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| Abstract |

Purpose: The purpose of this study was to investigate the effects of three relaxation techniques, namely, Static Stretching
Exercise (SSE), Eccentric Contraction Exercise (ECE), and Suboccipital Muscle Release (SMR) on the flexibility and balance
of the lower limb in adults with hamstring shortening.

Methods: The participants were 45 adults in their 20s with hamstring shortening. They performed three exercises (i.e., SSE,
ECE, and SMR) for two weeks. We measured flexibility, muscle tone and stiffness, proprioception, and balance before and after
the intervention, applying each relaxation technique. Data were analyzed using two-way repeated measures analysis of variance
(ANOVA). The significance level was set at a=0.05.

Results: Flexibility increased in the SSE, ECE, and SMR groups, with the SSE group showing the greatest improvement. Muscle
tone and stiffness decreased in all groups, with the ECE group exhibiting the highest reduction. Proprioception increased in the
SSE, ECE, and SMR groups, with SSE demonstrating the greatest enhancement. Balance also increased in all groups, with the
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ECE group showing the most pronounced improvement.

Conclusion: Overall, all three relaxation techniques for hamstring shortening resulted in improved flexibility, muscle

tone and stiffness, proprioception, and balance of the lower limb in adults with hamstring shortening. The findings of

this study underscore the importance of selecting an appropriate technique according to the purpose of treatment and

the condition of the patient.
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Table 1. General characteristics of subjects

Characteristics SSE (n=15) ECE (n=15) SMR (n=15) p
Gender Male 5.00 (33.30%) 8.00 (53.30%) 11.00 (73.30%) i
Female 10.00 (66.70%) 7.00 (46.70%) 4.00 (26.70%)
1 4.00 (26.70%) 6.00 (40.00%) 4.00 (26.70%)
Grade 2 5.00 (33.30%) 2.00 (13.30%) 7.00 (46.70%) i
3 5.00 (33.30%) 5.00 (33.30%) 3.00 (20.00%)
4 1.00 (6.70%) 2.00 (13.30%) 1.00 (6.70%)
. Left 4.00 (26.70%) 1.00 (6.70%) 2.00 (13.30%)
Dominant Leg . -
Right 11.00 (73.30%) 14.00 (93.30%) 13.00 (86.70%)
Exercises Yes 9.00 (60.00%) 11.00 (73.30%) 11.00 (73.30%)
regularly No 6.00 (40.00%) 4.00 (26.70%) 4.00 (26.70%) i
Exercise Frequency 24721 46" 2.53£1.19 3.00£1.46 0.52
(number of times per week)
Exercise Intensity (point) 2.07+1.03 2.53+1.19 2.13+0.83 0.41
Age (years) 21.93+1.34 21.60+1.77 22.40+1.72 0.41
Height (cm) 170.07+12.81 170.20+8.50 172.33+8.54 0.79
Weight (kg) 66.20+23.36 66.40+13.71 68.07+10.18 0.95

SSE: static stretching exercise group, ECE: eccentric contraction exercise group, SMR: suboccipital muscle release group.

* Mean+SD

Selection of Subjects (n=45)
!
Diagnosing Hamstring Shrtening
. Fingertip-to-floor test, Active knee extension test

!
Static Stretching Eccentric Suboccipital Muscle
Exercise group Contration Release group
(SSE, n=15) Exercise group (SMR, n=15)
(ECE, n=15)
|

Functional evaluation
1) Flexibility: Finger to floor test, Active knee extension test
2) Muscle frequency, stiffness measurement
3) Proprioception test
4) Balance ability: Closed eyes one leg test, Y-balance test

!
Intervention three times a week for two week

!

Functional evaluation after two week intervention
1) Flexibility: Finger to floor test, Active knee extension test
2) Muscle frequency, stiffness measurement
3) Proprioception test
4) Balance ability: Closed eyes one leg test, Y-balance test

|

Statistical Analysis
(IBM SPSS/PC Statistics 22.0)

Fig. 1. Overview of research procedure.
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Table 2. Comparison of flexibility within group and among groups

p (F)
SSE ECE SMR
Time Time*Group
FTE Pre 15.91£10.11% 18.19+5.30 14.97+6.23 .
0.00" (16.38)  0.52 (0.67)
(em)  Post 9.74+8.32 14.69+5.58 11.38+4.91
AKE  Pre 139.21+11.82 134.41£9.13 140.79+10.39 .
)\ 0.00" (28.03)  0.55 (0.61)
©) Post 147.82+12.50 141.0749.48 146.03x10.14

FTF: fingertip-to-floor test, AKE: active knee extension test, SSE: static stretching exercise group, ECE: eccentric
contraction exercise group, SMR: suboccipital muscle release group. * Mean + SD. *p<0.05
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Table 3. Comparison of muscle characteristics within group and among groups

p (F)
SSE ECE SMR
Time Time*Group
Pre 14.81+1.92° 17.24+1.57 15.9442.23 .
Left . 0.01" (841)  0.28 (1.35)
. Post 14.70+1.98 16.56+1.08 15.47+2.15
) Pre 15.5242.10 17.88+1.76 16.65+2.13 0.00"
Right 0.54 (0.63)
Post 15.1242.48 17.02+1.45 15.99+2.35 (15.07)
Pre 241.00£56.10 309.03+41.48 280.81264.56 0.00"
Left . 0.19 (1.75)
S Post 233.94+51.39 287.33+37.00" 272.69+67.01 (12.23)
Pre 258.61+64.38 319.23+46.17 277.50+68.01 X
Right 0.01" (6.83)  0.97 (0.03)
Post 245.89+67.18 304.63+39.24 261.75+58.78

F: frequency, S: stiffness, SSE: static stretching exercise group, ECE: eccentric contraction exercise group, SMR: suboccipital

muscle release group. a Mean + SD. *p<0.05

Significant difference between groups according to the Bonferroni post-test, T significant difference with SSE (p<0.05)



BOAHZ 2H0] A= SOU0H 012+ J1E ME0| OIS K&l ZEH DXl ¢ | 63

ra

Table 4. Comparison of proprioception within group and among groups

p (F)
SSE ECE SMR
Time Time*Group
Pre 37.71£7.46" 36.64+7.82 33.07+6.04 .
Left (°) 0.00" (20.57) 0.17 (1.87)
Post 29.91+2.70 31.00£1.91 30.67+3.16
. Pre 36.40+7.34 34.23+8.62 32.97+8.22 .
Right (°) 0.02" (5.79) 0.24 (1.51)
Post 30.00£3.11 31.00£2.12 32.30+3.88

SSE: static stretching exercise group, ECE: eccentric contraction exercise group, SMR: suboccipital muscle release group.
* Mean + SD, *p<0.05

Table 5. Comparison of dynamic balance within group and among groups

p (F)
SSE ECE SMR
Time Time*Group
Pre 62.76+9.23 62.48+8.72 61.27+7.62 .
F 0.00" (75.62)  0.34 (1.13)
Post 69.29+8.18 70.55+8.46 66.62+6.92
Left Pre 46.13£9.16 47.51+13.20 47.06£7.25 .
M 0.00" (76.48)  0.47 (0.78)
(cm) Post 54.15+10.26 58.924+13.19 57.07+10.69
Pre 39.2249.81 42.16£12.62 42.02+7.62 .
L 0.00" (20.64)  0.18 (1.78)
Post 46.13£10.28 59.77+24.18 50.78+10.52
Pre 60.99:9.47 63.98+10.53 60.91+8.36 X
F 0.00" (77.54)  0.20 (1.69)
Post 68.25+8.38 72.44+9.99 65.89+7.57
Right Pre 45.08+12.19 48.51+13.63 47.10+£9.14 X X
0.00" (106.51)  0.04" (3.42)
(cm) Post 51.27+10.87 60.29+13.38 57.20+11.05
Pre 36.40+8.14 44.59+11.81 41.44£9.05 .
L ) 0.00" (67.85)  0.23 (1.54)
Post 43.36+9.81 56.47+15.00 51.51+11.88

F: forward, M: medial, L: lateral, SSE: static stretching exercise group, ECE: eccentric contraction exercise group, SMR:
suboccipital muscle release group. * Mean+SD, *p<0.05
Significant difference between groups according to the Bonferroni post-test: 1 significant difference with SSE (p<0.05)

ol 2ol 7k LrERgtTh(pe005). Al 2 Abolol 4 2) 44 24
Felg Aol YAoUE-005), U kel ZAT

Hp2Z F&7k7tol| A SSEwTH ECERE Ato]ofAls & ojgt 8 ME A8t A 59 g vyt 2
Aoz Solst ;‘(]-0]7]_ 9lolom, AT} oFz 7 FZ thele] #R3e] SAH LR gt Zpo|7t
U7el e BAHOR GOt Aol vpehhA ¢ HEATHE<005). Al 3 Aolel o] fofgk Aol
Ieh(p>0.05). BE ﬁ;Loﬂ/q 274 A4 T F977tol U2 LH(p>0.05), 2% th2] 9] ECE ¥} SMR-of
A53le ko] UERton], B3] ECEwo| %% o AlE BARCR {3t Zo7t Itk p<0.05). F=
2, BE ol A 7P 2 3ol wsbh uehgeh RIS A S A RS 2ol A Al
(Table 5). Uepkon], T ol A= SSEo] 1%L 26843002

oA 43104557408, QEBZO 17774114204
DRYD15408 71 2 7ro] wisks} Lrehdti(Table 6).
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Table 6. Comparison of static balance within group and among groups

p
SSE ECE SMR
Time Time*Group
Left Pre 26.84+30.02° 31.12425.79 25.32+43.46 .
0.00" (11.67)  0.84 (0.18)
(sec) Post 43.10+55.74 42.93+28.97 36.48+41.47
Right Pre 17.77+11.42 27.74+19.85 15.89+16.07 .
0.00" (22.05)  0.07 (2.95)
(sec) Post 32.82421.54 39.03+22.89 18.90+16.55

SSE: static stretching exercise group, ECE: eccentric contraction exercise group, SMR: suboccipital muscle release group.
*Mean + SD, *p<0.05
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oA o] AAE]tHUysal et al., 2021). Takeuchi 5
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