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Abstract

Background: Heart Rate Variability (HRV) in soccer training provides important indicators
for coaches to evaluate and monitor training. High-Intensity Interval Training (HIIT) and
Short-Game Sprints (SSG) have also been used and tested for athletes to enhance soccer
performance. For this reason, this experimental study aimed to compare the effects of SSGs
and HIIT on Heart Rate (HR) key indicators for continuous and targeted monitoring of
training sessions of soccer players.

Methods: Twenty-four male U-15 soccer players were divided into two groups with 12
people. The duration of both training protocols was 20 minutes. daily Heart Rates(d.HR),
Resting Heart Rate (RHR), Maximum Heart Rate (MHR), Training zone Heart Rates
(Tz.HR), were observed and recorded using a Polar team HR monitor app. TRIMP was
calculated using the Edwards training load method that determines the internal load by
measuring the product of the accumulated training 'duration of five HR zones by a
coefficient related to each zone. The results were considered significant at the 95%
confidence level (p < 0.05).

Results: HIIT and SSG showed no significant difference in MHR, HR reserve, HR mean,
HRmax and TRIMP-Edwards of pre and post-test. Among SSG group, recorded a significant
improvement in RHR (P=0/001) also, among HIIT group recorded significantly improved
RHR (P=0/001). The HR mean for each training session, the HR mean in five minutes, and
The HR mean in the associated training zones were monitored and recorded.

Conclusion: In general, the results of this research showed that the HRV and other HR
indicators in the training program are important for monitoring training by soccer coaches,
and that through these indicators, the goals of progress in training will be achieved.
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Introduction

Soccer is an effective sport to develop the cardio metabolic fitness, and physical fitness
health especially in young and adolescent athletes(1). In recent years, not only has there been
a great variety in improving the physiological components of this sport, but the huge
financial rewards and visual appeal have also led to a great trend and interest in this sport
among teenagers and their parents, attracting them towards it. soccer training is an effective
activity for all ages to enhance physical fitness, psychology and health. However, increasing
physical fitness in youth soccer players is a complex and important issue, especially in U-15
group due to the interaction of growth, maturation, and training specialization, which makes
chronological age a determining factor for designing training programs in which training
parameters such as intensity, volume, frequency, etc. are taken into account(2-5).

Heart rate variability (HRV) is among the monitoring tools that are increasing in
popularity due to its measurement ease and validity to provide an internal load measure(6,
7).The relationship between HRV and the external load parameters during the matches and
exercises could be an effective method to assess the player’s readiness for the game(8).
According to the study by Dellal et al, the mean HR recorded during match play ranges
between 165 and 175 b-min—1, both in competitive and friendly match play. In relation to
age, some peculiarities have been observed both in youth and older soccer players(9).
Capranica et al(10), reported that youth soccer players' mean HR exceeded 170 b-min—1 for
84% of total match duration during official matches with regular field dimensions (100 x 65
m). in contrast, Tessitore et al(11). Reported absolute HR values ranging between 120 and
140 b-min—1 for older amateur players (62.8 + 5.9 years old) during a match play. Recent
studies have also considered HR monitoring in adolescent and young adult age groups(12-
14).

HR monitoring for training and competitions has another very important advantage, in
that it takes into account the recovery conditions of players after training and competitions.
Optimizing recovery is crucial for youth players, whose bodies are still growing and
developing, to support healthy development and avoid long-term health issues(15, 16).

GPS technology has helped team sports to better understand the physiological
demands and characteristics of the game and to the same extent(17), devices that monitor
HR-a key indicator of autonomic nervous system function and recovery status-are now

commonplace in youth sports settings(14). Furthermore, wearable devices can track
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movement patterns and physical exertion using accelerometers and global positioning
system (GPS) technology(18), providing detailed information on distances covered, speeds
attained, and the intensity of movements during training and competition. Such
comprehensive data collection offers a holistic view of an athlete’s workload and recovery
needs(19).

High-intensity interval training (HIIT) is one of the common training methods used in
soccer for developing the locomotor profile and physical fitness of players(20). HIIT has
been shown to enhance maximal oxygen uptake, the lactic threshold, intermittent high
intensity effort capabilities, and rapid recovery between intense efforts(21).HIIT is one of
the most effective training methods and is frequently used to improve the player’s
cardiorespiratory and metabolic function and as a training method involves performing
repeated periods of high-intensity work (>85%HRmax) above the lactate threshold (4
mmol/l), interspersed with periods of low-intensity intervals (30-50% HRmax) or full
recoveries (>3 min)(20, 22-24). The performance characteristics of soccer, namely the high
intensity of activities and explosive and intermittent actions, have led to frequent attention
to HIT training(25, 26). Running-based HIIT can be performed using various approaches,
such as submaximal short or long intervals, repeated sprint training (maximal effort), sprint
interval training (maximal effort), or game-based drills, as seen in small-sided games
(SSGs)(24).

SSGs stand out as one of the most common methods employed by soccer coaches
worldwide(27). SSGs are now widely adopted by both professional and amateur teams as an
optimal tool for aerobic training, which consist of smaller pitch sizes, different rules, and
reduced player numbers compared to traditional soccer practices, are considered an
enjoyable and effective training method to improve physical fitness and tactical skills in
soccer(28-30).

This training approach allows for more time spent under conditions resembling actual
competitions compared to non-specific training methods, which lack the characteristics
aligned with the internal logic of the sport (e.g., continuous HIIT runs without a ball).
Consequently, the majority of exercises in team sports training sessions, including soccer,
basketball, and rugby, incorporate SSGs with reduced numbers of players in smaller areas
than those used in official matches. Indeed, some SSGs’ intensities can be similar to those

of soccer matches(31-33). SSGs are also considered a time-efficient training method, as they
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can develop technical skills, physical performance, and tactical awareness simultaneously
(34). All these advantages make SSGs a popular and ecological training method for the

majority of soccer coaches(32).

Training zones

Five training zones, which assess players’ heart rates based on aerobic and anaerobic
thresholds, define a range of activity with high and low limits of training intensity(35). Each
training zone plays a different and important role in the metabolism, health, and development
of endurance ability of players and can be used for training purposes. The low-intensity zone
focuses on fat and carbohydrate aerobic metabolism, the high-intensity zones focus on
lactate and anaerobic metabolism, and the other intensity zones focus on the transition from
aerobic to anaerobic activities to support recovery after exhausting training as well as
enhance mental and physical recovery. Thus, it is possible to accurately estimate the intensity
of the training zone for each athlete through performance diagnosis and sport-specific
tests(36).

The different training zones help to place players in different training zones by
providing guidelines for determining their endurance and fitness levels. In training zone 1,
which is a low-intensity, aerobic workload, blood lactate levels do not increase. This
endurance training zone helps players rebuild their bodies after intense or competitive
training. Activity in training zone 2 increases fat metabolism by increasing the intensity and
duration of exercise and strengthens basic endurance. In training zone 3, the intensity of
activity for players remains aerobic and their lactate concentration levels do not increase.
Training in this zone helps to increase and improve muscle endurance. Training zone 4,
which is considered the threshold of anaerobic activity, helps to recycle lactate during high-
intensity work. Zone 5, with high training intensity, improves anaerobic performance and
lactate breakdown. This zone is considered the anaerobic endurance zone and the power
zone(37).

Some studies have considered the training zone of SSGs, based on the heart rate
recorded from the players, as Zone 4 and some Zone 5. These studies indicate that the
exercise intensity is from 70 to 91% of HRmax, meaning that many SSGs are classified as
“moderate intensity exercises”, although these games may be classified as high intensity

games in other studies(31, 32, 36). Therefore, it is very important to measure heart rate in 5
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zones during training. With the above mentioned, in this study, the effects of 8 weeks of

SSG training versus HIIT training in U15 soccer players were investigated.

Aim of Study
To evaluate variations of internal loads (HRV and TRIMP) based on intensity training in U-
15 soccer players, associated to different SSG conditions in the 1vl context and HIIT

training.

Material and method
Participants and Study Design
This research was semi-experimental, and the research design used pre-tests and post-tests.
Twenty-four U-15 male soccer players from the first division of Isfahan Province's soccer
league volunteered to participate in this study and were divided into two groups: HIT
training(n=12) and SSG training(n=12). The daily training load was continuously monitored
during 8-week period of the 2021-2022 competitive season. The training data corresponds
to a total of 24 training sessions (3 days in week). Participants were fully briefed on the
training and research methods, and data were collected using the Physical Activity Readiness
Questionnaire (PAR-Q)(38).

Before the initial measurements (pre-test) began, the players' parents completed a
consent form to participate in the study and a medical questionnaire to verify their child's
health. The present research was conducted in accordance with the ethical standards of the

Declaration of Helsinki. Table 1 presents the soccer players’characteristics.

Table 1. Characteristics of soccer players

Variable Group Average Standard
deviation
Age (years) HIT 14.63 0.48
SSG 14.56 0.47
Height (cm) HIT 172 0.07
SSG 171 0.07
HIT (before) 64.38 6.81
Weight (kg) HIIT (after) 63.44 8.79
SSG (before) 63.65 6.65
SSG (after) 62.63 8.78
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HIT (before) 21.67 1.24

Body mass index (kg/m2) HIIT (after) 21.72 1.47
SSG (before) 21.42 1.21

SSG (after) 21.44 1.50

Eligibility Criteria for Training Data

The eligibility for training data was based on previous studies in sub-elite youth soccer(39-
41) considering the following inclusion criteria: (a) Teen soccer players aged Under 15 years
old; (b) healthy and free of any infectious and immune diseases, neuromuscular diseases
(such as dystrophy, cachexia), inflammatory diseases, cardiovascular diseases, hormonal
diseases, obesity, and blood pressure, and none of them were treated with medicine such as
anabolic hormones, nutritional supplements (acid amines, creatine, antioxidants,
multivitamins, and anti-inflammatory medicine, muscle damage, and colds); (c) at least 3
years of competitive experience in soccer; (d) training files containing at least 35 consecutive
minutes of playing time on the pitch; (e) training data considered a competitive one-game
per week schedule and complete full training sessions three times a week (~90 min). The
exclusion criteria were: (a) total or partial absence from training due to data collection errors,
injury events, rehabilitation sessions, individual training sessions, early withdrawal, and/or
missing training; (b) soccer players aged under 14 or over 15 years; (c) the goalkeeper
participated in the training session but was excluded from the analysis. The exclusion criteria

resulted in the elimination of 8 observation cases.

Weekly Training Schedule

The sampled training sessions were categorized according to a specific focus, following the
discussion with the coaching staff and club officials. All sampled training sessions for 2
groups started with a standard warm-up protocol with dynamic stretching condition (DSC)
or dynamic stretching exercises which was used based on a similar study(42).

The DSC consisted of a 10-min warm-up with dynamic stretching. Four stretching exercises
were performed, one for each muscle group of the lower body (Quadriceps, Gluteus,
Hamstrings and Triceps suralis) distributed in two series of 30 s each with a rest of 45 s per
exercise, dynamically executing oscillatory stretching movements with progressive

increases in speed. The intensity started between 3 and 5 points, ending between 6 and 8
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points of RPE. The typical weekly training schedule was categorized based on a typical

training micro cycle published on youth soccer(43, 44).

Exercise Protocol and Data Acquisition

SSGs Protocols

SSG exercises, based on the study by Santos et al., included: three SSG formats composed
of 2-minute play and 3-minute rest in the 1v1 context, with changes in the pitch size between
SSGs.The SSGs took place with the goal objective on a 1v1 player basis, with mini training
goals (2 m width signalized with training cones). Throughout the SSGs colleagues and
coaches were around the pitch with soccer balls in their hands to quickly replace the ball
each time it left the pitch, ensuring playing time to be completed and identical in all the
games. The research team had digital stopwatches to monitor the real time of play in each
SSG. During the recovery time periods of the SSGs the players could drink fluids. This

protocol is shown in Figure 1.

10m
SS8Gl1 15m $SG2
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Figure 1. Schematic representation of the experimental protocol, Santos et al (2021)

High-Intensity Interval Training (HIIT) Protocol.

HIIT was performed on an outdoor field with natural grass. Players covered a predetermined
distance in 15-s intervals. After each interval, players passively rested for 15 s, and then
began the next 15-s interval but ran in the opposite direction(45). The distance was
individualized according to the Maximal Aerobic Speed (MAS) of each player and
corresponded to 110% of their MAS(46). This task was repeated for 4 bouts of 4 min with 3

min of passive rest between bouts.
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Measurements of Exercise Intensity

Soccer players carried Polar H10 Heart Rate Monitor Chest Strap (Polar, Garmin, Apple,
Suunto, etc.; sampling rate: SkHz, ANT+, Polar team app, Bluetooth, Waterproof HR Sensor
for Men and Women). HR was measured every 5 s during training sessions and during SSG
and HIIT training, via a Polar Team Sport System. Heart rate data during training were
expressed as a percentage of HRmax and grouped into three training intensities: <80%, 80—
90% and >90%(46, 47). but all 5 training zones were also measured. The average
measurements in the 5 zones were monitored every 5 minutes for 3 sessions over a week.
In the first step of this study, subjects were asked to measure their resting heart rate (RHR)
3 times a day in the morning and after calculating the average, they self-reported it to the
trainers. RHR refers to the number of heart beats per minute when the body is at complete
rest, typically measured upon waking in the morning, lying in bed, or sitting. With the
development of sports medicine and training science, resting heart rate has gradually become
one of the critical indicators for assessing individual cardiovascular health and training
adaptation. In the training process of soccer players, monitoring training load intensity is
crucial for enhancing athletic performance and preventing sports injuries. As a simple and
feasible physiological indicator, RHR has unique advantages in evaluating and adjusting
training load(48).

HRmax is calculated using the formula; HRmax=220-age. Based on this formula and
the automatic calculation of the Polar software, the HRmax was the desired value(49).

After that, training protocols were implemented for 8 weeks (24 sessions). The players'
daily Heart Rates(d.HR), including self-reported resting heart rate and maximum heart rate
(MHR), Training zone Heart Rates (Tz.HR), were observed and recorded using a Polar team
heart rate monitor app.

TRIMP (a.u.) was calculated using the Edwards training load method that determines
the internal load by measuring the product of the accumulated training duration of five HR
zones by a coefficient related to each zone (50 to 60% of HRmax x 1; 60 to 70% of HRmax
x 2; 70 to 80% of HRmax x 3; 80 to 90% of HRmax X 4; and 90-100% of HRmax x 5).
Edwards’ TRIMP formula: duration in zone 1 X 1 + duration in zone 2 % 2 + duration in zone

3 x 3 + duration in zone 4 x 4 + duration in zone 5 x 5(50, 51).
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Statistical Analyses

All statistical analyses were performed using SPSS statistical analysis software (SPSS
version 27.0 for Windows, SPSS Inc., Chicago, IL, USA). Data are expressed as mean +
standard deviation. Data are expressed as mean * standard deviation. The hypothesis of
normality and the homogeneity of the variance were verified using the Kolmogorov-
Smirnov. Student’s paired t-tests were used to examine the differences between before and
after the training program. The results were considered significant at the 95% confidence
level (p < 0.05).

Results

During the 8-weeks of the experimental period, all players were able to complete the study
according to the previously described study design and methodology. No injuries have been
observed during the experimental period. The heart rate responses (MHR, HRR and HR
reserve) during exercises measured among the two experimental groups (SSG & HIIT)
before and after the training programs are illustrated in (Table2). Among SSG group, we
recorded a significant improvement in RHR (P=0/001) with no significant changes in MHR
(P=0/70) and HR reserve (p=0/20). However, in HIIT group we recorded significantly
improved RHR (P=0/001).

Table 2. Heart rate responses during exercises measured between the two experimental groups (SSG &
HIIT) before and after the training programs (N = 12)

Group HR-Measurements Pre- Post- P value ES
measurements measurements

Resting HR bpm 72.42+5.04 69.17+4.08 0.001" 0.50

SSG Maximum HR bpm 191.50+0.50 190.73+0.50 0.70 0.11

Reserve HR bpm 119.08+5.04 121.56+4.08 0.20 0.50

Resting HR bpm 71.92+5.39 68.83+2.97 0.001" 0.50

HIT Maximum HR bpm 191.75+0.72 190.25+0.50 0.20 0.50

Reserve HR bpm 119.83+5.07 121.42+4.13 0.10 0.30

Based on the training zone, the mean heart rate and its standard deviation for the five
zones are shown in Figure 1. These data indicate that at the beginning of the first week of
training and recording the average heart rate in each zone until the end of the eighth week
and comparing with the heart rates recorded during this period, there were no significant

changes in heart rate in the two groups. Although a slight improvement in heart rate was
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achieved with respect to the intensity of the training, the type of training in the two groups
did not change much to produce a significant improvement in heart rate.

Based on the target heart rate (THR) for each zone (Figure 2), the results of recording
heart rates at 5 different times (minutes 1, 5, 10, 15, and 20) show that before and after eight
weeks of HIIT training - some zones that met the training goals of the coaches - had heart
rates that did not change much. While based on physiological changes, a decrease in heart
rate was expected, this decrease was not very evident, and as a result, Figure 3 - which
complements Figure 2 - schematically shows that HIIT training failed to produce significant
changes in the players' THR.

Hard
l Moderate
| Light
Very light

Mean and SD of Heart Rate 50% 60% 70% 80% 90% | 100%
Before HIIT Mean 138/75 151/75 165/17 178/50 191/75 205

HIIT SD 2165 2/05 1/72 1/12 0/72 0
Afier HIIT Mean 137/85 150/14 164/24 177/25 190/25 205

HIIT SD 3/12 3/86 2/11 1/84 0/50 0
Before SSG Mean 72142 151/25 164/75 178/25 191/50 205

SSG SD 5/04 1/96 1/36 0/92 0/50 0
e SSG Mean 71/25 150/45 163/65 177/84 190/73 205

SSG SD 6/09 2/05 1/42 1/02 0/50 0

Figurel. The mean heart rate and its standard deviation for the five training zones

| Moderate B
Ve |Ii ht e
Training intensity percentage and THR in cach training zone 50% . g60% 70% 80% 90% 100%
Monitoring minutes ~ Before After Target zone 103 123 144 164 185 205

v [ssedflsem]lzone | [ [ [ [ ] LTI TT T LT T1]
L5 lssws]pons|{zone | [ [[[[[I][ITIITIITTITT]1]]
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Lt lwsrs|[orss]{zone [ [ [ [ I [T QITTTTRTTITTT0T]
[ 20 [pwas][wess|[zone: [ [[[[TTTTTTTITTTTIITTTITT]

Figure2. Mean heart rate at minutes 1, 5, 10, 15, and 20 by training zone in the HIIT training protocol

group
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Figure3. HIIT group training zone and HR mean at 5 time points according to age group THR

Figures 4 and 5 show that in SSG training, as in HIIT training, no significant changes

were achieved in THR changes based on the trainers' goals.

| Moderate
| Light
Training Incensity percentage and THR in cach raining zonel| 1 /50% 8 860% 70% | 80% | 90% | 100%
Monitoring minutes  Before After Target zone 103 123 144 164 185 205
v susof{wswas|{zone | [ [ [ [[[[[TTI[II{IITITI]]]
L5 swo]{wsmszones [ [ [ [ [ [[I{{{TPIIIPPPITIT]
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L w5” |[oess|[wwss|[zones | [ [ [[[[[TQ{{TTITRIPPTTT]]
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Figured4. Mean heart rate at minutes 1, 5, 10, 15, and 20 by training zone in the SSG training protocol

group
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Figure5. SSG group training zone and HR mean at 5 time points according to age group THR

The THR responses during Five times of HR recording between the two experimental
groups (SSG & HIIT) before and after the training programs are illustrated in (Table3).
Among SSG group and HIIT group, we recorded no significant changes in HR. THR was
recorded lower in all two types of SSG exercises than in the HIIT training protocol except
minute 15 (1 : SSG=132.50<HIIT=155.24); (5 ": SSG = 159.90 < HIIT = 165.84); (10 ":
SSG =174.89 < HIIT =175.77); (15 ": SSG = 179.35 > HIIT =178.75); (20 ": SSG = 179.45
< HIIT =181.26). This situation is similar to the post-test HR recording (15 ": SSG = 178.83
> HIIT =177.85). All these results indicated that there was no significant change in the five-
point times between the two groups, and also no significant relationship was observed

between the five-point times and the THR.

Table 3. THR responses during Five times of HR recording between the two experimental groups (SSG

& HIIT) before and after the training programs (N = 12)

Group Minutes of heart Mean + SD Mean + SD P value ES
rate recording (Pre) (Post)

1 155.24 +1.13 154.74 £1.09 0.63 0.07

5 165.84 +1.48 165.26 +1.16 0.95 0.05

HIT 10 175.77 £1.41 174.93 £1.27 0.27 0.08
15 178.75+1.32 177.85+1.21 0.31 0.06

20 181.26 +2.04 180.96 +2.06 0.31 0.06

1 132.50 + 3.24 131.48 +2.78 0.78 0.08
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5 159.90 + 2.05 159.25 +2.06 0.33 0.20
SSG 10 17489 +3.11 17411+ 2.93 0.11 0.30
15 179.35+ 4.08 178.83 + 3.09 0.20 0.07
20 179.45 + 0.56 178.77 £1.02 0.22 0.06

According to Table 4, there was no significant relationship between the results before
and after the HIIT and SSG training protocols in HR mean, HRmax and TRIMP-Edward

indices.

Table 4. HR mean/max & TRIMP-Edwards recording between the two experimental groups (SSG &
HIIT) before and after the training programs (N = 12)

Variable/ HIT P ES SSG P ES
Group Pre-Test Post-Test  value Pre-Test Post-Test  value
HR mean 165.18+ 163.94 + 0.11 0.10 151.63 + 150.78 0.16 0.12
1.74 2.28 1.95 +2.21
HR max 191.75+0.72 190.25+0.50 0.18 0.08 191.50+0.50 190.73+0.50 0.18 0.08
TRIMP- 11.69+144 12.04+154 068 0.00 1143+1.08 1197111 0.63 0.00
Edwards
(a.u.)
Discussion

The objective of the present study was to evaluate the extent of agreement of HRV (MHR,
RHR, HR reserve, d.HR, Tz.HR, THR and TRIMP) data obtained via the Polar H10 sensor
chest strap device with that recorded for HIIT& SSG training.

HRV is most used to objectively monitor training intensity in many sports(52). Also,
checking training HR calculations and THR are important for monitoring training. Among
these cases is the Karvonen formula, which was also used in this study to examine MHR and
other calculations(53, 54).

HR is widely used and several studies have shown that it is a valid indicator of exercise
intensity in soccer(55-58). Studies that have examined HRV in the U15 age group show that
these changes are of great value in monitoring training and can provide a clear indication of
internal load during training(56, 59-61).

In this study, an attempt was made to use heart rate monitoring in daily training to

address training goals and examine internal load, while also examining the level of players'
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readiness in two training protocols. Finally, this training monitoring showed results of
changes in heart rate indicators.

The d.HR of the players who were given the HIIT training protocol decreased slowly
and over the course of 8 weeks in each training session (d1-d24) based on the THR defined
for the players' age - the same HR is also assigned to the Tz.HR in the Polar software. Based
on the HIT protocol, the HR decreased from an average of 165/18 on the first day (first
session) for 12 players to an average of 163/94 on the 24th day (session 24). The RHR of
the players in this training group also decreased gradually (71.92+5.39 in the pre-test) and
(68.83+2.97 in the post-test). The same results were obtained for the SSG training protocol.
On the first day (session 1), the players' mean and standard deviation of HR were 151.63 +
1.95 and on the same day, their average RHR was 72.42+5.04 However, after eight weeks
and on day 24 (session 24), the players' HR mean and standard deviation were 150.78 +2.21
and the players' average RHR was 69.17+4.08. Djeddi et al.(62) in a study titled: " Effects
of small-sided games and high intensity interval training on training load and physiological
responses in amateur soccer players" reported that HR mean and HRmax decreased in both
HIIT and SSG training samples after 8 weeks.

The importance of the role of RHR in soccer player training has been mentioned in
various studies. Evaluation of training load intensity (63). Monitoring training effects(64);
Adjustment of training plans(65); Application of wearable devices(66); recording the team's
sleep duration, quality, and RHR levels(67); Adjusting Training Plans Reasonably(68);
Application for Returning Athletes(69); are just a few examples of the importance of
monitoring players' RHR during training sessions. The items stated as a set of benefits of
HRH monitoring were also mentioned in Zhiyuan's study, which is consistent with this
research(48).

The changes in the players' baseline HR, especially the RHR and its decrease after the
end of the training protocol period, indicated the effect of the exercises on this index. On the
other hand, the increase in the HR reserve in the two training groups before the full
implementation of the exercises also indicated the effectiveness of the exercises.

The heart rate of the players in the HIIT training protocol was initially higher than the
HR of SSG training group. The reason for this could be that HIIT training followed an
ascending HR and there was a short-term decrease in the inactive RHR, but again with the

continuation of the training and the training pressure on the players, the HR continued to
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increase. In contrast, in the SSG training, the HR at the beginning of the training was lower
than the HR of the players in the HIIT and the increasing HR trend similar to the HIT
training was not observed in this group. Meanwhile, Buchheit et al. examined exercise heart
rate (H Rex), recovery heart rate (HRR), and post-exercise HR variability (HRV) during and
after a submaximal running test to predict changes in physical performance in U-15 soccer
players. Their study showed that monitoring exercise HR and post-exercise HR was effective
in tracking improvements in (the final test velocity), and that changes in HRR were also
moderately correlated with changes in (repetitive) sprint performance. Buchheit et al.
emphasize in this study that the present data also question the use of HRex and HRV as
systematic markers of physical performance decline in young soccer players. On the other
hand, there was a significant difference in the time of ball release and repositioning of players
in the 2 vs 2, 3 vs 3, and 4 vs 4 training types with respect to the upward trend in HR(70,
71).

In accordance with these results, Rabbani et al. reported in their reports that the type
of exercise and different physical fitness indicators act as an important factor in daily heart
rate changes(72, 73). Nobari et al. also showed that simultaneous HIIT and SSG training
can have a positive effect on player performance. The present study also showed the effect
of both types of training on the performance of soccer players, based on heart rate
measurements during 8 weeks of training and observations of the training zone(16).

Reinhardt et al. showed a strong relationship between HRR after standardizing SSG
and 4 vs. 4 and endurance performance in soccer players in a laboratory setting. Therefore,
in addition to the relationship with endurance capacity, it seems that some types of SSG
training can be sufficient to assess the sport-specific ability to recover in soccer players.
Although the current study was conducted in a field setting, the effects of SSG training are
similar to those of Reinhardt(74).

The results of the present study showed that continuous monitoring of HR and
examination of HR indicators during training or in order to examine the intensity of training
in the Tz.HR is of particular importance. In line with our results, Atan et al.(75)by examining
the HR of young soccer players and monitoring it in the RPE scale, showed that including
RPE in the form of examining the HR of players during training in monitoring the training
load can provide athletes, coaches and sports scientists with important information. Although

Atan et al. based their study on the RPE scale and the training zones were used in the present
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study, the division of the training zone and the display of HR in each zone and in different
time intervals can indicate visual and statistical differences in the HR of the participants. The
study of HR during 20 minutes of HIIT and SSG training revealed unique characteristics of
the players and obtaining average heart rates in training zones shows that the ranking of
training loads in different studies should be carefully considered. In this regard, the most
important point is to target training in training zones 4 and 5 with a THR of 75% and above,
which is clearly not achievable throughout the entire training time. These findings in the
SSG section and determination of internal load in each training zone are consistent with
Teixeira et al. study(39).

For the internal load variable TRIMP, there were no significant differences,
considering the increase in the playing area. There has been a slight improvement in the
TRIMP index. This may be related to the fact that as time passes and the initial training is
completed, players occupy the game space better, trying to restrict the spaces in the defensive
process, and progress through the pass in the offensive process. These findings are consistent
with the results of Espada et al. study(76). These results also have a strong resemblance to
the TRIMP Edward section in the study by Gardner et al(77).

Conclusion

In conclusion, some points to be well documented in this study and are highlighted: (a) HRV
can be used to monitor the physiologic load and internal training load in soccer players with
good validity, especially when the analysis is considered as a function of RHR ; (b)Other
important HR indicators are of great importance for training monitoring, especially when
considered in the form of training zones and minutes based on the trainers' training goals;
(c)Training zones 2 and 3 in SSG training and training zones 3 and 4 in HIIT training had
the highest frequency in terms of players' MHR based on the coaches' training goals; (d)
MHR is of particular indicator in HIIT training because at peak training intensity, zone 4
also includes the HR range of players during training; (e)In SSG training, the HR mean is
lower than HIIT, because the structure and training protocol require that players have low
training intensity at times during training in zones 1 and 2; (f)Since TRIMP Edwards is
defined based on five training zones, it is better to use this method for heart rate monitoring

to check the player's activity range based on heart rate.
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