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This research aimed to examine the effects of supramaximal eccentric contractions on the damage of
muscle and recovery between the dominant and non-dominant arm. The study was participated by ten
male volunteer students who do not have any musculoskeletal and metabolic compliant. This research

Venous blood samples were drawn before the bout, immediately after the bout one min., moreover,
at the 6%, 24, 48™, and 72nd hours after training. Data were analyzed using the SPSS 21.0 statistical
software package. After exercise, the non-parametric Wilcoxon Signed Ranks Test was used to decide the
dominant and non-dominant arm influence. Statistical significance for all analyses was accepted at p<

Abstract
Purpose:
designed as a cross-over type research.
Material:
0,05.
Results:

Conclusions:

There was a significant statistical difference in the right, and left arm Creatine Kinase (CK) values at the
time when exercise start, 48" and 72nd hours (p<0,05). There was no statistically significant difference in
right and left arm Lactate Dehydrogenase values after exercise (p>0,05).

There was an increase in muscle damage at 24" and 48 hours after supramaximal eccentric exercise, and
it was turned back the start level at 72nd hours. While the arm which is non-dominant recovery is faster

than the dominant arm.
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Introduction

According to Hollmann [1], muscle strength that is
confronted with resistance may contract or withstand
a specific endurance and according to Nett [2], the
ability of a muscle to resist a resistance by tension and
relaxation. There are many different methods in order to
improve muscle strength. That feature is improved with
changing both training methods and contraction types
[3]. Soft tissue injuries due to sprains and bumps are
common. Those injuries can be treated with rehabilitation
implications. In addition to the soft tissue injuries, cellular
damage also occurs during the exercise. This situation
mainly described as microtrauma or microinjury or
muscle damage [4, 5]. Intensity and form of the exercise
cause different levels of muscle damage [6].

Skeletal muscle damage occurs after a high-intensity
or unusual type of exercise, and this type of muscle
damage is a widespread physiological condition and
can occur even in the activities needed in our daily life.
Three types of muscle damage symptoms are known
in long-term exercises, ongoing or intermittent forced
contractions. The most common of these is known as
delayed-onset muscle soreness (DOMS), and as a result,
people complain of weakness, fatigue and tenderness in
the muscle that starts 12-48 hours after exercise [7, 8].

Increased blood levels of some muscle enzymes
involved in circulation as a result of deterioration of
muscle membrane are biochemical symptoms indicating
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muscle damage and degree. The intracellular localization
of enzymes is essential in determining the degree of
cell damage. The enzyme that only shows activity in a
particular tissue or has much higher activity in a particular
tissue is called the dominant enzyme. Increased serum
activity of such an enzyme indicates damaged tissue.
Determination of the total amount of damage caused in
the muscle is challenging since the exercise response
is at different levels in different muscle and muscle
fibers, the different muscles contain enzyme and protein
markers at different concentrations, and the damage is not
homogeneously distributed in the muscle [9, 10].

Increased levels of some enzymes cause severe
muscle tissue damage in large muscle tears. Skeletal
muscle damage causes muscle-specific components to
leak from the membrane into the bloodstream. Structures
used in studies to detect skeletal and cardiac muscle
damage; usually examine creatine kinase (CK) and its
lower isoforms, myoglobin, aspartate aminotransferase
(AST), lactate dehydrogenase (LDH), brain natriuretic
peptide (BNP), atrial natriuretic peptide (ANP), carbonic
anhydrase, troponin, and muscle-building proteins [11,
12]. The most important and most used of these structures
is CK [13, 14].

CK is an enzyme found in high density in the heart,
skeletal muscle, and brain tissue. CK in the brain content
rarely crosses the blood-brain barrier and circulates.
There are three isoenzymes called MM, MB, BB. MM
(CK3) found in skeletal and heart muscle, BB (CK1) in
the brain, MB (CK2) in the heart muscle. The source
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of CK levels measured in circulation is predominantly
skeletal or cardiac muscle. Skeletal or cardiac muscle
trauma or necrosis increases the circulatory level of this
enzyme [15]. Therefore, at high CK levels, skeletal, or
cardiac muscle damage should be sought first [16, 17].
According to Kaplan and Pesce [17], average CK values
are between 95-140 U / L. CK’s upper reference values
are twice as high in athletes as in non-athletes. Schumann
and Klauke [18], set these limits at 391-398 U / L for men;
In women, between 240-207 U / L.

LDH is an enzyme that is found in many tissues
and passes into serum if these tissues are damaged. The
determination of isoenzymes can demonstrate the tissue
from which LDH originates. When operated at 37 ° C,
normal values are 210-420 U /L [19, 20].

LDH shock and circulatory failure, hypoxia, heart
failure, excessive hyperthermia, acute myocardial
infarction, cholestasis, primary tumors of the liver,
megaloblastic and pernicious anemia, hemolytic anemia,
lung diseases, increases in cases of muscle diseases.
Increases in skeletal muscle trauma, inflammatory or
degenerative muscle diseases. There are five isoenzymes
in the circulation, called LDH-1, 2, 3, 4 and 5. Total
LDH activity increases in many tissue and organ diseases
due to the widespread tissue distribution of isoenzymes.
Therefore, an additional examination is required for
differential diagnosis [20, 21].

Muscle damage caused by eccentric exercise can
be assessed by direct methods such as muscle biopsy
or magnetic imaging, or indirectly by markers such
as decreased muscle strength, edema, pain, increased
serum levels of muscle enzymes and some markers of
inflammation. Direct methods are often not preferred due
to several difficulties in practice, but it is seen that changes
in muscle strength and serum enzymes are mostly used in
the assessment of eccentric muscle damage [22, 23].

Clarkson et al. [24], showed that very intensive
eccentric exercise leads to an adaptation that causes
less damage when repeated in the same way after a few
weeks. It is not known precisely when and how this
adaptation occurred. However, it was found that a person
who repeated an exercise within five days showed an
adaptation response. After five days of exercise, people
experienced mild pain despite improvement and reduced
loss of strength and range of motion. Thus, although the
muscle is not fully restored, a specific adaptation has
occurred [25].

In their study, Nosaka et al. [26] made the same high-
intensity exercise twice in the two groups, the first group
did the exercises every six weeks, and the other group
performed ten weeks apart. As a result, they found that
isometric strength loss, arm flexion at full flexion and
muscle pain were significantly lower in the group who
exercised at six weeks interval compared to the first
application in the second application. In the exercise
group after ten weeks, it was found that there were
significantly lower answers in the rest arm angle compared
to the first in the second application. However, there were
similarities between the first and second applications in

terms of muscle pain level, arm angle at full flexion, and
isometric strength loss.

In terms of CK, there was almost no increase in both
groups after the second application. When a small sample
of these subjects performed exercise after six months, CK
response was still low, and all other measurements were
close to the values at the first application. Accordingly,
adaptation, strength recovery, muscle shortening state
(closed-arm angle) and muscle pain for six weeks, sudden
muscle contraction (open arm angle) takes about ten
weeks and six months for CK response [24].

After the eccentric exercise, a certain period is required
to return the markers of damage to the muscle [27]. Clancy
and Clarkson [28], suggest that 3-day immobilization after
damage-induced eccentric exercise improves isometric
force recovery but has no effect on other muscle functions.
Lehto et al. [29], muscle regeneration was accelerated by
5-day immobilization and return to regular movements
after the damage caused in the muscle.

Materials and Methods

Participants

This research has aimed the examine the effects of
supramaximal eccentric contractions on the damage of
muscle and recovery between dominant and non-dominant
arm. The study consists of 13 male volunteers active in
sports. It was determined that three subjects exercised
outside the practice while the study was in progress, and
they were excluded from the study. The research was
carried out based on the cross-tab test model. Before
work begins, an ethical report was taken from Abant Izzet
Baysal University Clinical Research Ethics Committee.

Table 1. Demographic characteristics of the research
group.

Variables N  Minimum Maximum X S.D.
Age 10 22 26 23,3 1,3

Height 10 170 192 178,9 7,09
Weight 10 60 100 78,2 13,8

According to Table 1, the mean age of the study was
23.3 + 1.3 years, the mean height was 178.9 + 7.09 cm,
and the mean body weight was 78.2 + 13.8 kg, who do not
have any musculoskeletal and metabolic compliant ten
male volunteer students participated. It was determined
by asking themselves whether they use any ergogenic
adjuvant and regular medication for health problems and
their dominant arms. All subjects indicated that they used
dominant right arms.

An information meeting was held with the students
who wanted to participate in the research, and the subjects
were informed about the study by giving pre-experiment
information form and test protocol. The subjects were
asked to read and sign the form indicating that they
were volunteer, and their body weights were carried
out in standard clothing (shorts and t-shirts), without
shoes, electronic scales in the upright position, height
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measurements were made with height meter and biceps
circumference measurements for both arms with a tape
measure. Then the groups were determined by a random
method.

The exercise protocol was held between 16:00-17:00.
One week before the study, the maximal weights of the
subjects were determined by one-rep maximum (1 RM)
method. In order to eliminate the differences that may
arise from experience, cross-tab pattern was applied. One
group performed the exercise with the dominant arm and
the other group with the non-dominant arm. Then the
groups changed places.

Exercise Protocol

Before starting the study, venous blood samples of the
subjects were taken from the antecubital vein in a resting
and sitting manner by the health personnel. Five of the
subjects then performed the eccentric phase of the biceps
lifting movement with their supramaximal weights with
the right arm and the other five with their left arms. The
subjects had a passive role in the concentric phase, and
the person conducting the study performed that phase.
The study was continued until the person was unable
to continue the exercise, and the subject was completed
by disrupting the rhythm or voluntarily terminating the
study. The health personnel took venous blood samples at
the first minute, 6th, 24th, 48th, and 72nd hours following
the end of the study. Six days after the blood was drawn at
72 h, subjects performed the study with their other arms,
and the blood collection procedure was re-administered as
in the first stage.

Statistical Analysis

The data obtained from the study were analyzed in
SPSS 21.0 package program. The Wilcoxon Signed Ranks
Test was used to determine the interaction of Creatine
Kinase (CK) and Lactate Dehydrogenase (LDH) in the

dominant and non-dominant arms at the first minute, 6,
24, 48 and 72 hours after exercise. Bonferroni correction
was used to show a statistical difference. The results were
evaluated at p <0.05 significance level.

Results

According to Table 2, the mean training age of the
group was 9.6 £ 2 years, the average training frequency
was 3.6 £ 0.6 days, the average total training time was 6.7
+ 2.1 hours, the D arm maximal force average 20.5 + 4.6
kg, the ND arm maximal strength 20.2 £+ 4.7 kg detected
it was.

InTable 3, D and ND arm CK enzyme values of the first
minute, 6, 24, 48 and 72nd hours following the exercise
were analyzed comparatively and the first minute, 6, 24
and 72nd hours were statistically analyzed. There was no
significant difference (p> 0.05). A statistically significant
difference was found in the 48th-hour values after exercise
(Z: -2.191; p <0.05).

According to Table 4, There was no significant
difference the pre-exercise (resting) value was compared
with the D arm CK enzyme activities at the first minute,
6 and 72nd hours (p> 0.05). A statistically significant
difference was found in the 24 and 48th hours values (p
<0.05).

According to Table 5, pre-exercise (resting) values
were analyzed by comparing the CK enzyme activities of
the ND arm at the first minute, 6, 24, 48, and 72nd hours
after the exercise. There was no statistically significant
difference at the first minute, 48 and 72nd hours values
(p> 0.05). A statistically significant difference was found
in the 6 and 24th hours values (p <0.05).

Table 6, 6, 24, 48 and 72nd hours after exercise
D and ND arm LDH enzyme values were analyzed;
comparatively, LDH enzyme recovery phase comparison

Table 2. Physiological characteristics of the research group (D:Dominant-ND: Non-Dominant)

Variables N Minimum Maximum X S.D.
Training age 10 6 12 9,6 2,0
Training frequency 10 3 5 3,6 0,6
Total training time 10 3 10 6,7 2,1
D max. force 10 12,5 30 20,5 4,6
ND max. force 10 12,5 30 20,2 4,7

Table 3. Compared to the D and ND CK enzyme statistical analysis values

Variables CkKND 0. m - CkND 6. h — CkND24.h—CkD CkND48.h-CkD CkND 72.h-CkD
CkD 0. m CkD 6. h 24.h 48. h 72.h

z -0,561 -1,172 -1,478 -2,191 -1,581

Significance 0,575 0,241 0,139 0,028 0,114

Table 4. Resting and D compared CK enzyme statistical analysis values

Variables Ck rest — Ck Ckrest— Ck Ckrest- Ck Ckrest- CkD  Ckrest-— Ck
DO.m D6.h D24.h 48. h D72.h

z -0,969 -1,172 -1,836 -1,784 -1,275

Significance 0,333 0,241 0,014 0,041 0,202
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Table 5. Resting and ND compared CK enzyme statistical analysis values

Variables Ckrest— Ck Ckrest— Ck Ckrest— Ck Ckrest-— Ck Ckrest— Ck
NDO. m ND 6. h ND 24. h ND 48. h ND 72.h

z -1,784 -2,293 -1,988 -1,886 -1,478

Significance 0,074 0,022 0,047 0,059 0,139

Table 6. D and ND compared LDH enzyme statistical analysis values

Variables LdhNDO.m- LdhND6.h- LdhND 24.h-Ldh LdhND48.h-Ldh Ldh ND 72. h—Ldh
LdhDO. m LdhD6. h D24.h D48.h D72.h
Z -1,482 -1,008 -0,765 -0,510 -0,510
Significance 0,138 0,314 0,444 0,610 0,610
Table 7. Resting and D compared LDH enzyme statistical analysis values
Variables Ldh rest - Ldh rest — Ldh rest — Ldh rest — Ldh Ldhrest— Ldh
LdhDO. m LdhD6. h LdhD24.h D48.h D72.h
z -0,663 -1,173 -2,191 -2,701 -1,224
Significance 0,507 0,241 0,028 0,007 0,221
Table 8. Resting and ND arm compared LDH enzyme statistical analysis values
Variables Ldh rest — Ldh rest — Ldh rest — Ldh rest - Ldh rest -
Ldh ND 0. m Ldh ND 6. h Ldh ND 24. h Ldh ND 48. h Ldh ND 72. h
z -1,376 -1,988 -2,244 -2,497 -1,580
Significance 0,169 0,047 0,025 0,013 0,114
values were not a statistically significant difference (p> the D and ND arm.

0.05).

According to Table 7, LDH enzyme activities were
analyzed by comparing the pre-exercise (resting) value
with the D arm at the first minute, 6, 24, 48, and 72nd
hours after the exercise. There was no statistically
significant difference at the first minute, 6 and 72nd hours
values ( p>0,05). A statistically significant difference was
found in the 24 and 48th-hour values (p <0.05).

According to Table 8, pre-exercise (resting) values
were analyzed by comparing to ND LDH enzyme
activities at the first minute, 6, 24, 48, and 72nd hours
after the exercise. There was no statistically significant
difference between at the first minute and 72nd hours
values (p> 0.05). A statistically significant difference was
found in the 6, 24, and 48th-hour values (p <0.05).

Discussion

Statistically significant differences were found in ND
arm CK, D arm CK, and D arm LDH enzymes. There
was no statistically significant difference in ND arm LDH
enzyme. These results prove that recovery in both arms
occurred at 72nd hours. According to the values of CK
and LDH, at the first minutes, 24, 48 and 72nd hours,
there was a statistically significant difference in D and ND
arm values of both enzymes. As can be seen from these
results, different reactions occurred in both enzymes in

There was no statistically significant difference
between the D and ND arm CK enzymes at the first
minute, 6, 24, and 72nd hours after the exercise. A
statistically significant difference was found in the 48th-
hour values after exercise. According to these results,
similar effects were observed in both arms after exercise,
and at 48th hour the arms showed different reactions. In
other words, muscle damage increased up to 48th hour
reached its highest level at 48th hour, and recovery was
achieved towards 72nd hours.

There was no statistically significant difference
between D and ND arm CK enzyme activities and D arm
at the first minute, 6 and 72nd hours after the exercise. A
statistically significant difference was found in the 24 and
48th-hour values. There was no statistically significant
difference in ND arm values at the first minute, 48 and
72nd hours, and a statistically significant difference was
found in the 6th and 24th-hour values. Again, these results
indicate that muscle damage reached the highest level at
24 and 48th hours, and returned to pre-exercise (resting)
state around 72th hour. The results indicated that CK
enzyme values at the first minute, 6 and 72nd hours of
the D arm were similar to resting values, whereas 24 and
48th-hour values were different from resting values. In
the ND arm, the values of the first minute, 48 and 72nd
hours are similar to rest values, and the values of 6 and
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24th hours differ from rest values. Based on these results,
recovery was observed in both arms, and recovery was
faster in the ND arm compared to the D arm.

LDH enzyme activities of the D arm at the first
minute, 6, 24, 48 and 72nd hours after the exercise were
rested and no statistically significant difference was found
in the first minute, 6, 72th hours. A statistically significant
difference was found in the 24 and 48th-hour values.
There was no statistically significant difference in ND
arm values between rest and first minute and 72nd hours.
A statistically significant difference was found in the
values of 6, 24, and 48th hours. According to these results,
it was seen that the LDH enzyme reached the highest level
in both arms at 24 and 48th hours and recovery occurred
in similar periods.

The results of the study conducted by Hazar et al.,
[30] strength training after the study of the relationship
between muscle pain and muscle damage with their study,
Jubeau et al., [31] voluntary and stimulating contractions
of muscle strength, growth hormone (GH), blood lactate
and muscle damage is aimed to compare changes with
voluntary and stimulated leg press exercise serum growth
hormone concentration, blood lactate, isometric maximal
voluntary contraction strength (MVC), serum creatine
kinase (CK) activity and muscle pain were similar in
terms of recovery time.

In addition, in terms of recovery time of creatine kinase
(CK) enzyme results of the study, Nosaka and Clarkson,
[32] maximal isometric power, elbow angle, muscle
pain and cretin kinase levels are aimed to determine the
eccentric phase of elbow flexion movement, Jamurtas et
al., [33] of a similar intensity of eccentric muscle injury
in the leg and arm after the exercise aimed to compare
submaximal workload eccentric knee extension and
elbow flexion movement they have done and Bruunsgaard
et al., [34] increased cytokine level after exercise and
muscle damage is similar to the work done to determine
the intended muscle damage.

Conclusions

As a result, muscle damage after supramaximal
eccentric exercise increased at 24 and 48th hours
and returned to baseline at 72nd hours. A statistically
significant difference in the 48 and 72nd-hour values is
an indication of this situation. Although similar results
were observed, the non-dominant arm recovered faster
than the dominant arm. CK enzyme, the right arm values,
the left arm values are a statistically significant difference
is an indicator of this situation. This can be attributed to
the lower performance of the subjects with non-dominant
arms.

The results of this study will help athletes, coaches,
or researchers to know what changes are happening to
the human body after an exercise involving eccentric
contractions with the supramaximal workload. Also, this
study will help to prepare the training units, and recovery
periods will be more comfortable to determine when the
recovery time is fully known.

Suggestions for the future studies

e In addition to this study, different enzyme
activities, which are markers of muscle damage, can be
examined.

e  Muscle damage can be examined by taking a
muscle sample (biopsy).

e  Muscle damage and changes in recovery time
can be examined by taking blood samples at different
times.

Suggestions for researchers

e  Based on the results of this study, researchers
may investigate the rate of muscle damage removal by
taking some dietary supplements that are known to help
recovery during rest.

e Investigate contraction types and interactions
with different contraction exercises for different
extremities (dominant or non-dominant).
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