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ABSTRACT 

 
Frimpong E, Ofori EK, Kaoje SY, Ababio E, Dzudzor B. Muscle 
Damage and Repeated Bout Effect from High Intensity Non-
Eccentric Exercises. JEPonline 2019;22(5):126-140. The purpose 
of this study was to estimate the extent of muscle damage and the 
Repeated Bout effect from high intensity non-eccentric aerobic 
exercises compared to an eccentric exercise. Thirty healthy 
subjects were randomized into either the downhill, uphill, or level 
treadmill group. The groups performed treadmill running at 70% of 
heart rate reserve (HRR) for 30 min in Bout 1. Two weeks later, 
the subjects performed a Repeated Bout of downhill treadmill 
running at 80% of HRR for 35 min. Creatine kinase (CK), total 
white blood cells (TWBC), muscle soreness (SOR) and mid-thigh 
circumference (MC) were assessed as markers of muscle damage 
before and at 1, 24, and 48 hrs after each exercise bout. Muscle 
damage was significantly higher in the downhill group than the 
uphill or level treadmill group after the Bout 1 exercises (P<0.05). 
However, muscle damage was significantly higher in the uphill and 
level treadmill groups than the downhill group following the 
Repeated Bout. Novel high intensity non-eccentric exercises do 
not adequately protect muscles against damaging exercises. 
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INTRODUCTION 
 
It is well established that exercise-induced muscle damage (EIMD) is a microlesion to 
skeletal muscle fibers and cytoskeleton following a single bout of unaccustomed exercises, 
particularly eccentrically biased (or muscle lengthening) exercises (1-3). Pathophysiologically, 
the mechanisms underlying EIMD involve sarcomere disruption and impairment of the 
excitation-contraction coupling system (4,5). The EIMD is characterized by temporal 
symptoms and signs including ultra-structural muscular disruption, delayed-onset muscle 
soreness (DOMS), impaired muscle production or loss of muscle strength, decreased range 
of motion, muscle swelling or increased muscle circumference (MC) and increased serum 
levels of intramuscular proteins such as creatine kinase (CK), lactate dehydrogenase (LDH) 
and myoglobin as well as increased plasma levels of inflammatory mediators (6-9). The 
indicators or markers of EIMD may appear immediately or hours following the eccentric 
exercise, peaking between 12 and 72 hrs and lasting for up to approximately 2 wks 
depending on the extent of the muscle damage (10-13). 
 
It is equally well established that the performance of a Repeated Bout of the same or similar 
eccentrically biased exercise results in a significant attenuation in symptoms or indicators of 
EIMD relative to the Bout 1 (4,14-16). This phenomenon of protective adaptation to eccentric 
or damaging exercise is known as a Repeated Bout effect (RBE) (15,17). The RBE is 
evidenced by less myofibrillar disruption and infiltration of intramuscular proteins into blood 
(such as CK and LDH) and minimal muscle swelling (3,15,16,18,19). The RBE has been 
shown to persist for 6 to 9 months (20). While the full mechanisms underpinning the RBE are 
yet to be fully understood, mechanical, neural, and cellular adaptations are the common 
theories used to explain RBE (3,19).  
 
The RBE has been demonstrated both in animal models (21,22) and in humans 
(15,16,23,24). Some studies have reported that the initial or the first single bout of eccentric 
exercise does not have to elicit large muscle damage in order to confer adaption against 
subsequent damaging exercise bouts (23-25). It was reported that evidence of the RBE 
occurred following non-muscle damaging exercises (including isometric and passive 
stretching) in animal models (26). However, whether or not non-eccentric muscle activity is 
needed in the novel exercise bout in order to develop protective adaptation in the skeletal 
muscles has not been fully investigated. It is not known if performing non-eccentric exercises 
at high intensity may induce adequate RBE against subsequent eccentrically biased 
exercises. This knowledge will increase our understanding with regards to replacing eccentric 
with non-eccentric exercises in the novel exercise bouts. 
 
Although eccentric exercise has several beneficial physiological effects, it produces greater 
force and hence, muscle damage compared to concentric (that is, shortening) or isometric 
muscle activities (14,27,28). Limiting the extent of EIMD in sedentary individuals is 
necessary, as overt muscle damage may be demotivating and disincentive to exercising or 
exercise-based treatments. It is therefore, important to investigate if avoiding eccentrically 
biased muscle work in the novel exercise bout is beneficial. As yet, limited evidence exists as 
to the extent of muscle damage and the RBE that may be induced from high intensity non-
eccentrically biased exercises. To the best of our knowledge, there is no study that has 
compared the RBE between high intensity uphill treadmill aerobic exercise (inducing primarily 
concentric contractions) and level treadmill exercise (inducing similar eccentric and 
concentric contractions) with eccentrically biased downhill running exercises. 
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Therefore, the purpose of this study was to estimate the extent of muscle damage and the 
RBE from high intensity non-eccentrically biased aerobic exercises (i.e., uphill and level 
treadmill running) compared to eccentrically biased downhill running exercise in untrained 
healthy young adults. It was hypothesized that the non-eccentric exercises would induce low 
indicators of muscle damage in the initial bout but would confer muscle adaption comparable 
to the eccentric exercise in the Repeated Bout. 
 
METHODS  
 
Subjects 
This study consisted of 30 healthy untrained young adults (16 males and 14 females) from 
the Korle-Bu Campus of the University of Ghana and the surrounding communities. The age 
and body mass index (BMI) of the subjects were (mean ± SD): 21.2 ± 1.5 yrs of age with a 
BMI of 22.3 ± 2.4 kg∙m-2. The subjects had not participated in a structured exercise program 
for at least 6 months prior to the study, particularly eccentric exercises of the lower 
extremities such as downhill running. They had no medical history, as assessed by a physical 
activity readiness questionnaire (29), for which the study’s exercises were contraindicated. In 
addition, all the subjects underwent a thorough medical examination and were medically 
cleared by certified doctors before being eligible to participate in the study. Thus, volunteers 
who had enrolled in fitness programs and/or had unfavorable medical report or answered a 
yes on the physical activity readiness questionnaire were not eligible to participate in the 
study.   
 
Procedures 
The subjects for this study were recruited by means of advertisements via posters, fliers, and 
face to face invitations at the Korle-Bu Campus of the University of Ghana and the 
surrounding communities. Each subject completed a health history questionnaire and 
underwent medical examination after expressing interest to participate in the study. Once 
medically cleared and also meeting the full eligibility criteria, the subjects were randomly 
assigned to 1 of 3 groups (i.e., downhill, uphill, and level treadmill groups). The random 
sequences were generated and each was concealed in a sealed opaque envelop by an 
investigator not involved in the subjects’ recruitment. The subjects were then allocated to 
their respective groups based on the random sequence by the investigators doing the data 
collection.  
 
Exercise Protocol 
Subjects in each group performed two exercise bouts separated by 2 wks. In Bout 1, subjects 
in the downhill, uphill, and level treadmill running groups performed downhill, uphill, and level 
treadmill running exercises, respectively, all at 70% of subjects’ heart rate reserve (HRR) for 
30 min. The intensity of the exercise for the subjects was estimated by determining the target 
heart rate (THR) calculated as a percentage of their HRR using the Karvonen method (30) as 
follows: 
 

THR = (HRmax – HRrest) × (%Intensity) + HRrest 
 
Where maximal heart rate (HRmax) = 220 – age, heart rate reserve (HRR) = HRmax – HRrest 
(resting heart rate) and %intensity - percentage intensity calculated as a percentage of the 
HRR. The target heart rates were determined prior to Bout 1. 
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The Xenon treadmill (Okinawa, Japan) was declined at a gradient of -15º for the downhill 
group and inclined at +15º for the uphill group and at 0º for the level treadmill group 
exercises. The downhill slope was obtained by placing a wooden pallet under the rear of the 
treadmill (31). The uphill inclination was obtained using the incline function of the treadmill to 
the same degree as the downhill inclination. The subjects began the exercises with a 5-min 
warm-up that consisted of walking at a speed of 3.0 k∙hr-1. The warm-up was followed by the 
30-min running exercise. The speed of the treadmill was gradually increased or adjusted to 
each subject’s respective target HR. All the subjects ended their exercises with a 5-min cool 
down of overground walking and stretching. Prior to the exercises, the subjects were told they 
would be allowed up to 5 min of rest halfway through the required exercise duration when 
requested or where necessary. The HR was monitored with a HR monitor, Polar Accurex 
Plus Polar Electro Oy, (Kempele, Finland) to ensure that the subjects exercised within the set 
target HR. Furthermore, the Borg scale of rating of perceived exertion was used to monitor 
the exercise intensity (32) since it correlates with the cardiorespiratory variables (33). 
 
Two weeks after the Bout 1 exercise, all the groups performed a second bout of exercise 
(i.e., a Repeated Bout) of an eccentrically biased downhill running at 80% of HRR for 35 min. 
The Repeated Bout protocol was similar to the downhill exercise in Bout 1 (i.e., the treadmill 
declined at -15º). Similar to Bout 1, the subjects began and ended their exercises with 5 min 
of warm-up and cool down, respectively. The training stimulus in the second bout was 
necessary for assessing muscle tissue adaptation or otherwise induced by the group 
exercises of Bout 1. The 2-wk time interval was allowed for recovery from Bout 1 (12). 
 
In order to minimize data variability, certain restrictions were placed on the subjects. They 
were asked not to perform any exercises other than the physical activities associated with 
their activities of daily living. Furthermore, the subjects were instructed to abstain from 
massaging, stretching, and any form of treatment to the lower limbs, and they were told to 
refrain from taking non-steroidal anti-inflammatory drugs (NSAIDs), nutritional supplements, 
alcohol, and caffeine before and during the experimental period.  
 
ASSESSMENT OF OUTCOME VARIABLES 
  
Physiological Measurements  
The subjects’ height (to the nearest 0.1 cm) and body mass (to the nearest 0.1 kg) were 
measured using a stadiometer (Holtain, Crosswell, UK) and electronic scale (Dismed, USA) 
respectively with subjects shoeless while wearing light clothing. The BMI of subjects was 
calculated as body mass divided by the square of the subject’s height. These assessments 
were done before Bout 1. The blood pressure was measured using a standard mercury 
sphygmomanometer and stethoscope (Omron, UK) after a 5-min rest.   
 
Assessment of Muscle Damage and Repeated Bout Effect  
Muscle damage was assessed before the exercise bouts and the same measurements were 
repeated at 1, 24, and 48 hrs after both the Bout 1 and the Repeated Bout exercises. 
 
Biochemical and Inflammatory Markers of EIMD 
Blood samples were collected before (baseline) and at 1, 24, and 48 hrs after exercises in 
both the Bout 1 and the repeated bout. Five milliliters of venous blood were drawn from the 
antecubital vein by venipuncture. Each blood sample drawn was divided into two tubes: (a) 
one-half was collected into ethylenediaminetetraacetic acid (EDTA) tubes for full blood count 
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(FBC) analysis; and (b) the other half into Serum Separator Tubes for muscle damage 
markers. The time for blood sampling was fixed at 7:00 a.m. after an overnight fast.  
 
Blood samples in the serum separator tubes were centrifuged at 3000 rev·min-1 for 10 min 
and the serum aliquoted into labeled Eppendoff tubes for CK analysis. Samples were stored 
at a temperature of −20°C until use. Serum CK levels were measured by the VITROS CK 
Slide method and VITROS Chemistry Products Calibrator Kit 3 (Ortho-Clinical Diagnostics, 
Johnson and Johnson Company, UK).  
 
The blood samples in the EDTA tubes were used to analyze plasma-circulating levels of 
TWBC as inflammatory marker of EIMD with a Sysmex Autoanalyser (Kobe, Japan).  
 
Muscle Soreness (SOR) 
Perceived muscle soreness (SOR) was used to assess pain of bilateral quadriceps by Visual 
Analog Scale (VAS). The VAS consisted of a 10-cm line labeled with no soreness (0) on the 
left and extremely sore (10) on the right. The subjects indicated their level of pain in bilateral 
quadriceps on the scale as the perceived soreness. To do this, the subjects assumed a 
squatting posture with 90o flexion of both knees for approximately 2 sec and marked on the 
scale their perception of soreness (31). 
 
Mid-Thigh Circumference 
Bilateral mid-thigh circumference was measured using a measuring tape. The middle of the 
thigh was marked to measure the thigh circumference. Measurements were done twice and 
the average calculated (31). 
 
Statistical Analyses 
 
The data were analyzed using the statistical package for social sciences (SPSS) version 25. 
Two-way repeated-measures of analysis of variance (ANOVA) (group x time) was used to 
compare the means of the outcome variables (CK, TWBC, SOR and MC) within and between 
the groups in both Bouts 1 and 2 before and 1, 24, and 48 hrs after the exercise bouts. When 
a significant main effect occurred, a post hoc analysis with a Tukey’s honestly significant 
difference was used to detect differences in outcomes between the groups at different time 
points. A P-value of less than 0.05 was considered statistically significant. The data are 
presented as mean ± standard deviation (mean ± SD). 
 
RESULTS 
 
Subjects’ Characteristics 
A total of 30 healthy untrained young adults (16 males and 14 females) participated in the 
study. The average age, weight, height, BMI, systolic blood pressure (SBP), diastolic blood 
pressure (DBP), and heart rate (HR) were (mean ± SD): 21.2 ± 1.5 yrs, 62.5 ± 5.1 kg, 1.7 ± 
0.1 m, 22.3 ± 2.4 kg∙m-2, 117.7 ± 4.4 mmHg, 77.3 ± 3.5 mmHg, and 71.6 ± 3.6 beats∙min-1, 
respectively. Table 1 shows comparisons of the subjects in the three groups (downhill, uphill, 
and level treadmill groups). The subjects’ characteristics (age, weight, height, BMI, SBP, 
DBP, and HR) were similar between the groups (P>0.05).     
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Table 1.  Baseline Characteristics of the Subjects. 
 

Characteristics 

     
  Downhill Group 
          (n = 10) 

    
  Uphill Group 
       (n = 10) 

   
  Level Group 
      (n = 10) 

       
     P-value 

     

Age (yrs) 21.1  1.1 20.9  1.1 21.6  2.0 0.554 

Body Mass (Kg)   63.3  5.4 61.6  5.3 62.6  5.0 0.766 

BMI (kg∙m-2) 22.6  2.0 22.0  2.9 22.2  2.6 0.857 

SBP (mmHg) 117.5  14.6 118.2  14.9 117.5  13.9 0.922 

DBP (mmHg)   79.1  13.7  81.1  13.9  79.7  12.6 0.403 

HR (beats·min-1)   71.6  12.7  72.2  14.8   71.0  11.7 0.765 

N = 30 (10 subjects in each group). BMI = Body Mass Index; DBP = Diastolic Blood Pressure; HR = 
Heart Rate; SBP = Systolic Blood Pressure. The data are presented as means ± standard deviation. 
The mean differences in age, weight, height, BMI, SBP, DBP, and HR between downhill, uphill, and 
level treadmill groups were not significant (P>0.05). 
 
 
Muscle Damage and Repeated Bout Effect  
The serum levels of CK and plasma TWBC as well as SOR and MC were assessed as 
markers of EIMD before and at 1, 24, and 48 hrs after the Bout 1 and the Repeated Bout 
exercises in the downhill, uphill, and level treadmill groups.  
 
There were significant increases in serum levels of CK from baseline to 1 hr (P<0.0001), 24 
hrs (P<0.0001), and 48 hrs (P<0.0001) following the Bout 1 exercises in all the three groups 
(Figure 1). The CK levels were significantly higher in the downhill treadmill group compared 
to the uphill or level treadmill groups at 24 and 48 hrs after the Bout 1 exercises (P<0.0001). 
However, serum CK levels were significantly lower in the downhill group compared to the 
uphill or level treadmill group at 24 and 48 hrs after the Repeated Bout (P<0.0001) (Figure 1). 
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Figure 1. Changes in Serum Levels of CK at Baseline and 1, 24, and 48 Hrs after Bout 1 
and the Repeated Bout Exercises in the Three Groups. *P<0.0001; and **P<0.0001 CK 
significantly higher in the downhill group compared to uphill or level treadmill group at 24 and 
48 hrs, respectively after Bout 1 exercises. #P<0.0001; and ##P<0.0001 CK significantly 
lower in the downhill group compared to uphill or level treadmill group at 24 and 48 hrs, 
respectively after the Repeated Bout exercise. 
 

The TWBC levels increased significantly from baseline to 24 hrs after Bout 1 exercises in the 
three groups (P<0.05) but not significantly different at 48 hrs from baseline (P>0.05) (Figure 
2). The TWBC levels were not significantly different between the groups at 1, 24, and 48 hrs 
after the Bout 1 exercises (P>0.05). Likewise, the TWBC increased from baseline to 24 hrs 
(P<0.05) after the Repeated Bout in the groups and levels were not significantly different 
between the groups at 1, 24, and 48 hrs after the Repeated Bout (P>0.05) (Figure 2).  
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Figure 2. Changes in Plasma Levels of TWBC at Baseline and 1, 24, and 48 Hrs after 
Bout 1 and the Repeated Bout Exercises in the Three Groups. 
 

The SOR increased significantly from baseline to 48 hrs after the Bout 1 exercises in the 
three groups (P<0.0001) (Figure 3). The SOR was significantly higher in the downhill group 
compared to the uphill or level treadmill groups at 24 and 48 hrs after the Bout 1 exercises 
(P<0.001). The SOR rating increased significantly from baseline to 48 hrs after the repeated 
bout exercises in the uphill and level treadmill groups (P<0.001). The SOR was significantly 
lower in the downhill group compared to the uphill or level treadmill group (P<0.001) at 24 
and 48 hrs after the Repeated Bout (Figure 3). 
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Figure 3. Changes in SOR at Baseline and 1, 24, and 48 Hrs after the bout 1 and 
Repeated Bout Exercises in the Three Groups. *P<0.001; and **P<0.001 SOR 
significantly higher in the downhill group compared to uphill or level treadmill group at 24 and 
48 hrs respectively after Bout 1 exercises. #P<0.001; and ##P<0.001 SOR significantly lower 
in the downhill group compared to uphill or level treadmill group at 24 and 48 hrs, respectively 
after the Repeated Bout exercise. 
 

The CM did not change significantly within and between the groups at baseline and 1, 24, 
and 48 hrs after both the Bout 1 and Repeated Bout exercises (P>0.05) (Figure 4). 
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Figure 4. MC at Baseline and 1, 24, and 48 Hrs after the Bout 1 and Repeated Bout 
Exercises.  
 
 
DISCUSSION 
 
The literature is replete with evidence of muscle damage and the subsequent development of 
protective muscle adaption (known as the Repeated Bout effect, RBE) following a single bout 
of an eccentric novel exercise. The RBE is mainly thought to be specific to the type of 
exercise performed in the initial bout (15,34), and whether the high intensity non-eccentrically 
biased novel exercises induce adequate muscle adaptation has not been fully elucidated. 
The purpose of this study was to investigate whether a high intensity non-eccentrically biased 
aerobic running exercises would induce the RBE that is comparable to that of an eccentric 
exercise. The main finding of this study is that the non-eccentrically biased uphill and level 
treadmill running exercises did not induce adequate muscle protection or Repeated Bout 
effect against damaging or eccentrically biased high intensity downhill running exercise. 
Thus, the muscles may be vulnerable to damaging exercises even after a high intensity non-
eccentrically biased exercises.  
 
In this study, the eccentrically biased downhill treadmill running was used as a criterion 
method for inducing muscle damage as a substantial body of evidence show that 
considerable muscle damage is induced with eccentric muscle work (15,27,35). The serum 
levels of indirect biochemical (CK), inflammatory (TWBC), and physical (SOR) markers of 
EIMD, as assessed in this study, significantly increased from baseline to 48 hrs after the Bout 
1 exercises in each group, thus indicating muscle damage. The manifestations of muscle 
damage were more considerable and significantly higher in the eccentrically downhill group 
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compared to those of the uphill and level treadmill running groups. These data are in line with 
previous studies that induced muscle damage with different exercise protocols (17,20,34,36). 
The sarcomeric disruption in EIMD is explained to occur as a result of the characteristics of 
eccentric muscle activity. Eccentric contractions generate high force with low energy or 
metabolic cost compared to concentric or isometric contractions (35,37-39). Typically, 
eccentric contractions recruit fewer motor units with increased load per fiber, and the initial 
unequal resting length of the sarcomeres causes more tension on the shorter sarcomeres 
leading to fiber elongation (40,41). Hence, stress on the shorter sarcomeres causes them to 
“pop” at their yield point and this popping is what causes the muscle damage (40,41). The 
EIMD induced by the concentrically biased uphill and level exercises may be attributed to the 
eccentric muscle work components of these activities (42). This is because normal human 
motion involves repeated cycles of eccentric and concentric muscle actions known as stretch 
shortening cycle (SSC) (43). However, degree of eccentric or concentric component of 
muscle contraction depends on whether the activity is performed on uphill, downhill, or level 
ground (42). 
 
Relative to Bout 1, evidence of EIMD was generally attenuated after the Repeated Bout in all 
of the three groups, denoting different degrees of muscle adaptation or the RBE. However, 
the RBE was better in the downhill group than both the uphill and level running groups. 
Following the Repeated Bout, serum levels of CK and SOR significantly changed in the 
downhill group compared to the uphill and level running groups. Thus, the markers of EIMD 
(CK and SOR) were considerably lower in the downhill group than the uphill and level 
treadmill groups at 24 and 48 hrs after the Repeated Bout exercises. These findings concur 
with those of previous studies where there was higher muscle adaptation from eccentric 
exercises than non-eccentric exercises (17,34,36,44,45). Unlike CK and SOR, the 
inflammatory marker (TWBC) and MC were not different between the groups following the 
exercise bouts, and the present results are similar to those of prior studies (8,34,46,47). 
Although not fully understood, it has been proposed that the improvement in motor unit 
recruitment, elimination of weak areas of muscle fibers, addition of sarcomeres in series, and 
development of more resilient muscle structures are the factors underlying the RBE (3,19). 
 
An important finding in this study is that performing high intensity of a concentrically biased 
aerobic exercise or a high intensity exercise of similar amounts of concentric or eccentric 
aerobic exercise does not adequately protect muscles against damaging exercises. The 
evidence of EIMD (particularly, CK and SOR) was considerable following the Repeated Bout 
exercises in the uphill and level running groups implies that the level of adaptation induced by 
the initial exercise bouts was not enough to prevent muscle damage from eccentrically biased 
downhill running exercise. A recent study reported for the first time that concentric exercise 
training prior to eccentric exercise significantly attenuated the RBE and, thus reversed the 
muscle back to its unaccustomed level (34). This study demonstrates that muscles subjected 
to high intensity non-eccentric exercises may still be vulnerable to subsequent damaging 
exercises. Hence, the present study provides useful information for professionals involved in 
exercise prescription and supervision to design exercise programs that limit muscle damage 
while developing adequate muscle adaptation against the likelihood of subsequent damaging 
or unaccustomed exercises.  
  
Limitations in this Study 
 
The small sample size and the relatively young adults studied limit the generalizability of the 
findings in this study. Thus, future studies should include adults older than those studied in 
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this study. Also, it is important to conduct longer follow ups to better understand muscle 
damage and RBE from non-eccentrically biased exercises.  
 
CONCLUSIONS 
 
Novel high intensity non-eccentric aerobic uphill and level treadmill running exercises did not 
induce adequate muscle adaptation or repeated bout effect against a damaging exercise 
compared to the eccentrically biased downhill running exercise. Novel exercises for untrained 
adults may be non-eccentrically biased, but the muscles may be vulnerable to subsequent 
damaging or eccentrically biased exercises. 
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