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The Effect of Concentric and Eccentric Exercise on Muscle Hardness
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Objective: The purpose of this study was to investigate the effect of different contraction types on muscle structures, functions
and muscle hardness.
Materials: 6 healthy males (age: 22.8 = 1.5 years, height: 176.1 = 4.0 cm, weight: 72.3 = 11.0 kg) participated in this study.
Methods: Subjects performed concentric contraction (CC) exercise of elbow flexor with one arm, and eccentric contraction (EC)
exercise of elbow flexor with the other arm with the same total work. Muscle hardness of the biceps brachii measured by strain
ratio, elbow joint angle, and maximal voluntary contraction (MVC) torque of elbow flexors were measured before (PRE), 1 hour
(1H), 3 hours (3H) and 24 hours (24H) after the exercise protocol. Muscle soreness was measured at 1H, 3H, and 24H time points.
Results: A significant interactions (time X type) was found in MVC torque (p<0.01), elbow joint angle (p<0.01), and muscle
thickness (p=0.013). Strain ratio, MVC torque significantly decreased at 1H, 3H, and 24H compared to PRE after the EC exercise
(p<0.05). Main effect in time was detected in Strain ratio (p=0.046) and upper arm circumference (p=0.044). Main effect in
contraction type was detected in muscle soreness (p <0.01) with the greater level after the EC exercise. Elbow joint angle
significantly increased at 1H, 3H, and 24H (p<0.05) compared to PRE after the EC exercise, and at 1H, 3H compared to PRE
after the CC exercise (p<0.05). Upper arm circumference significantly increased at 1H compared to PRE after the CC exercise
(p<0.05).
Conclusions: The disruption of muscle function is greater and longer lasting after the eccentric contraction exercise than the
concentric contraction exercise, and the muscle hardness only increased after the eccentric exercise when the exercises are
performed with the same total work. The mechanisms of functional disruption following exercises and its effect on the muscle
hardness may different according to the type of muscle contraction.
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after prolonged concentric or isometric contractions

Introduction .
due to muscle fatigue from shortage of fuel,

It is well known that muscle functions are impaired transport of substances within muscles,
-13)

. . . . . 10
disrupted after muscle contraction exercises. Unac- and accumulation of metabolites'” ™, nervous

customed eccentric exercise induces muscle dam-
age from high mechanical tension”, which causes
structural changes of muscle, increased creatine
kinase, muscle soreness, and functional changes
such as decreased muscle strength and joint range
of motion (ROM), which could last for four to five
days?™. These muscle functions are also disrupted

fatigue or small muscle damage. This disrupted
muscle functions recover within 60-120 minutes,
which is faster than the recovery period for
unaccustomed eccentric contractions®.

Another change that occurs to muscles after
muscle contractions is muscle hardness. Muscle

hardness is a mechanical property of the muscle
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defined as the resistance offered by the muscle
against perpendicular pressure. This is different
from muscle stiffness which is the ratio of change in
force to change in length along the muscle’s
longitudinal axis W even though these two mechani-
cal properties are related.

Researches show that muscle hardness changes
after different types of muscle contraction exer-
cises, such as eccentric contractions and submaxi-
mal isometric contractions” ™. Murayama et
al.” ' explained that exercise-induced changes of
muscle hardness are associated with mechanical
pressure from connective tissues surrounding the
muscle and increased intramuscular pressure from
oedema. There are studies investigating the degree
of muscle fatigue from the change of muscle
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VD). however, the changes of muscle

hardness
fatigue and muscle hardness after different contrac-
tion types are not necessarily consistent.

Although it is well known that muscle hardness
changes after a single type of muscle contraction
exercise, any study compared muscle hardness
changes after exercises with various types of
muscle contraction. To reveal the effects of exercise
on muscle hardness, it is necessary to clarify the
effects of different muscle contraction types on
muscle hardness. Also, it is necessary to compare
the changes of muscle structural/functional
changes and the change of muscle hardness to see if
there are any relationship between these parame-
ters. The purpose of this study was to investigate
the effect of different contraction types on muscle
structures, functions and muscle hardness. We
hypothesized that muscle hardness and joint ROM
limitation would increase, and muscle strength
would decrease after eccentric and concentric
contraction exercises, with greater and longer
lasting changes after eccentric exercise.

Materials and Methods

1. Participants

Six healthy young men (age: 22.8 = 1.5 years,
height: 176.1 = 4.0 cm, weight: 72.3 = 11.0 kg)
who only participate in recreational activity and do
not regularly train or exercise participated in this
study. Subjects were excluded if they have any
upper extremity injuries or muscle soreness due to
previous training or any kind of physical activities.
The subjects were asked and reminded to refrain

from unaccustomed exercise and any treatments of
the exercised muscle (e.g. massage, stretching,
icing) during the study. The subjects were
informed regarding the nature, purposes, and
possible risks associated with the experimental
procedure, and consent was obtained from all
participants. The study was conducted in accord-
ance with the 1964 Declaration of Helsinki and was
approved by the Ethical Committee of Juntendo
University (approved #27-3).

2. Procedure

All subjects performed eccentric elbow joint
exercise with a randomly assigned arm (EC), and
concentric elbow joint exercise with the other arm
(CC). BIODEX system 3 (BIODEX medical, Shir-
ley, NY, USA) isokinetic dynamometer was used
for the exercise protocol. Subjects maintained a
seated position on a chair (Figure-1). Subjects
executed eccentric and concentric exercises from
5° to 125° elbow joint (full extension=0°) at
60 deg/sec. The eccentric exercise consisted of five
sets of six maximal eccentric contractions of the
elbow flexors with 120 second rests between sets,
uniform with the precedence research® . The
resistance setting was set at 555 N-m which is the
maximum resistance setting of the machine. The
total eccentric exercise work (J) was recorded and
divided by 5 to determine the target work of the

Figure-1 BIODEX setting
MVC torque measurement, EC and CC exercises were performed
with BIODEX system 3 isokinetic dynamometer. Subjects’
shoulders and pelvis were properly secured by straps, while in a
seated position. MVC torque was measured at 90° of elbow joint
(full extension =0°). Both EC and CC exercises were executed
from 5° to 125° elbow joint at 60 deg/sec.
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concentric exercise. The concentric exercise con-
sisted of five sets of maximal concentric contractions
of the elbow flexors with 120 second rests between
sets. Instead of fixing the number of repetitions,
subjects executed concentric contractions until
they achieved the targeted work in each set,
determined from the eccentric exercise. The mean
total works in this study were 2,291.1 £ 619.3 J in
the EC arm and 2,282.7 = 632.2 ] in the CC arm
without a significant difference between the con-
traction types (p=0.880).

Dependent variables consisted of Strain ratio
measurements of the long head of the biceps
brachii, maximal voluntary contraction (MVC)
torque of the elbow flexors, elbow joint angle,
soreness of the elbow flexors, thickness of the
biceps brachii, and the upper arm circumference.

Measurement time points were: before (PRE),
1 hour (1H), 3 hours (3H), and 24 hours (24H)
after the exercise protocol. Strain ratio, MVC
torque, thickness of the biceps brachii, the upper
arm circumference, and elbow joint angle were
measured at PRE, 1H, 3H, and 24H. Muscle soreness
was measured at 1H, 3H, and 24H. Muscle hardness,
muscle thickness and the upper arm circumference
are measured at 50% on the line between the
acromion process and the radial tuberosity the with

Str.Ratio
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subjects relaxed in supine position, 30° abducted

shoulder joint, and 20° flexed elbow joint'?.

1) Muscle hardness

Real-time tissue elastography application loaded
on Noblus (Hitachi Aloka Medical Ltd., Mitaka,
Tokyo, Japan) diagnostic ultrasound imaging
system was used to measure Strain ratio of the long
head of the biceps brachii. In this method, Strain of a
targeted tissue created from pressure applied by a
probe is detected. The application then calculates
the Strain ratio of the targeted tissue and an
acoustic coupler, which has definite hardness,
installed on the probe. Strain ratio of the targeted
tissue can be measured semi-quantitatively by
using an acoustic coupler. In this study, the Strain of
the targeted tissue (B) was divided by the Strain of
the acoustic coupler (A), and the resulted value
(B/A) was used as Strain ratio (Figure-2).
Consequently, the smaller the Strain ratio, the
harder the targeted tissue. The Strain ratio was
measured at the muscle belly of the long head of the
biceps brachii. The probe was positioned longitudi-
nally at 50% on the line between the acromion
process and the radial tuberosity, and it was
ensured that a clear line of humerus bone was
depicted behind the muscle belly on B-mode image.

0.68 % BIA
BG:26 DR:65

T:13-4MHz HdTHI-R

Figure-2 Real-time tissue elastography
In a B-mode image of biceps brachii in longitudinal direction, the area labeled (A) is an acoustic coupler and the area labeled (B) is a targeted

tissue. SR is shown as B/A on bottom right of the image.
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We took three measurements, and the average
value was used for statistical analysis. The average
intrarater coefficient of variation of all measure-
ments was 11.8%.

2) Maximal voluntary contraction torque

MVC torque was measured by the BIODEX
system 3 (BIODEX medical, Shirley, NY, USA)
isokinetic dynamometer. Subjects performed three
sets of five-second maximal isometric voluntary
elbow flexion at the elbow angle of 90° (1-minute
rest between sets). Subjects were vigorously
encouraged to produce the greatest torque during
each contraction. The average peak torque (N-m)
of the three trials was used for statistical analysis.

3) Elbow joint angle

Elbow joint angle was measured by a goniometer
in 1°-scale following the measurement method
recommended by the Japanese Orthopaedic Associ-
ation. During the measurement, subjects stood and
relaxed at the anatomical position”. The examiner
put one arm of the goniometer along the long axis of
the humerus, and the other arm along the long axis
of the radius (Figure-3). The measurement was
used to evaluate the limitation of elbow extension.

Figure-3 Measurement of elbow joint angle
Elbow joint angle was measured by a goniometer in 1°-scale
following the measurement method recommended by the
Japanese Orthopaedic Association. During the measurement,
subjects stood and relaxed at the anatomical position. The
examiner put one arm of the goniometer along the long axis of the
humerus, and the other arm along the long axis of the radius.

4) Muscle soreness

Visual analog scale (VAS) with 100 mm straight
line was used to evaluate the muscle soreness of the
elbow flexors after each exercise. Subjects eval-
uated the subjective soreness by marking on the
VAS with Omm as “no pain” and 100 mm as
“intolerable pain” while subjects performing elbow
joint and extension several times with standing.
The examiner measured the marked position in
1 mm increments and used the results as the
evaluation of muscle soreness.

5) Muscle thickness

Muscle thickness of the biceps brachii was
measured by the ultrasound imaging system at the
same site of muscle hardness measurement
whereas the muscle thickness was measured
without any pressure on the muscle. Three B-mode
images of the biceps brachii was saved, and the
distance between the bone where the brachialis
origins and the border of muscle and fat was
measured from each image (Figure-4). The
average distance of the three measurements was
used for statistical analysis.

6) Upper arm circumference
The upper arm circumference was also measured
using a Gulik tape measure while the subject was

e ———————————————
R [ o | 1y e 3 S——

IEE— L e

Biceps Brachii

— —
e

—

Brachialis

Humerus Bone

Figure-4 Measurement of muscle thickness on B-mode
image

The distance between the bone surface (A) where the brachialis

origins and the border of muscle and fat layer (B) was measured

as the muscle thickness of the biceps brachii.
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relaxing. The perimeter distance of the upper arm
perpendicular to the long axis of the humerus was
measured.

3. Statistical Analysis

A t-test was used to compare the baseline (PRE)
measurement values between the EC and CC arms
to see if there was any difference in the baseline
values between the arms. A two-way analysis of
variance (ANOVA) for repeated measurements
[time (PRE, 1H, 3H, 24H) X type (eccentric,
concentric)] was used to assess the change in all
measurement variables. When the sphericity
assumption in repeated measures ANOVA was
violated by Mauchly's test, a Greenhouse-Geisser
correlation was used. When differences were
observed, Dunnett's post-hoc test was conducted
for comparison of the measurement time—points. All
statistical procedures were completed using the
statistical package for Social Science (IBM SPSS,
version 22.0; IBM Corp. Armonk, NY, USA).
Statistical significance was set at p <0.05. Values
are reported as mean * standard deviation (SD).

Results

The baseline (PRE) measurement values of
dependent variables except for muscle soreness are
summarized in Table-1. There was no significant
difference detected in the baseline values between
the EC and EC arms.

A two-way ANOVA for repeated measurements
revealed significant interactions (time X type) in
MVC torque (p<0.01), elbow joint angle (p<0.01),
and muscle thickness (p=0.013) (Figure-5B, C, F).
Main effect in time was detected in Strain ratio (p=
0.046) and upper arm circumference (p=0.044)

Table-1 Baseline measurement values of Strain ratio,
MVC torque, elbow joint angle, upper arm cir-
cumference, and muscle thickness of the EC and
CC arms

EC CcC
7.4+5.4 7.8%4.9
68.6+3.4 70.3+12.8
7.8+6.5 9.8%x7.3
33.2%x4.0 32.9+4.8
21.8+3.7 271.6+3.7

Strain Ratio

MVC torque (N-m)

Elbow joint angle

Upper arm circumference (mm)

Muscle thickness (mm)

The mean + SD of the measument variables are shown.
EC: Eccentric Contraction; CC: Concentric Contraction

(Figure-5A, E). Main effect in contraction type was
detected in muscle soreness (p <0.01) (Figure-
5D).

From the post hoc test, Strain ratio significantly
decreased at 1H (3.3 +1.5, p=0.015), 3H (3.2 =
1.5, p=0.012), and 24H (3.5 1.9, p=0.02) com-
pared to PRE (7.4 = 5.4) after the EC exercise, but
there was no significant change after the CC exer-
cise (PRE: 7.8 4.9, 1H: 6.3 +5.2, 3H: 6.7 + 3.5,
24H: 6.9 = 3.9). MVC torque significantly decreased
at 1H (33.6 £ 14.4 N'm, p<0.01), 3H (32.9 =
2.9N'm, p<0.01), and 24H (38.1 = 4.2 N-m,
p<0.01) compared to PRE (68.6 = 3.4 N-m) after
the EC exercise, and at 1H (61.2 £ 10.7 N'm, p=
0.029), 3H (60.7 £11.9 N'm, p=0.022) compared
to PRE (70.3 = 12.8 N-m) after the CC exercise.
Elbow joint angle significantly increased at 1H (28.0
+6.5°,p<0.01), 3H (32.7 £11.1°, p<0.01), and
24H (29.0 =5.9°, p<0.01) compared to PRE (7.8
+ 6.5°) after the EC exercise, and at 1H (14.7 =
6.1°, p=0.025), 3H (14.7 = 4.7°, p=0.025) com-
pared to PRE (9.8 = 7.3°) after the CC exercise.
There was no significant time course change in
muscle soreness neither after the EC and CC
exercises. Upper arm circumference significantly
increased at 1H (33.3 £ 4.5 mm, p=0.034) com-
pared to PRE (32.9 = 4.8 mm) after the CC
exercise.

Discussion

The present study compared the effect of EC and
CC exercises on muscle functions and structures
and their time course changes. The hypothesis was
that muscle structures and functions would be
disrupted after eccentric and concentric exercises
accompanied with the increase of muscle hardness,
with greater and longer lasting changes after
eccentric exercise. The decrease in MVC torque
and joint ROM was greater and longer lasting
accompanied with increased muscle hardness after
the EC exercise, and the level of muscle soreness
was greater after the EC exercise than after the CC
exercise. This result was consistent with the results
of previous researches'” '™ ™% and proved our
hypothesis. On the other hand, there was no
significant change in muscle hardness after the CC
exercise, which was different from what we
expected. Also, changes in upper arm circumfer-
ence and muscle thickness were limited.
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Changes in (A) Strain ratio, (B) MVC torque (N-m), (C) elbow joint angle (°), (D) muscle soreness VAS (mm), (E) upper arm
circumference (mm), and (F) muscle thickness (mm) of the EC and CC arms through the time course.

Mean =+ SD values of each arms are shown.

% indicates the interaction (p<0.05), T indicates the main effect of time (p<0.05), and # indicates the main effect of type shown by the A
two-way ANOVA for repeated measurements. * indicates a significant difference compared with the PRE-value based of the post hoc test

except for the muscle soreness (p<0.05).

Decreased MVC torque and joint ROM, and
presence of muscle soreness has been reported to
be an indirect index of muscle damage following an
EC exercise, and the decreased MVC torque is the

6) 23)

most valid and reliable index . It is well known

that muscle damage causes the increase in intracel-
lular Ca®" level because of damaged sarcolemma®’ ™.
Researchers reported that increased Ca** level after
the EC exercise induces cross bridge of actin and
myosin causing muscle contracture which can lead
to the increase in muscle hardness®?® %%,

Concerning the similar time course changes of

muscle hardness, MVC torque and elbow joint

angle, and greater muscle soreness (Figure-
5A~D), it is most likely that this phenomenon
occurred in the present study causing the long-
lasting increase in muscle hardness after the EC
exercise.

While there was a significant and long-lasting
disruption of muscle functions and muscle soreness
after the EC exercise, those after the CC exercise
was significant but smaller and shorter lasting.
Above all, the CC exercise induced no significant

change on muscle hardness. From this result, it is
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less likely that a remarkable muscle damage
occurred after the CC exercise. As mentioned
above, the muscle functions are also disrupted due
to muscle fatigue from shortage of fuel, impaired
transport of substances within muscles, and accu-
mulation of metabolites'® ™. In the previous
research, it is reported that muscle fatigue is
accompanied by decreased MVC torque and
decreased ROM® *. These disrupted muscle
functions recover within 120 minutes as muscle
fatigue recovers®™. In the present study, the
disruption (decreased MVC torque and joint ROM)
remained at least 3 hours after the CC exercise,
which was longer than the previous study. This
difference could be from the different exercise
protocol. Subjects performed repeated maximum
voluntary contractions in the present study while
subjects performed repeated 30% of the isometric
MVC in the previous study®. If the disruption of
muscle functions after the CC exercise was caused
by the muscle fatigue, the effect of muscle fatigue
on muscle hardness after the CC exercise was not
captured in the previous study protocol.

Muscle damage caused by an EC exercise also
induces increased blood flow and fluid accumulation
inside and around the muscle®, which causes
increased intramuscular pressure leading to
increase of muscle hardness'” *. Murayama et al.”,
however, reported that the effect of swelling
(oedema) on the muscle hardness was shown at 4
to 5 days after the EC exercise. Chleboun et al.*
also reported the change of muscle hardness is not
associated with swelling within 48 hours after the
EC exercise. Howell ef al.®’ found increased upper
arm circumference right after the EC exercise, but
reported that it was mostly caused by increased
subcutaneous fluid accumulation rather than
muscle swelling. In the present study, there was no
obvious morphological change in upper arm circum-
ference and muscle thickness neither after the EC
nor CC exercises except for the momentary
increase in upper arm circumference after the CC
exercise (Figure-5E), and their time course
changes did not match that in muscle hardness.
Since the measurement was conducted up to 24
hours after the exercise protocol in the present
study, it seems that the change in intramuscular
pressure and its effect on the muscle hardness was
limited.

There are some limitations regarding the present
study. First of all, there is a risk of type II error
(false negative) because of the small sample size
(n=6). Therefore, it is possible that more statistical
significance would appear with a larger sample size.
As a nature of the study protocol including the time
consuming and vigorous exercise intervention in
the present study, recruitment was the biggest
issue. Secondly, we did not measure direct indica-
tors of muscle damage and fatigue such as creatine
kinase and Ca* even though we assumed that
muscle damage and/or fatigue occurred after the
exercise protocol. In the present study, muscle
damage and fatigue were evaluated from indirect
measurement such as MVC torque, joint ROM, and
muscle soreness instead of direct measurements.

In conclusion, the disruption of muscle function
was greater and longer lasting after the eccentric
contraction exercise than the concentric contrac-
tion exercise when the exercises were performed
with the same total work, and the muscle hardness
only increased after the eccentric exercise without
any morphological change up to 24-hours. The
mechanisms of functional disruption following
exercises and its effect on the muscle hardness may
different according to the type of muscle contrac-
tion.
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