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| Abstract |

PURPOSE: The purpose of this study was to investigate the
changes in the flexibility and elasticity of the muscles when
the hamstrings were stretched in one direction and when they
were stretched in three directions.

METHODS: In this study the subjects were divided into
two groups, namely the ‘one-direction stretching exercise of
the hamstring muscle in the neutral position” group (female:
14 people, male: 14 people) and the ‘three-way stretching
exercise’ group (female: 12 people, male: 14 people)
considering the positions of the three hamstring muscles. The
elasticity and flexibility of the hamstring muscles were
measured before and after the self-extension exercise, and the
average value of two measurements was noted. To evaluate

the flexibility of the hamstring muscle, a ‘sit and reach’ test
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was performed, and muscle elasticity was measured using the
MyotonPRO® device.

RESULTS: After the stretching exercise, flexibility
increased in both groups. In terms of muscle elasticity, the
body dynamic strength and resonance frequency of the
stretching one-direction stretching group decreased after the
stretching exercise.

CONCLUSION: To alter the muscle characteristics and
increase the flexibility when performing a stretching exercise,
selecting and stretching only one muscle with the lowest range
of motion yields effective results. The ideal technique to be
employed appears to be to stretch the entire hamstring muscle

in one direction from the neutral position.
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Table 1. Characteristics of study participants

Age(year) Height(cm) Weight(kg)
One direction (F:14, M:14) 20.79 + 1.62 167.66 + 8.99 65.96 + 19.92
Three direction (F:12, M:14) 21.389 £ 2.12 159.50 + 7.81 6448 + 12.70

F: Female, M: Male.
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Fig. 1. Stretching exercise(Lt. adduction).

Fig. 2. Stretching exercise(Lt. abduction).
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Fig. 3. Stretching exercise(Lt. mid).
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Table 2. Changes in flexibility before and after stretching exercise (unit: cm)
Group Pre Post t p
Three direction 5.72 + 8.55 8.62 + 8.29 -2.200 .000%**
One direction 542 + 11.63 8.90 + 10.05 -1.625 .000***
Table 3. Comparison of flexibility between groups (unit: cm)
Three direction One direction t p
Pre 572 + 8.55 542 £ 11.63 107 910
Post 8.62 + 8.29 8.90 + 10.05 -.113 915
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Table 4. Changes of muscle elasticity before and after stretching exercises

Pre Post
Group Mean = SD ‘ P
F(Hz) 16.52 + 2.39 1620 + 2.14 1.190 244
SM S(N/m) 298.93 + 64.08 281.82 £+ 63.61 2.804 .009
C(%) 1.05 £ .18 1.04 £ .14 619 541
F 16.00 = 1.62 15.62 + 1.46 1.571 128
Lt. ST S 276.02 + 43.25 27141 + 39.72 916 368
C 1.09 + .14 111 = .13 -1.067 295
F 20.03 + 2.64 18.75 + 2.88 2.555 017*
BF S 375.93 + 67.24 354.84 + 65.37 2.361 .026*
one direction C 88 + .14 90 + .14 -1.107 278
F 16.04 + 1.66 1534 + 1.95 1.917 066
SM S 274.25 + 46.37 266.43 + 42.51 1.417 .168
C 1.06 £ .13 1.08 £ .13 -1.066 296
F 15.76 = 1.44 15.99 + 1.46 -.983 335
Rt. ST S 272.82 + 49.86 283.25 + 41.85 -1.520 .140
C 1.10 = .15 1.08 £ .13 .899 377
F 22.53 + 15.87 19.63 + 2.53 937 357
BF S 368.13 + 52.48 376.77 £ 63.17 -1.047 304
C 90 + .11 88 + .13 1.365 184
F 16.99 + 2.40 17.11 £ 2.61 -436 667
SM S 312.75 + 88.32 29495 + 65.31 -.136 .893
C 96 £ .13 97 £ .15 -.038 97
F 17.96 + 13.35 1538 + 1.68 985 334
Lt. ST S 251.81 + 43.13 265.60 + 54.16 -1.313 201
C 1.12 = .14 .11 = .14 .667 Sl
F 18.93+ 2.99 19.04 + 2.46 -.294 71
BF S 360.77 + 78.60 358.08 £ 61.33 245 .808
Three direction C 88 + .12 .89 + .11 -.57 574
F 16.83 + 2.99 16.60 + 2.24 647 523
SM S 319.80 + 90.95 301.98 + 65.28 1.389 178
C 97 £ .19 2.56 £ 7.79 -1.005 325
F 15.71 £ 1.52 15.80 + 1.65 =517 610
Rt. ST S 27824 + 48.56 272.82 + 40.00 738 468
C 1.19 = .12 3.11 = 10.08 -1.001 327
F 2232 + 14.46 19.78 + 2.72 .906 374
BF S 361.82 + 50.87 369.32 + 68.61 -85 404
C 89 £ .12 87 £ .14 1.364 185
SM: Semimembranusus, ST: Semitendinosus, BF: Biceps femoris, F: Frequency, S: Stiffness, C: Creep



HEOA2Y It MRS TN OE gl o HYt | 83
Table 5. Comparison of muscle elasticity between groups after exercises
One direction Three direction
Mean + SD ‘ P
F 1620 + 2.14 17.03 + 2.53 -1.344 185
SM S 281.82 + 63.61 320.52 + 68.31 -2.346 .023
C 1.04 + .14 97 £ .15 1.860 .068
F 15.62 + 1.46 1532 + 1.64 539 592
Lt. ST S 271.41 + 39.72 263.54 + 51.71 599 552
C 1.11 + .13 1.12 = .14 -242 .809
F 18.75 + 2.88 1891 + 2.42 -3% .696
BF S 354.84 + 65.37 356.04 + 59.98 -.071 943
C 90 + .14 89 £ .10 .194 .847
F 1534 + 1.95 1637 + 2.24 -2.193 .033
S 266.43 + 42.51 29495 + 65.31 -1.936 .058
C 1.08 £ .13 240 + 7.36 -95 351
F 15.99 + 1.46 15.67 + 1.67 418 678
ST S 283.25 + 41.85 267.95 £ 41.65 1.371 176
C 1.08 £ .13 291 + 9.52 -1.005 325
F 19.63 + 2.53 19.58 + 2.65 =211 .833
BF S 376.77 + 63.17 366.32 + 66.00 .605 548
C 88 + .13 88 + .14 .141 .889
SM: Semimembranusus, ST: Semitendinosus, BF: Biceps femoris, F: Frequency, S: Stiffness, C: Creep
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