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Biomechanical Characteristics of Lower Limbs for the Youth with
Different Body Mass Index Performing Baduanjin Exercise Based
on AnyBody Simulation
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Abstract. Objective To compare the biomechanical characteristics of lower limbs of young people with different
body mass index (BMI) before and after the intervention of Baduanjin exercise, so as to provide references for
scientific exercise and sport prescription for young Baduanjin practitioners with different BMIls. Methods Young
volunteers with different BMI were divided into standard group, overweight group and obesity group. The BTS
SMART 3D infrared motion capture system was used to capture the motion parameters and electromyography
(EMG) parameters, the KISTLER dynamometer was used to collect the dynamic parameters, the AnyBody
simulation software was used to calculate the kinematic parameters and dynamic parameters, and BTS SMART
Analyzer was used to compare the different integral electromyography values. Results There was no significant
difference in each parameter before the intervention of Baduanjin. After the intervention, the angle and angular
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velocity of the knee joint during extension and flexion in standard group, overweight group and obesity group, and
the angular acceleration of the knee joint during extension and flexion in standard group significantly increased.
Baduanijin significantly increased the knee flexion force and moment in standard group, overweight group and
obesity group, and increased the hip flexion force and moment as well as ankle metatarsal flexion force and
moment in standard group. Compared with obesity group, the knee flexion force and moment in standard group
were significantly different. The knee joint force and moment were positively correlated with BMI. Baduanjin
significantly increased muscle strength of iliopsoas, gluteus medius, piriformis, gluteus maximus, rectus femoris,
sartorius, tibialis anterior, biceps femoris longhead, flexor digitorum longus, flexor pollicis longus, musculus
peroneus longus and musculus peroneus brevis. Baduanjin significantly increased the integrated electromyogram
(iIEMG) of rectus femoris, tibialis anterior, biceps femoris. Conclusions Baduanjin can improve muscle strength
and neuromuscular control ability of young people. The larger the BMI, the greater the flexion force and moment

of the knee joint.

Key words: Baduanijin; body mass index (BMI); Anybody simulation; sports biomechanics
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Tab.1 Basic data of the subjects
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A RS Sl R

g°m
FrifEL 120 20.3+0.5 1.78+0.15 70.62+5.36 21.56=1.39

BEH 12
Rt 12
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Fig.2 Skeletal muscle model of Baduanjin
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(a) Prop up the sky by two improve tri-jiao, (b) Draw a bow on both sides like shooting a

vulture, (c¢) Raise single arm up to regulate spleen, (d) Look back to treat five strains and seven impairments, (e)Shake the head and
wag to expel heart fire, (f) Pull toes with both hands to reinforce the kidney, (g)Clench one’ s fist and glare to increase strength,

(h) Rise and fall on tiptoe seven times to treat all disease
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0.036.0. 047 0. 035) ;A ZH Rij Jim 0 IS OG5 {2 |
JE R AR 2= R B (P=0.043.0.049) , UL

0'04] \O' 033)9%%%@%@%E£EE%<P: %2’“40
*x2 THHETHXTAEIEE
Tab.2 Peak angle of lower limb joints before and after intervention B (°)
i AT THaE
5 - N — Nz
Frife<d AETE JIELJH 2 Frifeel HETE A JE e 21
i fip 87.34+10. 56 86.53+8. 87 81.29+6. 08 88.28+6.34 87.34+6. 67 84.49+6. 31
T M 87.25+10. 39 88. 02+9. 63 85.36+7.32 88.82+6.91 88. 54+8. 63 87.82+8. 19
TR OG0 it 65.36+6.42 63.82+7.94 63.54£6. 53 70. 59+5. 76 69. 62+3. 95" 69. 35+6. 83°
JEE o6 Je it 75. 64+5.39 72.37+7.04 69. 46+5. 00 81.32+7.03° 79.58+9. 47" 75. 96+8. 60°
PR B 19. 73+3. 54 17. 3422, 46 17.52+3.97 20.91+4. 63 19.47+3. 82 18. 63+4. 39
BRI 13.79+5. 63 13.82+2. 14 13.96+3. 35 13. 89+6. 37 13.76+5.08 13.74+6.92
Ha b e B RIFR SR, brfEd] B A A0 T E A 825 (P<0.05) ,
x3 FHEIETHXTAEEIEE
Tab.3 Peak angular velocity of lower limb joints before and after intervention Bfi7 (0) 57!
e T T
PR HBEL AR 4L FrifEdL HBE AL AR
G e Jie 12.02+2. 61 11.42+3. 43 11.34+3.38 12.45+2. 63 11.68+2. 17 11.37+2.96
55T it 11.53£2. 54 11.57+3. 68 11.28+3.42 11.35+2. 19 12.39+2. 08 11.40+3. 15
JRROG T R 12.41+2.48 12.87+2.21 12.96+2. 85 14.72+2. 35* 15. 46+3. 42" 15.29+2.07°
JiE o675 e ity 12.45+2. 82 12. 86+2. 83 12.42+3. 84 14.93+2. 60° 15. 14£2. 45" 15.36+2.21¢
R B 8. 65+5. 42 8. 69+3. 67 8.34+3.28 8.70+4.93 8.51+5. 82 8.39+3. 94
BRI R 10. 11£2. 05 10. 02£2. 04 10. 16£2. 05 10. 03+2. 39 10. 65+2. 56 9. 86+3. 52
HFiab e ANFR S RAM L, brifedl FEE A AT EA 88257 (P<0.05) ,
F 4 TWBIETEXT AmEEEE
Tab.4 Peak angular acceleration of lower limb joints before and after intervention Bfif: (0)+s72
e TG THaE
FrifELd AETE A A Frifegl HETE L A fi 21
R e e 4.60+0. 93 4.52+0. 84 4.43+0.98 4.95+1.09 4.68+1.25 4.56+1.37
AR it 4.76+0. 62 4.78+0.93 4.29+0. 45 4.25+0.34 4.29+0. 67 4.31+0.59
TR R 4.25+1.13 4.29+1.05 4.31+1.26 5. 17£0. 95° 4. 86+0. 40 5.06+1.28
JE o T i 4.40=1.08 4.45+0.73 4.56+0.97 5.43x1.32° 5.15+1. 66 5.11£1.24
BRI B 0.27+0. 13 0.25+0. 05 0.23+0. 03 0.29+0. 12 0. 26x0. 07 0.25+0. 05
PR HE 0. 16+0. 05 0. 17+0. 05 0. 17+0. 05 0. 18+0. 03 0. 18+0. 06 0. 18+0. 03
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Tab.5 Peak joint force of lower limbs before and after intervention BN N-kg™!
i T T FHiE
FrifEgd HHEA JERE2H FrifEdi AL JIEJH 20
G e 6.24+0. 85 6. 36=0. 69 6.78+1.27 6.77+1.24 6. 85+0. 63 7. 19+0. 83
856 T il 7. 67+0. 85 8.47+1.58 8.95+2.71 8.69+1. 28" 9.13+1.45 9.50+1. 61
JHE ST e 10.07+1. 24 10. 35+0. 63 10. 38+0. 89 10. 42+0. 17 10. 63+0. 80 10. 98+0. 84
JHE 5 Ja il 16.33+3.26 16. 48+3. 62 19. 76£5. 35 20. 30+5. 33° 21.35+6. 46 25.14+5. 56"
BRIy b 12.09+2. 27 12. 19+4. 54 12. 76+4. 49 14.26+2. 53° 14.30+3. 24 14. 59+3. 26
BRI 8 6.26+2. 13 6.35+4. 62 6.41+2.74 6.59+2. 36 6.63+2.70 6.84+3.58

T b o 2R S RIAIAR G brvfd] G gl AR RS IR 325 52 (P<0.05) , + FoRArHEL] S5 AR AR LR AT 0 25 22 S

(P<0.05),
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Tab.6 Peak moment of lower limb joints before and after intervention Hifij.(N-m) -kg’l
i - R - Tl
PrifEdl HEAH e 21 FrifEdl AL JIEJH 2
G e Jie 0.720.27 0. 74£0. 30 0.78+0.22 0.75+0. 36 0.78+0. 41 0.810. 34
G 0.51+0. 09 0.58+0.29 0.59+0. 12 0.60+0. 11° 0. 62+0. 37 0. 68+0. 16
JHS ST e 1. 800. 40 1. 83+0. 45 1.87+0. 53 1. 8420. 68 1. 85+0. 52 1. 90+0. 47
JHE 57T Jeth il 23.94%1.87 25.05+3. 62 26.49+1. 86 26. 13£2. 96 27.73£2. 30 29.05+3.53°"
BRI b R 1.35+0.23 1.35+0. 27 1. 40+0. 45 1. 56+0. 22° 1. 56+0. 49 1.57+0.73
PR 5.68+1.52 5.73+1.65 5.80+1.03 5.36%1.82 5.89%1. 65 5.92+1.50

TE:a b e MR S RIAAR G bR dl B Al MR RTE I B A B8 22 5 (P<0.05) , = FoRARHELT S FEALAR LA 1 25 22 e

(P<0.05)

H1 TARIELE 5 AE k45 DN AR LE B 577 T it g
A 25 5 35 (P<0.05) , A 306 OG5 it it

y=1.300x-7.564
r=0.92
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Fig.3 Correlation analysis
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(a) Correlation between knee flexion force and BMI, (b) Correlation between knee flexion moment and BMI

0.044 .0.042) %2 IF Il (P = 0.049, 0.045,
0.048) JRBHINL(P=0.036.0.019.0.049) %
TR Sk (P=0.038.0.045.0.019) K JE
WL(P=0.022.0.045.0.033) K EIL(P=
0.048.0.022.0.049) JEB KWL (P=0.042,
0.043.0.045)  JHE & % WL (P =0.048,0. 046,
0.036) AR EMEZER.
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Tab.7 Peak muscle strength of lower limb before and after intervention BN N-kg™!
TR _ T T ] _ FHiE ]
FrifEd HHEA T2 FrifEdi AL JERE2H
BRI 1.16+0.27 1.19+0. 23 1.28+0. 16 1. 35+0. 20* 1.36+0.21" 1. 38+0. 10°
2NN 1. 87+0. 33 1.92+0. 24 1.93+0. 31 1.96+0. 17 1.98+0. 12 1.98=0. 31
AL 10.56+1. 22 10. 87+2. 31 10.911.74 11.82+1.53" 12.25+1. 38" 12.36+2. 29°
FLRML 2.20+0. 41 2.25+0. 67 2.29+0. 43 2.52+0. 38" 2.69+0. 52" 2.72+0. 68°
LTI 0.25+0. 06 0.27+0. 05 0.28=+0. 07 0.27=+0. 12 0.28+0. 09 0.31+0. 07
FIFLAL 1.24+0.31 1.23+0. 50 1.29+0. 38 1.35+0.23 1. 39+0. 64 1. 44x0. 37
g5 L 0.340. 18 0.35+0. 06 0.35+0. 12 0.38=+0. 16 0.42=0. 13 0.430. 12
BRI 1. 53+0. 09 1.55+0. 19 1.58+0. 15 1. 71+0. 24% 1.75+0.31" 1. 76+0.27¢
17 53 M JUL 0.67+0. 13 0. 69+0. 21 0.74+0. 17 0. 69=+0. 12 0.70=0. 15 0.78+0. 22
e SMiu 3.52+0. 38 3. 61x0. 45 3. 83+0. 65 3.67+0.23 3.79+0. 39 3. 84x0.27
e 1.27%0. 36 1.28+0. 62 1.35+0. 18 1.29+0. 47 1.31+0. 54 1. 37+0. 68
Berb 1.170. 51 1. 18+0. 41 1. 18+0. 46 1. 190. 54 1.230.32 1.21+0.51
B 1.35+0. 44 1.36+0. 33 1.37+0.28 1.57+0. 26" 1. 59+0. 30 1. 62+0.25¢
HEIF L 1.95+0.28 1.98+0. 34 2.16x0. 46 2.12+0. 19* 2.19x0. 22" 2.44+0.31°
JiZ B i 14. 13+0. 85 14. 24+0. 87 14.53+0. 71 14. 83+0. 95 15. 010. 84" 15. 08+0. 84°
i L 10.45+2.24 11.93+1. 19 12.09+2. 12 11.65+1.39 12.58+2. 17 13.86x1. 64
AL 10. 06%2. 11 10.35+2. 42 10.45+1. 58 10.39+1. 16 10. 42+1. 39 11.92+2. 58
= KW Sk 4.73+0. 39 4.81=+0. 16 4.85+0.37 5.02+0. 37° 5.15x0. 62" 5. 17£0. 34¢
e =Sk g Sk 0.87+0. 12 0. 88+0. 31 0.91=0. 30 0.91=+0. 39 0.92+0.25 0. 94+0. 30
JHER AL 30. 88+7. 57 31.26+8.72 32.53+8.91 33.17%9. 56 35.25+6.78 37.62+10. 94
- JE L 0.76+0. 12 0. 88+0. 23 0.91+0. 25 0. 89+0. 17° 1.03+0. 18" 1. 10+0. 23¢
HRHE L 0.71+0. 23 0. 74+0. 17 0. 82+0. 26 0. 860. 19° 0. 88+0. 15" 0.99+0. 22°
B AL 2.09=0. 15 2.35+0. 18 2.39x0. 14 2.42+0. 12 2.55£0.20 2.68+0. 11
AR AL 0.56+0. 18 0.57+0.22 0. 60+0. 16 0.62+0. 15 0.63+0. 18 0. 65+0. 23
JHEE L 0.84+0. 16 0. 85+0. 13 0. 86=0. 21 0.97+0. 19* 0.98+0. 21" 0.99+0. 14
JHEB 0.52+0. 14 0.56+0. 15 0.58=0. 12 0. 62+0. 13* 0. 65+0. 19" 0. 69+0. 16
Habc ANFRAR S RIAM L, bR FEEH BT EA B35 k2257 (P<0.05) ,
2.4 FREABFHE L iEMG (P =0.040.0.016.0.012) . & — 3k il

SR RTI H, f5I0AR e A AR PR 2 iEMG (P =0.024.0.044 0.043) B i % Pk %
JEE WL IEMG(P=0.020.0.047 .0. 029) & & Hif S(WHE 4),

= THAf = THHT = THaf = THaf
OO0 PO e 08 > *P=0.040  *P=0016  *P-0012 > EIOAL S wRe0.08 - SE=0I048 :
;5]40_'_' TloTa 5145 - gms-’_‘ o 5145-
= = 140 = 140t gmo-
K 130F R 135 R X
= & 30 & 135 = 135
=120t = = =
= X130t S 130f
Bl : : =120 L] - - - = : : s
Vil maal e = ma mma s 2 fkdl mEal e 125 e dl A T
(a) BEEL (b) JRH AL (c) B =3k (d) HER L

B4 N\RBTHAGEARMNARSIRIEE]RS (" P<0.05)
Fig.4 Comparison for peak force of integral electromyography before and after Baduanjing intervention (a) Rectus femoris,

(b) Tibialis anterior, (c) Biceps femoris, (d) Gastrocnemius
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