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| Abstract |

PURPOSE: Hamstring muscle shortening is related to low
back pain, and it is important to check the hamstring muscle
flexibility and pelvic mobility to analyze the effects of the
intervention. This study examined the effects of hamstring
muscle shortening on flexibility and pelvic mobility
according to the method of stretching the hamstring muscle
in patients with low back pain.

METHODS: Forty Low Back Pain Patients participated.
The subjects performed the Visual Analogue Scale (VAS),
Fear Avoidance Belief Questionnaire (FABQ), Korean
version of Oswestry Disability Index (KODI), Myovision,
and sensbalance therapy cushion (pelvic mobility,
proprioception). The subjects were divided into two groups to
perform the passive and active stretching protocol. The
intervention was conducted three times a week for four weeks.
RESULTS: Hamstring muscle flexibility was increased
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significantly in both groups (p < .05), and there was no
difference between the groups. VAS, FABQ was decreased
significantly in both groups (p < .01), and there was no
difference between the groups. The left lower back muscle
impedance was decreased significantly in both groups (p <
.05). The passive stretching group showed a significant
increase in the pelvic anterior, posterior, and left tilt ROM (p
< .05). The active stretching group showed a significant
increase in the pelvic anterior, posterior tilt ROM (p <.05).
CONCLUSION: Both stretching methods may be useful
intervention methods for pelvic mobility and pain recovery
and can assess back pain recovery.
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Fig. 1. Measurement of hamstring flexibility (A: start, B:
finish).
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Fig. 2. A: myovision B: measurement sEMG of erector
spinae (L4, L5).

Fig. 3. A: sensbalance therapy cushion, B: measurement
of pelvic mobility.
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Fig. 4. hamstring passive stretching (A: biceps femoris, B: semitendinosus, C: semimembranosus)
hamstring active stretching (D: biceps femoris, E: semitendinosus, F: semimembranosus).
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Table 1. General Characteristics of the Subjects (n = 40)
Total SSG' (n = 20) ASG* (n = 20) ‘ »
Mean + SD Mean £+ SD Mean £+ SD
Sex (male / female) 27 /13 12/ 8 15/5 1 324
Age (year) 33.67 + 8.08 34.75 + 827 32,6 + 7.95 838 407
Weight (kg) 68.05 + 10.19 69.25 + 9.14 66.85 + 11.26 740 464
Height (cm) 171.0 + 838 17125 + 7.56 170.8 + 9.33 168 868
Dominant hand (Rt / Lt) 3773 18 /2 19 /1 588 56
p < .05 "p< .01
"static stretching group, #active stretching group
Table 2. Change of Hamstring Flexibility, VAS, FABQ, KODI (n = 40)
SMD/
Group Pre Post Post - Pre t (p)
(95% c1”)
N -433 2352
PSG" (n = 20) 53.55 + 5.21 558 + 5.16 225 + 427 (1061, .193) (030')
Ham " -639 2.583
Hexibilty ASG" (n = 20) 5225 + 3.78 55.1 + 5.04 2.85 + 4.93 (1275, -004) (018"
©) t (p) 902 (373) 433 (.667) -411 (.683)
time F (p) 5621 (.0217)
time group F (p) 077 (782)
973 3.165
PSG 6.87 + 1.04 591 + .93 -97 + 137 i
(317, 1.628) (.005™)
\ 1232 5.064
VAS ASG 6.52 + 1.03 542 + .73 -1.09 £ .96 o
(556, 1.908) (.001™)
(cm) t (p) 1.082 (.286) 1.811 (.078) 333 (741)
time F (p) 23.972 (.0017)
time group F (p) 088 (.768)
PSG 41.5 £ 6.54 36.5 + 5.46 -5+ 4.09 - 5'462
(.184, 1.475) (0017
FABQ? ASG 4135 + 11.25 35.05 + 8.36 63 + 4.46 635 6'313
(.001, 1.271) (.001™)
(Score) t () 052 (.959) 649 (521 960 (343)
time F (p) 9.485 (.003™)
time"group F (p) 126 (.724)
065 1.561
PSG 15.85 + 3.89 15.6 + 3.71 -25+ .71
(-.554, .685) (.135)
KoDI" ASG 162 + 5.85 1535 + 5.11 -85 + 1.98 154 1919
) (-.466, .775) (.070)
t (p) -223 (.825) 177 (.861) 1274 (215)
time F (p) 271 (.604)
time'group F (p) 081 (777)

p < .05, “p<Ol.

"hamstring flexibility, #visual analogue scale, *fear avoidance belief questionnaire, "korean version of oswestry disability index. "passive

stretching group, “active stretching group, 'standardized mean difference, Jconfidence interval



24 IS0l DiXlE S | 55

Table 3. Change of Lower Back Muscle Impedance (n = 40)
SMD"
Group Pre Post Post - Pre N t (p)
(95% CI")
PSG’ (n = 20 2236 + 13.31 14.54 + 14.01 782 + 127 72 2734
(n = 20) ' ’ ’ ’ ' ' (-.06, 1.204) (013
t ASG? (n =20 22.92 + 10.37 21.03 + 9.44 1.89 + 3.52 191 2.403
SEMG Lt (n =20) ‘ ‘ ’ ’ ‘ ‘ (-431,811) 027)
(mV) t (p) -.148 (.883) -1.716 (.094) 2,011 (.057)
time F (p) 3.307 (.073)
timegroup F (p) 1232 (271)
243 1.225
PSG 22.88 + 7.59 20.61 + 10.78 227 + 829
(-378, .865) (:236)
228 1.608
ASG 23.46 + 6.16 21.95 + 7.03 -1.6 + 4.19
Rt (-393, .85) (.124)
t (p) -267 (.791) -468 (.643) -367 (.715)
time F (p) 1.093 (.299)
timegroup F (p) 045 (.833)

p < .05, p < 0L

tsurface electromyography left, *passive stretching group, $active stretching group, listandardized mean difference, "confidence interval

o folsiA ghastglomp < .01, FA4 A, £
IFZE Aels BolA| sttt ARtAr|E fEAR
F(p < .05, SMD = 83, 95%CI = .184, 1.475)} 5544
T (p < .05, SMD = 635, 95%CI = .001, 1.271)S.2
2Jo|2 KT KODI:= & 18 niF 24 A, 5 23
gholl A oIk Aol & HolA| GGith(Table 2).
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(p < .05, SMD = -311, 95%CI = -934, 312)7} 5541
F(p < .05, SMD = -815, 95%Cl = -1461, -171)¢] &3}3
7] Zpol7} Yeh o Zuk AL AR TS
(p < .05, SMD = -493, 95%CI = -1.122, .135)%} 5-5A%
TI5(p < .05, SMD = -923, 95%CI = -1.575, -271)9]
a1t37] Zpo|7} el TH(Table 4).

5 E—r"ﬂ*ﬂ SAACRE Fofgt Aol 7} WHE |
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56 | J Korean Soc Phys Med Vol. 16, No. 1

Table 4. Change of Sensbalance Therapy Cushion (Pelvic Mobility) (n = 40)
SMD'
Group Pre Post Post - Pre " t (p)
(95% CI™)
PSG’ (n = 20 1338 + 2.14  14.08 + 2.36 7+ 147 -3 2121
(n =20) ' ' ‘ ’ : ‘ (-934, 312) (047
ASG! (n=20) 1241 £ 2.02 14.05 + 2 1.63 + 2.77 ~815 2637
n-= . . . . . *
STC' Front (%) (-1.461, -.171) (0169
t (p) 1.472 (.149) .051(.960) 1331 (.193)
time F (p) 5.968 (017
timegroup F (p) 957 (.331)
-4 2.
PSG 9.17 £ 1.76 10.28 + 2.65 111 £ 1.98 % 50;?’
(-1.122, .135) (0229
-923 -3.134
ASG 835 + 1.7 10.04 + 1.95 1.68 + 2.4 o
Rear (-1.575, -271) (.0057)
t (p) 1.491 (.144) 332 (742) 825 (415)
time F (p) 9.223 (.003™)
timegroup F (p) 390 (.534)
-.543 -5.652
PSG 1151 + 329 1331 £ 333 179 £ 142 o
(-1.174, .087) (0017
-348 -1.566
ASG 13.07 + 2.83 14.02 £ 2.62 95 + 2.71
Lt (-972, 276) (.134)
t (p) -1.601 (.118) -748 (.459) 1234 (227)
time F (p) 4.086 (.047")
timegroup F (p) 387 (.536)
-338 -1.864
PSG 11.62 + 2.62 12.58 + 3.04 96 + 23
(-962, 285) (.078)
-127 -879
ASG 12.61 + 1.65 12.82 + 1.65 2+ 1.04
Rt (-747, 493) (391)
t (p) -1.429 (.161) -303 (.764) 1.335 (.190)
time F (p) 1.255 (.266)
timegroup F (p) 527 (.470)

p < .05, "p < 0L

'sensbalance therapy cushion, ‘passive stretching group, %active stretching group, "standardized mean difference, "confidence interval
SIS elel U3 A el sl

Wires SBUE 4324 71
2 ATE SEAEY SEARE Fdckezel 4 A Ago] JPAY HA9E 3
ol =2 aFHo|¢ictal B 134t Nelsonz} Bandy [32]

oll sf wlastara} shglck 11 Aap & A B of m=d Fdriele] @ abdAtelA Fe
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Table 5. Change of Sensbalance Therapy Cushion (Proprioception) (n = 40)
SMD'
Group Pre Post Post - Pre t (p)
95% CI™)
-.006 -022
PSG* (n = 20) 496 + 2.97 4.98 + 3.36 02 + 4.03 (626, 613) (983)
-.156 -524
STC_propri ASG$ (n = 20) 5.58 + 4.50 621 + 3.50 62 + 533 777, 468 (606)
o 77, . .
Front () t (p) -510 (613)  -1.124 (268) -404 (.688)
time F (p) 158 (.692)
timegroup F (p) 139 (.710)
258 865
PSG 6.18 + 4.11 5.08 £ 4.40 1.1 + 5.68
(-364, .881) (:398)
156 724
ASG 594 + 5.12 529 + 291 65 + 401
Rear (-464, 776) (478)
t (p) 167 (.868) -.174 (.863) -289 (.774)
time F (p) 863 (356)
timegroup F (p) 057 (812)
-185 -762
PSG 462 + 444 532 + 2.94 69 + 4.07
(-.807, .435) (455)
354 1.568
ASG 527 + 387 3.98 + 339 -1.28 + 3.66
Lt (-27, .979) (.133)
t (p) -490 (.627) 1.330 (.191) 1.615 (.115)
time F (p) 127 (723)
timegroup F (p) 1.429 (.236)
-.04 =229
PSG 376 + 3.42 3.89 + 3 13 + 2.53 (66, 579 (821)
-316 -2.057
ASG 4.68 + 3.62 578 + 333 1.1 + 239
Rt (-939, 307) (.054)
t (p) -826 (414) -1.886 (.067) -1.245 (221)
time F (p) 674 (414)
timegroup F (p) 419 (.519)

p < .05, "p < 0l
"sensbalance therapy cushion_proprioception_front, “passive stretching group, factive stretching group, "standardized mean difference,

tt .
confidence interval

%2 Fo HurheT WA 250 el AT Wa, FEAR B8 AAED ok 28 ZHRE
oJRaL Sk & G A% IF BRIAM Fd Aelu Eo] A eciprocal innervation) U7k
chel fold sk fofsbA ST ol Al wE Ao AZRITH3ML

AFET} AXTITE. oloe At £EAE E Kwagd} Lim [35]& S5845 diaroz syche)
st geom AR oSk W AASEQ) RS T E okX Aol Ut g SEuT)



58 | J Korean Soc Phys Med Vol. 16, No. 1

Z==71 00| T gqxqo]r,}jl 13553k Kim [36]9)

O

st ol @i T 7 el A4S Bl
Sl A JA ARAAE T 55

& BIE el Aojetn Az

Choi S[37]°] W=l FABQE: §% +23 4218
ABUAE BITHR 900, Won 8] 55 4=
AAE BE, Bl ojg el 2o ATUA
dekm s, 97 A% 49 £5 5
$% 420 o3 448 Byon 1 A% 557
Belsl Felgold fo% BAL Bl SO A
o} ol B0l fuEH AAA 24U 25s
L ofeglo] waRTH %

7}_5; ﬂaﬂﬂx}— EH/\POE XH,JEM Lrehd
ol AZ3te) 5] Lee@} Park [39]0]] &Js}
2E%o] 0Dl A5of 714 2 43S W
L = a-‘s{%
T2 AE A A7 |EeR F
® Zolta kgl

1}

I

oy 2

(L
©

rr

Hl
_‘ m-ml

ll
FE 2 oF L omy ofw
o2 L u=

i
%T‘?J
Hu

re
re
iy
2,
>
1
%
o
I
N
o 1y
o e
2
%

REOAN w2 o Ay dn

3
>
[mr
[>
=2
%9,
2
>
o ol
AT}
o
|o
fu
4o ¥
1o o
B oot o
Mo ox
i )

ﬁ
rd
__Q,
_L4
ﬁ?i
ox M
1
e

dopela A% A8 e T 2y
et shotir ol 26E K 9]
= H&H 2973 A(superficial back line)of| 4] &
A 7120 opf i YTl dut
o] & Fuk Yol Aste] A& JgF
=7o] ukeJElo] pepet el Azisi. w3}
7|5 ket A pEAEOEANA B 2 = 2

B
)
o Mt

olN

rlr
il
H
N D Y m

T

o} ol EAE A T 2A TF A AAE
A BH= ok sl e o] 230] 271 PLS Ao)
o o] &3 (force couple) 2HE-© 2 Q18| UER}= 2}

=944

31X Qotet ol TS| thRte] Ao 0B

o7 QEZ AR —%4 T} B Aol FA)

A7k o] 9lo] HogAol A A4 02 Halt rtel

o2 AyHoz ﬂom ok A= mal Flolgtn
Rz},

2 AT A 7 O w2
oA EAZOR folF 5718 B
Aol FETh T AeES
25 A3 Her) dAE=
Kim37} Choi [41]9] Aoll4 Hdrte]

& datom HyrielE B4 2
a B A FRe ¥ SHeA

12 & 2% 2R s SRS
kel 2o Q3] vehtd 2wl &
Agtat &lg]e] HAMA Ol #3lo] Aoz el

Ein! s}am. 2 o HNE FHyo e 49

ol ojgerd w2

o
o,

~
vl

¥R
o

. Hwang [40]2]

i

)
e

i 4o

.
ol
dob 2
v S ox
_O|L
g5

)

©

lru
A
J?j:Olﬂr

S
o oX

o 4J
H
¥ o M do

i

- A =

)
]
e
R
4n
A

ox o N

o o (o ¥ me (|r o off oF -

o £

=
o
I
Kl
N
o
s}

uETV'L
=2

o fo ot

=]

L
d
)
>

Bl g
©

o
WA oI\ 1) 95 ALTRo] 48] A
458 Holofal ATt ¢ SERIEE
27h & 50| W
A A oo Ao H}-O(:)]E,]_

2 Q] 2
W ek, SRS Al 38, 3
4 83 282K 913
Bl 198 ek leong 9191 274 227

AR Hof A o] Fdo] Afg42 F AAHA T

09.
it
>'ﬁ'L i JIN'

rsi'
4>
op
N
N
N
N



HElZ s8d #3548 2801 28 =Kol 28 IS8l IIXlE 3% | 59

2
g = O
o
jo
)
iy

A AnE Aysty 2 At
A 7 Qe 3 AHEAS Bk Qlof A
Az SHAL MBI 918l % S0z ol vkt
PR RS oty o) 2 e T BolS
HEBHA] Qo AHZE EAALH R Rt 25
EAsck ol W7t Anel oS 2 4 e AL
2 AR 35 £ A7) AYL nekstol A
2 A B S Ao YA g YA
Airstel 27KIchA Hek ek A7} ol 2ol 5

e Ao He

2
o3
ol
32k
!
4
fo
offt
rit
=
1o
tot
Iz

References

[1] Kim HJ. A Study on the influence of hamstring stretching
on high school soccer players' basic motor ability and
soccer skill. Master's Degree. Kyungsung University.
2010.

[2] Vleeming A, Van Wingerden JP, Snijders CJ, et al. Load
application to the sacrotuberous ligament; influences on
sacroiliac joint mechanics. Clin Biomech. 1989;4(4):
204-9.

[3] Johnson EN, Thomas JS. Effect of hamstring flexibility

on hip and lumbar spine joint excursions during
forward-reaching tasks in participants with and without
low back pain. Arch Phys Med Rehabil. 2010;91(7):
1140-2.

[4] Barash HL, Galante JO, Lambert CN, et al. Spondylolisthesis
and tight hamstrings. J Bone Joint Surg Am. 1970;
52(7):1319-28.

[5] Kim SY. Comparison of six tests for assessing hamstring
muscle length. The Journal of Korean Academy of
Orthopedic Manual Physical Therapy. 1999;5(1):39-51.

[6] Lee SC, Lee DT. Effects of exercise therapy on lower
back pain patients. Health & Sports Medicine; Official
Journal of KACEP. 2007;9(2):69-78.

[7] Lopez-Minarro P, Muyor J, Belmonte F, et al. Acute
effects of hamstring stretching on sagittal spinal curvatures
and pelvic tilt. ] Hum Kinet. 2012;31:69-78.

[8] Han SW, Kong SA, Lee JH. The effect of muscle strength,
endurance and flexibility on Graded Low back exercise
and education of chronic low back pain patents. Journal
of Korean Physical Therapy Science. 2002;9(2):27-36.

[9] Pfingsten M, Kroner-Herwig B, Leibing E, et al. Validation
of the German version of the Fear-Avoidance Beliefs
Questionnaire (FABQ). Eur J Pain. 2000; 4(3):259-66.

[10] Langrana NA, Lee CK. Isokinetic evaluation of trunk
muscles. J Spine. 1984;9(2): 171-5.

[11] Croisier JL. Factors associated with recurrent hamstring
injuries. Sports Med. 2004;34(10):681-95.

[12] Ogura Y, Miyahara Y, Naito H, et al. Duration of static
stretching influences muscle force production in hamstring
muscles. J Strength Cond Res. 2007;21(3):788-92.

[13] Schilling BK, Stone MH. Stretching: acute effect on
strength and power performance. Strength Cond J.
2000;22(1):44-7.

[14] An CS. The effects of hamstring stretching exercise on
angle of lumbar flexion and pain reduction with chronic
low back patients. Journal of Korean Physical Therapy.
2005;17(4):559-67.

[15] White SG, Sahrmann SA. A movement system balance



60 | J Korean Soc Phys Med Vol. 16, No. 1

approach to management of musculoskeletal pain.
Physical therapy of the cervical and thoracic spine.
1994;2:339-57.

[16] Li Y, McClure PW, Pratt N. The effect of hamstring
muscle stretching on standing posture and on lumbar
and hip motions during forward bending. Physical therapy.
1996;76(8):836-45.

[17] Sahrmann SA. Diagnosis and Treatment of Movement
Impairment Syndromes. 1st ed. St Louis: Mosby. 2002.

[18] Kisner C, Colby LA. Therapeutic exercise foundations
and techniques(3rd). JP, F.A. Davis Company. 1996.

[19] Park MC, Lee MH, Goo BO, Bae SS. A comparison
of Passive and Active Stretching on Hamstring Flexibility.
J Korean Soc Phys Med. 2008;3(1):57-62.

[20] Kim JH, Kim TH. Immediate effects of stretching on
hamstring stiffhess. Journal of Korean Physical Therapy.
2010;22(1):1-7.

[21] Meroni R, Cerri CG, Lanzarini C, et al. Comparison
of active stretching technique and static stretching
technique on hamstring flexibility. Clin J Sport Med.
2010;20(1):8-14.

[22] Bandy WD, Irion JM, Briggler M. The effect of static
stretch and dynamic range of motion training on the
flexibility of the hamstring muscles. J Orthop Sports
Phys Ther. 1998;27(4):295-300.

[23] Kim SY, Seo JC, Seo YJ, et al. The effect of korean
medical treatment with postural yinyang correction of
temporomandibular Joint on chronic low back pain.
Korean J Acupunct. 2016;33(4):157-65.

[24] Cameron DM, Bohannon RW. Relationship between
active knee extension and active straight leg raise test
measurements. J Orthop Sports Phys Ther. 1993;17(5):
257260.

[25] Reurink G, Goudswaard GJ, Oomen HG, et al. Reliability
of the active and passive knee extension test in acute
hamstring injuries. Am J Sports Med. 2013;41(8):1757
-1761.

[26] Price DD, McGrath PA, Rafii A et al. The validation

of visual analogue scales as ratio scale measures for
chronic and experimental pain. Pain. 1983;17(1):45-56.

[27] Joo MK, Kim TY, Kim JT, Kim SY. Reliability and
validity of the Korean version of the fear-avoidance beliefs
questionnaire. Physical Therapy Korea. 2009;16(2):24-30.

[28] Kim DY, Lee SH, Lee HY, et al. Validation of the Korean
version of the oswestry disability index. J Spine. 2005;
30(5):E123-7.

[29] Kim GE, Yun DU, An YJ, et al. Reliability and validity
of new evaluation methods using static surface
electromyography in persons with neck pain. Phys Ther
Rehabil Sci. 2019;8(1):1-7

[30] Jung SH, Park DS. Reliability and Validity of the
Measurement of Pelvic Movement in Low Back Pain
Patients using Cushion Sensor in Sitting Position. J Korean
Soc Phys Med. 2020;15(2):83-91.

[31] Winters MV, Blake CG, Trost JS, et al. Passive versus
active stretching of hip flexor muscles in subjects with
limited hip extension: a randomized clinical trial. Phys
Ther. 2004;84(9):800-7.

[32] Nelson RT, Bandy WD. Eccentric training and static
stretching improve hamstring flexibility of high school
males. J Athl Train. 2004;39(3):254-258.

[33] De Deyne, P. G. Application of passive stretch and its
implications for muscle fibers. Phys Ther. 2001;81(2):
819-27.

[34] Kandel ER, Schwartz JH, Jessell TM. Principles of neural
science (Vol. 4). New York. McGraw-hill. 2000.

[35] Kwag KI, Lim JH. The Effects of Stabilization Exercise
and Stretching Exercise on Muscle Strength and Pain
of Patients with Lower Back Pain. J Korean Acad Clin
Electrophys. 2011;9(2):39-46.

[36] Kim JD. Effect of stretching exercise on the reducation
of pain with low back pain. Kyunghee University.
Dissertation of Master's Degree. 1999.

[37] Choi IS, Jang HJ, Kim SY. Regression analysis of the
relationship among the level of pain and dysfunction

and psychosocial factors in patients with chronic back



HElZ s8i £348 2801 28 X9 28 IS8l 0IXE 3% | 61

pain. Phys Ther Korea. 2016;23(1):38-45. [41] Kim TE, Choi BR. The Immediate Effects of Hamstring
[38] Won JI. Comparison of the relationship between FEecentric Exercise and Static Stretching on Trunk Forward
impairment, disability and psychological factors according Bending. Physical Therapy Korea. 2019;26(3):32-41.
to the difference of duration of low back pain. Phys [42] Jeong YJ, Youn JH, Kim GY. The Effects of Altered
Ther Korea. 2011;18(3):76-84. Surface conditions on Balance Ability for the Patients
[39] Lee SH, Park JW. The study of factors affecting functional with Hemiplegia. Journal of Korean Physical Therapy
disability of the low back pain patients using oswestry Science. 2008;15(1):67-74.
disability index (ODI) assessment tool. Korean Jorthop [43] Konradsen L. Factors contributing to chronic ankle
Manu Th er. 2007;13(1):18-25. instability: kinesthesia and joint position sense. J Athl
[40] Hwang HS. The effect of stretching type on hamstring Train. 2002;37(4):381.

flexibility. J Int Acad Phys Ther Res. 2018;9(2):1461-7.





