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Featured Application: Seasonal analysis of the intensive team training and competition periods
for non-contact injuries showed a correlation with pre-season endurance diagnostics, particularly
individual lactate thresholds. Individual endurance performance levels should therefore always
be taken into account when quantitatively assessing the intensive parts of training and competition
periods. The chronic component of the ACWR in conjunction with endurance capacity appears to
be a particularly sensitive indicator in the two weeks prior to an injury. Therefore, even during
seasonal periods with large load fluctuations, e.g., due to the competition calendar, attention
should be paid to constant weekly load management.

Abstract: Acute (AW) and chronic (CW) workload imbalances, including their ratio (ACWR), are
largely associated with increased injury risk. However, the inclusion of personal endurance perfor-
mance (EP) in this calculation as a means of improving accuracy has been neglected in previous
studies. The aim of this longitudinal observational study was to evaluate the relevance of the
high metabolic load distance (ACWRppp) to EP in relation to non-contact injuries. Twenty-three
German male first division soccer players (age: 24.5 £ 3.5 years; VOpmax: 53.7 £ 4.9 mL/min/kg;
v4: 15.2 £ 0.9 km/h) were analyzed. Eleven players with non-contact injuries were identified and
matched with players without any injuries within the same time interval. Players were monitored
using GPS and LPS tracking to calculate ACWRp\rp on a daily basis over the course of one com-
petitive season. Relationships between different endurance performance parameters (v2, v4, vir,
VOomax) and the ACWRy\ 1 p, AW, CW were established for statistical analysis. An area under the
curve analysis (AUC) was performed. Based on the four weeks preceding the non-contact injuries, the
CW, especially for the last two weeks before the injury, proved to be the most suitable parameter to
estimate the risk of injury. The highest significant AUC value (0.81, 95% CI: 0.59-1.00) was calculated
for the CW (last week before injury) in relation to the vy (suitable cut-off: 0.04 km; sensitivity: 78%,
specificity: 80%). With regard to the injury rate, the ACWRp\pp seems to be the most appropriate
method of calculation, especially for CW related to EP (vit). The sole use of ACWR, AW, and CW is

not recommended.

Keywords: soccer; workload; prevention; training; match

1. Introduction

Soccer requires a high number of different skills and demands on a high level com-
parable with other team sports. Sprints, high-speed running, acceleration, shooting, and
jumping performance are just as important as endurance, technical, or tactical skills. For
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this reason, a detailed and sufficient analysis of load and stress data (training, match) and
an effective link between them could be important to improve the match performance
and avoid possible non-contact injuries. Technological developments in recent years have
provided access to a wide range of performance-related markers. In professional soccer,
local positioning system (LPS), global positioning system (GPS), and inertial measurement
unit (IMU) technologies are routinely used to quantify workload. LPS and GPS quantify dis-
tances covered in different speed zones (e.g., HSRD) or changes in velocity completed (e.g.,
ACC), while IMU sensors allow the estimation of the mechanical workload during training.

To quantify internal training and match load, the session rate of perceived exertion
(sRPE) has been adopted to monitor sustained loads and avoid overtraining [1]. Together
with the fitness-fatigue model of physical performance, it can be used to describe an
athlete’s readiness for sustained exercise. In this context, the acute- (load over the last
seven days, fatigue) to-chronic (load over the last 28 days, fitness) workload ratio (ACWR)
has been established and is commonly used to manage and adjust the training process [2].
This approach and the associated widespread and used recommendation by Gabbett [3]
regarding a suggested range (0.8-1.3) between acute and chronic workload has two major
weaknesses. Firstly, this approach does not take into account metric load parameters (e.g.,
high-speed running distance, HSRD). Secondly, it completely ignores the resilience of
the players, which is an even more serious shortcoming. For this reason, this concept has
already been questioned by other scientists without, however, offering any new concepts [4].
The need for a more personalized approach has already been highlighted before [5].

With regard to the first point, Staunton et al. [6] calculated the workload and the
ACWR based on time (exercise duration), intensity (e.g., accelerations, ACC (external), RPE
(internal)), and volume (e.g., high-speed running distance, HSRD) metrics related to the
amount of physical stress during exercise [6]. It is well known that an imbalance between
acute and chronic workload is largely associated with a higher incidence of injury and peak
performance [7-10].

Most ACWR calculations use the sRPE [11], which concurrently combines both the
subjective (physiological stress tolerated) and objective (session time) components and is
easy to adopt. From a mechanical point of view, external load metrics such as total distance
and HSRD or ACC may better quantify or represent the sustained demands. Another useful
approach to monitor intensity in professional soccer is the metabolic power concept [12].
The high metabolic load distance (HMLD) corresponds to the distance covered at a speed
of >5.5 m/s (>25.5 W/kg) with a change in velocity at >2 m/s~2 [13,14]. Although
the metabolic power concept does not fully capture the internal load and only broadly
represents the external load [15], the ratio of its acute and chronic results may be useful
in identifying players at risk of non-contact injuries. In this context and in view of the
weaknesses mentioned above, it is essential and a further development of the approaches
described (sRPE, ACWRp\yp) to relate the physical load (ACWR, acute or chronic part)
with the individual EP (ACWRym1p/EP) measured by several lactate thresholds (v2, v4,
vrr) or VOomax-

Therefore, the main aim of this analysis was to evaluate the relationship between
ACWRppmrp/EP (including acute and chronic components) and non-contact injuries. Ac-
cording to several studies [8,16], we hypothesized that a high level of EP would allow
higher loads to be tolerated, thereby favoring a reduction in the risk of injury.

2. Materials and Methods
2.1. Subjects

Twenty-three male German first league soccer players (Table 1) were studied over the
course of an entire season.
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Table 1. Age and anthropometric characteristics of players depending on position. Values are given
as mean = standard deviation (SD). Maxima marked in bold.

Playing Positions Total
GK (n =3) DF (n =7) MF (n = 8) FW (n = 5) (n=23)
Age [years] 28.7 + 6.1 237 +£2.8 24.3 + 3.0 234 +19 2454+ 3.5
Height [m] 1.93 £+ 0.03 1.86 + 0.07 1.79 + 0.03 1.83 +0.10 1.84 4+ 0.08
Mass [kg] 89.1 + 11.1 86.4 +£7.6 749 + 6.1 80.1 +£10.1 81.44+94
BMI [kg/mz] 239 +24 25.0 0.7 234 +15 239 +1.2 2414+1.5
Body fat [%] 12.2 + 1.5 115+ 3.1 12.0 £ 2.6 93+ 18 11.3+ 26

GK, goalkeepers; DF, defenders; MF, midfielders; FW, forwards.

The data collection was approved by the Ethics Committee of the Martin Luther Uni-
versity of Halle-Wittenberg (reference number: 2013-13), conformed to the Declaration of
Helsinki [17], and met the ethical standards in the Sport and Exercise Science Research [18].

2.2. Injury Occurrence

Only five players had no injuries (contact and non-contact) during the season. Eighteen
injured players were divided as follows: n = 7 (contact + non-contact); n = 6 (contact only);
n =5 (non-contact only). Injuries in team sports can occur with or without the influence of
another person. They are therefore classified as contact or non-contact injuries. However,
the exact definition of non-contact injuries is controversial [19,20]. Following Walden
et al. [21], we defined a non-contact injury as one that occurred without physical contact
with another player. Contact injuries can be caused by contact with another person, a
high-energy fall, or another form of collision. Non-contact injuries are usually considered
preventable because they are usually associated with overstressed structures. Fourteen
contact injuries occurred during the season. The 18 non-contact injuries were distributed
among 11 players (defenders: n = 5; midfielders: n = 3; strikers: n = 3). Only the first
non-contact injury of all 11 players was used for the statistical analysis. At the same time,
these players were matched with 11 players (same position) without injuries during the
same time period (4 weeks) before the injury.

Most of the non-contact injuries occurred in April (4), October (3), and November
(3). Considering only the first incidence, these 11 injuries resulted in a total of 260 days
of absence from team training or competition. Each of these 11 injuries occurred during a
match. Of these 11 non-contact injuries, eight were muscle injuries (71% (5/7) between the
20th and 70th minute of the match; range: 18-88 minutes of match). A brief description of
all 11 non-contact injuries is given below:

Overloading of the tendon insertion (atraumatic, chronic),
Overloading of the back (vertebral stress reaction; atraumatic, chronic),
Muscle fiber tear of the quadriceps (traumatic),
Neurogenic hypertension hamstrings (atraumatic, chronic),
Muscle fiber tear of the thigh (traumatic),

Hypertonus hip flexors/adductors (atraumatic, chronic),
Muscle fiber tear of the hamstrings (traumatic),

Muscle fiber tear of the hamstrings (traumatic),

Low back pain (atraumatic, chronic),

Myofascial strain of the quadriceps (traumatic),

Adductor myofascial strain (traumatic).

2.3. Experimental Design and Injury Documentation

At the beginning of the season, all players of the team were assessed for their en-
durance performance by means of lactate diagnostics and spiroergometry to determine the
individual lactate thresholds and VOpp,x. In addition, anthropometric and BIA examina-
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tions (parameters: height, mass, BMI, body fat) were performed. Load data were collected
throughout the entire season (training and matches) using a GPS-based tracking system.

Musculoskeletal injuries and injury mechanisms were recorded consecutively by the
medical staff [22]. In order to consider only serious non-contact injuries, non-contact injuries
with at least 5 days of team-training absence from team training were included. To avoid
correlated observations (in case of occurred re-injuries), the first injury was considered for
the statistical analysis.

The following inclusion and exclusion criteria were used:

Inclusion criteria Exclusion criteria

e  All players of the team registered for the
2020/2021 season.

e  All players who have attended all training
(or rehab) sessions of the men’s team as
an official team member.

Any player who has not been in the team
for the whole season or who has left the
team during the winter break (due to
transfer or loan).

2.4. Measurement Systems
2.4.1. Bioelectrical Impedance Analysis (BIA)

A BIA system (InBody770, InBody USA, Cerritos, CA, USA) was used for body
composition analyses. This is a hand-to-foot BIA that uses alternating currents that pass
segmentally (extremities and trunk) or through the whole body [23].

2.4.2. Endurance Performance Diagnostics

Pre-season endurance tests were performed on a treadmill (quasar, h/p/cosmos,
Traunstein, Germany). All players first completed a submaximal test protocol (8 km/h
+ 1.5 km/h; 3 min; 0° incline) with lactate measurement (Biosen C-Line, EKF Diagnostic,
Barleben, Germany) until a lactate increase of 1.5 mmol/L per step was reached. The lactate
threshold (LT) was then determined by interpolation [24,25].

Therefore, at first, the best fitting lactate-velocity regression function (f = La(v) (where
La(v) is the value of La at a given running velocity v) and based on the function La(v))
was first determined. LT was defined as the velocity v at which the delta value of lactate
(v + 1.5) and La(v) reached 1 mmol/L lactate for the first time (e.g., La(v + 1.5) — La (v) = 1).

After a short recovery period of 8 min (4 min walking, 4 min passive), a ramp test
(start: vir; + 1 km/h per min; 0° incline) with respiratory gas evaluation (Metalyzer 3B,
Cortex Medical, Leipzig, Germany) was performed until physical exhaustion.

2.4.3. Tracking

Seasonal external load data from team training were collected by using the Apex
Pro system (sampling rates: GPS: 18 Hz, GNSS: 10 Hz, triaxial accelerometer: 952 Hz,
gyroscope: 952 Hz, magnetometer: 10 Hz; STATSports Group Limited (Newry, North
Ireland)). Team’s home match data was optically analyzed by the Chiron Hego system
(Chiron Hego, Cologne, Germany). Data from additional national-team camps and matches
were provided by the respective national teams.

As defined in previous research [13], ACWR, originally developed as a training load
metric, was calculated as the ratio of the mean high metabolic load distance (HMLD) of the
last seven days to the mean HMLD of the last 28 days (ACWRpMmLp). Acutepvip (average
of the last 7 days) and chroniciy p (average of the last 28 days) are therefore included in
this parameter. Only the coupled ACWR was calculated, as the coupled and uncoupled
ACWR calculations showed an almost perfect relationship [26].

The documented non-contact injuries were used to evaluate the predictive ability of
ACWRpmrD, AW, and CW. In a second step, the same calculation was performed for the EP-
related parameters (ACWRywvp/EP, AW p/EP, CWynvpp /EP). Weekly ACWRpmLD
was used to compare and analyze seasonal changes in the training load of the athletes. Due
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to the significantly higher AUC values and for content reasons (dependency between load
and EP), only the results of the second calculation are presented.

2.5. Statistics

Data collection and analysis were performed using SPSS version 28.0 for Windows
(IBM, Armonk, NY, USA). Descriptive statistics (mean, standard deviation, 95% confidence
interval) were reported for selected parameters to describe the sample studied. Weekly
ACWRpMm1p over the last four weeks prior non-contact injury was calculated.

In an area under the curve analysis (AUC), the coordinates of the receiver operating
characteristic (ROC) curves were used to determine appropriate assessment cut-off values.
The cut-off values were determined by accumulating sensitivity and specificity (boundary
condition: sensitivity > specificity) from the ROC curves. Based on the load-stress concept
and the need to generate appropriate cut-off values, aerobic capacity had to be considered
(v2, v4, viT, VOomax relative).

According to a sample size calculation, a review of the corresponding scientific litera-
ture showed that no other comparable study had performed a power analysis in order to
estimate a suitable sample size. The only study to address this issue was Nobari et al. [27],
who also conducted a literature search. They concluded that their sample size of n = 21
was sufficient to avoid a type II error. Overall, the sample sizes of the above studies ranged
from 10 [28] to 37 [16].

3. Results
3.1. Endurance Performance (EP)

Due to the markedly low number of load days provided by the GPS system for
goalkeepers (87 £ 18) and their unique activity profile, particularly in terms of running
demands, these players were excluded from further analyses. Figure 1a,b shows the results
of an initial treadmill EP diagnostic using heart rate, lactate measurements, and spirometry
stratified by playing position.

G
3
2

Iv2
Iv4 65
vit

i
[E
i
i
VO2max [mlimin/kg] (95% CI)
g g 8

defenders (n=6)

midfielders (n=8) forwards (n=5) defenders (n=6) midfielders (n=8) forwards (n=>5)

Figure 1. (a,b). Endurance performance characteristics of players depending on playing positions.
Presented are different lactate threshold speeds (a) and the relative maximum oxygen uptake (b).

The entire team displayed an aerobic capacity measured using different lactate thresh-
olds of 12.4 £ 1.33 km/h (Figure la, v2), 151 £ 1.04 km/h (Figure la, v4), and
12.8 £ 0.93 km/h (Figure la, vi;). Regarding the relative maximum oxygen uptake
(Figure 1b), all players ranged from 47 to 62 mL/min/kg (53.9 + 4.64 mL/min/kg).

Table 2 summarizes the absolute and normalized HMLD results with the injury
data and the averaged load days (training days + match days) of the field players by
playing position.
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Table 2. HMLD with seasonal injury and load data of players depending on position. Values are
given as mean =+ standard deviation with minimum and maximum. Maxima marked in bold.

Playing Positions Total
DF (n=7) MF (n =6) FW (n =5) (n=18)
639 + 84 681 + 147 683 & 77 667 + 109
Total HMLD per load day [m] (494-771) (474-867) (595-777) (121-846)
. 11.8+12 13.0 £2.1 134 4+ 1.0 11.3 +£3.9
Total HMLD [m /min] (9.6-13.1) (9.9-15.9) (12.4-15.0) (1.7-15.9)
1.383 + 253 1.561 =+ 303 1.245 + 335 1.404 + 304
Match HMLD [m] (1.015-1.794) (1.032-1.861) (876-1.682) (876-1.861)
. 195+ 1.9 231 +32 255 + 1.8 223 + 3.4
Match HMLD [m /min] (17.5-22.4) (19.7-28.4) (23.7-28.0) (17.5-28.4)
Injuries [n]/Injured players [n] 7/5 6/3 5/3 18/11
Iniury dave 36 419 66 + 25 32+ 12 43 +23
jury day (10-62) (46-94) (19-43) (10-94)
Load d 164 + 8 152 + 31 165 + 4 160 + 21
oad cays (152-176) (77-174) (160-170) (77-176)

HMLD, high metabolic load distance; DF, defenders; MF, midfielders; FW, forwards.

3.2. Load Related to Selected Endurance Parameters

Depending on the week and the different EP parameters used, the chronic component
of the ACWR showed the highest number (6/7, 86%) of significant AUC values (Table 3)
within the first two weeks before the injury. The cut-off values, including sensitivity and
specificity, are shown in Table 3.

Table 3. Cut-off values, sensitivity (%) and specificity (%) based on the receiver operating character-
istic curves and calculated by adding sensitivity and specificity (boundary condition: sensitivity >
specificity) reported for different endurance performance parameters. AUC with p < 0.05 marked in
bold. Sens = sensitivity [%]; Spec = specificity [%].

Week before Injury
2 3 4

Cut-  Sens/ Cut-  Sens/ Cut-  Sens/ Cut-  Sens/
AUC 7 of  spee AUC P o spec AUC P o spee AUC P 0ff  Spec

chronic
v2 0.76 0.041 428 70/91 0.76 0.041 40.0 80/73 0.73 0.078 37.6 70/64 0.71 0.105 40.4 70/82
v4 0.76 0.041 345 70/82  0.78 0.029 31.8 80/73 0.74 0.067 30.7 70/64  0.69 0.139 333 70/73
VOomax 077 0050 9.70 78/70 0.76  0.055 9.4 67/70  0.71 0.131 8.5 78/60 0.66  0.236 8.5 67/50
VLT 0.81 0.022 40.7 78/80 0.78 0.041 38.6 78/80 0.72 0.102 34.9 78/60  0.68 0.191 38.3 67/70

acute

v2 0.56 0.673 474 40/73 0.54 0.778 49.1 50/82 0.73 0.078 28.8 90/64 0.73 0.078 43.6 60/91
vd 057 0573 337 60/54 053 0833 337 50/54 073 0.078 235 90/64 0.76 0.049 361 60/91
VOomax 0.63 0.348 10.0 67/70  0.58 0.540 9.80 67/70  0.70 0.142 6.50 89/60 0.73 0.86 10.2 67/90
viT 062 0369 422 56/70 058 0568 443 56/70 070 0.142 276 90/60 0.78  0.041 425  67/90

ACWR
v2 0.71 0.105 0.9 80/64 0.71 0.105 0.9 80/64 0.71 0.105 0.9 80/64 0.71 0.105 0.9 80/64
v4 046 0751 0.08 50/64 038 0360 0.07 50/45 0.71 0113 006 70/73 073 0.078 0.07 80/64
VO2max 0.48 0.903 0.02 56/40 041 0.488 0.02 67/30 0.71 0.131 0.02 78/60  0.68 0.178 0.02 67/60
vIT 049 0967 009 56/70 039 0438 008 56/40 076 0.060 0.07 78/80 0.67 0206 0.08 67/60

The most appropriate parameter “chronic related to vpr—second HMLD week before
injury” ranged between a minimum and maximum value of 21.2 m/min (sensitivity:
100%, specificity: 0%) and 55.9 m/min (sensitivity: 0%, specificity: 100%), respectively. A
sensitivity of 100% was detected for 22.8 m/min (specificity: 10%). Conversely, a specificity
of 100% was obtained for 44.4 m/min (sensitivity: 44%).

Separately (weeks before the injury, parameters: acute, chronic, ACWR) AUC analysis
revealed marked differences between weeks and parameters (Figure 2a—d). The largest
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predictive ability was calculated for the relationship between the chronic component of the
ACWR and the vy in the first week before the injury (AUC = 0.81, p = 0.022; Figure 2d).
All of the other AUCs did not exceed an amount of 0.80.

(a) (b)

038 058 ;

0.6 I_
0.4 J
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Figure 2. (a—d). Receiver operating characteristic curve (ROC) depending on week before the injury
and different EP parameters related to the chronic component of ACWR. AUC values and 95% CI are
reported. (a) chronic related to v2. (b) chronic related to v4. (c) chronic related to VO, (d) chronic
related to vir.

4. Discussion

In this study, training and match load parameters were recorded (including HMLD)
in first division soccer players over one season. By including velocity and acceleration to
estimate workload and calculate ACWR, we compared players who sustained a non-contact
injury with uninjured players. In addition, the workload parameters were related to the
pre-season EP in order to interrelate workload (HMLD) and resilience as measured by EP
(VZ, v4, vir, VOZmaX)~

Based on the four weeks before the non-contact injuries, a sensitivity of 78% and a
specificity of 80% were calculated for the relationship between the chronic component
(CW) of ACWR in the first week before the injury and the vir. The observed accuracy
for the v2 (CW, first week before the injury) was slightly (3%) higher (sensitivity: 70%,
specificity: 91%). Apparently, only the CW of the ACWR is related to the occurrence of
non-contact injuries.

It is important for soccer coaching, especially for the athletic coaches, to understand
that the load must be assessed in relation to the EP level of the players, particularly the
aerobic capacity. These findings are in line with several investigations [3,8,16], who stated
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that relatively higher body strength (lower limbs) and a high level of aerobic capacity are
important factors for injury prevention. At the same time, these findings are in significant
contrast to the widely used approach of calculating ACWR by training duration and
the sRPE as an indicator for the internal training loads [3,6]. This is the first published
suggestion based solely on objective load and stress data that takes into account individual
aerobic capacity.

The aerobic capacity calculated by VOynmax during EP diagnostics was lower in our
cohort (53.7 + 4.9 mL/min/kg) compared to other studies [29-31]. However, in agreement
with previous studies, the injured players had a significantly lower VOpp,x than the
matched uninjured players (53.2 & 4.0 vs. 56.3 &+ 6.5 mL/min/kg; d = 0.6). Various studies
have reported and recommended VO,,,x Values from 62 to 64 mL/min/kg to fulfill the
aerobic capacity requirements for male professional soccer players [29,30]. It should be
noted, however, that the endurance diagnostics in this study took place at the beginning
of the pre-season. In line with this, Vasileios et al. [31] measured VOyp,ax before and after
two months of soccer training and reported values of 53.6 = 7.7 mL/min/kg (before)
and 64.4 + 5.7 mL/min/kg (after) from soccer players of the first Greek division. The
endurance performance data of the studied players were similar to those of German second
and third division players, independent from playing position [32,33]. The importance of
aerobic capacity for soccer performance has been widely documented. Moreover, Reinhardt
et al. [34] showed that the threshold performance at v4 was highly correlated (r = 0.91)
with the ability to recover. Therefore, the authors recommended 15.0 km/h (4.2 m/s) at the
4 mmol/L lactate threshold as a minimum endurance performance level [33] to cope with
the demands of a competitive soccer season.

Compared to the match HMLD, the absolute and relative total HMLD recorded during
the training sessions was significantly lower. This is due to the lower HMLD completed
during the training sessions. However, the different relative HMLD magnitudes between
the playing positions indicate that the training intensities adequately met the position-
specific match demands. In a study of 18,131 individual match observations over two
full competitive seasons, Spanish first and second division professional soccer players
showed no absolute differences in HMLD between competitive levels [35]. On average, the
first division players covered a HMLD of 2350 m per match, with the central midfielders
covering the highest relative HMLD (29.3 m/min). The absolute match HMLD of our
sample was significantly lower than that of the Spanish first division players, probably due
to shorter playing times. In contrast, the highest relative match HMLD values were found
for forwards (28.5 m/min).

In contrast to our approach, a study published by Gabbett [3] used the sRPE as an
indicator of internal training loads. Although sRPE has been shown to be a valid and
reproducible tool for assessing the internal load of moderate and hard training [36,37],
there are also limitations to this parameter. It has been shown to change with time after
exercise [38,39] and has difficulty in correctly assessing regenerative or low-intensity train-
ing [40]. Therefore, we decided to rely on an objective marker such as ACWR using HMLD
in relation to EP.

From a coach’s point of view, it is particularly interesting to analyze the pre-injury
ACWRpymLD in order to anticipate injuries and reduce athletic absence from training. Only
three injured players did not show an ACWRp\ 1 p outside the range of Gabbett [3] more
than 4 weeks before the injury. In particular, the two weeks prior to injury appear to
be predictive of subsequent injury. Bowen et al. [9] also reported that changes in acute
and chronic workload were associated with an increase in injury risk. They observed
that the risk of injury in Premier League soccer players was associated with low chronic
workloads (accelerations, decelerations, total distances) and that the non-contact injury risk
was five to seven times higher when the ACWR values were increased (2.14-2.32) in the
aforementioned variables.



Appl. Sci. 2024, 14, 9427

90f11

5. Limitations

The first and main limitation of our study was the high number of missing data
points during the data collection period. This was due to several external factors beyond
our control (e.g., player transfers). As a result, the load days analyzed only reflect team
training days with the GPS tracking system and not strength or individual training sessions.
This type of data, however, is unlikely to have a significant impact on the overall HMLD
distance. Nevertheless, the data presented most likely underestimated the actual training
load of the players. It is also important to note that the distance and speed data collected
throughout the whole season were based on different measurement systems. However,
this was unavoidable in order to ensure that the data collected was as complete as possible.
Furthermore, the number of events is fortunately (content consideration) very small (n = 11),
which is a disadvantage for the statistical analysis. For these reasons, an external validation
seems very reasonable to verify the reported results. Finally, this work only includes men,
which is why the inclusion of female soccer players should also be considered in the future.

6. Conclusions
The main findings and practical applications of this work are:

e Do not use the sRPE as a subjective indicator of internal load. A more sufficient option
is the HMLD as an objective indicator of internal load!

e Itis extremely necessary to standardize the ACWR using the aerobic capacity. The
isolated use of load parameters is insufficient.

e  Based on these results, we recommend the v as a sufficient indicator for the aerobic
capacity.

e  The chronic component (CW) of the ACWR, especially in the last week before the injury,
is more appropriate than the ACWR or the acute component (AW) of the ACWR.

e  From a practical point of view, weekly analyses of the training load seem to be more
appropriate than the usual 4-week period.

In summary, this work provides evidence for the need to further develop the metabolic
load concept into a metabolic load resilience concept.
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