Hdf 58 71
o= Uehe &4 HIEE tiA 119 BlaE %P o EE THE Wolch sHARE o A-tollA v H o
58 olRl 100% o3 tlolHE2 A 58S A= S8t & &= §irt. o= 28 A 5= 530t
£ ol o] Hd 93 SHH 5 S 9 A 2650 BE EEE IHst HE BEE 2ol HRes
Z7gstol A vehd Zaeta wekEs, MVIC S% AA|o] o2 Zjo 1

52 HIRS 231 AR 259 ZEAHEE Dol fIs] MVICE
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