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Abstract

The aim of this study was to investigate the difference in the
magnitude of muscle damage between maximal eccentric exer-
cises of the elbow flexors (EF) and knee extensors (KE). Twelve
sedentary male volunteers participated in the study. Range of
motion (ROM), isometric peak torque (IPT), delayed onset of
muscle soreness (DOMS), creatine kinase activity (CK), and
myoglobin concentration (Mb) were evaluated before, immedi-
ately after, and on the 1 , 2™, 3™ and 7" days following exer-
cise. Total work (TW) during exercises was recorded and cor-
rected by muscle volume (TWc). TWc was greater (p < 0.01) for
EF [24 (2) joule~cm‘3] than for KE [7 (0.4) joule-cm‘3]. Increases
in CK on the 2™, 3™ and 7" days (p < 0.01) and increases in
Mb on the 1%, 2™ | 3 and 7" days were significantly
(p<0.01) larger for EF than for KE. The decline in IPT was
greater (p < 0.05- 0.01) for EF at all test occasions compared
with KE. The results of this study demonstrate that the magni-
tude of muscle damage is greater and the recovery is slower
following maximal eccentric exercise of the EF than of the KE
for sedentary males.

Key words: Maximal eccentric exercise, muscle damage,
creatine kinase, muscle volume.

Introduction

It is well-known that eccentric muscle actions result in
muscle damage (Clarkson et al., 1992; Nosaka et al.,
2002). Blood proteins, like creatine kinase and myoglobin
(Nosaka and Clarkson, 1992; Sorichter et al., 1997; 1999),
muscle force analyses (Nosaka and Clarkson,1992; No-
saka et al., 2002; Paschalis et al., 2005), subjective mus-
cle soreness (Clarkson et al., 1992; Vickers, 2001), cellu-
lar and subcellular changes in muscle ultrastructure (Fri-
den and Lieber, 2001) and decrement in range of motion
(Nosaka and Clarkson, 1992; Nosaka et al., 2002), are
some of the indices that are used to assess muscle damage
(Clarkson and Hubal, 2002).

In order to evaluate eccentric exercise-induced
muscle damage, elbow flexors (EF) in the upper extremity
and knee extensors (KE) in the lower extremity are the
mostly utilized muscle groups (Clarkson and Hubal,
2002). Interestingly, the results of studies that used EF
(Clarkson and Tremblay, 1988; Newham et al., 1988,
Nosaka et al., 1991; Nosaka and Newton, 2002) showed
more marked changes for the indicators of muscle damage
than the other studies using KE (Brown et al., 1997;
Dolezal et al., 2000; Prou et al., 1999; Sorichter et al.,
1997; 2001). Different responses to eccentric exercise

between leg and arm muscles based on the previous stud-
ies should be interpreted carefully. Probable reasons for
these differences may rise from different modes of exer-
cise, different types of muscle contraction, different inten-
sities and number of muscle actions, and different groups
of subjects.

Only one study has yet directly compared arm and
leg muscles in relation to muscle damage using the same
subjects to explain the different results of the previous
studies on this topic (Jamurtas et al., 2005). In that study
(Jamurtas et al., 2005), the same intensity of submaximal
eccentric exercise was used to elicit muscle damage for
EF and KE. The results of this study indicated that the
magnitude of muscle damage was greater and the recov-
ery of muscle function was slower after eccentric exercise
of EF compared to KE. The authors suggested some pos-
sible explanations for the different response between arm
and leg muscles. The proposed reasons were different
degree of daily use, muscle architecture difference, and
muscle fiber type difference. These expressions seem to
be acceptable.

Differences in muscle architecture were proposed
as an important factor that affects muscle damage after
eccentric exercise (Friden and Lieber, 2001). This has
been attributed to the fact that, in eccentric exercise, the
ability to generate tension increases and a higher load is
distributed among the same number of fibers, resulting in
a higher load per fiber ratio (Clarkson and Hubal, 2002).
Beside this, maximal eccentric exercises cause more pro-
nounced muscle damage in contrast to submaximal eccen-
tric exercise (Nosaka and Newton, 2002; Paschalis et al.,
2005). This means that the higher the eccentric load, the
higher the mechanical stress per muscle unit, and this may
cause more prominent muscle damage. Because of the
different architecture of arm and leg muscles (Lieber and
Friden, 2000), it is probable that mechanical stress per
muscle unit differs between these two muscle groups,
when doing eccentric exercises of the same intensity. This
can be one of the reasons for different muscle damage
responses. To verify this notion and confirm the findings
of the study by Jamurtas et al. (2005), it would be inter-
esting to investigate this topic again. Because there is a
closer relationship between muscle strength and muscle
volume than between muscle strength and cross-sectional
muscle area, it might be more appropriate to use muscle
volume (Gadeberg et al., 1999) to represent the stress per
muscle unit.

In the light of this information, the purpose of this
study was to investigate the differences in the magnitude
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of muscle damage between maximal eccentric exercises
of the elbow flexors and knee extensors in the same sub-
jects.

Methods

Subjects

The subjects were comprised of 12 healthy, non-athletic,
males who were not involved in a resistance-training
program for at least one year before the study. Their mean
+ SD (range) age, height, and body mass was 25 £+ 3 (22-
30) yr, 1.77 £ 0.07 (1.65-1.86) m, and 75 + 8 (63-94) kg,
respectively. Before involvement in the study, the sub-
jects were informed about the experimental procedures,
which were in accordance with the ethical standards of
the Medical School of Uludag University and of the Dec-
laration of Helsinki, and required to complete a written
informed consent document. Subjects were requested to
avoid any vigorous physical activities or unaccustomed
exercises, other than the ones required for the study, dur-
ing the experimental period. All subjects were free from
any musculoskeletal disorders and were instructed not to
take any medicine or dietary supplements during the ex-
perimental period. No restrictions of diet, other than the
supplementation, were imposed.

Experimental protocol

Eccentric exercise to induce muscle damage was applied
to the non-dominant EF or KE randomly. To determine
the non-dominant side, firstly the dominant EF (as deter-
mined by writing hand) and the dominant leg were (as
determined to be the leg used to kick a soccer ball) asked
to the subjects. The time between the two sessions was 2
weeks. At the pre-test, muscle volume estimation, height,
weight, and isometric strength determination were done.
Before and immediately after the exercise and at 1%, 2™,
3", and 7™ days following exercise, assessments of bio-
chemical analysis, ROM, DOMS, and isometric peak
torque (IPT) were conducted.

Muscle volume estimation

The non-dominant EF and KE were evaluated using MRI
with a 1.5-Tesla superconducting magnet (Siemens, Mag-
netom Vision Plus, Erlangen, Germany). Scanning was
performed with the subject in the supine position on a
couch placed inside the gantry. Six-millimeter-thick MRI-
sections for the EF and 9 mm for the KE were obtained
with a conventional T1-weighted spin-echo technique
(echo time, 14 ms; repetition time, 540-720 ms) axially.
The gap between sections for both the EF and the KE was
1 mm. Muscular anatomy was defined in accordance with
standard anatomy textbooks. Rectus femoris, vastus me-
dialis, vastus lateralis, and vastus intermedius were de-
fined as the KE, and the biceps brachii (long and short
head), brachialis and brachioradialis as the EF. For the
KE, consecutive slices were obtained beginning from the
superior anterior iliac spine and proceeding distally to the
upper border of the patella. For the EF, consecutive slices
were obtained beginning from the coracoid proces and
proceeding distally to the lateral distal end of radius.
Regions of interest (ROI) were marked manually for the
EF and the KE. Each area of the axial section was multi-

plied with the distance between slices (10 mm for the KE
and 7 mm for the EF), and the sum of the results was
accepted as the muscle volume. The software of the MRI
(Numaris 3 VB33D) was used to calculate the muscle
volumes.

Isometric peak torque
Isometric peak torque (IPT) measurements for the EF and
the KE were performed using CYBEX 6000 isokinetic
dynamometer (Lumex, Inc., Ronkonkoma, USA). The
subjects had two days to familiarize themselves with the
exercise apparatus and testing procedures. Since of the
ROM, that we use in eccentric exercise protocol (0-90
degree), angles for isometric measurement was chosen in
this range as close as possible to the optimal peak torque
angle for each joint.

The IPT for the EF was assessed while subjects
were lying on their back. Shoulder straps, a lap belt, and a
knee strap were used to limit extraneous movements. The
centre of the elbow joint was aligned with the centre of
the dynamometer’s power shaft. The anatomical zero was
set at an elbow angle of 0 degrees (full extension). The
mass of the arm was determined for every subject and the
force correcting the gravitational effects on the arm mass
was computed by the dynamometer’s software. The IPT
was determined at an elbow angle of 60 degrees. Follow-
ing three submaximal trials, four successive maximal
voluntary efforts were performed for the IPT. The dura-
tion of each contraction was 5 seconds, with a rest inter-
val of 10 seconds.

The IPT for the KE was assessed while the sub-
jects sat on the dynamometer’s seat, with a hip angle of
90 degrees and the arms folded in front of the chest.
Shoulder straps, a lap belt, a knee strap, and an ankle cuff
were used to limit extraneous movements. The centre of
the knee joint was aligned with the centre of the dyna-
mometer’s power shaft. The anatomical zero was set at a
knee angle of 0 degrees (full extension). The mass of the
leg was determined for every subject and the force cor-
recting the gravitational effects of the leg mass was com-
puted by the dynamometer’s software. The IPT was de-
termined at an angle of 60 degrees at the thigh-shin. Fol-
lowing three submaximal trials, four successive maximal
voluntary efforts were performed for the IPT. The dura-
tion of each contraction was 5 seconds with a rest interval
of 10 seconds.

Eccentric exercise protocol

The setting for each eccentric exercise was the same as
the one used to determine the IPT. Both the KE and the
EF were performed on the isokinetic dynamometer in the
active-assistive mode (with concentric/eccentric actions)
and consisted of 3 sets of 15 repetitions of eccentric ac-
tions with maximal intensity. The subjects were asked not
to do an active contraction at the concentric phase of the
active-assistive mode. Due to technical properties of the
dynamometer that we use and sitting position of the sub-
jects the range of motion was limited to 90 degrees for the
KE (from full extension to 90° flexion). To standardize
the time under tension of each muscle groups same ROM
was also used for the EF (from 90° flexion to full exten-
sion) during the exercise. The angular velocity of the
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eccentric actions was 30”/sec for both exercises. The time
under tension for each eccentric action was the same for
the KE and the EF. Resting intervals between the sets
were fixed at 1 min for both protocols. Work is defined as
torque times angle (work = torque x angular displace-
ment). The eccentric torque that moves the extremity
from 0° to 90° and the angular distance between this
ROM was multiplied to obtain the work per repetition.
Thereafter, work for each of the 15 repetitions was
summed to calculate the work done in each set of the
eccentric exercise protocol. These calculations for each
set were made via the software of the dynamometer
automatically. The total eccentric work (TW) was deter-
mined as the sum of work of the three exercise sets.

Biochemical analyses

Blood samples were drawn from the antecubital vein into
plain, evacuated test tubes. The blood was allowed to clot
at room temperature for 30 min and centrifuged. The
serum layer was removed and frozen at -18 °C for further
analyses. Serum creatine kinase (CK) activity was deter-
mined using a commercially available kit (Abbott
Aeroset, USA) Normal reference range for CK is 29-200
IU/L. Myoglobin (Mb) concentration was also measured
using a commercially available kit (Abbott Axsym Sys-
tem, USA). Normal reference range for Mb is <116.6
ng/mL.

Delayed onset of muscle soreness (DOMS)

Muscle soreness was determined by deep palpation of the
muscle belly on the EF and the KE (at the distal end of
the vastus medialis, vastus lateralis, and rectus femoris)
and evaluated by a visual analog scale (VAS) that had a
100-mm line with “no pain” on one end and “extremely
sore” on the other. During the examination the subjects
lying supine on an examination table and both extremities
were in a relaxed position.

Range of motion (ROM)

ROM was measured by a goniometer. ROM for the KE
was performed while the subjects lay prone. Active flex-
ion was performed slowly from a full extended position.
The knee joint angle at which point the subjects reported
discomfort was taken as an indication of the end of the
pain-free ROM. Similarly, ROM of the EF was assessed
while the subjects were lying down on their back and the
elbow was moved from a fully extended position towards
a fully flexed position. The elbow joint angle at which
point the subjects reported discomfort was taken as an
indication of the end of the pain-free ROM.

Statistical analysis

Analysis was conducted using the statistical software
package, SPSS for Windows, version 9.0.0. The Shapiro-
Wilk test was used to test all of the variables for normal
distribution. The effectiveness and safety of the interven-
tion is usually assessed by the change from baseline of
some primary clinical endpoints. It may provide a more
precise statistical inference of the intervention effects
because of a reduction of variability. If the distribution of
the data from the baseline is not normal, no inference
about mean or variance can be made. In this case it is

recommended that nonparametric methods be employed
to obtain inference of the intervention effect(Chow and
Liu, 2004). Due to lack of normal distribution, small
number of subjects, and assessment of subjects own EF
and KE the non-parametric two related samples tests
(Wilcoxon signed rank test) were used. Comparisons were
made between baseline and consecutive time points and
between EF and KE at each time point. The percent
change between pre-exercise (baseline) and consecutive
time point values were calculated for the variables isomet-
ric peak torque and range of motion. The results are re-
ported as mean and standard error of mean (SEM). P <
0.05 was considered statistically significant.

Results

Muscle volume and eccentric exercise features

Table 1 represents the muscle volume and eccentric exer-
cise features for the EF and the KE. The muscle volume
was significantly larger in the KE than in the EF. The
sum of the eccentric work of the three damaging exercise
sets was also significantly higher for the KE. An inverse
and remarkable finding was the significantly higher val-
ues for the EF compared with the KE when the TW was
corrected for muscle volume.

Table 1. Muscle volume, total work (TW), and corrected
total work (TW,) of elbow flexors (EF) and knee extensors
(KE). Data are presented as means (SEM).

EF KE
Muscle Volume (cm®) 124 (4) ** 1119 (47)
TW (joule) 2915 (180) ** 7341 (460)
TW, (joule/ cm®) 24 (2) ** 7(0.4)

** Significantly (p < 0.01) different from the KE.

Plasma CK and Mb

Figure 1 shows the percent changes in CK after the EF
and the KE exercises. CK levels for the EF began to in-
crease significantly from the baseline immediately after
exercise, reaching peak values on the 3™ day and still not
recovering on the 7" day post-exercise. Although in-
creases of CK levels for the KE on the 3" day were not as
high as for the EF, significant changes were observed
until the 7" day from baseline. However, the EF showed
significantly larger increases on the 2™, 3™, and 7" days
post-exercise than the KE.

Figure 2 shows the percent changes in Mb after
the EF and the KE exercises. Mb increased significantly
from the pre-exercise value on the 1%, 2md 31 and 7t days
for the EF. The same was observed for the KE on the 1%,
2" and 3" days, except for the 7" day. The EF showed
significantly larger increases than the KE on the 1%, 2™,
3 and 7™ days.

Isometric peak torque

The pre-exercise IPT for the EF and the KE was 63 (4)
Nm and 205 (14) Nm, respectively. As seen in Figure 3,
the IPT for KE did not show a significant change follow-
ing maximal eccentric exercise. Despite this, the IPT for
the EF decreased and was significantly different from
baseline at post-exercise, and thel®, 2™, and 3" days. The
decrease in the IPT for the EF recovered on the 7™ day.
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Figure 1. Changes in creatine kinase activity (CK) from the pre-exercise level following eccentric exercise of the knee
extensors (KE) and elbow flexors (EF). * Significantly different form the baseline. § Significantly different form KE. The symbol (e0)

and their error bars denote mean and SEM.

The differences in the IPT in the KE and the EF were
significant for all measurement days after exercise.

Range of Motion

Figure 4 shows the percent change of decreases in the
ROM due to discomfort for the EF and the KE. Only the
decrease for the EF was significantly different from the
baseline on the 1%, 2™ and 3" days. A significant ROM
decreased between the EF and the KE was found only on
the 2™ and 3™ days.

Delayed onset muscle soreness
As shown in Figure 5, DOMS developed after the 1% day,

peaked on the 2™ day post-exercise, began to decrease on
the 3™ day, and returned to baseline on the 7™ day both
for the EF and the KE. Moreover, the DOMS was signifi-
cantly greater for the EF than the KE on the 2™ and the 3
days.

Discussion

The results of this study showed the following after
maximal eccentric exercise: 1) EF represented larger
decreases and slower recovery of strength than KE, 2) the
magnitude of increase in serum CK and Mb concentra-
tions was higher in EF than in KE, 3) DOMS and
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Figure 2. Changes in myoglobin (Mb) from the pre-exercise level following eccentric exercise of the knee extensors (KE)
and elbow flexors (EF). * Significantly different form the baseline. & Significantly different form KE. The symbol (ex) and

their error bars denote mean and SEM.
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Figure 3. Normalized changes in isometric peak torque from the pre-exercise level (%) following eccentric exercise of
the knee extensors (KE) and elbow flexors (EF). * Significantly different form the baseline. & Significantly different form
KE. The symbol (e0) and their error bars denote mean and SEM.

discomfort in ROM were greater for EF than for KE, 4)
and TWc¢, which was determined with muscle volume,
was greater for EF than for KE,

The results of the present study were consistent
with the studies that used either arm or leg muscle exer-
cises. For instance, the amount of increase in CK activity
in the blood was greater following eccentric exercise of
the EF (Cleak and Eston, 1992; Lee et al., 2002; Newham
et al., 1987; Nosaka and Newton, 2002; Nosaka et al.,
2002; Rodenburg et al., 1993) than in leg exercises, such
as downhill running (Byrnes et al.,1985; Schwane et
al.,1983; Sorichter et al., 2001) and isolated KE eccentric
exercise (Brown et al., 1997; Byrne and Eston, 2002; Prou

et al., 1999; Serrao et al., 2003). DOMS also appeared to
be greater following a bout of eccentric exercise per-
formed with EF (Clarkson and Tremblay, 1988; Cleak
and Eston, 1992; Lee et al., 2002; Newham et al., 1988;
Nosaka et al., 2002; Rodenburg et al., 1993) than for leg
exercises (Brown et al., 1996; Byrnes et al., 1985; Dolezal
et al.,, 2000; Gleeson et al., 1998; Prou et al., 1999;
Schwane et al., 1983). Furthermore, the recovery of mus-
cular performance seemed to be slower following an
exercise bout performed with arm muscles (Kawakami et
al.,, 1995; Nosaka et al., 1991; 2002) than with legs
(Brown et al., 1997; Byrne and Eston, 2002; Serrao et al.,
2003). However, differences in exercise intensity, time,
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Figure 4. Normalized changes in range of motion from the pre-exercise level (0%) following eccentric exercise of
the knee extensors (KE) and elbow flexors (EF). * Significantly different form the baseline. ¢ Significantly different
form KE. The symbol (ex) and their error bars denote mean and SEM.



112

Muscle damage in elbow flexors and knee extensors

8 -
...a.- EF
B —— KE
o
=
(e}
[m]
2 =]
o 4
T T T T T 1
Baseline post 2 3 7
Time (Days)

Figure 5. Changes in DOMS from the pre-exercise level following eccentric exercise of the knee extensors (KE) and
elbow flexors (EF). * Significantly different form the baseline. & Significantly different form KE. The symbol (eo) and

their error bars denote mean and SEM.

mode, and contraction type should be taken into account
as factors affecting different muscle injury responses in
these studies. In order to control the influence of these
factors, Jamurtas et al. (2005) tested this observation in
the same subject using the same relative intensity eccen-
tric exercise model. Our results were also consistent in
some measures with those of the above study; the course
of muscle damage indicators, such as blood protein mark-
ers and muscle force following eccentric exercise, was
greater for EF than for KE. The magnitude and course of
blood protein markers of the muscle damage in our study
were similar for the KE and the EF as in the study of
Jamurtas et al. (2005). Their results for the force loss and
recovery after eccentric exercise overlapped with our
results. But in our study, the decrease in isometric force
for KE after eccentric exercise was not statistically sig-
nificant. Probably, the ROM that we use during eccentric
exercise may be the reason for the different observation.
The fibers of the EF muscles were fully stretched during
the eccentric exercise, whereas the KE muscles were not
stretched equally to same length due to the sitting position
of the subjects on the isokinetic dynamometer.

In contrast to the results of Jamurtas et al (2005),
the decrease in ROM and increase in DOMS were signifi-
cantly different between the KE and the EF following the
eccentric exercise bout in our study. Possible explanations
for different observations in DOMS and ROM exist. We
measured ROM actively from an extended to a flexed
position for both joints using a manual goniometer.
Jamurtas et al. (2005) measured it passively and on an
isokinetic dynamometer from an extended to a flexed
position for the KE and vice versa for the EF. The deter-
mination of DOMS was different in some points. They
measured DOMS by self-palpation in a seated position for
the KE and in a relaxed position for the EF. However, we
measured it in a relaxed position in each of the muscle
groups. This may be the reason why they could not find a

significant difference between the KE and the EF. Con-
traction, stretching, and palpation are factors that can
supposedly affect the sensation of pain when evaluating
DOMS (Proske and Allen, 2005). Especially, the time
under tension during the eccentric contraction is an im-
portant factor that can affect the magnitude of muscle
damage (Lieber and Friden, 2000; Proske and Allen,
2005). The time under tension during the eccentric con-
tractions for the elbow flexors and knee extensors was 2.2
and 2.0 sec, respectively, in the study of Jamurtas et al.
(2005), but we standardized it to 3 seconds for both mus-
cle groups. The inequality of the times during the contrac-
tions could be one reason for the different responses.
Additionally, we must take into account that subjectively
measured DOMS is a variable that is not accurate (No-
saka et al. 2002; Rodenburg et al. 1993) as other objective
outcome parameters, like muscle force drop (Clarkson
and Hubal, 2002).

Jamurtas et al. (2005) stated that submaximal ec-
centric loading during daily activities, like downhill walk-
ing and going downstairs, is a routine training stimulus
for KE , and the same is less valid for EF. It is well-
known that after a bout of eccentric exercise the muscles
adapt themselves and protect against further damage fol-
lowing repeated bouts of eccentric exercise (Clarkson and
Hubal, 2002; Proske and Allen, 2005). From this point of
view, the suggestion of Jamurtas et al. (2005) may be
acceptable. In contrast, in the study of Brown et al.
(1997), the force loss after a maximal eccentric exercise
was about 40% and the elevation of serum proteins, like
CK, was moderately high (2815 + 4144 IU/L) for KE and
was not small when compared with the study by Jamurtas
et al. (2005) and our results. Possible reason for this ob-
servation could be that the training effect of daily routine
activities is not enough to prevent leg muscles from ec-
centric exercise-induced muscle damage. Even individu-
als in excellent athletic condition may experience muscle
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soreness and damage when performing exercise (Friden
and Lieber, 2001), which is new to them. Furthermore, in
the study by Vincent and Vincent (1997), muscle soreness
was detected higher in trained athletes than in untrained
controls and the force drop was found similar between
groups after a strenuous resistance exercise. In respect of
these findings, the opinion that the difference in daily
utilization of arm and leg muscles as a cause for different
magnitude of muscle damage is not sufficient.

Another explanatory reason for the different mus-
cle damage response between the arm and leg muscles
may be the muscle fiber distribution. It has been generally
accepted that type II muscles fibers are more susceptible
to eccentric exercise-induced muscle damage compared to
type I fibers (Friden and Lieber, 2001). The muscle fiber
composition of the biceps brachii mainly consists of type
II muscle fibers (Klein et al., 2003), whereas the KE con-
sist of type I muscle fibers (Travnik et al., 1995). In re-
spect of these studies, the opinion, that muscle fiber dis-
tribution may be a factor affecting the magnitude of mus-
cle damage could be acceptable. Since these two studies
investigated only one muscle area or group in the sub-
jects, the results of these studies should be carefully inter-
preted. Studies have shown that people with a predomi-
nance of slow twitch fibers in their leg muscles will likely
have a higher percentage of slow-twitch fibers in their
arm muscles as well. A similar relationship exists for fast-
twitch fibers (Clarkson et al., 1982; Flynn et al., 1987,
Tesch and Karlsson, 1985; Wilmore and Costill, 2004).
Therefore, the opinion that the difference in muscle fiber
distribution between the arm and leg muscles has an ef-
fect on the muscle damage response is somewhat under
debate. Moreover, neither in the study of Jamurtas et al.
(2005) nor in our study muscle biopsies was obtained.
This argument, however, is no more than speculation.

A valid explanation for the difference in the mag-
nitude of muscle damage between the arm and leg mus-
cles after an eccentric exercise could be the difference in
the muscle architecture of these two muscle groups. EF
(i.e., biceps) is mostly composed of fibers that extend
parallel to the muscle’s force-generating axis and are
described as fusiform architecture. On the other hand, KE
muscles have fibers with an angular orientation relative to
the force generating axis and are described as having a
pennate architecture (Lieber and Frieden, 2000). Pennate
muscles, like KE, with large physiological cross-sectional
areas have probably lower specific tension (or mechanical
strain) per muscle unit as compared to fusiform muscles,
like EF, during a maximal voluntary contraction. Accord-
ing to this theory, an eccentric exercise with maximal
intensity probably causes more prominent muscle damage
in the EF than in the KE. In our study, the specific ten-
sion per muscle unit (which was determined by total ec-
centric work/muscle volume) was approximately 3.7
times greater for the EF than for the KE. Our opinion for
the difference in eccentric load per muscle volume may
be the result of the muscle architectural difference be-
tween elbow flexors and knee extensors. Because of
closer relationship between maximal muscle strength and
muscle volume (Gadeberg et al. 1999), the muscle volume
was used as a determinant to represent the specific tension
per muscle unit in this study .Since it provides data about

the entire range of motion during eccentric contractions,
total eccentric work was also used in this study to reflect
the specific tension to which the whole muscle is exposed
to.

This study has some minor limitations. Firstly, the
number of subjects was small. Secondly, it has been
shown that the muscle length is one of the factors to de-
termine the magnitude of muscle damage (Nosaka and
Sakamoto, 2001). In the present study, the fibers of the
EF muscles were fully stretched during the eccentric
exercise. Whereas the KE muscles were not stretched
equally to same length due to the sitting position of the
subjects on the isokinetic dynamometer.

Conclusion

In conclusion, the results of this study demonstrate that
the magnitude of muscle damage is greater and the recov-
ery is slower following maximal eccentric exercise of the
EF than of the KE for sedentary males. This may be be-
cause of the higher total eccentric work per muscle unit in
elbow flexors. To clarify the differences in course and
magnitude of muscle damage response after eccentric
exercises more precisely, further studies are needed that
are designed to include various muscle groups, exercise
forms, and intensity in the same subjects.
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Key points

e The magnitude of muscle damage is greater and the
recovery is slower following maximal eccentric ex-
ercise of the EF than of the KE for sedentary males.

e This may be because of the higher total eccentric
work per muscle unit in elbow flexors.
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