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Abstract

Purpose The aim of the current study is to compare the effects of hypertrophy-, strength-, and power-type resistance exercise
training types on hydrogen peroxide (H,0,), malondialdehyde (MDA), total lactate dehydrogenase (LDH), and total creatine
kinase (CK) in resistance-trained women.

Methods After determining one-repetition maximum (1-RM), ten resistance-trained women (age 26.30+4.95 years; body
mass index 22.07 +2.02 kg/m?; body fat 24.64 +4.98%) conducted hypertrophy-type (70% of 1-RM), strength-type (90%
of 1-RM), and power-type (45% of 1-RM) resistance exercise for three consecutive weeks. The movements included lever
leg extension, reverse-grip lat pull-down, horizontal leg press, standing biceps cable curl, lying leg curl, machine bench
press, standing cable triceps extension, and seated calf raises. Fasting blood samples were obtained immediately before and
immediately after each trial. Statistical analyses were performed using the ¢ test, Wilcoxon, and analysis of covariance. The
significance level was set at P <0.05 level.

Results The results indicated that one bout of hypertrophy-, strength-, and power-type resistance exercises had no significant
effects on H,0,, MDA, and total LDH levels. However, serum total CK level significantly increased after all the three types
of resistance exercise. Power resistance exercise resulted in a higher total CK level than hypertrophy and strength types.
Conclusion Although the three types of hypertrophy, strength, and power exercise cause muscle damage, they do not exac-

erbate oxidative stress in resistance-trained women.
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Introduction

A free radical (FR) is a chemical species that contains one or
more unpaired electrons and reacts with other molecules to
achieve stability. It is now acknowledged that low-to-mod-
erate levels of FR have multiple regulatory roles in the cell,
including the modulation of cell signaling pathways and the
regulation of gene expression, while high levels of FR can
damage cellular structures [1]. Moreover, it is well estab-
lished that skeletal muscles are a significant source of oxi-
dant production during exercise and that they contribute to
exercise-induced oxidative stress [2]. Oxidative stress refers
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to an imbalance between the production of reactive oxygen
species and a biological system’s ability to readily detoxify
them or to repair the resulting damage [3]. Superoxide, as a
primary FR, is produced through an incomplete reduction
of oxygen in the electron transport system and can be easily
converted to hydrogen peroxide (H,0,) spontaneously or by
action of the superoxide dismutase (SOD) [1, 2]. H,0, as a
stable oxidant is considered a relatively weak cytotoxic and
oxidizing agent [1]. Because of long half-life, H,O, diffuses
within cells and across cell membranes [1]. H,O, is unable
to oxidize DNA or lipids directly [1]. However, H,O, can
readily generate hydroxyl radicals through the Fenton reac-
tion, which in turn results in a threefold increase in malon-
dialdehyde (MDA) as the most mutagenic product of lipid
peroxidation [4, 5]. MDA is the primary indicator of alde-
hyde that results from polyunsaturated fatty acids peroxida-
tion and is frequently used as a biomarker of oxidative stress
in response to exercise and clinically serious metabolic
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impairments [5]. It has been concluded that an increase in
FRs results in MDA overproduction [5]. Cell membrane
damage and muscle damage induced by FR attacks [6, 7]
increase the instability of cell membrane, which in turn
increases creatine kinase (CK) and lactate dehydrogenase
(LDH) releases into the bloodstream [8]. In this regard, it
has been revealed that subjects with a greater increase in
markers of muscle damage (i.e., CK and LDH) experience
a more considerable increase in serum concentration after
eccentric exercise [4]. Moreover, it has been reported that
post-race increase in plasma MDA levels significantly cor-
relates with increased plasma CK and LDH levels [5].

With regard to oxidative stress markers, it has been dem-
onstrated that five sets of 15 eccentric maximal voluntary
contractions on an isokinetic dynamometer result in more
MDA levels in untrained than resistance-trained individu-
als [9]. In addition, one bout of Olympic weightlifting at an
intensity corresponding with 85-90% one-repetition maxi-
mum (1RM) has been reported to increase serum MDA lev-
els significantly and to remain elevated 48 h after the morn-
ing training session in elite weightlifters [10]. Moreover,
plasma MDA levels have reportedly increased after three
sets of upper- and lower-body resistance exercise at low
intensity (25-30% 1RM) in untrained male students [11]. In
contrast, both chronic hypertrophy- and strength-intensity
whole-body resistance decrease MDA concentration in pre-
viously untrained men [12]. In the context of muscle damage
markers, no significant change has been observed in serum
CK levels up to 48-h post-exercise after one acute bout of
intense back squat exercise (10 sets of 10 repetitions at 70%
of 1RM [13]. In contrast, it has been revealed that a single
bout of 5 resistance exercises (3 sets of 10 maximum repeti-
tions) leads to significant increases in serum CK and LDH
up to 48-h after exercise without isometric strength decrease
in sedentary men [14]. Upper-body resistance exercise (3
sets at 8-repetition maximum) has also been associated with
an increase in muscle damage biomarkers, CK, and LDH
after training in both trained and untrained men. Unlike CK,
the activity of LDH reduces during 1 h of training [15]. Both
high-intensity (8 sets of 3 repetitions at 90% 1RM) and high-
volume (8 sets of 10 repetitions at 70% 1RM) resistance
exercises significantly elevate markers of muscle damage
(CK and LDH) 30-min and 24-h post-exercise in resistance-
trained men [16].

Resistance training is a well-established mode of exer-
cise conditioning for many different populations wishing to
increase physical fitness. Before entering the competition
phase, athletes perform three types of resistance exercises
to increase muscle hypertrophy, strength, and power. These
characteristics are achieved through changes in resistance
exercise variables such as intensity, number of repetitions,
total work, and rest intervals. It has been shown that differ-
ent types of resistance-training exercises induce different
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responses from muscles and the neurological system [17,
18]. However, to the best of our knowledge, the effects of
different types of resistance exercise on markers of oxidative
stress and muscle damage have not yet been well examined.
Conducting such protocols will increase the knowledge and
insights of athletes about three types of resistance exercises
and will help them to make possible modifications in their
resistance exercise programs and take appropriate nutritional
approaches to reduce oxidative stress and muscle damage.
Hence, the aim of the present study was to compare the
effects of hypertrophy-, strength-, and power-type resistance
exercises on markers of oxidative stress (H,0,, MDA) and
muscle damage (CK, LDH) in resistance-trained women.

Materials and methods
Participants

The research protocol was approved by the Institutional
Review Board (University of Bojnord, Iran) prior to subject
enrollment. Ten healthy young resistance-trained women
(26.30+4.95 years old) volunteered to participate in the cur-
rent quasi-experimental study. Subjects were informed via
advertisements placed in gyms as well as information dis-
seminated via Telegram groups. Participants were selected
according to the following criteria: [1] living in Mashhad
(Northeast of Iran), [2] being 20 years old or older, [3] per-
forming regular and recreational resistance exercises for
3 days per week in the past one year, and [4] having regular
menstrual periods. Exclusion criteria were cardiovascular
diseases, especially blood pressure; use of any medication,
hormones, or nutritional supplements; smoking; alcohol
consumption; and pregnancy. The following ethical con-
siderations were considered in the present study: [1] All
participants signed written informed consent forms after
they had been informed of all risks, discomforts, and ben-
efits involved; [2] participants agreed to participate in the
study on a voluntary nature; [3] subjects were allowed to
leave the protocol without penalty at any time; and, finally,
[4] the study was performed in accordance with the 1975
Declaration of Helsinki and its 1996 revision. Before the
beginning of the exercise protocol, the anthropometric pro-
files of the subjects were measured by a body composition
analyzer (X-Contact 356 model, Jawon medical Co., Ltd.
South Korea) in light indoor clothing. The participants’ body
composition profiles are presented in Table 1. The schematic
timeline for the experimental protocol is displayed in Fig. 1.

Determination of 1-RM

1-RM loads were established for all agonist and antago-
nist muscle groups in two separate sessions one week
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Table 1 Participants’ body composition profiles Table 2 Participant’s 1-RM data

Body composition Mean +SD Resistance exercise Mean=+SD
Weight (kg) 59.51+7.78 Lever leg extension (kg) 57.84+12.92
Height (cm) 164 +7.22 Reverse-grip lat pull-down (kg) 39.23+6.61
LBM (kg) 44.73 +5.60 Horizontal leg press (kg) 105.09+19.55
SLM (kg) 41.31+5.21 Standing biceps cable curl (kg) 27.26+5.82
TBW (kg) 32.19+4.02 Lying leg curl (kg) 33.91+£10.12
MBEF (kg) 14.78 +3.97 Machines bench press (kg) 29.92+7.18
BMI (kg/m2) 22.07+2.02 Standing cable triceps extension (kg) 31.92+6.86
BFP (%) 24.64 +4.98 Seated calf raise (kg) 17.12+4.83
SMM (kg) 26.92+7.04

WHR 0.75+0.05

AC (cm) 7326 £4.67

ECW/TBW 0.38+0.005

AC abdominal circumference, BFP body fat percentage, BMI body
mass index, ECW/TBW extracellular water to total body water, LBM
lean body mass, MBF mass of body fat, SMM skeletal muscle mass,
SLM soft lean mass, TBW total body water, WHR waist-to-hip ratio

before the experimental intervention initiated. Strength
tests were always preceded by 5-min warm-up on a cycle
ergometer. Then, the participants lifted light weights to
warm up upper- and lower-body muscle groups. Weights
were selected according to the participant so that the
participants could lift the weights at least once and up
to 10 times. Finally, subjects’ 1RM strength was deter-
mined by the Brzycki equation as follows: 1RM = Weight/
[1.027 — (0.027 x Number of repetitions)] [12]. The
results of 1-RM are presented in Table 2.

Resistance exercise protocol

Resistance exercises were conducted in three sessions one
week apart under staff supervision [19, 20]. The resistance
exercise protocol involved upper- and lower-body exercises,
which were performed at 8 stations (lever leg extension,
reverse-grip lat pull-down, horizontal leg press, standing
biceps cable curl, lying leg curl, machine bench press, stand-
ing cable triceps extension, and seated calf raise). These
exercises require all the muscle groups and major joints
involved in strength training interventions [21]. Participants
performed hypertrophy-type resistance exercise for 3 sets
of 10-12 repetitions at an intensity corresponding to 70%
of 1-RM with a 90-s rest period between sets, whereas the
strength-type resistance exercise was performed for 3 sets
of 3-5 repetitions at an intensity corresponding to 90% of
1-RM with a 120-s rest period between sets [12]. In addi-
tion, power-type resistance exercise was performed for 3 sets
of 8-10 repetitions at an intensity corresponding to 45%
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of 1-RM with a 180-s rest period between sets [22]. The
velocity of movement during hypertrophy- and strength-type
resistance exercises was moderate; however, power-type
resistance exercise was performed as explosive [12]. Each
session started with a 10-min warm-up and ended by 5-min
cold-down. Participants were prohibited from any exercise
for 48 h after each protocol. In addition, they were contacted
regularly during the protocol to ensure that they were not
engaged in any resistance exercise [22].

Biochemical assays

Seven milliliters of fasting blood samples was obtained from
the participants’ antecubital vein immediately before and
immediately after each resistance exercise. Samples were
centrifuged (Universal Model, Behdad Corporation, Iran)
with 1500 rpm for 10 min at 4 °C [23]. The serum was stored
at — 80 °C until it was used. We employed the commercially
96-well colorimetric assay kits to measure the serum H202
(#ZB-HPO-96A, ZellBio GmbH, German) and serum MDA
(#ZB-MDA-96A, ZellBio GmbH, German). The sensitivities
of the kits were 5 and 0.1 pM for H,O, and MDA, respec-
tively. In addition, both serum total CK and total LDH assays
were carried out by the photometric assay method using a
commercial kit (Pars Azmoon Co., Karaj, Iran) with a 5 U/L
assay sensitivity. All analyses were performed in accordance
with the manufacturers’ recommendations and measured by
BioTek microplate reader (Epoch 2 model, USA).

Diet considerations

A week before the protocol initiated, a 24-h diet recall inter-
view was conducted for three consecutive days to analyze
the participants’ diets. The results demonstrated that the
calorie intake from carbohydrate, protein, and fat was 58%,
15%, and 27%, respectively. In addition, the subjects had no
experience of weight changes more than + 1 kg in the past
6 months. In addition, subjects were asked to have carbohy-
drate loading for three days prior to each resistance exercise
trial. The subjects were asked to refrain from consuming
drinks containing alcohol, caffeine, or any other nutritional
supplementation or pharmacological interventions during
the resistance exercise protocol.

Statistical analysis

All statistical analyses were performed using the 16.0 ver-
sion of SPSS (statistical package for social sciences, SPSS
Inc). The normality of data distribution was assessed by the
Shapiro—Wilk test. Wilcoxon and paired 7 test were used to
examine the intra-group differences for nonparametric and
parametric data, respectively. In addition, analysis of covari-
ance and Bonferroni post hoc tests were used to examine the
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inter-group differences. Data are expressed as mean =+ stand-
ard error. Finally, P values smaller than 0.05 were consid-
ered statistically significant.

Results

With regard to stress oxidative markers, intra-group com-
parisons showed that hypertrophy- (99.41 +5.48 and
81.71 + 8.87 pM for pre- and post-test, respectively)
(P=0.377), strength- (83.08 +7.18 and 87.77+9.01 pM
for pre- and post-test, respectively) (P =0.753), and power-
type resistance exercises (67.52 +8.33 and 67.52 +6.85 pM
for pre- and post-test, respectively) (P =0.093) made
no significant changes in serum H,0, levels (Fig. 2a). In
addition, intra-group comparisons showed that hyper-
trophy- (35.48 +1.70 and 31.12 +1.34 pM for pre- and
post-test, respectively) (P=0.063), strength- (35.97 +£2.35
and 33.71 +£0.59 pM for pre- and post-test, respec-
tively) (P=0.449), and power-type resistance exercises
(33.39+2.06 and 33.17+2.19 pM for pre- and post-test,
respectively) (P=0.680) made no significant changes in
serum MDA levels (Fig. 2b). Furthermore, no significant
difference was observed between serum H,O, (P=0.796)
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Fig.2 Serum H,0, (a) and MDA (b) concentrations for hyper-
trophy-, strength-, and power-type resistance exercises. H,0,
hydrogen peroxide; MDA malondialdehyde. Data are presented as
mean =+ standard error
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and MDA (P=0.562) responses to hypertrophy-, strength-,
and power-type resistance exercises (Fig. 2a, b).

In the context of muscle damage markers, intra-group
comparisons revealed that hypertrophy- (34.73 £5.45
and 42.30+5.61 U/L for pre- and post-test, respectively)
(P=0.002), strength- (33.01 +£5.01 and 38.65+5.71 U/L
for pre- and post-test, respectively) (P =0.020), and power-
type (27.20+4.02 and 46.95+3.75 U/L for pre- and
post-test, respectively) (P=0.001) resistance exercises
induced a significant increase in serum total CK. Besides,
power-type resistance exercise resulted in a remarkable
increase in serum total CK compared to the hypertrophy-
(P=0.001) and strength-type (P=0.001) resistance exer-
cises (Fig. 3a). In contrast, intra-group comparisons showed
that hypertrophy- (146.94 +11.15 and 162.43 +20.48 U/L
for pre- and post-test, respectively) (P =0.838), strength-
(131.98 +10.47 and 182.20 +34.87 U/L for pre ad post,
respectively) (P =0.065), and power-type resistance exer-
cises (125.86+9.63 and 149.61 +17.98 U/L for pre- and
post-test, respectively) (P=0.207) had no significant effect
on serum total LDH levels. In addition, no significant dif-
ference was found between the serum total LDH (P=0.614)
response to resistance exercise trials (Fig. 3b).
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Fig.3 Serum CK (a) and LDH (b) concentrations for hypertrophy-,
strength-, and power-type resistance exercises. CK creatine kinase;
LDH lactate dehydrogenase. The asterisk (*) indicates a significant
difference from baseline values. The hash sign (#) indicates a signifi-
cant difference from hypertrophy- and strength-type resistance exer-
cises at the pos-test. Data are presented as mean + standard error

Discussion

Regular exercise training has been demonstrated to have
several health benefits, including lowered risks of all-
cause mortality, cardiovascular disease, cancer, and dia-
betes. Paradoxically, it is also revealed that contracting
skeletal muscles generate free radicals and that intensive
exercise can cause oxidative damage to cellular compart-
ments. However, our findings showed that hypertrophy-,
strength-, and power-type resistance exercises did not
produce significant changes in oxidative stress markers.
Although none of the resistance exercises had a dramatic
effect on LDH levels, all the three types of resistance exer-
cises increased serum CK levels, and this increase was
higher after the power-type compared to strength- and
hypertrophy-type resistance exercises.

As a significant source of reactive oxygen species,
H,0, is a weak oxidant with a relatively long half-life;
this long half-life permits diffusion within cells and across
cell membranes [1]. Results of the present study demon-
strated that serum H,O, levels did not change significantly
after the three types of resistance exercise in resistance-
trained women. Acute aerobic running on the treadmill
has been shown to increase mitochondrial H,O, produc-
tion in gastrocnemius and quadriceps femoris [24], which
does not correspond with our findings. When an individual
performs aerobic exercises, electron leakage at specific
redox centers during mitochondrial electron transfer chain
reactions is considered responsible for generating H,0,
[24]. Part of the differences in the results may be due to
differences in exercise type and the measurement site of
H,0,. From the production site to its placement in the
serum, H,0, is repeatedly exposed and converted to water
by the catalase (CAT) enzyme [1]. In this regard, evidence
indicates that serum CAT enzyme activity significantly
increases immediately after multi-joint or single-joint
resistance exercise [25]. Therefore, it appears that the rea-
son for the non-significant change in serum H,O, levels is
the increased serum CAT level after resistance exercise.

Cells continuously produce FRs as part of metabolic
processes. When FRs are produced, they attack polyun-
saturated fatty acids in cell membranes and lead to a chain
of chemical reactions called lipid peroxidation [5]. Alde-
hydes, especially MDA, have been frequently used as an
indicator of lipid peroxidation in response to exercise [5].
MDA has been demonstrated as a primary lipid peroxida-
tion product and can reflect the degree of cellular injury. In
the current study, serum MDA levels did not significantly
change immediately after resistance exercises, which sug-
gest the non-occurrence of lipid peroxidation. Our find-
ing is consistent with previous reports that recorded no
significant change in serum MDA after one acute bout
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of intense back squat exercise (10 sets of 10 repetitions
at 70% of 1RM) [13] and moderate-intensity whole-body
circuit resistance exercise (3 sets of 10 repetitions at 10
RM) [26] in resistance-trained males. Similarly, Park and
Kwak demonstrated that a graded exercise test on a tread-
mill did not affect plasma MDA levels in aerobically and
anaerobically trained athletes [27].

In contrast, our results are inconsistent with studies that
reveal an increased level of serum MDA after submaximal
circuit resistance exercise [28] and after an acute bout of
upper- and lower-body resistance exercises at low inten-
sity (3 sets of 20-30 repetitions at 25-30% of 1RM) [11]
in non-resistance-trained subjects. Moreover, high-intensity
circuit resistance exercise leads reportedly to a more consid-
erable increase in serum MDA levels in comparison with
the low-intensity circuit resistance exercise in sedentary
males [23]. Moreover, one bout of intensive circuit whole-
body resistance exercise has been shown to increase serum
MDA levels in sedentary women [29]. Therefore, it appears
that the differences in the subjects’ physical fitness status
may have contributed to the discrepancy in the results. In
this context, one study has reported a non-significant dif-
ference between aerobically trained athletes, anaerobically
trained athletes, and untrained individuals in terms of resting
plasma MDA levels. However, the study has highlighted a
significant increase in plasma MDA levels after a graded
exercise test in untrained individuals, but not in aerobically
and anaerobically trained athletes [27]. It is thought that the
non-substantial change in MDA levels of trained subjects is
associated with higher levels of antioxidant status induced
by exercise training, thus preventing an increase in H,O, and
MDA production in response to acute resistance exercise.
In this regard, it has been shown that mRNA levels of CAT,
glutathione peroxidase, and both mitochondrial and cyto-
solic SOD increase in peripheral blood mononuclear cells
after long-term strength training in previously untrained men
[30].

CK and LDH are fragments of the myosin heavy chain
and are related to muscle damage. These molecules are
cytoplasmatic and do not have the capacity to cross the
sarcoplasmic membrane barrier. For this reason, increased
serum levels of these molecules are used as an indicator
of damage to muscle membrane and other tissue structures
[31]. In this respect, our findings revealed that hypertro-
phy-, strength-, and power-type resistance exercises induced
a significant increase in serum CK and a non-significant
increase in serum LDH levels in resistance-trained women.
Besides, the power-type resistance exercise resulted in a
remarkable increase in serum CK compared to the other
two types. In reality, the CK activity observed in this study
showed that muscle tissue damage occurred well after all
resistance exercise protocols. Consistent with the find-
ings of the present study, it is shown that both bi-set and
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multiple sets of resistance exercise (70-80% of 1RM) result
in increased serum CK level, while no significant change
has been observed in LDH levels in recreationally trained
men [31]. In addition, a remarkable increase in CK and LDH
levels has been noted in response to high-intensity resistance
exercise in trained and untrained men [15] and sedentary
women [29]. Moreover, it has been revealed that both low-
intensity (3 sets of 20-30 repetitions at 20-35% of 1RM) and
high-intensity (3 sets of 2—8 repetitions at 80-95% 1RM)
resistance programs result in an equal change in CK plasma
levels in sedentary males [23]. It seems that the observed
higher level of CK following power-type resistance exercise
than strength- and hypertrophy-type resistance exercises in
the current study is a function of the intensity of the resist-
ance program.

Intriguingly, it has been reported that both high-intensity
and high-volume resistance exercises enhance serum levels
of CK and LDH 30 min and 24 h after exercise in partici-
pants with 6.3 +3.4 years of resistance training experience
[16]. Gonzalez et al. have reported that an acute bout of
lower-body resistance exercise protocol induces an increase
in plasma LDH in subjects with 6.7 +4.6 years of resistance
training experience [32]. Hence, the experience of resist-
ance exercise training may not prevent muscle damage and
CK and LDH release into the bloodstream. Alongside this,
Pareja-Blanco and colleagues reported such an increase in
CK levels in trained men with 2—4 years of exercise experi-
ence [6].

Although it has been suggested that high-volume resist-
ance exercise causes more considerable muscle damage than
high-intensity resistance [6, 16], the results of our study
showed no significant difference concerning serum levels
of CK and LDH between hypertrophy- and strength-type
resistance exercises conducted, respectively, at high volume
and high intensity. Interestingly, the power-type resistance
exercise that was performed for 8-10 repetitions resulted
in higher levels of CK than hypertrophy- and strength-type
resistance exercises. It has been reported that fast-velocity
lengthening contractions result in more CK levels than slow-
velocity lengthening contractions in active [33] and seden-
tary men [34]. Therefore, it appears that the higher CK level
in response to power-type resistance exercise than the other
two types is due to the explosive speed.

Finally, micronutrients play a substantial role in regulat-
ing enzymes that moderate oxidative damage and muscle
damage. Non-assessment of micronutrients can be one of
the limitations of the present study, which is suggested to
be assessed in future studies.

Overall, the results of the current study showed that
none of the resistance exercise types exacerbate oxidative
stress in resistance-trained women. Conversely, in rela-
tion to muscle damage, it was shown that hypertrophy-,
strength-, and power-type resistance exercises increase the
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CK level as a primary muscle damage marker. In particu-
lar, the power-type resistance exercise, which was per-
formed at an explosive speed, resulted in a more signifi-
cant increase in muscle damage. Therefore, women who
undergo resistance exercises can alleviate the occurrence
of muscle damage induced by resistance exercise by mini-
mizing the speed of contraction.
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