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| Abstract |

PURPOSE: This study examined the effects of various
interventions for improving the hip joint range of motion on
elite badminton players, including body balance ability,
jumping power, smash speed, and joint range of motion.

METHODS: The study was conducted on elite badminton
players belonging to the S badminton team in Yongin,
Gyeonggi-do, and the M badminton team in Suwon,
Gyeonggi-do. Twenty-one elite badminton players were
selected; they were assigned randomly to Experimental
Group 1 (n=11) and Experimental Group 2 (n=10). Before

and after the intervention, the hip joint range of motion,

tCorresponding Author : Suhn-yeop Kim

kimsy@dju.kr, http://orcid.org/0000-0002-0558-7125

This is an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

modified star excursion balance test, Sargent jump, and smash
speed were measured. In Experimental Group 1, hip joint
manual mobilization was applied by a physical therapist, and
hip self-exercise performed by the athletes was applied in
Experimental Group 2. This intervention was applied once a
day, three times a week, for four weeks.

RESULTS: A significant increase in the hip joint range of
motion (flexion and extension) and modified star excursion
balance test (posteromedial direction) was observed in
Experimental Group 1 (hip joint mobilization applied group)
compared to Experimental Group 2 (hip joint self-exercise
applied group) (p <.05).

CONCLUSION: When elite level badminton players
require improvement in hip flexion and extension range of
motion and posteromedial body balance, hip joint mobilization

is more effective than hip self-exercise application.

Key Words: Elite badminton players, Hip joint, Mobilization,

Self-exercise, Smash speed
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Screened prior to eligibility
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Enrollment

Baseline measurement (n=21)

Hip range of motion, SEBT,
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Randomised (n=21)

[ e
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- Hip joint mobilization
+20 mins, once a day, 3 times a week,
4 weeks

Experiment group2 (n=10)
. Hip self-mobilization exercise
+15x2 set, once a day, 3 times a week,
4 weeks
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+ Recruited for national [
team training

Follow-Up

Post-intervention measurement (n=10)

Smash speed test

Hip range of motion, SEBT, Sargent jump,

Post-intervention measurement (n=10)
Hip range of motion, SEBT, Sargent jump,
Smash speed test

Analysis l

ITT analysed
Data analysis (n=11)

Data analysis (n=10)

Fig. 1. Study flow chart.
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Fig. 2. Manual mobilization techniques for the hip.
Mobilization of hip flexion (A) start position
(B) end position. Mobilization hip extension

(C) start position (D) end position. Mobilization of

internal rotation (E) start position (F) end position.

Mobilization of external rotation (G) start position

(H) end position.
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Fig. 3. Self-exercise for the hip. Self-exercise of hip flexion
(A) start position (B) end position. Self-exercise of
hip extension (C) start position (D) end position.
Self-exercise of hip internal rotation (E) start position
(F) end position. Self-exercise of hip external rotation
(G) start position (H) end position.
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Table 1. General characteristics of the subjects

Variables (Units) Experimental 1 (n = 11) Experimental 2 (n = 10) p

Age (year) 23.09 + 2.77° 25.10 £ 2.92 123

Gender (male/female) 5/6° 5/5 .529

Height (cm) 172.30 + 9.03 175.70 + 10.42 434

Weight (kg) 68.43 + 10.88 73.89 + 1045 257

Dominant hand (Rt/Lt) 11/0 8/2 131

Exercise career (years) 13.27 £ 2.79 15.80 + 2.48 .070

Position (single/double) 4/7 5/5 227

Number of injuries in pre-season (numbers) I3 + .64 30 + 48 .105

mean + standard deviation, Pnumbers.
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Table 2. Comparison of the changes in the right hip range of motion between the two groups at the time of measurements

Hip movements

Experimental 1

Experimental 2

t

(n = 11) (n = 10)
Pre 97.13 = 8.71° 100.20 + 7.41 -.863
Flexion Post 112.26 = 4.60 106.25 += 4.97 2.879%*
t -5.002%* -4.592%*
Change 15.12 = 10.02 6.05 + 4.16 2.656*
Pre 13.72 = 7.14 15.85 + 3.33 -.885
Extension Post 22.55 £ 3.76 20.00 = 2.22 1.864
t -5.078** -6.514**
Change 8.82 + 5.76 4.15 £ 201 2.525%
Pre 2395 + 5.77 2430 + 3.98 -0158
Internal Post 30.90 + 4.77 30.50 + 4.10 435
Rotation t -2.752% -5.398**
Change 6.94 + 8.36 5.75 + 3.36 A21
Pre 26.27 + 5.81 2475 + 4.89 .645
External Post 30.30 += 3.77 30.25 + 4.34 .028
Rotation t -2.090 -3.694%*
Change 4.02 + 638 5.50 = 4.75 -.596

*mean + standard deviation (degree), *p < .05, **p < .01

Table 3. Comparison of the changes in the left hip range of motion between the two groups at the time of measurements

Hip movements

Experimental 1

Experimental 2

t

n=11) (n = 10)
Pre 94.18 + 11.38* 99.50 + 8.46 -1.205
Flexion Post 108.75 + 3.61 10535 + 6.45 1.508
t -4 459%* -5.303**
Change 14.56 + 10.83 5.85 + 348 2.528%
Pre 14.50 + 6.80 15.65 + 3.86 -481
Extension Post 24.15 + 3.06 19.55 + 3.79 3.068**
t -4.676%* -4.261%*
Change 9.65 £ 6.84 3.90 + 2.89 2.547*
Pre 23.54 £ 5.14 24.75 £ 4.93 -.546
Internal Post 3420 + 3.63 2940 + 5.64 2.339*
Rotation t -4.32]%* -2.951*
Change 10.65 + 8.17 4.65 + 498 2.005
Pre 2745 + 3.27 2620 + 3.27 877
External Post 29.85 + 2.15 32.05 + 3.16 -1.877
Rotation t -1.766 -5.066**
Change 2.39 + 449 5.85 = 3.65 -1.919

’mean + standard deviation (degree), *p

< 05, **p < 01
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Table 4. Comparison of the changes in the modified star excursion balance test (right side) between the two groups at the

time of measurements

Experimental 1

Experimental 2

Hip movements =11 (n = 10) t/'Z
Pre 7545 + 6.41° 80.80 + 6.07 -1.957
Anterior Post 85.09 = 8.19 90.00 + 8.53 -1.510
t -3.058* -4.550%
Change 9.64 + 1045 9.80 + 6.81 -.042
Pre 9027 + 9.79 95.00 + 7.01 -1.260
Postero- Post 102.82 = 8.92 106.80 + 4.73 -1.258
Lateral t -3.012% -5.210%*
Change 12.55 + 13.82 11.80 = 7.16 153
Pre 9491 + 6.92 101.40 £ 6.20 -2.045%
Postero- Post 107.55 £ 7.30 107.60 = 9.22 -071
medial® t -4 241%* 2352+
Change 12.64 + 9.88 6.20 + 8.34 -1.622
Pre 86.81 = 5.87 92,50 + 533 22310
Composite Post 97.60 + 5.66 101.70 = 5.86 -1.627
Score t -4.439%* -5.402%*
Change 10.72 + 7.97 920 + 547 506

’mean + standard deviation (percent limb length),

"Statistical significance test was done by Mann-Whitney U-test, *p < .05, **p < .01.
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Table 5. Comparison of the changes in the modified star excursion balance test (left side) between the two groups at the

time of measurements

Experimental 1

Experimental 2

Hi t: tZ
ip movements =11 (n = 10)
Pre 7491 + 7.46° 82.00 + 8.59 -2.025
Post 82.00 + 6.05 91.60 £ 7.90 -3.143*
Anterior
t -2.608* -4.550%*
Change 7.09 £ 9.02 9.80 + 6.81 -792
Pre 92.55 £ 8.43 96.90 + 7.55 -2.242
Post 105.09 + 6.98 102.10 + 5.26 1.100
Postero-lateral
t -3.903* -1.729
Change 12.55 + 10.66 5.20 + 9.51 1.659
Pre 91.36 + 7.76 99.70 + 7.38 -2.221%*
Post 106.27 + 7.80 104.90 + 7.95 353
Postero-medial®
t -6.206* -2.353%
Change 1491 + 7.97 5.20 £ 6.99 -2.435%
Pre 86.27 + 5.34 92.90 + 6.88 -2.476
Post 96.80 + 4.70 99.60 + 5.96 -1.184
Composite Score
t -5.782%* -3.868%*
Change 10.54 + 6.03 6.70 + 5.47 1.523

’mean + standard deviation (percent limb length),

"Statistical significance test was done by Mann-Whitney U-test, *p < .05, **p < .01.

Table 6. Comparison of the changes in the sargent jump and smash speed between the two groups at the time of

measurements
Variables Experimental 1 Experimental 2 ¢
(units) (n = 11) (n = 10)
Pre 49.64 + 12.70° 53.00 = 1143 -.635
Sargent Jump Post 5730 + 10.43 56.80 + 9.50 115
(cm) t -3.823% -5.119*
Change 7.66 + 6.64 3.80 = 2.34 1.807
Pre 217.88 + 65.26 219.42 + 65.54 -.054
Smash Speed Post 228.99 + 60.37 222,90 + 58.68 234
(km/h) t -1.583 -876
Change 11.11 + 23.28 347 + 12.56 -.922

’mean + standard deviation, *p < .05, **p < .0l.
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