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Relationship Betwéen Morphological Characteristics
of the Achilles Tendon and Jump Performance
in Volleyball Players and Untrained Men

KATSUTA Shigeru, AKIMA Hiroshi*, KANBARA Natsuki®*
TAKAHASHI Hideyuki, ZUSHI Koji * * * and MIYAKOZAWA Tadao

The purpose of the present study was to determine morphological characteristics of
Achilles tendon in humans by using magnetic resonance imaging (MRI) and to investigate
the relationships between morphological characteristics of Achilles tendon and jump perform-
ance in volleyball players and untrained men. Seven male volleyball players (Group V) and
five healthy male volunteers (Group C) participated in the present study. Serial axial images
of the lower right leg were obtained to measure length, cross-sectional area (CSA), and
volume of Achilles tendon. All subjects performed squat jump, drop jump, and hopping and
jumping height and power were calculated for each jump. Although Achilles tendon CSA in
Group V were significantly greater than that of Group C, no differences were observed in
other morphological features (length, volume, length / muscle length of triceps surae, CSA /
body weight, and volume / body weight). Significant correlations were observed between ten-
don volume and squat jump height, drop jump height and drop jump power / body weight (r
=0.686 ; p<0.05 r=0.628 ; p<0.05, and r=0.603 ; p<0.05, respectively). These
results suggested that volleyball players have a larger Achilles tendon cross-sectional area
than untrained men, and that jump performance would be associated with tendon volume.
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Fig. 1 Sagittal (A) and axial (B) plane images
of right leg using magnetic resonance
imaging.
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Fig. 2 Schematic illustration of the m. triceps
surae and Achilles tendon in human.
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Table 1 Morphological characteristics of

Achilles tendon in volleyball players
and control. '

Volleyball players Control

) (n=7) (n=5)
Tenden length (cm) 6.6 5.6
(2.4) (1.5)
Tendon CSA (em?) 27.5% 21.4
(5.6) (1.6)
Tendon volume (em®) 1673 1194
(499) (316)
Tendon length/muscle length 0.19 0.19
(0.08) (0.06)
Tendon CSA/BW (cmz/kg) 0.31 0.32
(0.13) (0.04)
Tendon volume/BW (mm®/kg) 22.1 17.6
i (7.0) (4.4)

Values are means and SD. * : p<0.05. CSA: cross-sectional area,
BW: body weight. Muscle length represents the distance between the
most proximal and most distal MR images of the triceps surae which
are visible,
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Fig. 3 Jump height during ankle squat jump,
ankle drop jump, and hopping in vol-
leyball player and control.

© Control
@ o } ® Volleyball
] r=0.396, n.s. °
81 n=12 .
21 o 8
61 o °
5 )
o ©
47 o
34 o
2 -r T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10
Tendon length (cm)
® 9
- °
E 81 o
L 74 ° o
—
cg 6 1 . .
£ 5 °
= 4 ° o 1=0.283, n.s.
% 0 ) n=12 .
= 31 o '
= 2 , .
'é.'. 15 20 25 30 35 40
Tendon CSA (mm?
2@ 97 (mm?)
8-
. 7 “
61
51
4 1 =0.686, p<0.05
] n=12
3 °
2.

500 1000 1500 2000 2500
Tendon volume (mm3)

Fig.4 Relationships between the length (a),
mean cross-sectional area (b), and
volume {c) of the Achilles tendon and
jump height during ankle squat jump
(as]).
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Fig. 6 Relationships between the length (a),
mean - cross-sectional area (b), and
volume (c¢) of the Achilles tendon and
jump height during hopping (Hop).
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Fig. 7 Relationships between the length (a),
mean cross-sectional area (b), and
volume (c) of the Achilles tendon and
jump power per unit of body weight
during ankle drop jump (aDJ).
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Fig. 8 Relationships between the length (a),
mean cross-sectional area (b), and
volume (c) of the Achilles tendon and
jump power per unit of body weight
during hopping (Hop).
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