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Research Article ABSTRACT
The aim of this study was to explore the effects of exercise induced muscle damage (EIMD) on balance
#This study was derived from the performance in healthy young males. Eleven healthy young males performed both experimental (muscle
master's thesis of the damaging exercise) and control trials to randomized cross-over design. Hundred drop jumps (five sets of twenty
corresponding author. reps) were performed as EIMD protocol. Serum activity level of creatine kinase (CK), mid-thigh circumference,
muscle soreness, dominant single leg and squat position balance performances were measured at pre-exercise
(baseline), immediately after, 24th, 48th, 72nd and 96th hours following EIMD. According to the statistical
analysis, CK was significantly (p<0.05) increased at 24th and 48th hours following EIMD compared to baseline.
Moreover, statistically significant increase was found in muscle soreness levels (p<0.05) and mid-thigh
circumference measurements (p<0.05) following EIMD compared to control trials. Furthermore, statistically
significant rise was detected in squat position balance overall index scores on stable platform (p<0.05) at 24th
hours after EIMD compared to control trials. On the other hand, no significant variation was assessed both for
Copyright © 2017 by Cumhuriyet squat pos?tion balance on unstable platform (p>0.05) and single leg bélance index scores (p>0.05). Conc.lusively,
University, Faculty of Sports squat position balance performance on stable platform was seen partially affected by EIMD. However, single leg
Sciences. All rights reserved. balance was not impaired by EIMD.
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Egzersize Bagh Kas Hasarinin Geng Erkeklerde Denge Performansina Etkisi#

0oz

Bu galismanin amaci saglikli geng erkeklerde egzersize bagli kas hasarinin (EBKH) denge performansina etkisini
incelemektir. On bir saghkli geng erkek, randomize gapraz deney desenine gore uygulama (kas hasari egzersizi)
ve kontrol denemelerine katilmistir. EBKH protokolt olarak yiiz adet derinlik sigramasi (bes set, yirmi tekrar)
gerceklestirilmistir. Egzersiz 6ncesi (bazal), egzersizden hemen sonra, 24., 48., 72. ve 96. saatlerde serum kreatin
kinaz (CK) aktivite seviyesi, uyluk cevresi, kas agrisi, dominant tek bacak ve squat pozisyonu denge performanslari
6lclilmistiir. Istatistiksel analize gére, CK, EBKH'dan sonraki 24. ve 48. saatlerde bazal degerine kiyasla dnemli
Olguide (p<0,05) artmistir. Ayrica, EBKH'dan sonra kontrol denemelerine kiyasla kas agrisi diizeylerinde (p<0,05)

#Bu ¢alisma sorumlu yazarin
yliksek lisans tezinden
iretilmistir.

*Sorumlu yazar

Siire¢
Gelis: 16/04/2026 ve uyluk gevresi 6lgimlerinde (p<0,05) istatistiksel olarak 6nemli bir artis saptanmistir. Ayrica, EBKH'dan sonraki
Kabul: 17/06/2026 24. saatte, kontrol denemelerine kiyasla, stabil platformda squat pozisyonunda dengenin genel indeks

puanlarinda istatistiksel olarak anlamli bir artis tespit edilmistir (p<0,05). Ote yandan, hareketsiz platformda
squat pozisyonunda dengenin (p>0,05) ve tek bacak dengenin indeks puanlari (p>0,05) icin 6nemli bir degisiklik
degerlendirilmemistir. Sonug olarak, stabil platformda squat pozisyonunda denge performansi EBKH'dan kismen
etkilenmistir. Ancak, tek bacak denge EBKH'dan etkilenmemistir.
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Introduction

Transient damage at the cellular level that occurs
following unaccustomed exercise is defined as exercise
induced muscle damage (EIMD) (Smith & Miles, 2000).
The indicators of EIMD such as delayed onset muscle
soreness, inflammation, rigidity, elevated levels of
intramuscular enzymes (such as creatine kinase (CK),
lactate dehydrogenase), decreased force-generating
capacity and range of motion often persists 1 to 14 days
after the cessation of the damaging exercise (Owens at al.,
2019). The amount of muscle damage varies depending on
exercise type and intensity. It is well known that the
occurrence of skeletal muscle damage following
unaccustomed high intensity eccentrically biased
exercises such as plyometrics, downhill running etc. is a
very common situation. Symptoms resulting from
exercise-induced muscle damage can be disadvantageous
for athletic performance (Highton et al., 2009; Twist &
Eston, 2007; Hazar, 2004). In this respect, because of the
importance of improving or maintaining the athletic
performance, researchers were started to investigate the
effects of EIMD on various performances. In these studies,
significant decrease was reported in isokinetic strength
(Twist & Eston, 2007; Highton et al., 2009; Burt & Twist,
2011), running distance (Marcora & Bosio, 2007; Burt &
Twist, 2011; Twist & Eston, 2009;), peak power outputs
(Byrne & Eston, 2002; Nottle & Nosaka, 2007; Twist &
Eston, 2005), vertical jump (Byrne & Eston, 2002;
Marginson et al.,, 2005), 30m sprint and agility
performance (Akdeniz et al., 2012) following the eccentric
exercise protocols. Subsequently researchers were
started to investigate the effect of EIMD on skill-based
performances. In one of these studies, Karli (2013)
reported significant impairment in target shooting
performance following muscle damaging exercise. In
another study, which the skills of elite football players
were tested after low and high intensity strength
exercises, marked impairment was indicated in football
skills immediately after the exercise causing muscle
damage (Draganidis et al., 2013). Balance is another
important motor characteristic for every life of period and
for athletic performance. Nashner et al. (1982) describe
the balance as a complex process that coordinates
sensory, motor, and biomechanical components. It can be
defined as the ability to not only maintaining the body
position with minimum movement on stable status but
also staying in fixed position while moving or on unstable
status (Winter et al.,, 1990). Based on this definition,
controlling posture and balance provides a basis for
physical activities.

To the best of our knowledge there are only a few
studies which investigated the effect of EIMD on balance
performance in literature. In one of these studies, Twist et
al. (2008) measured the single leg static balance
performance using dominant legs of subjects and
reported impairment in the balance ability at 24th hour
following muscle-damaging exercise. Similarly, Khan et al.
(2016) also reported significant impairment in static and
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dynamic balance at 24th hour following muscle damaging
exercise. On the other hand, Dabs & Chander (2018)
reported no significant change in both single and double
leg static and dynamic balance following muscle damaging
exercise. As it has seen, considering the importance of
balance on athletic performance there are limited studies
investigating the effects of EIMD on balance performance,
furthermore the results are controversial. Consequently,
the study aimed to explore the impact of EIMD on
dominant single leg and squat position balance
performance in healthy young male adults.

Method

Research Group

Eleven healthy males (mean age: 22 + 2.6 yr; height:
173.12 £ 9.54 cm; body weight: 65.85 + 9.57 kg; fat%: 11.65
+ 4.14 %) who did not perform any vigorous exercise such
as plyometrics during the last month and did not join any
physical exercise during the last week before initiation
volunteered to participate in this study. Additionally,
individuals who has lower extremity injuries and baseline
CK values above 200u/L were not included in the study.
Participants were also asked not to do any physical activity,
use painkillers, apply cold water or ice and massage to
lower extremities during the study period. Although the
study was initiated with twelve participants, the data of one
participant who did not obey the rules (using painkillers) of
the study was excluded from statistical analysis.
Participants were informed about the procedures of the
research and the potential risks and benefits that they may
encounter if they participate.
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Figure 1. Experimental design of the study
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Each participant provided written informed consent to
participate in the research in agreement with the
Declaration of Helsinki confirmed from the Ethics
Committee of the Clinical Research, Bolu Abant Izzet Baysal
University.

Study Design

Initiation of the study, participants were familiarized
with the test protocols and all subjects were repeated the
full test procedures at least 3 times in different days. One
day before the study, anthropometric measurements
were completed, and participants were randomly
assigned to control or treatment trial. In the main part of
the study perceived muscle soreness, mid-thigh
circumference, dominant single leg stance and squat
position balance were measured at pre-exercise,
immediately after, 24th, 48th, 72nd and 96th hours
following muscle damaging exercise.

In accordance with the recommendations of the ethics
committee, and to ensure the welfare of the participants
blood samples were collected at the same time periods
only during the experimental trial. Participants were in a
seated position during the blood collection process.
According to the randomized cross-over study design, all
participants performed both experimental and control
trials. One-week break was given between experimental
and control trials to ensure that the effects of muscle
damage were disappeared. Tests and muscle damaging
exercises were conducted in the Sport and Exercise
Physiology Laboratory at a constant environmental
temperature and humidity (21-23°C and 55-70%
respectively) and to avoid the possible effects of diurnal
rhythm all measurements and treatments were
performed between 14:00h and 16:30h. Participants were
asked to consume their last meal at least two hours prior
to the test sessions. The methodology of the study was
demonstrated in Figure 1.

Data Collection

Muscle Damaging Exercise Protocol

Before muscle-damaging exercise participants were
performed five minutes of light jogging as a short warm
up to prevent injuries. The exercise protocol was
consisted of 100 drop jumps in total (5 sets of 20 reps)
from a height of 60cm box. Jumps were performed with
10 sec intervals, and 2 min rest were given between sets.
Participants were asked to fall from the box while their
hands placed on waist and jump up maximally
immediately after to reach 90° knee flexion. The exercise
protocol was performed on a hard synthetic surface. The
muscle damaging protocol used in this study was
previously shown to be effective in earlier research. (Kirby
et al,, 2012; Goodall & Howatson, 2008).

Assessment of Perceived Muscle Soreness

Muscle soreness perception was measured with a
visual analog scale.The grades of the scale are from 0-10,
which 0 indicates no muscle sore and 10 indicates too
much muscle sore to move. Participants were requested
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to point out the level of soreness they feel between
numbers 0 to 10 while they were in squat position (nearly
900 knee angle) with hands on waist (Twist & Eston, 2007;
Jakeman et al., 2010).

Mid-Thigh Circumference

The length of thigh was measured between trochanter
major and patella while the subject was in a sitting
position. The midpoint was marked with a pen to ensure
consistency of measurements on consecutive days. Thigh
circumference was measured from the marked point with
a non-elastic tape with relaxed quadriceps muscle. The
average of two measurements was used for data analysis
(Ferra et al., 2012).

Serum CK Level Assessment

Venous blood samples (2ml) were collected from the
antecubital vein before and after (Oth, 24th, 48th, 72nd
and 96th hours) EIMD. Before the analysis, blood samples
were centrifuged at 1250 g for 15 min. Serum CK was
measured using Abbott CK kits (Kat No: 7D63-21, Abbott
Laboratories, IL, USA) with Abbott C8000 Biochemistry
auto-analyzer.

Balance Assessment

In the current study Biodex Stability System (BSS,
Biodex Medical Systems, Shirley, NY) was used for the
assessment of single leg and squat position balance
ability. The  system  measures overall, the
anterior/posterior (A/P) and the medial/lateral (M/L)
stability scores. A score of “0 degrees” represents the
maximum possible stability. Furthermore, device platform
has mobility degree from 0 to 12. While 0 is the most
stable platform, 12 is the most unstable. In the study
overall stability index (OSI) was used for statistical analysis
and for the unstable balance tests fifth level of device
mobility degree was chosen (Wright et al., 2013). Three
repetitions with 10sec intervals and 20sec testing time
was applied for single leg balance measurements.
Dominant leg was chosen for single leg stance. Squat
position balance measurements were carried out at 90-
degree leg flexion position in which muscle soreness was
evaluated. Testing duration was established for 10sec
with 3 repetitions between 20sec intervals to prevent
from the possible muscle fatigue that may affect the
following test results negatively. Both single leg and squat
position mean stability scores were recorded for further
analysis. Participants were tested without footwear and
eyes were always open.

Data Analysis

Mean and standard deviations of all variables were
calculated for descriptive statistics. One-way ANOVA for
repeated measures were used for the comparison of
serum CK levels at six time points. Two-way ANOVA for
repeated measures (2 trials x 6 times) were used to
compare the trials (experimental and control) and times
(baseline, and Oth, 24th, 48th, 72nd and 96th hours
following the treatment) for the rest of the dependent
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variables. Greenhouse-Geisser correction was used when
sphericity was disrupted according to the Mauchly’s test.
In the continuation of variance analysis, paired sample t-
test was applied for the comparison of trials for each time
point when necessary. A significance level of p<0.05 was
considered for all statistical analyses.

Findings

Muscle Damaging Markers

ANOVA with repeated measures showed a statistically
significant main effect for time (F(5-50)= 11.200; p=0.001;

partial n2= 0.528) regarding to CK. Furthermore, two way
ANOVA with repeated measures revealed that there was
a statistically significant main effect for time (F(5-100)=
38.44; p=0.001; partial n2=0.658), trial (F(1-20)=62.27; p=
0.001; partial n2=0.757) and time by trial interaction (F(5-
100)= 33.71; p= 0.001; partial n2= 0.628) regarding to
perceived muscle soreness, and significant main effect for
time (F(5-100)= 3.26; p= 0.009; partial n2= 0.140) and
time by trial interaction (F(5-100)= 4.53; p= 0.001; partial
n2=0.185) regarding to mid-thigh circumference.

Table 1. Muscle damaging markers during six time points for experimental and control

Markers Baseline Imrr;?::tely At 2_4th hour At 4_8th hour At 7_2nd hour At 9_6th hour
(%£5D) (XSD) (XSD) (X+SD) (X£SD)
CK (U/L) Experimental 146.64+ 217.45% 484.27+ 340.91+ 221.75+ 197.64+
45.13 221.37 283.27 244.53 145.21 134.36
Muscle Experimental 1.09+ 6.64+ 7.91+ 7.45% 4.0+ 1.45+
coreness 0.94 2.54 2.21 2.73 2.37 1.64
— Control 0.64+ 0.64+ 0.73% 0.45+ 0.36+ 0.18+
0.67 1.03 1.27 0.93 0.92 0.60
Experimental 49.64+ 50.06+ 50.14+ 50.21+ 50.04+ 49.96%
Mid-Thigh 3.67 3.83 3.83 3.73 3.80 3.81
(cm) Control 50.04+ 50.08+ 50.04+ 49.94+ 50.01+ 49.97+
3.80 3.83 3.92 3.88 3.84 3.84
A post hoc test with Bonferonni correction was used to
S00 = compare the differences between times. According to
jﬁg = post hoc analysis CK levels were significantly increased at
E 300 24th and 48th hours of post-exercise and returned to
< 200 baseline at 72nd hour (Fig.1a). Perceived muscle soreness
oo was significantly increased immediately after exercise and
? PO L e reached peak values at 24th and 48th hours post-exercise
i (Fig.1b) and started to return baseline values at 72nd
e Eperimental Comeol hours.  Mid-thigh  circumference values showed
»_.g o . . significantly increase at all times (Fig.1c).
=2 g -
g Balance Performances
z ; Single Leg Stance
E ] O As reported by ANOVA with repeated measures, there
N S was no significant main effect at overall index scores in
stable platform single leg stance (p>0.05). Significant main
_ ——Experimental Control effect was found in single leg stance overall index scores
E—; gg; = = - - for time (F(5-100)= 2.31; p= 0.050; partial n2= 0.103) on
£ so — w unstable platform.
B 45 / Squat Position Balance
;gn prodl There was a significant main effect of time on the overall
= PR Rt index scores of the squat position stable platform balance
< test (F(5-100)= 2.96; p= 0.016: partial n2= 0.129). The

Figure 1. EIMD markers; (a) CK levels, (b) perceived
muscle soreness, (c) thigh circumference.
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paired sample t-test was revealed a significant difference
between the experimental and control trials at 24 hours
after the muscle damaging exercise. (t= 2.696; p= 0.022)
regarding to squat position balance overall index scores.
Statistically no significant differences were detected in
squat position balance index scores on unstable platform
(p>0.05).
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Table 2. ANOVA results for EIMD markers

Variables F P
CK Time 11,200 0,000
Time 38,441 0,000
Muscle soreness (score) Time x Trial 33,710 0,000
Trial 62,272 0,000
. . Time 3,255 0,009
M"("C'Lh)'gh Time x Trial 4,526 0,001
Trial 0,000 0,997
Table 3. Balance performance scores during six time points for experimental and control trials
Immediately At 24t At 48t At 72 At 96
Variables Baseline after hour hour hour hour
(x£SD) (XxSD) (XxSD) (XxSD) (XxSD)
SLSP Experimental 2.25+0.86 3.14+1.38 2.2511.24 2.16x1.21 2.27+0.93 2.2310.83
Overall Control 2.35£0.92 2.13+£1.22 1.974£1.01 2.41+0.89 2.36+0.79 2.10+0.79
SL UP Experimental 2.37£0.69 2.35£0.94 2.031£0.83 1.96+0.82 1.97+£0.74 2.02+0.64
Overall Control 2.22+0.39 2.15+1.16 1.79+£0.90 1.86+£0.54 1.92+0.55 1.94+0.55
Squat SP Experimental 4,58+2.29 3.64+2.32 4.31+£2.32 3.97+£1.80 3.35+£1.68 3.99+1.52
Overall Control 4,79+2.45 3.59+1.62 2.80+1.58 4.08+£2.37 3.35+£2.18 3.46+2.00
Squat UP Experimental 2.19+0.77 1.86+£0.52 2.11+0.67 1.78+£0.67 1.71+£0.81 1.81+£0.66
Overall Control 2.54+1.16 2.42+1.20 1.85+0.74 1.93+0.66 2.03+£0.78 1.77£0.55
SL: Single Leg. SP: Stable platform. UP: Unstable platform
—#— Experimental Control —#— Experimental Control
= 4
5 4 S
= 3 = 3
En i . /\_ - E 5 ~
— =
] 1 ﬁ 1
E; =
w0 ; ; ; ; . 8 oA ; ; . . |
E R A O P S
i ¥
—p— Experimental Control —_ —p— Experimental Control
= (=]
S S
= 45 =
w5 E 3
2 4 e e— . " =]
:“E 3 o _g 2 . -"'—-v-———
& 2 E 1
= 1 =
= By
g 0+ : : . : : . g 0+ . : . . : ,
- ’_g_;\\oc' & Y & 4.:\‘& S
¥® ¥®

Figure 2. Balance Scores (a) Single Leg Stable Platform Overall Index, (b) Single Leg Unstable Platform Overall Index
(c) Squat Position Stable Platform Overall Index (d) Squat Position Unstable Platform Overall Index
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Table 3. ANOVA results for balance scores

Variables F P
SLSP Time 0,969 0,441
Time X Trial 1,510 0,194
Overall )
Trial 0,340 0,566
Ti 3,306 0,050
SLUP o me g :
5 I Time X Trial 0,094 0,993
era
v Trial 0,320 0,578
Squat SP Time 2,959 0,016
Overall Time x Trial 1,361 0,246
Trial 0,175 0,680
Time 2,649 0,027
Squat UP . ! . ! !
o I Time X Trial 1,217 0,307
era
v Trial 0,570 0,459

SL: Single Leg. SP: Stable platform. UP: Unstable platform

Discussion and Conclusion

The present study aimed to explore the effects of
EIMD on balance performance in healthy young male
adults has been successfully completed. The major finding
of the study was the existence of significant impairment
of squat position balance on stable platform after EIMD.
On the other hand, no significant difference was indicated
on single leg balance following EIMD. Moreover, the
serum CK level, muscle soreness and mid-thigh
circumference monitored as indicators of muscle damage
formation showed significant increases.

As a result of traumas and damage, which especially
occurs in skeletal and heart muscle, CK level, perceived
muscle soreness and thigh girth increases are using as
indirect methods to determine EIMD for years (Hazar,
2004; Howatson et al., 2005). In the present study CK
levels peaked at 24th hour following exercise and showed
significant increase at 24th and 48th hours comparing the
baseline. Perceived muscle soreness started to rise
immediately after EIMD and reached maximum level at
24th and 48th hours and returned to baseline at 72nd
hours following exercise. Mid-thigh circumference also
showed significant increase at all times following muscle
damaging exercise. These results of the current study
showed similarity with previous studies (Goodall &
Howatson, 2008; Kirby et al., 2012; Miyama & Nosaka,
2004; Minshull et al., 2012). Hence, the drop jumping
exercise protocol used in this study was found to be
successful in causing muscle damage.

In the study the effects of EIMD on single leg and squat
position balance performance on stable and unstable
platforms was monitored at pre-exercise, at immediately
after and at 24th, 48th, 72nd and 96th hours following the
exercise. No significant difference was detected on single
leg balance with all indexes following EIMD. However,
some indices were found to be significantly different in
the squat position balance due to EIMD.

The impairment of athletic performance such as
strength (Highton et al., 2009; Twist & Eston, 2007; Burt &
Twist, 2011), endurance (Twist & Eston, 2009; Burt &
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Twist, 2011; Marcora & Bosio, 2007) , sprint (Highton et
al., 2009; Twist & Eston, 2005; Akdeniz et al., 2012), agility
(Highton et al., 2009; Akdeniz et al., 2012) and shooting
skills (Karli, 2013; Drganidis et al., 2013) following EIMD
has already been documented in previous studies. To our
knowledge, there are only a few studies which
investigated the effect of EIMD on balance performance.
Twist et al. (2008) measured single leg static balance
performance at 30min, 24th, 48th and 72nd hours
following 10 x 20 vertical jumps muscle damaging
exercise. They reported significant impairment in post-
exercise balance performance at 24th hour due to the
EIMD. In this study females (n=3) were participated
together with males (n=6) and it’s possible that females
would have affected more from muscle damage.
However, the participants of the current study were males
and have training background. It's well known that
athletes have better balance than sedentary people, so
the other explanation to this contrast can be the
participants’ previous proprioceptive gains due to training
backgrounds (Bringoux et al., 2000). In another study
significant decline was reported in static and dynamic
balance for both legs at 24th hour following repeated
sprint test (Khan et al., 2016). In that study some physical
parameters such as vertical jump, 20m sprint and Illinois
test were also measured. And for balance measurements
stork stand balance test for static, modified star excursion
balance test for dynamic balance was used. Balance
results may have differed from the current study due to
the test protocol differences and too many physical tests
measurements. Contrast to these studies, Dabs & Chander
(2018) reported no significant change in single and double
leg static and dynamic balance measured with Biodex
balance system following split squats muscle damaging
exercises. The results of this study, which used the same
testing system to determine balance, were similar to the
current study. When considering to position of single leg
balance measurement, in this position the muscles cannot
feel the damage or the soreness and maybe that’s why
balance scores did not impaired in current study.
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Contribution of proprioception may be adequate in
simple methods such as single leg stance (Bizid et al.,
2009). Based on this, in the present study balance was
also investigated in squat position, which the muscle
soreness determined. In the squat position
measurements, a significant deterioration was observed
in the stable platform overall index scores in the
experimental trial at the 24th hour following EIMD. As
seen from squat position balance graphics in experimental
trial, the scores were improved at immediately after
exercise but impaired again at 24th hour post-exercise.
Because the muscles were warmed up following the drop
jump exercise it could be easier to maintain balance in
squat position. Additionally, in control trial balance scores
were getting better within time (Fig.2c, d). Thus, it can be
said that in experimental trial, balance performance was
improved immediately after exercise due to muscles got
warm up and impaired 24th hour post-exercise because of
the muscle damage and soreness and stopped changing
afterwards.

As a conclusion, increased CK, mid-thigh
circumference and muscle soreness scores in comparison
of baseline values shows that the drop jump exercise
protocol used in this study was found to be successful in
forming muscle damage on lower extremity. Although
there was no impairment in single leg balance
performance, the squat position balance performance
was partially affected by EIMD in young males. Since
several studies have reported the effects of EIMD on
balance performance further studies are needed. Besides
this, some measurement techniques including sport
related dynamic movements should be developed to
understand exactly the dynamic balance.
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