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Fig. 1 Simplified diagram of the laboratory layout
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Fig. 3 Spinal motor output features during the shooting phase
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A
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T+ 7% p<<0. 05.
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Fig. 4 Muscle synergy motor modules of basketball shooting at different levels
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Fig. 5 CoA-FWHM characteristics of muscle synergy time structure during basketball shooting

(left: high-level; right: low-level)
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Characteristics of neuromuscular control strategies during
shooting in elite basketball players based on the K-means
clustering algorithm

ZHOU Qizhao, SU Ronghai, PAN Zhengye, MA Yunchao
(College of Physical Education and Sports, Beijing Normal University, Beijing 100875, China)

Abstract: In this study neuromuscular control strategies during basketball shooting across
skill levels were examined. Kinematic, Kkinetic, and surface electromyography (SEMG)
data were collected synchronously from 14 high—level and 14 novice players using a
three—dimensional motion capture system, force platforms, and wireless sEMG. Using
Kendall” s myotome distribution theory, an inverse-mapping model was established to
estimate spinal a —motoneuron pool activity from sEMG. Muscle synergies were then
extracted using non—negative matrix factorization (NMF) followed by K-means clustering.
Results indicated that, during set shots, the high—level group showed greater activation at
C5-T3 and T9-T10 during the rhythmical phase and at S3 during the rhythmical phase than
the novice group (p<<0.05). In contrast, during jump shots, C6 output during the rhythmical
phase was lower in the high—level group (p<C0.05). The third synergy module differed in
spatial structure between groups (p<C0.05) : in the high-level group it predominantly
involved lower-limb muscles, whereas in the novice group it mainly involved upper—-limb
muscles. The high—level group also exhibited an additional synergy module that primarily
involved lower—limb muscles. Muscle contributions differed between groups in the first and
third synergy modules (p<C0.05). During jump shots, the proportion of combined synergies
was lower in the high—level group than in the novice group (p<C0.05). Collectively, these
results suggested that high—level players rely more on lower—limb activation during force
production and recruit an additional synergy related to lower—limb extension, whereas novice
players rely more on upper—limb activation and exhibit a higher proportion of combined
synergies. Accordingly, training for novice players should emphasize coordination between
lower—limb extension and upper—limb force generation to improve force transfer efficiency and
shooting performance.

Key words: basketball shooting; muscle synergy; motor control; machine learning



