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ABSTRACT

Tendon elasticity is an important factor affecting muscle function and thus human movements. It has been reported that the
mechanical properties of tendon are adaptable to external loading condition. Based on the adaptability of muscle and tendon to
external loading conditions, one can assume that there might be an optimum ratio between muscle strength and tendon stiffness.
The present study aimed to investigate whether there is correlation between plantar flexor muscle strength and stiffness of the
achilles tendon (AT). Twenty two male subjects (age: 23.2+1.5 yrs, height: 175.5+6.2 cm, weight: 75.4+9.8 kg) performed max-
imum voluntary isometric plantarflexion on a custom-built dynamometer and muscle-tendon junction of the medial gastrocnemius
muscle was simultaneously monitored using a real-time ultrasound imaging machine. The averages of muscle force and tendon
stiffness were 366.38+£79.37 N, 35.34+10.42 N/mm, respectively. Significant positive correlation was observed between muscle
strength and tendon stiffness (r=0.8507), indicating that the muscle force is proportional to tendon stiffness. The results might have
been used in computational modeling and criterion of training progress level in the fields of training and rehabilitation
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Table 1. General characteristics of the subjects
Gender Age (yrs) Height (cm)
Man 23.2+1.5 175.546.2

(mean+tstandard deviation)

Weight (kg)
75.4+9.8
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Figure 1. Experimental setting to measure plantarflexor muscle
force and the achilles tendon elongation (left) and to
identify functional test (right)



Relationship between Muscle Strength and Tendon Stiffness of the Ankle Plantarflexors and Its functional Consequence 37

2.1 HEJH FHd SAIFY A

=2 53 A AA) A 2EE SR o8 Z=47)(
72k SBS-500L, CAS, Korea)lX 38d& o4
E ZFe e A8 ALRSle] 3L AEEIT)

o I

o

Fp = kxTQxMA™

F, : SA==32Y

koo WS BlEZo] Ak @A vlE, 18% (Fu-
kunaga, Roy, Shellock, Hodgson, & Edgerton,
1996)

70 : ¥4 EHE

MA: EEAEe] BHE
2004)

Zo], 0.0547 m (Maganaris,

22. -7 ZzPE olFA A

old#| 7o) A A=E 43| S8l A=A
Wl ol AYE 57 F/E R (LogicScan 128
EXT-1Z kit, TELEMED UAD, Lithuania) ¥ ZXgH
(LV7.5/60/96Z, Samsung Medison, Korea)S o]-&3lo] 2
AlZke 2 FR1sHTHFigure 2).

23. o ZH| =79 AE 4

ol e Are -4 wA e Wt SAFI
o] 7|2 AXBIAY 229 G S8 SAHFI2
go] =77 0d W 2 AP YAE Feket & =
AZFE2Ho] HY "o W YAE IS 9]
T Zgo] 09l HEE HulRl WA 145 she] Z

Medial
Gastrocnemius

Figure 2. Longitudinal ultrasound images of the medial gas-
trocnemius muscle-tendon junction at rest (top) and
MVC (bottom) and the displacement of the junction
from rest to MVC (d)
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Figure 3. Estimation of tendon stiffness from the muscle force-
tendon elongation curve
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Figure 4. Protocol for the measurement of ankle plantarflexion
force
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Figure 5. Relationship between muscle force and tendon stiffhess
(n=22)

Table 2. The values of measured moment through the present
experiment, estimated force with the moment value and
calculated the Achilles tendon stiffness

Moment (Nm) Force (N) Stiffness (N/mm)
111.1+24.1 366.4+79.4 35.3+10.4

(mean+tstandard deviation)
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Figure 6. Relationship between USEE and stiffness of tendon

(n=22)
Table 3. Measured elastic energy values during squat jump and
countermovement jump (N)
ECMJ—C ESJ—C ECMJ—E
373.9+67.8 287.7+36.9 78.9+26.8

(meantstandard deviation)
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Figure 8. Comparison with the results of preceding researches
(Kubo et al., 2002, 2004, 2010, 2011). The results of
present study is represented by square figure while
triangle figure means the results of the preceding
researches.
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