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Morphological Characteristics of the Achilles Tendon and Jump
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Performance in Female Athletes and Untrained Women

KATSUTA Shigeru, TAKAHASHI Hideyuki, NAKABAYASHI Machiko®,
INAKI Mitsuharu**, FUKUHARA Yuzo, MURAKI Yukito,
OGATA Mitsugi and NIITSU Mamoru***

The purpose of this study was to investigate the morphological differences in the
Achilles tendon and triceps surae muscle among jumpers (long and high jumpers; group
J) (n=86), volleyball players (group V) (n=6) and untrained volunteers (group C) (n=7)
and to determine the effects of the morphological characteristics on jump performance.
Magnetic resonance imaging was performed to measure the length and volume of the ten-
don and muscle. The subjects performed the ankle jump, ankle drop jump and hopping as
jump tests. In addition, the expired gas was collected during 30sec of hopping. Although
there was no differences in tendon length among the three groups, the ratio of the ten-
don volume to body weight was significantly higher in J than that in C (P<<0.01). ] and
V possessed the larger muscle length and volume than C (P<0.05). The jumping height
and power of all jump tests were higher in J and V than those in C (P<0.05). The jump
performance correlated with the muscle length and volume (P<C0.05), but not with those
of the tendon. During 30sec of hopping, J and V developed the larger work than C (P
<0.01). The ratio of the work to oxygen uptake tended to be higher in ] than those in
V and C, and correlated with the tendon volume (P<0.01). These results suggest that a
long-term training increases the volume of the Achilles tendon as well as the triceps surae
muscle, and that the developed tendon contributes to efficient continuous jumping.
Moreover, jumpers appear to utilize the elastic energy of tendon more efficient than
volleyball players and untrained women. :

Key words: Achilles tendon, Triceps surae muscle, Jump, Magnetic resonance imaging,
Athlete
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Fig.1 Sagittal (A) and axial (B-D) T,-weight images of the lower leg.’, soleus muscle; arrowhead,

Achilles tendon.
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Table 1 Comparison of physical characteristics and athletic career.in controls, jumpers and volleyball

players
Controls Jumpers Volleyball players
(n=6) " (n=6) (n=7)
Age (yrs.) 21.2+1.3 20.2+1.5 21.1+0.7
Height (cm) 169.5+4.7 170.3£ 3.6 168.1+2.2
Body weight (kg) 65.0£85 58.3+24 62450
Body fat (%) 31.6£5.2 246+18"" 258£25""
Lean body mass (kg) 441427 44.0+24 46.2+24
Lower limb length (cm) 85.5£3.3 87.5+38 86.4+2.1
Athletic career (yrs.) — 88+1.3 10.3+1.3

Values are means®SD. **P<0.01 vs. control.
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Table 2 Comparison of morphological characteristics of the Achilles tendon in controls, jumpers and

volleyball players

Controls Jumpers Volleyball players
(n=6) (n=6) (n=7)
Tendon length (cm) 183+25 20210 19.0+1.6
Tendon length/Height 0.1081+0.012 0.118+0.006 0.113%+0.010
Tendon length/ 0.21410.023 0.231£0.017 0.220£0.019
Lower limb length
Tendon volume (cm®) 13.3+3.1 155+1.3 15.1£35
Tendon volume/BW 0.204+0.030 0.267+£0.025"* 0.243+0.043

(em*/kg)

Values are means=®SD. **P<0.01 vs. control. BW, body weight.

Table 3 Comparison of morphological characteristics of the triceps surae muscle in controls,

jumpers and volleyball players

Controls Jumpers Volleyball players
(n=6) (n=6) =7
Muscle length (cm) 36.0+2.0 388+23" 37.9+2.0
Muscle length/Height 0.213+0.016 0.2284+0.010" 0.225£0.010
Muscle length/ 0.422+0.031 0.444£0.016 0.438+0.017
Lower limb length
Muscle cross-sectional area 34.6+26 400143 42.0+64"
(em®)
Muscle volume (cm®) 539.9+65.7 6454 +72.0" 659.84+101.1%
Muscle volume/BW 84+1.0 11.1+£1:2"" 106+12*"

(em®/kg)

Values are means=*SD. *P<0.05, **P<0.01 vs. control. BW, body weight.
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Fig.2 Relationships between the Achilles tendon volume and triceps surae muscle volume (A) and
between the ratio of tendon volume to body weight and ratio of triceps surae muscle volume

to body weight (B). There were significant correlation between them (r=0.564, P<0.05 and
r=0.513, P<0.05, respectively).

Table 4 Comparison of jumping height and jump power in controls, jumpers and volleyball players

Controls Jumpers Volleyball players
(n=6) (n=6) (n=7)
Jumping height (cm)
Al 69+3.3 13.1+6.9* 84427
ADJ 136428 22.7+35* 239476
HOP 115+39 23.9+6.4"" 250+87""
Jumping power (W/kg)
ADJ/BW 0.7240.19 1.43+0.33** 1.62+0.50™*
HOP/BW 0.68+0.32 1.47+£0.43** 148+051"*

Values are means®SD. “P<0.05, **P<0.01 vs. control. AJ, ankle jump;

AD], ankle drop jump; HOP, hopping; BW, body weight.
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Fig.3 Comparison of calculated work (top), oxygen intake and the ratio of calculated work to
oxygen intake during 30sec hopping among controls, jumpers and volleyball players. Jumpers
and volleyball players showed the larger work than that of controls. Although no significant
difference was found in oxygen intake and work/oxygen intake among the three groups,
jumpers tended to have the larger value of work/oxygen intake. *P<0.05, **P<0.01
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Table 5 Correlation coefficient between the morphological characteristics of the Achilles tendon and
triceps surae muscle and jump performance

Jumping height

Jumping power

A] AD] HOP AD] HOP
Tendon length 0.28 —0.01 —0.14 —0.01 —0.15
Tendon length/Height 0.22 —0.03 —0.17 —0.04 —0.16
Tendon length/ 0.09 —0.14 —0.31 —0.18 —0.28
Lower limb length
Tendon volume 0.15 0.10 0.04 0.11 —0.04
Tendon volume/BW 0.27 0.23 0.19 0.24 0.17
Muscle length 051* 0.75"" 0.73*" 0.79"™ 0.74™*
Muscle length/Height 0.38 0.71%* 071" 0.75"* 0.75**
Muscle length/ 0.21 0.60"* 0.55" 0.60"" 0.63""
Lower limb length
* Muscle CSA —0.04 0.18 0.27 0.27 0.24
Muscle volume -0.18 0.41 047" 051" 042
Muscle volume/BW 0.30 051" 0.58"" 0.59** 0.60*"

*P<0.05, **P<0.01 AJ, ankle jump; ADJ, ankle drop lump; HOP, hopping;

BW, body weight; CSA, cross- sectional area.
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Table 6 Correlation coefficient between the morphological characteristics of the Achilles tendon and
triceps surae muscle and oxygen intake and calculated work during 30sec hopping

Oxygen Calculated Calculated work/
intake work Oxygen intake
Tendon length ] —0.16 0.05 0.24
Tendon length/Height —0.14 —0.03 0.17
Tendon length/ —0.23 —0.17 0.11
Lower limb length
Tendon volume —0.33 0.31 0.70**
Tendon volume/BW —0.23 0.33 0.61**
Muscle length 0.33 0.62** 0.12
Muscle length/Height 0.37 0.50" 0.01
Muscle length/ 0.25 0.30 —0.10
Lower limb length
Muscle CSA —0.05 0.33 042
Muscle volume 0.10 0.56" 0.45
Muscle volume/BW 0.25 047" 0.20
*P<0.05 **P<0.01, BW, body weight; CSA, cross-sectional area.
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