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Abstract

Background: This study analyzed the effects of short-term, off-season physical training on the core dynamic and thigh muscle function
of youth soccer players. Methods: For two weeks during the off-season, middle-school soccer players (MSP, n = 75) and high-school
soccer players (HSP, n = 104) participated in exercise training (five times per week). Their body composition, physical fitness, core
dynamic balance, and isokinetic muscle function were compared before and after training. Results: Both groups showed significant
(p < 0.01) decreases in body composition, and significant (p < 0.01) improvements in physical fitness (MSP, 1.02–1.15%; HSP, 1.05–
3.76%). In terms of core dynamic balance, both groups showed a significant (p < 0.01) increase in back strength (MSP, 1.09–1.11%;
HSP, 1.06–1.16%), and a significant (p< 0.05) decrease in the left-right difference (MSP, 0.70–1.43%; HSP, 1.00–1.09%) after training.
For isokinetic muscle function at the knee joint, the MSP group showed significant improvement in flexors, whereas the HSP group
showed significant improvements in both the extensors and flexors. The dominant vs non-dominant deficit decreased significantly in the
MSP group for total work and average power per repetition of the flexors at 60 deg/sec and in the HSP group for peak torque and total
work of the flexors at 60 deg/sec. The hamstring-to-quadriceps ratio increased significantly at 60 deg/sec on the dominant side in the
MSP group. Conclusions: In youth soccer players, two weeks of physical training during the off-season improved both physical fitness
and core dynamic balance, suggesting that this training is effective for injury prevention.
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1. Introduction
Soccer performance is determined by various factors,

such as body composition [1], morphological attributes
[2,3], technical and tactical skills [4,5], and mental and
physiological characteristics [6]. Body composition, along
with mental, physical, functional, and physiological char-
acteristics, is one of the most important factor that can de-
termine athletic potential and likelihood of success in a spe-
cific sport [1,7]. However, there is often a tendency to focus
more on training technique and tactics than physical fitness
[6]. Soccer is a sport that requires intermittent, repetitive,
vigorous movements for a total of 90 mins (two halves of
45 mins each) in an effort to regain or retain possession of
the ball and score goals. As such, it is difficult to efficiently
exhibit technique and tactics if these are not supported by
physical fitness. Considering the nature of soccer, which
consists of many changeable activities, such as running,
jumping, turning, and sprinting [8], a high level of physical
fitness, comprising endurance, power, speed, and change
of direction, needs to be maintained [9–11]. However, the
soccer year is divided into season and off-season, and train-
ing to improve physical fitness during the off-season is typ-
ically entrusted to the athletes themselves [12]. Effective
training is required by soccer players who experience a de-
cline in physical fitness during this period due to a reduced
volume of training [13].

Generally, elite youth soccer players show better per-
formance than their non-elite peers in terms of physical
ability [14,15], sprinting, and jumping [16,17]. Mainte-
nance of superior physical ability through training is also
very important for injury prevention. Therefore, many in-
structors and athletes are strongly motivated by the idea that
only hard, intense training can produce good outcomes. For
young soccer players, however, longer training time can in-
crease the risk of injury [18]. Hamstring strain is the most
common non-contact injury suffered by elite male soccer
players. Although the causes are diverse, it is closely re-
lated to decreased muscle (hamstring) strength [19]. How-
ever, even athletes who maintain a high level of hamstring
muscle strength show an increased risk of hamstring strain
injury if they display an imbalance in their hamstring-to-
quadriceps ratio (H:Q ratio) [20]. Thus, rather than physical
fitness simply determined by absolute factors, such as high
muscle strength, it is important to develop balanced physi-
cal strength in diverse areas. Balanced development of the
body can prevent various ankle and knee injuries related to
poor balance [21]. Therefore, to improve athletic perfor-
mance and prevent injury in youth soccer players, it is cru-
cial to provide training that is effective at improving phys-
ical fitness without disrupting physical balance. In addi-
tion, because growing youths show different levels of phys-
ical development depending on their age, it is important for

https://www.imrpress.com/journal/JOMH
https://doi.org/10.31083/j.jomh1805115
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


training programs to consider the stage of development [22–
24]. In this study, we classified youth soccer players by
age and investigated the effects of short-term physical train-
ing during the off-season on muscle function and balance.
In this way, we aimed to facilitate the development of off-
season physical training programs for preventing injury and
improving athletic performance in youth soccer players.

2. Materials and methods
2.1 Participants

A total 193 players from male soccer teams of six
school (three middle schools and three high schools) were
recruited. We excluded 14 players who were rehabilitating
recent injuries (eight middle school players, six high school
players), and the remaining 179 players (75 middle school
soccer players [MSP; age, 14.28± 0.98 years] and 104 high
school soccer players [HSP; age, 17.33± 0.84 years]) were
included in this study. All participants engaged in physi-
cal training for 2 weeks during the off-season as part of an
off-season management provided at a sports medical center.
Physical training was performed five days per week, 6 to 8
weeks at the end of the season before going to pre-season
training; each training session lasted for 150 mins, includ-
ing warm-up and cool-down exercises. Physical training
was conducted in an environment where temperature (20
± 1 ◦C) and humidity (65 ± 2%) were controlled. The
training program is shown in Table 1. Participants’ body
composition, physical fitness, core dynamic balance, and
isokinetic muscle function were measured and compared
pre- and post-training.

2.2 Body composition
Participants’ height and weight was measured be-

fore breakfast using a weight and height scale (GL-150,
G-Tech International co., LTD, Korea), and body mass
index (BMI) was calculated using the equation “weight
(kg)/height (m)2”. Percent body fat (% BF) [25] was cal-
culated automatically using the equation of Jasksonand Pol-
lock [26] bymeasuring the 3-site subcutaneous fat thickness
at the chest, abdomen, and anterior thigh using the Skyn-
dex Electronic Skinfold Caliper (Skyndex IDigital Skinfold
Caliper, WY, USA). Lean body mass (LBM) was calculated
using the Boer formula [27] as follows:

LBM = 0.407 × weight + 0.267 × height − 19.2.
The participants’ ages and physical characteristics are

shown in Table 2.

2.3 Physical fitness
To test participants’ physical fitness, we measured

muscular endurance, explosive power, and change of di-
rection. Whole-body endurance was tested using the burpee
test, in which participants repeatedly performed burpees for
1min, and the total number of repetitions was recorded. Ex-
plosive power was tested using a standing long jump; the
distance was measured with a tape during two repetitions,

and the longest distance was recorded. Change of direction
was tested using the sidestep test with an appropriate mea-
suring device (WDT-8320, Worldsports Industry, Korea).
Participants moved back-and-forth between two lines that
were positioned at 1.2 m on either side of a central line for
20 s, and the number of times the participant crossed the
central line was recorded.

2.4 Core dynamic balance
The dynamic test, which requires strength, flexibility,

and proprioception, was performed using the Air Balance
3D (im-tech. Korea. The Air Balance 3D is based on the
principles of the Star Excursion Balance Test [28], and is
used for the diagnosis, evaluation, and training of physical
balance (www.im-tech.kr). For taking measurements, the
height of the footplate was adjusted depending on the par-
ticipant’s height, and the stabilization device was used to fix
the participant’s waist to prevent twisting of the torso. The
participant folded their arms in an “X” across their chest,
while standing straight and without bending at the waist.
They only used their core muscles to tilt their body as far
as possible during each of the eight positions indicated on
a monitor in order to measure the peak range of motion
(ROM). The eight positions that were measured were as
follows: anterior (A0), posterior (P180), left-lateral (L90),
right-lateral (R90), anterolateral left (AL45), anterolateral
right (AR45), posterolateral left (PL135), and posterolat-
eral right (PR135) (Fig. 1).

Fig. 1. Core dynamic balance test by Air Balance 3D. The grid
displays directional terms. A0, anterior; P180, posterior; L90,
left-lateral; R90, right-lateral; AL45, anterolateral left; AR45, an-
terolateral right; PL135, posterolateral left; PR135, posterolateral
right.
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Table 1. Training program.
Time Contents

10 min
Warm up and stretching

Warm up: jogging
Dynamic and static stretching: whole body

30 min

Core training (interval and/or circuit)
Upper abdomen: crunch and modified abdominal exercise (20 reps., 3–4 set, 30 sec. rest)
Middle abdomen: transverse abdominis activation (20 reps., 3–4 set, 30 sec. rest)
Lower abdomen: hip flexors cross-training (20 reps., 3–4 set, 30 sec. rest)
Abdominal rotation and lower back exercise: bridge and dynamic plank exercise (1 min., 3–4 set, 1 min. rest)

20 min Functional lower limb training (squat, jumping et al.) (6–70% of 1RM, 20 reps., 3–4 set, 30 sec. rest)

60–70 min

Interval and circuit training (80% HRmax or 1RM, 30 sec, 3–4 set, 1 min rest)
Aerobic interval exercise Resistance circuit exercise
(80% HRmax, 30 sec., 3–4 set, 1 min. rest) (80% 1RM, 30 sec, 1 min. rest)

Cycle Leg extension (30 sec, 80% of 1RM)
Treadmill (10 deg) Leg curl
Step box Leg press
Ladder coordination Leg adduction: standing (cable)
Rope, trembling, jumping Double-leg calf raise

Smith machine squat
Wide squat
Step box lunge jumping
Lunge jumping

20 min
Functional lower limb training (step, ladder coordination, jumping, turn, acceleration and deceleration using rope)
(6–70% of 1RM, 20 reps., 3–4 set, 30 sec. rest)

10 min
Cool down

Dynamic and static stretching

Since better core strength, flexibility, and propriocep-
tion are associated with larger ROM, we used the measured
ROM values to evaluate core dynamic balance [29]. In ad-
dition, the left-right core dynamic balance was evaluated
by calculating the differences between positions opposite
each other in the sagittal plane (L90/R90, AL45/AR45, and
PL135/PR135).

2.5 Isokinetic muscle function

To test muscle function, a Testing & Rehabilitation
System (CSMI-Humac Norm, MA, USA) was used to mea-
sure the peak torque (PT), deficit (dominant/non-dominant
difference), and hamstring-to-quadriceps ratio (H:Q ratio)
in the flexors (hamstrings) and extensors (quadriceps) of
the knee joint. Measurements were taken with the partic-
ipant seated and the rotational axes of the knee joint and
dynamometer aligned. Restraints were applied to the thigh
and shoulders to limit contribution of unwanted body seg-
ments to torque measurements. Using a long input adapter
and adjusting arm, the length of the lower leg part and the
adjustable axis were set appropriately, and the ankle was
fixed. Thereafter, the joint ROM was set to 0–135 to pre-
vent hyperextension or hyperflexion. Knee flexion and ex-
tensionwere tested at the same speeds of 60 deg/sec and 240
deg/sec. Before recording the measurement, participants

performed practice trials (three submaximal, one maximal).
The participants were given allotted at least 2 mins of rest
after the practice trials. Consequently, measurements were
obtained 5 times at 60 deg/sec and 20 times at 240 deg/sec.
After flexion and extension exercises at each speed, par-
ticipants rested for 2 mins. Among the analyzed variables,
the PT and deficit were recorded as the values measured
by the Testing & Rehabilitation System, and the H:Q ratio
was calculated using the formula, “PT of hamstring/PT of
quadriceps Ⅹ 100”.

2.6 Statistical analyses

The mean and standard deviation (SD) in each group
were calculated using SPSS statistical software v27.0 (IBM
company, NY, USA). Normal distribution of pre- and
post-training and homogeneity of data was performed by
Kolmogorov-Smirnov tests and Levene test, respectively.
Paired t-tests were performed to analyze differences be-
tween pre- and post-training for each measured variable in
each group. Independent t-tests were performed to com-
pare the differences in isokinetic muscular function be-
tween the dominant and non-dominant sides. The statistical
significance level for all tests was p < 0.05. Effects sizes
(ES) were calculated using SPSS statistical softeware v27.0
(IBM company, NY, USA).
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Table 2. Training effects for general characteristics of all participants.
MSP HSP

Pre Post ES Pre Post ES

Age (yr) 14.28 ± 0.98 17.33 ± 0.84
Hight (cm) 166.45 ± 8.45 175.70 ± 6.08
BW (kg) 54.25 ± 9.87 53.98 ± 9.62∗ 0.339 67.43 ± 6.79 66.07 ± 6.42∗ 0.319
LBM (kg) 47.22 ± 6.09 47.21 ± 5.96 0.100 54.56 ± 4.07 54.60 ± 3.99 0.026
BF (%) 12.41 ± 3.33 11.75 ± 2.83 0.153 12.78 ± 2.09 12.25 ± 2.38∗ 0.416
BMI (kg/m2) 19.43 ± 2.16 19.32 ± 2.06∗ 0.328 21.98 ± 1.67 21.37 ± 1.58∗ 0.325
Data are presented as means± SD. MSP, Middle-school soccer players; HSP, High-school soccer player; ES, effect
size; BW, body weight; LBM, lean body mass; BF, body fat; BMI, body mass index. ∗p < 0.05 vs. Pre by paired
t-test.

Fig. 2. Effects of 2-weeks off-season training on physical fitness in Korean male middle- and high-school soccer players. Standing
long jump (A), Burpee’s (B), change of direction (C) in MSP and HSP. Data are presented as means ± SD. *p < 0.05 vs. Pre by paired
t-test. MSP, Middle-school soccer players; HSP, High-school soccer player.

3. Results
3.1 Body composition

When changes in body composition were analyzed af-
ter 2 weeks of off-season training, both the MSP and the
HSP groups showed significant changes in BW, BF, and
BMI (Table 2). Compared to pre-training, post-training BW
decreased by 0.46 ± 1.02 kg (p = 0.001) and 0.35 ± 1.11
kg (p < 0.001), BF decreased by 0.95 ± 2.34% (p = 0.163)
and 1.77± 3.12% (p< 0.001), and BMI decreased by 0.10
± 0.30 (p = 0.002) and 0.11± 0.34 (p< 0.001) in the MSP
and HSP groups, respectively.

3.2 Physical fitness

Power, change of direction, and muscular endurance
were measured before and after two weeks of training us-
ing the standing long jump test, burpee test, and sidestep
test. TheMSP and HSP groups both showed significant im-
provements in their results for all three tests (Fig. 2). Com-
pared to pre-training, post-training long jump test increased
by 7.49 ± 9.43 cm (p = 0.022) and 7.02 ± 8.16 cm (p =
0.019), burpee test increased by 2.84 ± 4.20 and 4.79 ±
8.08 (p< 0.001 in both groups), and sidestep test increased
by 2.13 ± 3.13 and 4.90 ± 4.90 (p < 0.001 in both groups)
int the MSP and HSP groups, respedtively.

3.3 Core dynamics

Fig. 3 shows the results when core dynamic balance
(strength, flexibility, and proprioception) and left-right bal-
ance measured using the Air Balance 3D. The MSP group
showed no change in core dynamic balance anterior to the
frontal plane (A0, AL45, AR45), but showed a significant
increase posterior to the frontal plane (P180, p = 0.020;
PL45, p = 0.007; PR45, p = 0.015; Fig. 3A). The left-right
balance of the core muscles also improved significantly (p
= 0.004), as the difference between PL135 and PR135 de-
creased (Fig. 3B). In the HSP group, core dynamic balance
improved significantly in all positions except for A0 (P180,
p = 0.027; other positons, p< 0.001; Fig. 3C). The left-right
balance of the core muscles also improved significantly (p
= 0.045), as in the MSP group, due to a decrease in the dif-
ference between PL135 and PR135 (Fig. 3D).

3.4 Isokinetic muscle function

Table 3 shows the absolute values for the PT in the
MSP group. Relative values are not shown because there
was almost no change in body weight, meaning that the sta-
tistical results were identical to the absolute values. First, in
the extensors, there was a significant difference in the PT at
60 deg/sec between the dominant and non-dominant sides
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Fig. 3. Effects of two-weeks off-season training on ROM (A andC) and core dynamic balance (B and D) by Air balance 3D inMSP
(A and B) and HSP (B and D). Data are presented as means± SD. *p< 0.05, **p< 0.01 vs. Pre by paired t-test. MSP, Middle-school
soccer players; HSP, High-school soccer player; ROM, range of motion.

pre-training (p = 0.031); however, there was no difference
post-training. Indeed, the deficit between the dominant and
non-dominant sides showed no significant differences for
extensors. The flexors showed significant increases in PT
at 60 deg/sec (p = 0.009) and 240 deg/sec (p < 0.001) on
the dominant side. Upon comparing the dominant and non-
dominant sides, there were no significant differences either
pre- or post-training. However, the deficit, which is the
difference between the dominant and non-dominant sides,
showed non-significant decreasing trends in the PT at 60
deg/sec (p = 0.069).

Table 4 shows the absolute values for the PT in the
HSP group. Between the pre- and post-training, the exten-
sors showed significant increases post-training in the PT (p
< 0.001) at 60 deg/sec on the non-dominant side and in the
PT at 240 deg/sec on the dominant side. Upon comparing
the dominant and non-dominant sides, there were signifi-
cant differences for the PT at 60 deg/sec pre-training (p =
0.011), but no differences post-training. Nevertheless, in
the deficit between the dominant and non-dominant sides,
there were no significant differences in any of the mea-
sured variables for the extensors. The flexors showed sig-
nificant increases post-training for the PT at 60 deg/sec (p
= 0.013) on the non-dominant side and for the PT at 240
deg/sec (p = 0.013) on the dominant side. For the dominant

and non-dominant sides, no significant differences occurred
during pre- or post-training. However, the deficit between
the dominant and non-dominant sides showed an overall de-
creasing trend post-training, and the flexors showed the PT
at 60 deg/sec (p< 0.042) especially showed significant de-
creases.

Table 5 shows the results for the H:Q ratios pre- and
post-training. The MSP group showed a significant in-
crease in the H:Q ratio on the dominant side post-training (p
< 0.001). Between the dominant and non-dominant sides
at each time point, there was a significant difference in the
MSP group pre-training (p = 0.017), with a higher H:Q ra-
tio on the non-dominant side. However, there were no dif-
ferences for the MSP group at 240 deg/sec or for the HSP
group at either speed.

4. Discussion
The objective of this study was to develop a program

to enhance physical fitness and physical balance for youth
soccer players during the off-season to prevent injuries and
improve athletic performance. To this end, we implemented
a short, two-week training program during the off-season
and analyzed its effects on body composition, physical fit-
ness, core dynamic balance, and isokinetic muscle function
of the knee joint.
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Table 3. Absolute values of isokinetic peak torque, total work, average power, and endurance ratio on extensors and flexors of
knee joint for middle school soccer players (MSP).

Values
Extensors Flexors

Pre Post ES Pre Post ES

60 deg/sec PT (Nm)
Dominant 129.46 ± 33.95 128.30 ± 36.86 0.074 73.35 ± 20.24 76.43 ± 23.12∗∗ –0.262

Non-dominant 118.40 ± 32.96# 119.49 ± 34.89 –0.062 70.96 ± 22.22 72.99 ± 22.99 –0.154
Deficit 10.42 ± 10.43 10.09 ± 11.34 0.032 11.01 ± 11.96 8.62 ± 7.58 0.181

240 deg/sec PT (Nm)
Dominant 85.13 ± 23.95 85.84 ± 22.36 –0.067 53.45 ± 14.39 55.80 ± 14.88∗∗ –0.345

Non-dominant 82.32 ± 22.26 82.30 ± 22.41 0.002 52.13 ± 15.41 53.42 ± 14.37 –0.160
Deficit 8.32 ± 7.43 7.68 ± 8.18 0.082 8.69 ± 7.08 8.91 ± 7.00 –0.23

Data are presented as means ± SD. PT, peak torque; ES, effect size. ∗∗p < 0.01 vs. Pre by paired t-test, #p < 0.05 vs. Dominant
by independent t-test.

Table 4. Absolute values of isokinetic peak torque, total work, average power, and endurance ratio on extensors and flexors of
knee joint for high school soccer players (HSP).

Values
Extensors Flexors

Pre Post ES Pre Post ES

60 deg/sec PT (Nm)
Dominant 200.55 ± 36.91 202.60 ± 35.86 –0.116 103.90 ± 24.07 106.60 ± 20.95 –0.147

Non-dominant 183.01 ± 39.64# 193.31 ± 38.96∗∗ –0.385 98.91 ± 25.02 105.16 ± 21.17∗ –0.271
Deficit 7.30 ± 11.04 6.88 ± 10.02 0.031 9.61 ± 12.16 6.58 ± 9.84∗ 0.236

240 deg/sec PT (Nm)
Dominant 116.35 ± 20.55 123.68 ± 18.75∗∗ –0.552 72.32 ± 13.81 75.21 ± 12.22∗∗ –0.288

Non-dominant 117.18 ± 38.51 121.61 ± 21.00 –0.125 69.03 ± 13.08 74.01 ± 13.28∗∗ –0.400
Deficit 5.61 ± 7.09 5.62 ± 7.05 –0.026 8.58 ± 8.06 6.34 ± 8.84 0.193

Data are presented as means ± SD. PT, peak torque; ES, effect size. ∗p < 0.05, ∗∗p < 0.01 vs. Pre by paired t-test, #p < 0.05 vs.
Dominant by independent t-test.

Body composition is very important in soccer because
an appropriate level of body fat helps the ordinal to move
more efficiently during training and soccer game [30]. In
our study, both the MSP and HSP groups showed signif-
icant decreases in BW and % BF. These changes could
have been affected by various factors. BW and % BF show
changes depending on the season, typically increasing dur-
ing the off-season and decreasing during the season [31].
Since this study was conducted 6 to 8 weeks after the end
of the season, the participants’ self-care would have in-
evitably declined. In this context, it is likely that even 2
weeks of training would effectively improve body compo-
sition. Along with these changes in the body composition,
both the MSP and HSP groups also showed increased phys-
ical fitness, irrespective of age.

For soccer matches, players need to possess high lev-
els of physical fitness, determined by muscle strength, en-
durance, speed, and power, in order to display strong ath-
letic performance over a long time without getting fatigued
or injured. In particular, maximal strength development
is not only the basis for power production [32] and short-
distance sprint [33,34], but also reduces the incidence of
injuries [35] and helps tolerate larger load during training
[36]. Therefore, training programs are required to develop
maximum power generation capacity [37]. In addition, soc-
cer players require not only muscular strength development
but also aerobic or anaerobic exercise capacity [38–40]. Re-

sistance circuit-based training can improve strength and en-
durance at the same time [41], therefore, we employed a
program that included this and aerobic or anaerobic exer-
cise. Our findings demonstrated that even just 2 weeks of
training during the off-season is effective for building the
foundations of physical fitness. However, since this study
only measured power, change of direction, and muscular
endurance, it cannot be said clearly that it is an effective
program for improving overall physical fitness. Additional
analyzes of factors, such as agility, speed, and cardiorespi-
ratory parameters are required.

In the event of insufficient physical stability and mo-
bility, players’ physical ability becomes impaired, and the
risk of injury increases [42,43]. The core muscles that con-
stitute the lumbo-pelvic-hip complex are not only the start-
ing point for all movements but are also essential for main-
taining stability [44–46]. Therefore, core dynamic balance
and stability, and the ability to move the body freely in the
desired direction, are essential for both performance and in-
jury prevention in soccer players. The core dynamic bal-
ance and stabilitymeasured in this study showed no changes
in locations anterior to the frontal plant in the MSP group,
but improved significantly in the lower back muscles. In
contrast, the HSP group showed improvements in all loca-
tions except A0, and especially showed improvements in
the muscles posterior to the frontal plane. Alongside these
improvements, the difference between PLL45 and PLR45,
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Table 5. Hamstring-to-quadriceps ratio for dominant and non-dominant side by two weeks of training on middle and high
school soccer players.

Group
60 deg/sec 240 deg/sec

Pre Post ES Pre Post ES

MSP
Dominant 55.67 ± 8.66 59.48 ± 8.55∗∗ –0.464 63.70 ± 9.30 65.43 ± 9.08 –0.100

Non-dominant 58.34 ± 9.13# 59.55 ± 8.74 –0.162 63.80 ± 10.27 64.89 ± 11.48 –0.036

HSP
Dominant 53.56 ± 7.07 54.08 ± 6.44 –0.160 62.43 ± 7.44 61.24 ± 8.47 0.131

Non-dominant 54.95 ± 13.09 55.30 ± 10.63 –0.073 60.82 ± 9.81 61.77 ± 9.79 –0.074
Data are presented as means ± SD. MSP, Middle-school soccer players; HSP, High-school soccer player; ES, effect size. ∗∗p <

0.01 vs. pre in same group, #p < 0.05 vs. dominant in pre.

which represents left-right difference (relative to the sagit-
tal plane) in core dynamic balance, also decreased signif-
icantly, indicating the efficacy of training in at improving
the left-right balance of the lower back muscles. Gener-
ally, healthy, untrained adults show ratios of trunk flexion
to extension in the range of 0.7–0.9, while athletes tend to
show a ratio within 0.5–0.7, due to increased trunk exten-
sor strength [47]. Thus, our findings suggest that the two-
week off-season training program was appropriate for in-
creasing trunk extensor strength while also improving left-
right balance. Imbalance in muscle performance parame-
ters, such as torque production capability, work, power, and
resistance, between the left and right sides of the body or
between agonist and antagonist muscles increases the risk
of injury [48–51], demonstrating that this program effec-
tively provides basic training to improve performance and
prevent injury through balanced development of trunk and
core muscle strength in young soccer players.

Soccer consists of repeated movements, such as run-
ning, stopping, kicking, and tackling, which requires mus-
cles strength in the legs, especially in the flexors and ex-
tensors of the knee joint [52]. However, misguided training
can increase the risk of injury by creating imbalances be-
tween dominant and non-dominant sides or agonist and an-
tagonist muscles [49–51]. In this regard, the measurement
of knee joint muscle function could provide information
about effective training for improving leg muscle strength
while preventing imbalances. First, the PT, TW, and AP
at 60 deg/sec and 240 deg/sec showed overall improving
trends in both groups, and the flexors (quadriceps) espe-
cially showed a high degree of improvement. Moreover,
the deficit between the dominant and non-dominant sides
improved significantly for TW and AP at 60 deg/sec in the
MSP group and for PT and TW at 60 deg/sec in the HSP
group. Meanwhile, the H:Q ratio increased significantly
post-training compared to pre-training at 60 deg/sec on the
dominant side in the MSP group. Due to the increased H:Q
ratio, the significant difference between the dominant and
non-dominant sides, which was seen pre-training (55.67 ±
8.66 and 58.34 ± 9.13), disappeared post-training (59.48
± 8.55 and 59.55 ± 8.74). A lower H:Q ratio is associ-
ated with a higher risk of injury [53], and the recommended
range for healthy individuals is 50%–80% [54]. The re-

sults in our study were within this range, and were simi-
lar to the ratios of 55%–67% observed in elite, sub-elite,
and amateur French soccer players [55]. On the other hand,
our result is much lower than the ratios of 110% and 76%
measured measured in Greek soccer league players [56]
and Qatar Stars League players, respectively [57]. There-
fore, although it is positive that the training program in this
study improved the quadriceps more than the hamstrings,
as shown by several study results, the program needs to be
modified, such as including single-joint resistance exercise
with a varying tempo of repetition [58], to more effectively
develop the quadriceps.

This study had several limitations. LBMwas analyzed
using an equation, and trunk extensor and flexor strength
could not be measured directly but were instead measured
using a device for measuring isokinetic muscle function.
Moreover, we were also unable to measure various indices
of basic physical fitness, such as cardiovascular fitness.
Therefore, in future studies, it will be important to measure
body composition using dual energy x-ray absorptiometry,
to measure all physical fitness variables related to athletic
performance, and to measure trunk and core muscle func-
tion using an isokinetic device. In addition, since the ability
to recover is important for injury prevention, studies ana-
lyzying plasma metabolites, such as creatinine, lactate de-
hydrogenase, and creatine kinase, are also needed. By using
these methods, it would be possible to confidently demon-
strate the effectiveness of this training program for short-
term fitness improvement and injury prevention in the off-
season.

5. Conclusions
In conclusion, among sports disciplines, soccer has a

very high rate of non-participation in matches due to vari-
ous injuries [59]. Therefore, in order to become elite ath-
letes who can compete in top leagues around the world,
health maintenance and injury prevention beginning at the
youth stage is essential. To suggest a training program for
these athletes, we applied a combined aerobic and resis-
tance exercise program for twoweeks during the off-season,
and confirmed that participants showed improvements in
body composition parameters, physical fitness, core dy-
namic balance, and isokinetic muscle function. These re-
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sults support the use of this training for youth soccer play-
ers to not only to improve physical fitness but to possibly
prevent injury.

Author contributions
SHK and DS designed the research study. BS per-

formed the measurements. BS, DS and SHK processed the
experimental data, performed the analysis and designed the
figures. DS and SHK drafted the manuscript. All authors
read and approved the final version of the manuscript. All
authors contributed to editorial changes in the manuscript.
All authors read and approved the final manuscript.

Ethics approval and consent to participate
The study adhered to the ethical standards of the Dec-

laration of Helsinki. The experimental procedure and anal-
ysis were explained to the male athletes and coaches, and
consent was obtained before continuing the experiment.
The study was approved by the Institutional Review Board
of Jeonbuk National University (JBNU 2021-05-004-002).

Acknowledgment
Thanks to all the peer reviewers for their opinions and

suggestions.

Funding
This research received no external funding.

Conflict of interest
The authors declare no conflict of interest.

References
[1] [1] Bernal-Orozco MF, Posada-Falomir M, Quiñónez-Gastélum

CM, Plascencia-Aguilera LP, Arana-Nuño JR, Badillo-
Camacho N, et al. Anthropometric and Body Composition
Profile of Young Professional Soccer Players. Journal of
Strength and Conditioning Research. 2020; 34: 1911–1923.

[2] Reilly T, Bangsbo J, Franks A. Anthropometric and physiolog-
ical predispositions for elite soccer. Journal of Sports Sciences.
2000; 18: 669–683.

[3] Malá L, Zahálka F, Maly T. Bioimpedance for Analysis of Body
Composition in Sports. Bioimpedance in Biomedical Applica-
tions and Research. 2018; 40: 243–256.

[4] Di Salvo V, Baron R, Tschan H, Calderon Montero FJ, Bachl
N, Pigozzi F. Performance characteristics according to playing
position in elite soccer. International Journal of SportsMedicine.
2007; 28: 222–227.

[5] Rampinini E, Coutts A, Castagna C, Sassi R, Impellizzeri F.
Variation in top Level Soccer Match Performance. International
Journal of Sports Medicine. 2007; 28: 1018–1024.

[6] Stølen T, Chamari K, Castagna C,Wisløff U. Physiology of Soc-
cer. Sports Medicine. 2005; 35: 501–536.

[7] Gil SM, Gil J, Ruiz F, Irazusta A, Irazusta J. Physiological and
anthropometric characteristics of young soccer players accord-
ing to their playing position. Journal of Strength and Condition-
ing Research. 2007; 21: 438–445.

[8] Lee KH, Lee K, Choi YC. Very Short-Term High Intensity In-
terval Training in High School Soccer Players. Journal of Men’s
Health. 2020; 16: e1–e8.

[9] Hoff J. Training and testing physical capacities for elite soccer
players. Journal of Sports Sciences. 2005; 23: 573–582.

[10] Hoff J, Helgerud J. Endurance and Strength Training for Soccer
Players. Sports Medicine. 2004; 34: 165–180.

[11] Hoff J, Wisløff U, Engen LC, Kemi OJ, Helgerud J. Soccer
specific aerobic endurance training. British Journal of Sports
Medicine. 2002; 36: 218–221.

[12] Slettaløkken G, Rønnestad BR. High-Intensity Interval Training
every second Week Maintains V[Combining Dot above]O2max
in Soccer Players during off-Season. Journal of Strength and
Conditioning Research. 2014; 28: 1946–1951.

[13] Caldwell BP, Peters DM. Seasonal Variation in Physiological
Fitness of a Semiprofessional Soccer Team. Journal of Strength
and Conditioning Research. 2009; 23: 1370–1377.

[14] Figueiredo AJ, Gonçalves CE, Coelho e Silva MJ, Malina RM.
Characteristics of youth soccer players who drop out, persist or
move up. Journal of Sports Sciences. 2009; 27: 883–891.

[15] Malina RM, Eisenmann JC, Cumming SP, Ribeiro B, Aroso J.
Maturity-associated variation in the growth and functional ca-
pacities of youth football (soccer) players 13–15 years. Euro-
pean Journal of Applied Physiology. 2004; 91: 555–562.

[16] Gissis I, Papadopoulos C, Kalapotharakos VI, Sotiropoulos A,
Komsis G, Manolopoulos E. Strength and speed characteristics
of elite, subelite, and recreational young soccer players. Re-
search in Sports Medicine. 2006; 14: 205–214.

[17] Gravina L, Gil SM, Ruiz F, Zubero J, Gil J, Irazusta J. Anthropo-
metric and physiological differences between first team and re-
serve soccer players aged 10-14 years at the beginning and end
of the season. Journal of Strength and Conditioning Research.
2008; 22: 1308–1314.

[18] Bastos FN, Vanderlei FM, Vanderlei LCM, Júnior JN, Pastre
CM. Investigation of characteristics and risk factors of sports
injuries in young soccer players: a retrospective study. Interna-
tional Archives of Medicine. 2013; 6: 14.

[19] Dick R, Putukian M, Agel J, Evans TA, Marshall SW. Descrip-
tive epidemiology of collegiate women’s soccer injuries: Na-
tional Collegiate Athletic Association Injury Surveillance Sys-
tem, 1988–1989 through 2002–2003. Journal of Athletic Train-
ing. 2007; 42: 278–285.

[20] Aagaard P, Simonsen EB, Magnusson SP, Larsson B, Dyhre-
Poulsen P. A new concept for isokinetic hamstring: quadriceps
muscle strength ratio. TheAmerican Journal of SportsMedicine.
1998; 26: 231–237.

[21] Hrysomallis C. Relationship between balance ability, training
and sports injury risk. Sports Medicine. 2007; 37: 547–556.

[22] Janz KF, Mahoney LT. Three-year follow-up of changes in aero-
bic fitness during puberty: the Muscatine Study. Research Quar-
terly for Exercise and Sport. 1997; 68: 1–9.

[23] Kanehisa H, Fukunaga T. Profiles of musculoskeletal develop-
ment in limbs of college Olympic weightlifters and wrestlers.
European Journal of Applied Physiology and Occupational
Physiology. 1999; 79: 414–420.

[24] Sternfeld B, Sidney S, Jacobs DR, Sadler MC, Haskell WL,
Schreiner PJ. Seven-Year Changes in Physical Fitness, Physi-
cal Activity, and Lipid Profile in the CARDIA Study. Annals of
Epidemiology. 1999; 9: 25–33.

[25] Rugg S, Sternlicht E. The effect of graduated compression
tights, compared with running shorts, on counter movement
jump performance before and after submaximal running. Journal
of Strength and Conditioning Research. 2013; 27: 1067–1073.

[26] Jackson AS, Pollock ML. Generalized equations for predicting
body density of men. British Journal of Nutrition. 1978; 40:
497–504.

[27] Boer P. Estimated lean body mass as an index for normaliza-
tion of body fluid volumes in humans. The American Journal of
Physiology. 1984; 247: F632–F636.

8

https://www.imrpress.com


[28] Plisky PJ, Gorman PP, Butler RJ, Kiesel KB, Underwood FB,
Elkins B. The reliability of an instrumented device formeasuring
components of the star excursion balance test. North American
Journal of Sports Physical Therapy. 2009; 4: 92.

[29] Chun J, Seo J, Park S, Won YH, Kim G, Moon S, et al. Effects
of 3-Dimensional Lumbar Stabilization Training for Balance in
Chronic Hemiplegic Stroke Patients: a Randomized Controlled
Trial. Annals of Rehabilitation Medicine. 2016; 40: 972.

[30] Sutton L, Scott M, Wallace J, Reilly T. Body composition of En-
glish Premier League soccer players: Influence of playing posi-
tion, international status, and ethnicity. Journal of Sports Sci-
ences. 2009; 27: 1019–1026.

[31] Meckel Y, Doron O, Eliakim E, Eliakim A. Seasonal Varia-
tions in Physical Fitness and Performance Indices of Elite Soccer
Players. Sports. 2018; 6: 14.

[32] Buhrle M, Schmidtbleicher D. The influence of maximal
strength training on movement velocity. Leistungssport. 1977;
7: 3–10.

[33] Wisløff U, Castagna C, Helgerud J, Jones R, Hoff J. Strong cor-
relation of maximal squat strength with sprint performance and
vertical jump height in elite soccer players. British Journal of
Sports Medicine. 2004; 38: 285–288.

[34] Requena B, González-Badillo JJ, Villareal ESSD, Ereline J,
García I, Gapeyeva H, et al. Functional Performance, Maxi-
mal Strength, and Power Characteristics in Isometric and Dy-
namic Actions of Lower Extremities in Soccer Players. Journal
of Strength and Conditioning Research. 2009; 23: 1391–1401.

[35] Lehance C, Binet J, Bury T, Croisier JL. Muscular strength,
functional performances and injury risk in professional and ju-
nior elite soccer players. Scandinavian Journal of Medicine &
Science in Sports. 2009; 19: 243–251.

[36] Malone S, Hughes B, Doran DA, Collins K, Gabbett TJ. Can
the workload-injury relationship be moderated by improved
strength, speed and repeated-sprint qualities? Journal of Science
and Medicine in Sport. 2019; 22: 29–34.

[37] Dolci F, Hart NH, Kilding AE, Chivers P, Piggott B, Spiteri
T. Physical and Energetic Demand of Soccer: a Brief Review.
Strength & Conditioning Journal. 2020; 42: 70–77.

[38] Helgerud J, Rodas G, Kemi OJ, Hoff J. Strength and en-
durance in elite football players. International Journal of Sports
Medicine. 2011; 32: 677–682.

[39] Blazevich AJ, Jenkins DG. Effect of the movement speed of re-
sistance training exercises on sprint and strength performance
in concurrently training elite junior sprinters. Journal of Sports
Sciences. 2002; 20: 981–990.

[40] Bird SP, Tarpenning KM, Marino FE. Designing Resistance
Training Programmes to Enhance Muscular Fitness. Sports
Medicine. 2005; 35: 841–851.

[41] Muñoz-Martínez FA, Rubio-Arias J Ramos-Campo DJ, Alcaraz
PE. Effectiveness of Resistance Circuit-Based Training forMax-
imum Oxygen Uptake and Upper-Body one-Repetition Maxi-
mum Improvements: a Systematic Review and Meta-Analysis.
Sports Medicine. 2017; 47: 2553–2568.

[42] Huxel Bliven KC, Anderson BE. Core stability training for in-
jury prevention. Sports Health. 2013; 5: 514–522.

[43] Zerf M. Body composition versus body fat percentage as pre-
dictors of posture/balance control mobility and stability among

football players under 21 years. Physical Education of Students.
2017; 21: 96–102.

[44] Kibler WB, Press J, Sciascia A. The role of core stability in ath-
letic function. Sports Medicine. 2006; 36: 189–198.

[45] Barron BA. Book Review: Techniques in Musculoskeletal Re-
habilitation. Prentice WE, Voight MI, eds. New York: McGraw-
Hill, 2001, 780 pp., $64.95 (hardbound). Journal of Occupa-
tional Rehabilitation. 2003; 13: 201.

[46] Prentice WE, Voightı Michael L. Técnicas em reabilitação mus-
culoesquelética. Artmed. 2003.

[47] Mueller S, Mayer P, Baur H, Mayer F. Higher velocities in isoki-
netic dynamometry: a pilot study of new test mode with active
compensation of inertia. Isokinetics and Exercise Science. 2011;
19: 63–70.

[48] Daneshjoo A, Rahnama N, Mokhtar AH, Yusof A. Effective-
ness of injury prevention programs on developing quadriceps
and hamstrings strength of young male professional soccer play-
ers. Journal of Human Kinetics. 2013; 39: 115–125.

[49] Blache Y, Monteil K. Contralateral strength imbalance between
dominant and non-dominant lower limb in soccer players. Sci-
ence & Sports. 2012; 27: e1–e8.

[50] Fonseca STD, Ocarino JM, Silva PLPD, Bricio RS, Costa CA,
Wanner LL. Caracterização da performance muscular em atle-
tas profissionais de futebol. Revista Brasileira De Medicina do
Esporte. 2007; 13: 143–147.

[51] Newton RU, Gerber A, Nimphius S, Shim JK, Doan BK, Robert-
son M, et al. Determination of functional strength imbalance of
the lower extremities. Journal of Strength and Conditioning Re-
search. 2006; 20: 971–977.

[52] Tumilty D. Physiological characteristics of elite soccer players.
Sports Medicine. 1993; 16: 80–96.

[53] Lee JWY, Mok K, Chan HCK, Yung PSH, Chan K. Eccentric
hamstring strength deficit and poor hamstring-to-quadriceps ra-
tio are risk factors for hamstring strain injury in football: a
prospective study of 146 professional players. Journal of Sci-
ence and Medicine in Sport. 2018; 21: 789–793.

[54] Kannus P. Knee flexor and extensor strength ratios with defi-
ciency of the lateral collateral ligament. Archives of Physical
Medicine and Rehabilitation. 1988; 69: 928–931.

[55] Cometti G, Maffiuletti NA, Pousson M, Chatard JC, Maffulli
N. Isokinetic strength and anaerobic power of elite, subelite and
amateur French soccer players. International Journal of Sports
Medicine. 2001; 22: 45–51.

[56] Fousekis K, Tsepis E, Vagenas G. Lower limb strength in pro-
fessional soccer players: profile, asymmetry, and training age.
Journal of Sports Science & Medicine. 2010; 9: 364–373.

[57] Wik EH, Auliffe SM, Read PJ. Examination of Physical Charac-
teristics and Positional Differences in Professional Soccer Play-
ers in Qatar. Sports. 2019; 7: 9.

[58] Pearson J, Wadhi T, Barakat C, Aube D, Schoenfeld BJ, An-
dersen JC, et al. Does Varying Repetition Tempo in a Single-
Joint Lower Body Exercise Augment Muscle Size and Strength
in Resistance-Trained Men? Journal of Strength and Condition-
ing Research. 2021. (in press)

[59] Powell JW, Dompier TP. Analysis of injury rates and treatment
patterns for time-loss and non–time-loss injuries among colle-
giate student-athletes. Journal of Athletic Training. 2004; 39:
56.

9

https://www.imrpress.com

	1. Introduction
	2. Materials and methods
	2.1 Participants
	2.2 Body composition
	2.3 Physical fitness
	2.4 Core dynamic balance
	2.5 Isokinetic muscle function
	2.6 Statistical analyses 

	3. Results
	3.1 Body composition
	3.2 Physical fitness
	3.3 Core dynamics 
	3.4 Isokinetic muscle function

	4. Discussion
	5. Conclusions
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest

