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Abstract.  [Purpose] This study investigated the effects of position and force of calf compression with
graded ankle plantar flexion on central aponeurosis displacement.  [Subjects] Ten healthy adult men
participated in this study.  [Methods] The subjects were placed in the prone position with knee and ankle
joint angles of 0° and asked to perform graded isometric plantar flexion at 0, 5, 10 or 15 kg.  The position
of compression was either proximal or distal to the maximum circumference of the calf.  Force of
compression was set at 0, 50, 100 or 150 mmHg.  Under these conditions, displacement of the central
aponeurosis of the gastrocnemius lateralis, soleus and triceps surae-Achilles tendon junction was measured
by ultrasonography.  [Results] With isometric contraction, central aponeurosis displacement of the
gastrocnemius lateralis and soleus with 100 or 150 mmHg of distal compression was significantly lower
than at 0 mmHg of distal compression.  However, with proximal compression, central aponeurosis
displacement with isometric contraction did not change in relation to the compression force.  [Conclusion]
This study showed that even when the level of compression remains unchanged, compression achieves
different effects depending on the position of compression.
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INTRODUCTION

Delayed onset muscle soreness and swelling
occurring after vigorous exercise induce conditions
such as restricted joint mobili ty,  lowering
competitive performance1), and the ability to
perform activities of daily living.  In physical
therapy, applying a proper level of compression
using stockings or elastic bandages to the affected
areas can occasionally improve such symptoms.
Previous studies have documented that compression
improves symptoms by reducing swelling2,3),
increasing venous flow rate4), increasing the level of

oxygenated haemoglobin5), and decreasing lactic
acid levels6).  Compression forces used in these
studies were low, at 5.2–15.4 mmHg2,3), 2–30
mmHg4), 5–24.1 mmHg5) and 12.75–33 mmHg6),
and compression facilitated peripheral circulation in
the legs and improved poor circulation following
vigorous exercise.

Knee orthoses and taping techniques are
commonly used for  t rauma-induced motor
d ys f u nc t i o n ,  t o  r e d uc e  t h e  l o a d  o n  t h e
musculoskeletal system in the affected area7–9).
Compression forces in these procedures have been
estimated as 50 mmHg7), which is much greater
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than those generated by the use of stockings or
elastic bandages.  Additionally, compression using
a knee orthosis or taping not only reduces external
load on the musculoskeletal system, but also
improves neuromuscular control7), stimulates
proprioception8) and increases muscle recruitment9)

to instantly improve muscle force.  Thus, there are
various effects produced by using different
apparatus, each of which has different levels of
compression force.  However, many issues remain
unknown in terms of the effects and mechanisms of
action of relatively high levels of compression
created by knee orthoses and taping on muscles.
There are two reasons for this: compression force is
not graded, and it is not possible to identify which
degree of compression will bring about changes in
muscle force; and as the width and placement of
orthoses has varied between studies, it has not been
possible to determine which aspect of the above-
mentioned mechanisms improved muscle force.

To clarify which of these mechanisms is effective
for compression in vivo, the present study
ascertained the effects of force and position of calf
compression with respect to isometric ankle plantar
contraction using ultrasonography(US) to measure

the displacement of the central aponeurosis of the
soleus, gastrocnemius lateralis, and triceps surae-
Achilles tendon junction.

SUBJECTS  AND  METHODS

The subjects were 10 healthy male volunteers
(mean (standard deviation) age, 24.6 (5.3) years;
height, 170.6 (4.3) cm; weight 63.3 (11.9) kg) who
participated in this study only after providing their
written informed consent.  The study was conducted
in accordance with the Declaration of Helsinki and
all protocols were approved by the ethics committee
of Tokyo Metropolitan University (No.  05084).

M e a s u r e m e n t s  w e r e  m a d e  a t  t h e  r i g h t
gastrocnemius lateralis, soleus and triceps surae-
Achilles tendon junction, and subjects did not have
a history of orthopaedic disorders in these areas or
the right ankle.  During testing, subjects were
placed in the prone position with the knee in full
extension and the ankle in a neutral position.
Isometric plantar flexion was achieved using
chains, a wire (diameter, 2 mm) and a narrow belt
(non-stretching; diameter, 24 mm).  The belt was
placed under the bed along a line connecting the

Fig. 1. Measurement set-up.
Schematic diagram of the testing equipment with a subject positioned prone on the device with femoral and
lower trunk regions securely strapped to the bed. Subjects lay prone with the knee extended and the ankle at
90°. To determine ankle plantar flexion force, a tension meter was attached between the narrow belt and the
steel frame by way of chain under the bed.
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centre of the ball of the big toe and the centre of the
ball of the little toe to achieve isometric plantar
flexion.  To prevent the measurement sites from
moving, the trunk and thigh were immobilised using
belts (non-stretching; width, 250 mm) (Fig. 1).
Plantar flexion was set at the following four grades:
0 kg (rest); 5 kg; 10 kg; and 15 kg.  A tension meter
(weight, 360 g; Yagami Co Ltd, Japan) was used to
verify the desired levels of contraction.  Based on
the study by Kawakami et al.10), subjects were
instructed to maintain each level of isometric
plantar flexion for 2–4 s.  The order of plantar
flexion was as follows: 5 kg; 10 kg; and 15 kg.  For
compression, a cuff (Welchallyn, New York, USA)
and a sphygmomanometer (Yamasu Co Ltd, Japan)
were used.  As to the position of compression, the
centre of the width of the cuff (10 cm) was placed
either 2 cm proximal or 2 cm distal to the maximum
ci rcumference  o f  the  r igh t  ca l f  (F ig .  1 ) .
Compression force was set at the following four
levels: 0 mmHg; 50 mmHg; 100 mmHg; and 150
mmHg.  The compression force was confirmed
before each test.  Each level of compression force
was applied for no more than 15 s, and subjects
were  g iven  enough  t ime  to  r e s t  be tween
measurements.  Distal compression was applied
first, followed by proximal compression.  The order
of the compression force was randomised.

 Measurement of the aponeurosis and triceps
surae-Achilles tendon junction displacement is
possible by US in vivo.  Ever since Griffiths used
US to observe the skeletal muscles in vivo11), this
technique has been widely performed to assess
muscle shape during muscle contraction12–14).
Studies have reported that US can measure
displacement of the central aponeurosis and
myotendinous junction15–17).  Displacement of the
central aponeurosis and triceps surae-Achilles
tendon junction also correlate proportionally to
i s o m e t r i c  c o n t r a c t i o n 1 8 , 1 9 )  w i t h  h i g h
reproducibility 18,20).

Th e  f o l lo w i n g  i t e m s  w e r e  m e a s u r e d
s imu l t aneous l y  u s ing  two  US  mach ines :
displacement of the central aponeurosis of the
gastrocnemius lateralis (GL-apo); displacement of
the central aponeurosis of the soleus (SO-apo); and
displacement of the triceps surae-Achilles tendon
junction (musculotendinous junction (MTJ)).  A GE
LOGIQ400MD (B-mode, 11 MHz) was used to
measure GL-apo and SO-apo, and an ALOKA Echo
Camera SSD358 (B-mode, 3.5 MHz) was used to

measure MTJ.  Prior to the study, the US (GE
LOGIQ400MD) location of gastrocnemius lateralis
was marked on the skin.  Measurements were made
while always ensuring that the position of the probe
was unchanged in relation to the skin mark.  The
probe was placed as gently as possible to obtain
scans using gel, and was not forcibly pressed
against  the skin.   In studies conducted by
Muramatsu et al.18) and Kuno et al.20), aponeurosis
d isp lacement  was  measured  based  on  the
displacement of contact points between the
aponeurosis and fascicles as measured by US.  In
the present study, the central aponeurosis and
fascicles of the soleus and gastrocnemius lateralis
were first confirmed.  Next, of the various points of
contact between the aponeurosis and fascicles, the
points with sufficient luminance were used to
measure GL-apo displacement (contact points
between the central aponeurosis and fascicles of
gastrocnemius lateralis) and SO-apo displacement
(contact points between central aponeurosis and
fascicles of soleus).  According to studies by
Muramatsu et al.18), MTJ was defined as the contact
point between the distal area of gastrocnemius
lateralis and the insertion of the Achilles tendon as
measured by US.  Muscle contraction causes GL-
a p o ,  S O - a p o  a n d  M T J  t o  s h i f t  l e f t ,  a n d
displacements to the left and right were thus given
plus and minus values, respectively (Tables 1, 2, 3).
All ultrasonographic scans during measurement
were recorded on S-VHS tape and replayed.  Using
the track ball and displacement measurement mode
of the US, three measurements were made, and the
average of these three measurements was analysed.

Two-way ANOVA was performed to analyse
differences in measurements in relation to
compression force at rest (0 kg of isometric
contraction), then a multiple comparison test (LSD
method) and paired t-test were used.  One-way
ANOVA was also performed for each isometric
contraction force (5, 10 and 15 kg), then the
multiple comparison test (LSD method) was
conducted.  All statistical analysis was performed
using SPSS (SPSS Inc., Chicago, USA) for
Windows version 12 and significance was chosen as
p<0.05.

RESULTS

For changes in GL-apo, SO-apo and MTJ due to
proximal compression force with 0 kg of isometric
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contraction (rest), two-way ANOVA showed
significant differences, and a significant main effect
was noted in intra-subject variations in relation to
compression force.  A multiple comparison test on
G L - a p o  a n d  S O - a p o  s h o w e d  s i g n i f i c a n t
displacements in distal direction between 0 and 50
mmHg and between 50 and 150 mmHg.  A paired t-
test on compression force showed a significant
difference in GL-apo and SO-apo between 0 and
150 mmHg and in MTJ and GL-apo and SO-apo
between 0 and 50 mmHg, between 0 and 100
mmHg and between 0 and 150 mmHg.  Multiple
comparisons revealed no significant displacement
in MTJ in relation to compression force (Table 1a).
In terms of changes in GL-apo, SO-apo and MTJ
due to distal compression force with 0 kg of
isometric contraction (rest), two-way ANOVA
confirmed significant differences, and a significant
main effect was documented in intra-subject
variations in relation to compression force.  A
multiple comparison test showed significant distal
displacement in GL-apo and SO-apo between 0 and
50 mmHg, between 0 and 100 mmHg, between 0
and 150 mmHg, between 50 and 100 mmHg and
between 100 and 150 mmHg.  A paired t-test of
compression force showed significant differences in
MTJ in relation to GL-apo or SO-apo between 0 and
50 mmHg, between 0 and 100 mmHg and between
0 and 150 mmHg.  Multiple comparisons revealed

no significant displacement in MTJ in relation to
compression force (Table 1b).

With regard to changes in GL-apo with isometric
contraction in relation to compression position and
force, one-way ANOVA on isometric contraction
showed no significant difference with proximal
compression (Table 2a).  However, with distal
compression, multiple comparison testing showed
t h a t  c o m p a re d  t o  0  m m H g ,  G L - a p o  w as
significantly decreased by 100 and 150 mmHg at all
levels of isometric contraction (5, 10 and 15 kg)
(Table 2b).

For changes in SO-apo with isometric contraction
in relation to compression position and force, one-
way ANOVA on isometric contraction showed no
significant difference with proximal compression
(Table 3a).  However, with distal compression,
multiple comparison testing showed that SO-apo
was significantly lower at 50 mmHg of compression
than at 100 or 150 mmHg of compression with 15
kg of isometric contraction.  With 100 or 150
mmHg of compression, SO-apo was significantly
lower at all levels of isometric contraction (5, 10
and 15 kg) (Table 3b).

As far as changes in MTJ in relation to compression
position and force with isometric contraction were
concerned,  one-way ANOVA on isometric
contraction showed no significant difference induced
by proximal or distal compression.

Table 1. Displacement of central aponeurosis (GL-apo,SO-apo) and
myotendinous junction(MTJ) by compression at rest

(a) Proximal Compression n=10

Compression Force (mmHg)
0→50 0→100 0→150

GL-apo –2.5(1.6) –4.1(2.4) –4.9(2.9)

SO-apo –3.1(1.7) –5.2(2.2) –6.3(2.5)
MTJ –0.1(0.3) –0.3(0.7) –0.3(0.7)

(b) Distal Compression

Compression Force (mmHg)
0→50 0→100 0→150

GL-apo 4.1(1.9) 7.7(3.7) 9.6(4.5)

SO-apo 3.7(1.5) 6.8(2.7) 8.9(3.6)
MTJ 1.1(1.8) 1.8(3.3) 2.1(3.7)

Values are mean (SD) [mm].

*

*
*

*
*

*
*

*

*

** *

** *

*
*

*
*

*
*
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DISCUSSION

The present results show that GL-apo and SO-apo
with distal isometric contraction (5, 10 and 15 kg) at
100 or 150 mmHg of compression force were
s ign i f i can t ly  smal l e r  t han  those  wi thou t
compression (0 mmHg) (Tables 2b, 3b).  This was
because distal compression with 0 kg of isometric

contraction displaced GL-apo and SO-apo in the
proximal direction (Table 1b), matching the
direction of GL-apo and SO-apo displacement with
isometric contraction.  In other words, isometric
contraction and compression worked cooperatively
for GL-apo and SO-apo displacement at all levels of
isometric contraction.  Compression significantly
reduced the load (force × distance) at all levels of

Table 2. Displacement of GL central aponeurosis by compression during
graded isometric contraction

(a) Proximal Compression n=10

Muscle Force (Kg) Compression Force (mmHg)
0 50 100 150

5 24.3 (5.2) 22.9 (5.4) 22.9 (5.1) 23.3 (5.5)
10 27.5 (5.2) 25.4 (4.8) 25.9 (5.0) 26.0 (5.4)
15 28.3 (4.6) 29.6 (4.7) 26.5 (3.9) 27.6 (3.2)

(b) Distal Compression

Muscle Force (Kg) Compression Force (mmHg)
0 50 100 150

5 24.3 (5.2) 22.3 (4.2) 19.6 (3.9) 18.9 (3.3)

10 27.5 (5.2) 23.6 (4.0) 21.5 (3.1) 20.1 (3.4)

15 28.3 (4.6) 23.4 (4.0) 22.8 (3.6) 20.8 (2.8)

Values are mean (SD) [mm].

*

*

*

*

*

*

Table 3. Displacement of SO central aponeurosis by compression during graded
isometric contraction

(a) Proximal Compression n=10

Muscle Force (Kg) Compression Force (mmHg)
0 50 100 150

5 20.8 (5.7) 20.8 (6.4) 22.0 (6.1) 20.7 (4.5)
10 23.7 (6.6) 23.7 (6.6) 22.6 (6.4) 23.1 (4.0)
15 22.9 (4.6) 25.3 (6.1) 23.1 (5.2) 24.0 (2.9)

(b) Distal Compression

Muscle Force (Kg) Compression Force (mmHg)
    0     50   100    150

5 20.8 (5.7) 16.8 (4.4) 15.1 (2.8) 14.1 (3.9)

10 23.7 (6.6) 16.6 (5.5) 14.8 (2.6) 15.5 (4.5)

15 22.9 (4.6) 18.0 (3.4) 15.9 (3.6) 15.8 (3.6)

Values are mean (SD) [mm].

*

*

*

*

*

***
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isometric contraction.  The present results also
showed that even with more than 100 mmHg of
compression, proximal compression did not result
in any significant changes to GL-apo or SO-apo at
all levels of isometric contraction.

Past studies have reported that compression
increases muscle force by improving neuromuscular
control7), improving proprioception8) and increasing
recruitment9).  However, none of those studies
directly examined these mechanisms, and only
suggested their involvement in improving muscle
force.

Miyamoto et al.21) reported that increased
intramuscular pressure improved stiffness of the
trunk.  Intramuscular pressure has been quantified
by inserting a pressure gauge between muscle fibres
and measuring hydrostatic pressure inside muscles
with or without muscle contraction.  Studies have
documented that intramuscular pressure with
maximum torque was 75–100 mmHg for the biceps
brachii22), about 200 mmHg for the tibialis anterior
and soleus23), and 479 mmHg for the quadriceps
femoris24).  Intramuscular pressure is proportional
to isometric muscle force24,25), and some studies
have suggested that increased intramuscular
pressure improves muscle force25).  However, the
suggestion that increased intramuscular pressure
improves muscle force does not appear rational.
This is because the distribution of intramuscular
pressure over the entire muscle tissue is not even,
being high at the tendon at both ends compared to
the central region26).  In other words, an increase in
overall intramuscular pressure cannot be concluded
t o  i m p r o v e  m u s c l e  f o r c e .   F u r t h e r m o r e ,
intramuscular pressure reportedly increases to curve
muscle fibres as muscle force improves24,26), but
intramuscular pressure resulting in such curvature
can also be deduced to work to prevent muscle
fibre-shortening during muscle contraction.

Our results indicate that the central aponeurosis
displacement was different at the same compression
force when the compression position was different.
Thus, we conclude that not only force but also the
site of compression is very important for reducing
the load at all levels of isometric contraction by
working contraction force and compression force
cooperatively.

When applying the results of the present study to
clinical settings, because individual differences may
exist in relationships between compression force
and central aponeurosis displacement, the proper

level of compression must be ascertained by US for
each patient.  In addition, since compression is
applied to move the central aponeurosis in the
direction of muscle contraction, therapists must
identify the target muscles, and understand the
shape of each muscle and the direction of central
aponeurosis displacement due to contraction.
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