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Abstract

BACKGROUND: Previous research has indicated that the height of a drop jump has a significant impact on the knee joint and surrounding muscles; however,
investigations on the distance of the drop jump are rare and relevant mechanical simulations combined with surface electromyography studies are particularly
lacking.

OBJECTIVE: To compare the mechanical features of the knee joint and the activation characteristics of the surrounding muscles during drop jumps at various
heights and distances.
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METHODS: Based on varied heights and distances, the motions were separated into four groups (heightxdistance): group A (0.45 mx0.50 m), group B

(0.45 mx0.90 m), group C (0.60 mx0.50 m), and group D (0.60 mx0.90 m). Sixteen male testers with no history of lower limb injury were recruited and selected.
The Qualisys motion capture system, AMTI force plate, and Delsys surface electromyography system were used to collect data on kinematic, kinetic, and
electromyographic signals during the subjects’ drop jumps. OpenSim 4.3 simulation software was used to calculate knee joint kinetics and muscle activation

performance.

RESULTS AND CONCLUSION: Under the 0.45 mx0.50 m condition, increases in both distance and height increased the knee flexion angle (P=0.033, P=0.024).
Enhanced distance lowered the maximum muscle strength of the rectus femoris and middle femoris (P=0.010, P=0.007), but increased the maximum muscle
strength of the anterior tibialis (P=0.018) at a height of 0.60 m. The activation of the hamstrings and antagonist muscles was impacted by drop jump height
and distance during the pre-activation period. Increased distance raised the co-activation ratio of the knee (P=0.045) and lowered the co-activation indexes

of the biceps femoris:lateralis femoris and medialis femoris:lateralis femoris (P=0.016, P=0.012). Increased height elevated the co-activation ratio of the knee
joint, but no significant difference was found among groups. These findings indicate that increasing the distance within a given range reduces joint stresses

on the knee joint during drop jumps while also increasing its stability and surrounding muscle activation, and reducing the peak strength of the rectus femoris
and middle femoris muscles. A drop jump of 0.45 mx0.90 m in height and distance has better stability and muscle coordination and contraction than the other
groups, but the height and distance should be modulated considering the sport-specific goals.
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Figure 1 | The flow chart of the OpenSim simulation
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Figure 2 | The result of the Opensim simulation
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electromyography results and OpenSim muscle simulation results
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Table 2 | Differences in kinematic and kinetic peaks of jump drops at
different heights and distances
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Figure 5 | Kinematic and kinetic curves of the knee joint
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Table 3 | Comparison of peak muscle strength of simulation results of
drop jumps under different heights and distances

ZH A4 B 4l c4l D4

i S WKk 19.5245.10 19.83+3.96 20.98+4.33 21.78+3.38

e S Sk 7.4243.47 6.1621.62 7.2741.67 7.23+1.40
BN 20.11+2.26 18.37+2.70 20.68+1.72 18.69+2.17°
i EbiN 83.86+10.73  82.21#10.55  85.224#10.20  72.02+14.47"
JERZ L P il 34.80+5.80 37.30%5.23 38.00+4.41 36.44+ 4.60

He H L 57.50419.36  65.5046.77 67.0248.32 59.51413.03
s JE L 39.56+8.06 39.52+5.68 45.05+5.09° 38.08+11.79°
iz ginpiN 14.70+3.66 17.9745.37° 17.2845.37 17.20%4.46
Frk: 5 A4, P<0.05; 5B, °P<0.05; b CUlML, P<0.05,

P<0.01; A#l: 0.45mx0.50 m( 5/ x [Affi ), B4l: 0.45mx0.90 m( )% x [AfH ),
C#4l: 0.60 mx0.50 m( /% x [l ), D ZH: 0.60 mx0.90 m( /% x [i]#H )

25 120
5 100
= % 80
R
B = 60
210 - %
g z 40
5 =20
Obs= 0 \
0 20 0 20 20 60 80 100
TR %’z‘(ﬂi’ﬁﬂ 134 TR ZZi e e 341
f SEF 1 (%)
60 18 —
16 - - -8
@50 14 e
240 ES A
R R
=30 =
= =
20 =
h) i)
10 =
0 20 40 60 80 100 I NI
ToE ZZ A TR £ bl
IEF I (%) rJJﬂ? g (%
BlE: 4 ANEIRUCOIEENL. Beh bl 1R 5 WA & 5L 32 g dh

21, A4H: 0.45mx0.50 m( & x [l ), B4H: 0.45 mx0.90 m( & x
[ ), C#H: 0.60 mx0.50 m( =% x [H]#H ), D 41: 0.60 mx0.90 m( /% x
[A]#E )

E6 | XTI IEhLE

Figure 6 | Muscle strength curves of the knee joint
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B AL ML ML T ARK T D 41 (P=0.010); A ZHL ¥ DU Sk LYY
IR T C 41 (P=0.024); A ZHLIIIE X YT LT H /N T B 41
(P=0.003), A ZH [ Ji 5G 17 JL BTG LL /N T+ C 4 (P=0.046), W,
FAaMET7.

R4 | BRI ALARARAEL T RIRIBFI LSS (xts, n=16)

Table 4 | Normalized root mean square amplitudes and co-activation

ratios of knee muscles

Bt 24 A Bl c4l D4

TS SR TR 0.51+0.08  0.54+0.04  0.52+0.05  0.550.03
VUL M 0.774#0.06  0.71¢0.07°  0.73:0.11  0.75:0.08
JLPIE L (%) 0.66:0.20  0.78+0.18° 0.72¢0.17  0.76+0.26

RPN ISR AR 0.57#0.12  0.52#0.06  0.53+0.10  0.54%0.10
VUKL MR 0.91#0.19  0.82+¢0.09  0.82+0.11  0.750.12
JLPIE L (%) 0.65:0.15  0.65:0.11  0.65:0.09  0.710.08

PR AELRY TR 0.46+0.10  0.56+0.04° 0.45+0.73  0.46%0.72°
JEPUSLIES A8 0.85:0.11  0.784#0.05  0.73+0.08°  0.76%0.10
LG L (%) 0.54+0.06  0.72+0.08° 0.62+0.04°  0.61+0.10

HVE: H AL, °P<0.05, °P<0.01; 5 BZALL, P<0.05; A#l: 0.45mx

0.50 m( & & x [a]fE ), B 4l: 0.45 mx0.90 m( /= & x [A]#H ), C4H: 0.60 mx0.50 m

(&) = [AIPE ), D4l: 0.60 mx0.90 m( &/ x [A]j )

=) 07 —ad = 10 ,’4‘
] N E 0.8 L
B‘ 05 - -~ D4 AR o y H
Q 1 Q A
S e 2 0. I
2 4 ] = ° ; s
=03 ; 9 = : U
§ 02 1 B 04 ) i
B ; \ L R o2 i i
0.1 S ~7y = : i
L YR = D e N
= : okZ ‘
0 20 40 60 8 100 o 2 40 6 80 100
TR ZE P A 4 TR Ul BRI
Z?M’FH#@ (%) Z?H’FJ#J%EJ (%)
BlE: ey 4 HEnERIR A IR 2 LS 7 AL I Ry 4 A BhE)E

AP B DY S LS5 T HR RS A ] . A 4H: 0.45 mx0.50 m( /& x [a)fH ), B 4.
0.45 mx0.90 m( 7/ x [f]§F ), CZH: 0.60 mx0.50 m( /5% x [A]FH ), D 4H:
0.60 mx0.90 m( /=% x [&]fH )
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Figure 7 | The root-mean-square curves of the hamstring and quadriceps
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UL 2 AL 3o FE R T D 41 (P=0.008), B A A
ML = B AMUALE) L EOS FR R T D 41 (P=0.40), At 2H i)
AR AP E, A SR L IRAMUILEY SR
TETEHORT B 41 (P=0.010), C 4 kL & JKEAMul LA 33
TETRECRT D 4 (P=0.044), W3 5.

5 | BRTALARIFREL BF 0 VLA VM & VL EYSLEUEIEE (xts, n=16)

Table 5 | Normalized BF:VL and VM:VL co-activation indexes of knee

muscles

B B HPEuniES A4 B4l c4l D41

TiloE  BF 1 VL 1.6240.96  0.89#0.44°  1.41%0.56 1.00£0.88
VM : VL 1.2840.67  0.73#0.11°  0.97¢0.38  0.98+0.63

ZZrhi] BF ¢ VL 1.99+0.85 1.7540.49 2.73+1.37 1.31#0.46°
VM : VL 2.31+1.78  2.1240.75 1.5620.64 1.2440.38"

PEMH] BF 1 VL 2.30£0.59 1.35¢0.50°  1.4840.75 1.00£0.29°
VM : VL 1.3620.46  1.33#0.39 1.0240.13 1.3620.52

FyE: H AU, P<0.05; 5 B4, °P<0.05; 5 C4lALL, P<0.05,

p<0.01; AZL: 0.45mx0.50 m( 75 x [fIf ), B4l 0.45mx0.90 m( T x [ ),
C#H: 0.60 mx0.50 m( &% x [l i), D#: 0.60 mx0.90 m( & /& x il # ), BF: [
WL VM BRI IINL; VL JRAMIIL

3 iFi£ Discussion
ni N Rip=S ibONs s N =it iR S (N P et |
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