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Sport specificity and functional roles of bi-articular muscles
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The purpose of the present study was to examine the relationships between
the morphological characteristics and function of the specific sport athletes.
The results clearly showed the relationship between the morphological characteristics and muscle
activation with contraction behavior for sprint and endurance athletes which can influence the power
enhancement and movement efficiency. In addition, the muscle synergy analysis showed that
increasing rrunning speed and sport specificity forced the motor system to to produce less complex
and relatively longer basic activation patterns with functional movements and without dependence on
mono- and bi-articular joint muscles.
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Fig. 1 Distribution measurements of
hamstring muscle cross-sectional area
and their measurement places.

Left: The measurement places were decided
as follows. The DIS1 was the 5 cm proximal
point from adductor tuberosity of femur.
DIS2 point was the middle point of the
line through point of the ischial
tuberosity and the point of adductor
tuberosity of femur. The PRO1 point was
just below of the ischial tuberosity. The
PRO2 was the point of the proximal edge
of tendinous intersection in ST which was
identified by the longitudinal ultrasound
image of ST at the PRO 2 point inserted

Dash lines were measurement places of the traverse ultrasound
images. Right: Typical example of transverse ultrasound images of hamstring muscles

DIS2 and DIS1 to proximal PRO1 and PRO2 parts. ST: semitendinosus,

SM: semimembranosus, BFL: biceps femoris long head, BFS: biceps femoris short head.
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Figure 2. Measurement schema for Achilles tendon and patella tendon length and
cross-sectional area as well as length of shank.

Figure 3. Schema for the measured points of the
area and positions of nerve
electrical stimulation of the tibial nerves.

The measured three positions of nerve cross-
sectional area and electrical
tibial nerve: 100 mm proximal to the popliteal fossa fossa
(TNO), at the popliteal
proximal to the soleus muscle (TN2).
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(Table 1)

Table 1. Concordance (ICC) of muscle-tendon length between thetwins.
Achilletendonlength  Patellatendon GM fasticle

GM SOL length length
. MonoZYQOUStww.ls 0.98 0.97 097 001
with same sport experiences
Monozygous twins
with different sport experiences 0.95 0.74 0.96 0.83
2
Motor Motor
modules primitives
Running
2.8 m/
Weight @& 238 m/s
acceptance T
@& 56 m/s
6.9 m/s
Propulsion
8.3 m/s
9.5 m/s
Early
swing
Late
swing

Stance Swing

Figure 4. Muscle synergies for human running at various speeds.

Motor modules and motor primitives of the four fundamental synergies for human
submaximal and maximal running. The motor modules are presented in polar coordinates
on a normalized polar axis base. Each muscle contribution within one synergy can range
from 0 to 1 (maximum radius length). Asterisks represent significant effect of speed.
For the motor primitives, the x-axis full scale represents the averaged gait cycle
(with stance and swing normalized to the same number of points and divided by a vertical



line) and the y-axis the normalized amplitude.

Muscle abbreviations: MA: gluteus

maximus, FL: tensor fascia late, RF: rectus femoris, VM: vastus medialis, VL: vastus
lateralis, ST: semitendinosus, BF: biceps femoris, TA: tibialis anterior, PL: peroneus
longus, GM: gastrocnemius medialis, GL: gastrocnemius lateralis, SO: soleus muslces.
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Figure 5. Limb circumference, nerve conduction velocity, and nerve cross-sectional

area for the

lower limbs.

(A) The thigh and lower leg circumferences for the supporting and reacting legs are
shown, respectively. (B) The tibial nerve conduction velocity (NCV) of the thigh and
lower leg are shown for the supporting and reacting legs, respectively. (C) The tibial

nerve cross-sectional area (nCSA) of the thigh and

lower leg are shown for the

supporting and reacting legs. *, ¥ and n.s. indicate repeated Two-Way ANOVA analysis
showing the main effect of lateral dominance (preference), region and interaction. *
and T show significant differences between supporting and reacting legs and between
measured regions, respectively (*: p < 0.05, t+ t : p < 0.01, n.s.: not significant).

(Figure 5)
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