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Abstract: Background and Objectives: The aim of this study was twofold: (i) to analyze the relationships
between fitness status (repeated-sprint ability (RSA), aerobic performance, vertical height jump, and
hip adductor and abductor strength) and match running performance in adult women soccer players
and (ii) to explain variations in standardized total distance, HSR, and sprinting distances based
on players’ fitness status. Materials and Methods: The study followed a cohort design. Twenty-two
Portuguese women soccer players competing at the first-league level were monitored for 22 weeks.
These players were tested three times during the cohort period. The measured parameters included
isometric strength (hip adductor and abductor), vertical jump (squat and countermovement jump),
linear sprint (10 and 30 m), change-of-direction (COD), repeated sprints (6 x 35 m), and intermittent
endurance (Yo-Yo intermittent recovery test level 1). Data were also collected for several match
running performance indicators (total distance covered and distance at different speed zones, acceler-
ations/decelerations, maximum sprinting speed, and number of sprints) in 10 matches during the
cohort. Results: Maximal linear sprint bouts presented large to very large correlations with explosive
match-play actions (accelerations, decelerations, and sprint occurrences; r = —0.80 to —0.61). In addi-
tion, jump modalities and COD ability significantly predicted, respectively, in-game high-intensity
accelerations (r = 0.69 to 0.75; R? = 25%) and decelerations (r = —0.78 to —0.50; R? = 23-24%). Fur-
thermore, COD had significant explanatory power related to match running performance variance
regardless of whether the testing and match performance outcomes were computed a few or several
days apart. Conclusion: The present investigation can help conditioning professionals working
with senior women soccer players to prescribe effective fitness tests to improve their forecasts of
locomotor performance.
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1. Introduction

Soccer matches represent a well-known intermittent mode of exercise in which short
periods of intense efforts are interspaced by periods of low-to-moderate intensity [1,2].
Thus, players must maintain a desired level of running intensity and recover rapidly to
perform to the best of their ability [3,4]. The literature has demonstrated that women soccer
players may cover 9 to 11 km per match while spending 99 + 8.3 m-min~! performing
low-speed running and 9.7 & 3.7 m-min ! performing high-speed running [2,5-8].

In female soccer, sprinting is considered a high-intensity effort [9], and high-speed
activity is considered an essential component of matches. Usually, such efforts occur
during decisive moments in a match [7], though they represent only 8% to 12% of the
total distance covered in a typical match [10]. Additionally, female players were found to
perform between 70 and 190 high-intensity runs (>19.8 km-h™1) during a match [5,10,11],
covering between 210 and 520 m [6,7,12,13].

To sustain such efforts, female soccer players should present well-developed fitness
statuses that allow them to meet the various demands of a match. Regarding sprinting
performance, typical fitness status values observed in women soccer players suggest that
they can cover 10 m in 2.31 &+ 0.21 s and 25 m in 4.52 £ 0.20 s [14-17]. For another
determinant variable (i.e., lower limb power), typical values exhibited by women soccer
players are 30.1 & 3.7 cm in the squat jump and 31.6 & 4.0 cm in the countermovement
jump [18]. Both sprinting and lower-limb power are neuromuscular determinants of soccer
performance. However, the sport overwhelmingly involves running at low-to-moderate
intensities—thus, good cardiorespiratory performance is crucial.

Female players usually present maximal oxygen uptake values between 49.4 and
56.7 mL/kg/min [2,17]. Based on one of the most common field-based tests used in soccer
(namely, the Yo-Yo intermittent recovery test level 1), elite women soccer players can cover
1224 + 255 m during the test, while players from lower divisions cover 826 + 160 m [2,17].

Since high-intensity runs and sprinting tend to decrease at the end of the match, they
could be associated with fatigue [19-22]. Therefore, sustaining good aerobic levels can help
players avoid the effects of fatigue when performing power-related actions. Naturally, a
player’s performance will be affected by multiple factors, such as their position [23,24]. For
instance, research indicates that central defenders perform fewer high-intensity runs than
other players [23,24].

Fitness status can support match running performance—however, the strength of
this relationship differs depending on the type of demand imposed on the player and the
physical quality. For example, repeated sprint ability seems to be significantly correlated
with total and high-intensity distances covered in matches [23-38]. Total distance also
presented large correlations with high-intensity running activities and aerobic performance
in field-based tests performed by male and female youth soccer players [29-42].

However, very few studies have tested the relationships between fitness status and
match running performance among female soccer players. Nevertheless, it is pertinent to
consider which kind of fitness status best relates to specific efforts in matches since match
running performance is a determinant of a player’s ability to sustain a high performance
level. Understanding this matter will help to emphasize and specify the training process.
However, fitness status changes over time. As such, analyzing the relationships between
match running performance and fitness status in different moments throughout a season
can help to explore whether these relationships are influenced by time.

Following the above discussion, the present study aims to (i) analyze the relationships
between fitness status (repeated sprint ability (RSA), aerobic performance, vertical jump
height, and anthropometry) and match running performance and (ii) run a regression
analysis to explain variations in total distance, high-speed running (HSR), and sprinting
distance. The hypothesis of the study is that match running variables are explained by the
fitness status of the players.
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2. Materials and Methods
2.1. Experimental Approach to the Study

This 22-week study followed an observational analytic cohort design. Players were
assessed three times during the cohort (Figure 1). The first and second assessments were
separated by four weeks, whereas the second and third assessments were separated by
18 weeks. The intervals were varied to determine the relationship between the physical
capacities assessed with the match running and variations observed in total distance, HSR,
and sprinting distance during matches.

w1 w3 W5 w7 w3 wi1 W13 wi1s wir w13 w21 w3 W25 wz7
M1 Mz M3 M4 M5 M& M7 ma M3 M10
w2 wa We w2 w10 wiz wig Wile wis w20 w22 w24 W26

Physical Assessment
@ Match

Figure 1. Timeline of the study.

Three participants were excluded from the analysis, and 22 participants remained.
Assessment 2 was correlated with matches 1 to 4 (weeks 6 to 15), while assessment 3
was correlated with matches 7 to 10 (weeks 22 to 27). A correlation analysis was con-
ducted between fitness variables and match running performance for each period of
assessment. Additionally, multi-linear regression analysis was carried out considering
the match running performance variables to determine how each of the three variables of
interest influenced running performance.

2.2. Participants

Twenty-two women soccer players from a team participating in the first Portuguese
league were observed (Table 1). The participants presented a mean age of 24.77 + 6.49 years
old and a height of 162.51 & 7.08 cm. In the first assessment mean weight was 59.06 £ 9.50 kg.
In the second assessment mean weight was 59.01 £ 9.30 kg and body mass 61.62 £ 9.50 kg.
The sample included three goalkeepers, four external defenders, four central defenders, six
midfielders, and five attackers. During the season, players participated in four training
sessions per week and official matches on weekends.

The eligibility criteria that players had to meet to be included in the final sample
were as follows: (i) completion of all three assessments; (ii) participation in at least 85% of
training sessions, (iii) not being out of action for treatment for more than four weeks, and
(iv) at least five years of experience.

Before the study began, all players were informed of the study’s design and procedures.
Afterward, each player signed an informed consent form. The study was approved by
the local university (code: CTC-ESDL-CE001-2021; date: 18 March 2021) and followed the
ethical standards as per the Declaration of Helsinki for studies involving humans.
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Table 1. Physical fitness assessment (mean + SD).
Measure Women Soccer Players (1 = 22)
Assessment 1 Assessment 2 Assessment 3
Hip strength
ADDs (kg) - 34.66 + 7.81 35.81 £7.22
ABDs (kg) - 33.48 +5.87 34.40 £+ 6.03
Squat and countermovement jump
SJ (cm) 25.33 +£2.98 26.24 £+ 3.09 23.85 +4.29
CMJ (cm) 27.26 +2.97 27.40 £+ 3.51 24.17 £ 4.16
Change-of-direction test
COD (s) 5.73 £0.19 5.75 £ 0.18 5.80 +0.22
COD (km-h~1) 12.60 £ 0.40 12.53 £ 0.39 12.42 + 0.46
COD (m-s™ 1) 3.50 £0.11 348 +£0.10 345 £ 0.12
Linear Sprinting
10-m (s) 1.87 £ 0.08 1.90 + 0.10 1.88 + 0.10
10-m (km-h~1) 19.29 £+ 0.84 18.98 + 0.98 19.13 £ 0.99
10-m (m-s~1) 5.36 £0.23 527 +£0.27 5.31 +£0.27
30-m (s) 479 £0.22 477 +£0.21 475+ 0.23
30-m (km-h~1) 22.57 + 1.05 22.64 +0.99 22.75 + 1.05
30-m (m-s~ 1) 6.27 £ 0.29 6.29 £0.27 6.31 £0.29
Repeated sprint ability test (RSA test)
Pmax (s) 380.81 £+ 68.38 401.77 4+ 74.47 448.63 + 64.99
Pmin () 240.44 4 46.87 267.15 + 46.29 295.53 + 34.68
Paverage (5) 305.21 £+ 48.93 321.83 +50.53 355.23 £+ 39.31
FI (%) 4.61 +1.85 441 £+ 1.65 5.02 £1.75
Yo-Yo intermitteng recovery test- Level 1
Stage (n) 14.62 + 0.65 1494 £ 0.77 15.15+ 0.73
YYIR1, Distance (m) 677.78 + 251.74 788.00 £ 219.89 682.66 £+ 397.89
HRpax (bpm) 197.58 £+ 5.33 197.50 £+ 5.33 197.04 £5.25
VO2max 41.79 £2.11 43.02 +1.85 43.56 + 1.73

(mL~kg*1 -min—1)
Note: VO2,ax was estimated by the next equation: Yo-Yo IR1 test: VO2ax (mL/min/kg) = IR1 distance (m) x
0.0084 + 36.4 (Bangsbo. 2008); ADD: adductor strength; ABD: abductor strength; SJ: squat jump; CM]D: coun-
termovement jump; COD: change-of-direction; Ppax: maximum power at repeated-sprint test; Ppjn: minimum
power at repeated-sprint test; Paverage: average power at repeated-sprint test; FI: fatigue index at repeated-sprint
test; YYIR1: intermittent recovery test level 1; HRmax: maximal heart rate; VO2pyax: maximal oxygen uptake.

2.3. Measures
2.3.1. Physical Fitness Assessment

Between August and January, three fitness assessments with similar demands occurred
in three microcycles. For each assessment period (week), three days were dedicated to run
the tests, interspaced by 24 h between them. Players had 48 h of rest before the first day of
assessments of each week analyzed.

In the first training session of the week, players were tested for anthropometry and
hip adductor and abductor strength. In the second training session, vertical jump height,
changes of direction, and linear speed were assessed. In the third session, the repeated
sprint ability test and the Yo-Yo intermittent recovery test level 1 were applied.

These tests always occurred at the same time (7:30 p.m.) and location. The linear
speed, repeated sprint ability, and Yo-Yo intermittent recovery tests were performed on
synthetic turf without rain at a mean temperature of 19.5 & 3.4 °C and a relative humidity
of 63 £ 4%. A warm-up was performed before all evaluations. Warm-ups consisted of low
and self-paced running, followed by calisthenic exercises in which players performed two
sets of 10 repetitions of walking lunges, single-leg deadlifts, and fontal and lateral high
knee movements.
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Anthropometry

Body weight (kg) was measured without shoes with a bioelectrical impedance analysis
(BIA) device (Tanita BC-730) to the nearest 0.1 kg. Height (cm) was measured using a
stadiometer (Type SECA 225, Hamburg, Germany) to the nearest 0.1 cm.

Repeated Sprint Ability

The running anaerobic sprint test (RAST) test was applied to test players’ repeated
sprint abilities. This test consisted of six runs of 35 linear meters (each interspaced by
10 s of rest), with no COD required [43]. The time (sec) of each effort was recorded
using a photocell timing gate (Photocells, Brower Timing System, UT, USA), with one
device positioned at the starting line and the other positioned at the finish line. The
device had a resolution of one-thousandth of a second. The minimum and maximum
peak power and the fatigue index were determined using the following equation [43]:

Weight X Dsistancez and Fatigue — maXpower — minpower

Power = Sum of 6 sprints (s)

Time

Linear Sprinting

Players’ 10- and 30-m linear sprint abilities were tested using photocell timing gates
(Photocells, Brower Timing System, UT, USA) positioned at the start and finish lines. Par-
ticipants began the test positioned 0.5 m behind the starting line in a two-point split stance.
As with the repeated sprint test, the device used to measure the players’ performance had
a resolution of one-thousandth of a second. Each player’s best result obtained from three
separate trials was recorded as their sprint time.

Change-of-Direction

The zig-zag 20 m [40] test was used to assess COD. This test consists of four 5 m each
set out at 100°. Times were once again recorded using photocells timing gates (Photocells,
Brower Timing System, UT, USA) with a resolution of one-thousandth of a second. The
typical error of the Photocells was between 0.04 and 0.06 s, while the smallest worthwhile
change was between 0.11 and 0.17 s [41]. Subjects performed three trials, resting for at least
three minutes between trials. The best time (lowest time in seconds) of the three trials was
used for the analysis.

Squat and Countermovement Jump

Squat and countermovement jump heights were assessed, with the highest jumps
(cm) recorded and used in the analysis. Both jumps were tested with an optical mea-
surement system consisting of a transmitting and receiving bar (Optojump, Microgate,
Bolzano, Italia).

Each participant started the squat jump test in a squat position (although self-selected,
the recommendation was to stay approximately at 90° relative knee joint angle) with their
hands on their waist. After spending three seconds in the squat position, the participant
jumped by extending their legs and then landed in the same place. Each participant
performed three trials, with 30 s of rest provided between jumps.

Each participant started the countermovement jump test from a standing position,
with their hands on their waist. After spending three seconds in the standing position, the
participant flexed their legs and then immediately extended them while jumping. Each
participant performed three trials, with 30 s rest provided between jumps.

Yo-Yo Intermittent Recovery Test—Level 1

For the Yo-Yo Intermittent Recovery test, participants were to run 20 m from one mark
to another and then return to the starting mark. After every 40 m covered, a 10-s recovery
period is provided, during which time participants jog between two marks that are five
meters apart (an audio beep is utilized to control participants” speed). The speed starts
at 10 km/h, increasing progressively thereafter. The test ends when the athlete achieves
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voluntary exhaustion or does not reach one of the 20-m marks before or at the same time as
the beep. At the end of the test, the number of completed levels and shuttles, as well as the
total distance covered, were recorded. The total distance (meters) was recorded.

Hip Adductor and Abductor Strength

A dynamometer (Smart Groin Trainer, Neuro excellence, Portugal) was positioned on
the thigh area of participants, who were asked to squeeze the tool for 20 s. Three trials were
performed, with 10 s of rest between trials. The strength of the hip adductor and abductor
was measured in kilograms. The highest value was used in the analysis.

2.3.2. Match Running Performance

During the match, participants used a Global Position System (GPS) (SP1 HPU, GP-
Sports, Canberra, Australia). This device has a frequency of 15 Hz and accelerometer of
100 Hz, 16 G Tri-axis, and a magnetometer of 50 Hz. Participants were asked to use a
tight-fitting vest during the match and the device was placed between the left and right
scapula. The GPS device collected the speed (km-h~!), the maximal speed (km-h~1), the
number of sprints, the time of each sprint (sec), and accelerations and decelerations exe-
cuted during each match observed. Speed achieved during a match was divided into the
following 6 zones: zone 1 (0-5.9 km-h~1), zone 2 (6-11.9 km-h~1), zone 3 (12-13.9 km-h~ 1),
zone 4 (14-17.9 km-h™1), zone 5 (18-23.9 km/h), and zone 6 (>24 km-h~!). The accel-
eration and deceleration were also recorded and split into 3 zones: acel (1.0-1.9 m~s2),
ace2 (2.0-2.9 m-s?), ace3 (3.0-4.0 m-s?) and des1 (1.0-1.9 m-s?), des2 (2.0-2.9 m-s?), des3
(3.0-4.0 m-s?). The external load collected for analysis were: total distance covered (m),
the distance covered (m) in the different speed zones, accelerations (m~sz), decelerations
(m-s?), the maximum speed achieved (km/h), and the number of sprints (n).

2.4. Statistical Analysis

Descriptive statistics were represented as mean + SD. Normal distribution and ho-
mogeneity was tested with the Kolmogorov-Smirnov test on all data before analysis. A
Pearson correlation coefficient r was used to examine the relationship between values of
fitness assessment (hip strength (ADDs and ABDs); squat and countermovement jump
(S] and CM]); change-of-direction test (COD in seconds); linear Sprinting (10 m and 30 m
in seconds); repeated sprint ability test (Pmax, Pmin and FI); Yo-Yo intermittent recovery
test 1 (YYIR1 distance)) and match running performance (total distance covered (D); speed
achieved in zone 1 (Z1), zone 2 (Z2), zone 3 (Z3), zone 4 (Z4), zone 5 (Z5), and zone 6
(Z6); acceleration (acel, ace2, ace3) and deceleration (desl, des2, des3); maximum speed
achieved (MSA); and number of sprint (NS)). To interpret the magnitude of these correla-
tions we adopted the following criteria: r < 0.1, trivial; 0.1 <7 < 0.3, small; 0.3 <r < 0.5,
moderate; 0.5 <7 < 0.7, large; 0.7 < r < 0.9, very large; and r > 0.9, almost perfect [44]. The
changes over the assessment were determined using repeated measures ANOVA. Signifi-
cant main effects were subsequently analyzed using a Bonferroni post hoc test. Effect size
is indicated with partial eta squared for Fs. To interpret the magnitude of the eta squared
we adopted the following criteria: n? = 0.02, small; 2 = 0.06, medium; and 1 = 0.14 large.
Regression analysis was used to identify which fitness outcomes can better explain match
running performance. All variables were examined separately in this regression analysis.
The magnitude of R2 was interpreted as follows: >0.02, small; >0.13, medium; >0.23, large.
Data were analyzed using Statistica software (version 10.0; Statsoft, Inc., Tulsa, OK, USA).
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3. Results

Descriptive statistics were calculated for each variable (see Tables 1 and 2 for

more information).

A repeated measures ANOVA with participants” mean hip strength (ADDs and ABD)
did not reveal any effect of assessment F > 1, in both cases. Another repeated measures
ANOVA with participants’ mean squat and countermovement jump (S] and CM]J) did not
reveal an effect of assessment in SJ, F (1.12) = 2.42, p = 0.11, n? = 0.16. However, data showed
a significant effect of assessment in CM]J, F (1.12) = 6.13, p = 0.01, n? =0.33. Continuing with
the same type of repeated measures ANOVA analysis with participant 's mean change-of-
direction (COD (s), COD (km-h~1), and COD (m-s~1)) did not reveal any effect of assessment
F > 1. In the same line, another ANOVA analysis with participants mean linear sprinting
(10 m (s), 10 m (km-h~1), 10 (m-s~1), 30 m (s), 30 m (km-h~1), 30 (m-s~1)) did not reveal any
effect of assessment F > 1. A repeated measures ANOVA with participants’ mean repeated
sprint ability test (Pmax (8), Pmin (8), Paverage (s) and FI (%)) revealed an effect of assessment for
Pmax (), Pmin (8), and Paverage (s), F (1.12) = 4.86, p = 0.01, 1% =0.28, F (1.12) = 8.84, p = 0.001,
n? =042, and F (1.12) = 6.23, p =0.01, n? =0.34, respectively. Nevertheless, there was no
effect of assessment for FI (%), F > 1. Particularly remarkable, a repeated measures ANOVA
with participants’ mean Yo-Yo intermittent recovery test level 1 (stage (n), YYIR1, distance
(m), HRmax (bpm), and V02pax (rnL~l<g_1 -min 1)) revealed an effect of assessment for stage
(n), YYIR1, distance (m), and V02pax (mL-kg~!-min~1), F (1.8) = 7.40, p = 0.001, 1> = 048,
F(1.8)=7.40, p =0.001, n% =048, F (1.8) =7.40,p =0.01, n? =042, respectively. However,

HRpax (bpm) data did not show any effect of assessment, F > 1.

Table 2. Descriptive table of match running performance (mean + SD).

Measure Match 1 to Match 4 (n)  Match 7 to Match 10 (n) Matf:;eionltglz;ch 4 Matc(: :):; 11::[::; h10
D (m) 8091.47 4+ 391.16 8383.01 + 622.60 101.46 +9.21 99.00 £ 16.09
Z1 (m) 3143.72 4+ 176.67 3283.83 4 268.36 39.12 + 3.83 39.07 £ 7.11
Z2 (m) 3189.10 &+ 312.05 3183.08 £ 269.28 40.13 + 4.86 37.37 £5.63
Z3 (m) 740.84 + 51.08 758.21 £ 93.40 9.35 + 1.02 8.90 + 1.52
Z4 (m) 721.66 £ 40.98 792.56 £+ 92.23 9.14 £ 0.85 9.36 £1.72
Z5 (m) 273.78 + 31.33 339.08 + 51.93 344 +0.24 4.00 £ 0.90
Z6 (m) 19.64 + 8.16 23.78 £9.91 0.24 + 0.10 0.27 £0.12
acel (n) 172.31 £ 10.76 175.53 £ 21.11 2.16 +0.20 2.06 £0.35
ace2 (n) 40.68 + 4.63 41.48 + 6.56 0.52 + 0.07 0.49 +£0.11
ace3 (n) 2.69 £0.29 2.50 +0.47 0.03 &+ 0.00 0.03 £ 0.01
desl (n) 146.21 £ 9.68 146.37 £ 16.34 1.84 +0.17 1.71 £ 0.25
des2 (n) 4424. £ 475 4391 + 791 0.56 + 0.08 0.52 +0.13
des3 (n) 14.40 £ 1.80 15.36 £ 3.03 0.18 £ 0.12 0.18 +0.05
MSA

(km-h~1) 24.00 £+ 0.38 2449 +1.35 24.00 +0.38 2449 +1.35
NS (n) 14.74 £ 8.99 14.62 £ 0.65 0.19 +£0.12 0.20 + 0.04

Note: 1 per minute was calculated considering the time in match; NS: number of sprints; MSA: maximum speed achieved; zone 1 (Z1),
zone 2 (Z2), zone 3 (Z3), zone 4 (Z4), zone 5 (Z5), and zone 6 (Z6); acceleration (acel, ace2, ace3) and deceleration (desl, des2, des3);

D: distance covered.
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The effect of match running performance tested repeatedly (D, Z1, 722, Z3, Z4, Z5, 76,
acel, ace2, ace3, desl, des2, des3, MSA and NS = between match 1 to match 4 (n), match 7
to match 10 (n), match 1 to match 4 (n per min), match 7 to match 10 (n per min)) did not
reveal any effect of assessment of any studied variable, F > 1, in all cases.

On the basis of data obtained, correlations analysis was performed in order to find the
possible association between fitness assessment and match running. First, we performed
analysis of assessment 2 and matches 14, and second, assessment 3 and matches 7-10.
Consequently, the correlation between fitness assessment and match running (assessment 2
and matches 1-4) are summarized in Table 3. No significant correlations were found
between fitness assessment and the next variables of match running (D, Z1, 722, Z3, 74, Z5,
acel, ace?, desl, des2, MSA, and NS). However, negative correlation was found between 30
m linear sprinting and ace3, r = —0.52, p = 0.24. Crucially, other negative correlations were
found between COD and Z6 and ace3 and des3 (r = —0.57, p = 0.024; r = —0.59, p = 0.011;
r=—0.50, p = 0.034, respectively).

Correlation analysis was performed in order to find possible association between
fitness assessment and match running (assessment 3 and matches 7-10). All data are
summarized in Table 4. No significant correlations were found between fitness assessment
and the next variables of match running (D, Z2, Z3, acel, and des1). Nevertheless, positive
correlation was found between SJ and ace3, des2, des3, and NS (r = 0.75, p = 0.007; r = 0.64,
p=0.035;r=0.63, p = 0.035, and r = 0.70, p = 0.016, respectively). Other positives correlations
were found between CM]J and Z1, Z4, ace2, ace3, des2, des3, and NS (r = 0.61, p = 0.048;
r=0.63,p=0.040;r=0.64, p = 0.036, r = 0.69, p = 0.019, r = 0.67, p = 0.022, r = 0.62, p = 0.039,
and r = 0.70, p = 0.016, respectively). Furthermore, negative correlations were encountered
between 10 m and ace2, r = —0.61, p = 0.047; des2, r = —0.61, p = 0.050; and NS r = —0.75,
p = 0.008. Negative correlations were encountered between 30 m and Z5, Z6, ace2, ace3,
des2, des3, MSA, and NS (r = —0.63, p = 0.039; r = —0.70, p = 0.016; r = —0.68, p = 0.021,
r=—0.77,p =0.006, r = —0.68, p = 0.022, r = —0.68, p = 0.022, r = —0.68, p = 0.023, and
r=—0.80, p = 0.003, respectively). In the same line, more negative correlations were found
between COD and 74, Z5, 76, ace2, ace3, des2, des3, and NS (r = —0.68, p = 0.022; r = —0.80,
p=0.003;r=—0.77, p = 0.006, r = —0.76, p = 0.007, r = —0.84, p = 0.001, r = —0.78, p = 0.005,
r=—0.75,p =0.007, and r = —0.74, p = 0.010, respectively). In addition, another positive
correlation was encountered between FI and MSA, r = 0.61, p = 0.043.

Lastly, a multilinear regression analysis was performed to verify which variable of
fitness assessment (agreement with the correlation analysis) could be used to better explain
match running performance (See Table 5. for more information).
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Table 3. Correlations between fitness assessment and match running (assessment 2 and matches 1-4).

Measure D 71 72 Z3 74 Z5 Z6 acel ace2 ace3 Des1 Des2 Des3 MSA NS
ADD (kg) 0.19 0.20 0.14 0.15 0.26 0.31 0.19 0.18 0.36 0.17 0.20 0.20 0.23 0.24 0.33
ABD (kg) 0.26 0.37 0.21 0.07 0.15 0.14 0.07 0.17 0.20 —0.06 0.19 0.16 0.10 0.29 0.11
SJ (cm) —0.03 —0.01 —0.07 —0.04 0.03 0.11 0.21 —0.06 0.21 0.35 —0.01 —0.04 0.07 —0.01 0.25
CMJ (cm) 0.07 0.13 0.04 —0.02 —0.02 0.03 0.11 0.01 0.20 0.24 0.06 0.00 0.01 0.07 0.24
10-m (s) 0.15 0.13 0.21 0.14 0.07 —0.11 —0.11 0.17 -0.13 —0.34 0.16 0.10 —-0.17 0.07 —-0.29
30-m (s) 0.17 0.13 0.26 0.19 0.07 —0.24 —0.40 0.26 -0.15 —0.53 % 0.25 0.14 —0.25 0.09 -0.27
COD (s) 0.02 0.11 0.09 —0.10 —0.25 —0.46 —0.57 % 0.02 —0.25 —0.59 * 0.05 —-0.12 —0.50 * —0.04 -0.17
Pmax (W) 0.00 0.08 —0.07 —0.13 0.01 0.14 0.21 —-0.12 0.11 0.22 —0.08 —0.08 0.09 0.06 0.19
Pmin (W) 0.26 0.30 0.21 0.17 0.26 0.23 0.20 0.18 0.33 0.09 0.22 0.20 0.13 0.25 0.27
FI (%) —-0.22 —-0.13 -0.27 —0.32 —0.20 0.00 0.13 —0.32 -0.12 0.22 -0.29 -0.27 0.02 -0.13 0.03
YYIR1 (m) 0.12 —0.09 0.20 0.30 0.28 0.15 0.05 0.19 0.20 0.05 0.19 0.22 0.14 0.10 0.19

ADD: adductor strength; ABD: abductor strength; SJ: squat jump; CMJD: countermovement jump; COD: change-of-direction; Pmax: maximum power at repeated-sprint test; Ppin: minimum power at
repeated-sprint test; Paverage: average power at repeated-sprint test; FI: fatigue index at repeated-sprint test; YYIR1: intermittent recovery test level 1; HRpmax: maximal heart rate; VO2max: maximal oxygen
uptake; NS: number of sprints; MSA: maximum speed achieved; zone 1 (Z1), zone 2 (Z2), zone 3 (Z3), zone 4 (Z4), zone 5 (Z5), and zone 6 (Z6); acceleration (acel, ace2, ace3) and deceleration (des1, des2, des3);
D: distance covered; *: significant at p < 0.05.
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Table 4. Correlations between fitness status and match running (assessment 3 and matches 7 to 10).

Measure D 71 72 Z3 74 Z5 Z6 acel ace2 ace3 Des1 Des2 Des3 MSA NS
ADD (kg) —0.02 —0.05 0.05 0.11 —0.07 —0.31 —0.50 0.07 —-0.22 —-0.22 0.12 —0.07 —-0.37 —-0.23 —0.15
ABD (kg) —0.10 —0.13 —0.03 0.01 —0.15 —0.32 —0.41 —0.07 —0.28 —0.17 —0.03 —0.16 —0.28 —-0.27 —0.19
SJ (cm) 0.46 0.48 0.34 0.45 0.53 0.57 0.56 0.44 0.59 0.76 * 0.42 0.64* 0.63 * 0.46 0.70 *
CMJ (cm) 0.60 0.61* 0.50 0.60 0.63 * 0.60 0.48 0.57 0.64* 0.69 * 0.56 0.68 * 0.63 * 0.56 0.70 *
10-m (s) —0.52 —0.51 —0.47 —0.52 —0.52 —047 —0.43 —0.52 —0.61*% —0.55 —0.49 —0.60 * —0.56 —0.55 —0.75*%
30-m (s) —0.57 —0.59 —0.47 —0.48 —0.57 —0.63* —-0.70* —0.53 —0.68 * —0.77 % —0.51 —0.68 * —0.68 * —-0.67* —0.80 *
COD (s) —0.49 —0.51 —0.29 —0.45 —0.68 % —0.80* —-0.77* —0.50 —0.76 % —0.84 % —0.45 —0.78* —-0.75* —0.56 —0.74 %
Pmax (W) 0.43 0.52 0.39 0.21 0.23 0.30 0.36 0.35 0.30 0.51 0.30 0.41 0.31 0.51 0.49
Ppnin (W) 0.12 0.17 0.11 —0.01 0.02 0.12 —0.01 0.08 0.02 0.16 0.05 0.14 0.07 0.04 0.35
FI (%) 0.47 0.56 0.43 0.27 0.28 0.31 0.46 0.39 0.36 0.54 0.35 0.43 0.34 0.62* 0.42
YYIR1 (m) —041 —047 —0.42 —0.28 —0.19 —0.08 —0.25 —0.36 —0.19 —0.30 —0.35 —-0.27 —0.12 —0.56 —0.08

ADD: adductor strength; ABD: abductor strength; SJ: squat jump; CMJD: countermovement jump; COD: change-of-direction; Ppax: maximum power at repeated-sprint test; Ppi,: minimum power at
repeated-sprint test; Paverage: average power at repeated-sprint test; FI: fatigue index at repeated-sprint test; YYIR1: intermittent recovery test level 1; HRmax: maximal heart rate; VO2pyax: maximal oxygen
uptake; NS: number of sprints; MSA: maximum speed achieved; zone 1 (Z1), zone 2 (Z2), zone 3 (Z3), zone 4 (Z4), zone 5 (Z5), and zone 6 (Z6); acceleration (acel, ace2, ace3) and deceleration (des1, des2, des3);
D: distance covered; *: significant at p < 0.05.
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Table 5. Values of regression analysis explaining fitness assessment and match running performance.

Measure Measure Assessment 2 and Matches 1-4
b* SEofb * R? Adjusted R? F P
30-m (s) ace3 (n) —0.39 0.21 0.15 0.10 3.29 0.08
Z6 (m) —0.55 0.19 0.30 0.25 7.71 0.01 *
COD (s) ace3 (n) —0.56 0.19 0.31 0.27 8.36 0.009 *
des3 (n) —0.49 0.20 0.24 0.19 5.71 0.027 *
Assessment 3 and matches 7-10
ace3 (n) 0.50 0.22 0.25 0.20 5.04 0.04*
SJ (cm) des2 (n) 0.27 0.24 0.77 0.01 1.25 0.28
des3 (n) 0.36 0.24 0.13 0.07 2.25 0.15
NS (n) 0.43 0.23 0.18 0.13 3.45 0.08
Z1 (m) 0.33 0.24 0.11 0.05 1.93 0.18
Z4 (m) 0.39 0.23 0.15 0.10 2.78 0.11
ace2 (n) 0.35 0.24 0.12 0.07 2.14 0.16
CM]J (cm) ace3 (n) 0.50 0.22 0.25 0.20 4.98 0.04*
des2 (n) 0.34 0.24 0.11 0.05 1.93 0.18
des3 (n) 0.40 0.23 0.15 0.10 2.79 0.11
NS (n) 0.45 0.23 0.45 0.15 3.95 0.06
ace2 (n) -0.19 0.24 0.37 - 0.61 0.44
10-m (s) des2 (n) —0.12 0.25 0.16 - 0.26 0.61
NS (n) —0.33 0.23 0.11 0.06 2.04 0.17
Z5 (m) —0.25 0.24 0.01 0.01 1.13 0.03
76 (m) ~0.10 0.24 0.01 - 0.17 0.68
Ace2 (n) —0.26 0.24 0.07 0.01 1.18 0.29
30-m (s) Ace3 (n) —0.18 0.25 0.03 - 0.56 0.46
Des2 (n) —0.20 0.25 0.03 - 0.65 0.42
Des3 (n) —0.23 0.24 0.05 - 0.88 0.36
MSA
(km/h) —0.39 0.23 0.12 0.09 3.11 0.19
NS (n) —0.41 0.22 0.16 0.11 3.24 0.09
Z4 (m) —0.49 0.22 0.24 0.19 4.84 0.04*
Z5 (m) —0.57 0.21 0.31 0.27 7.04 0.01*
Z6 (m) —0.33 0.24 0.10 0.05 1.83 0.19
COD (s) Ace2 (n) —0.55 0.22 0.30 0.25 6.53 0.02*
Ace3 (n) —0.40 0.23 0.16 0.10 2.92 0.10
Des2 (n) —0.54 0.22 0.23 0.24 6.31 0.02 *
Des3 (n) —0.48 0.23 0.23 0.18 445 0.052
NS (n) —0.59 0.21 0.35 0.30 7.98 0.01*
. MSA
FI (%) (km/h) —0.08 0.25 0.01 - 0.10 0.75

SJ: squat jump; CMJD: countermovement jump; COD: change-of-direction; Pmax: maximum power at repeated-
sprint test; Prin: minimum power at repeated-sprint test; Paverage: average power at repeated-sprint test; FI:
fatigue index at repeated-sprint test; YYIR1: intermittent recovery test level 1; HRpax: maximal heart rate; VO2pax:
maximal oxygen uptake; NS: number of sprints; MSA: maximum speed achieved; zone 1 (Z1), zone 2 (Z2), zone 3
(Z3), zone 4 (Z4), zone 5 (Z5) and zone 6 (Z6); acceleration (acel, ace2, ace3) and deceleration (des1, des2, des3);
D: distance covered; *: significant at p < 0.05.

4. Discussion

The main aim of the current study was to determine the magnitude of relationships
between various fitness status measures (strength, power, single/repeated sprinting, and
intermittent endurance) and match running performance in adult women soccer players
competing at a high level. We also aimed to explain the match running variations based on
fitness status. The main findings in the present Portuguese players indicate the following;:
(1) correlations between fitness and match running performance were dependent on the
time frame separating the testing battery and the collection of running performance during
actual match-play. (2) With only rare exceptions, isolated strength, intermittent endurance,
and repeated sprint ability performance were not associated with, nor did they predict,
match running performance. (3) Even considering the fact that tests for separate maximal
sprint bouts (10 and 30 m) were largely to very largely associated, they failed to significantly
explain the variance of match-play (e.g., explosive) locomotor variables. (4) Jump and
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COD ability clearly allowed a good (medium-to-large) prediction to be obtained of in-game
high-intensity accelerations and decelerations, respectively. Finally, (5) the latter evaluation
method was the only fitness indicator that had significant power to predict match running
performance independent of the interval between testing and match performance.

Some innovative aspects in the current study should be highlighted. First, while
the majority of previous works adopted only correlations as a statistical treatment to
evaluate the possible link between fitness status and match running performance in
soccer [41,45-48], a decision was made to move further when providing recommenda-
tions mainly based on regression analysis, which reveals the weighted influence of players’
physical capacity on their locomotor outputs during match-play. In addition, various
investigations on the subject have tested players at a single time point [36-38,40,41,49,50].
Meanwhile, here, two distinct approaches were considered using a cohort design, one
testing associations between fitness status determined near the match occurrences and
another with a longer interval between them. Most importantly, less than 3% of evidence on
the complexity of fitness-match running performance relationships in a soccer context [51]
were derived from scientific studies including female players according to knowledge
collated in reviews [27,52]. Nonetheless, only intermittent endurance (Yo-Yo IR1/IE2),
aerobic fitness (laboratory treadmill tests) [2,53], and Wingate measurements [11] were
previously related to match running performance in women’s soccer. Again, this reinforces
the originality of data presented in the current work and supports the critical appraisal of
the findings’ strengths and weaknesses, which is developed in the following paragraphs.

An important finding of the present investigation is that a fitness testing battery seems
to have a relatively short expiration date to help preview match physical performance
in female soccer players. Such is indicated by the frequency and strength of correlations
between fitness status measures and match running performance, as well as the number of
variables involved, which varied in the distinct moments. According to a recent critique
piece [53-57], manipulating the interval between players” evaluations and matches was
never previously addressed when the objective was to understand their associations. Here,
when looking at fitness assessment 2, we noticed only four moderate-to-large (ranging
from —0.59 to —0.50) correlations with matches 1 to 4 (e.g., COD and 30 m sprint tests with
in-game very-high intensity accelerations) (Table 3). All these were performed across a
10-week period, where fitness tests and matches were separated by three to nine weeks.

In contrast, more than 30 large to very large correlation coefficients (ranging from
—0.84 to 0.75) were found between fitness assessment 3 parameters and running outputs
during matches 7-10 (e.g., SJ, CM]J, 10/30 m sprint and COD with in-game sprint oc-
currences) (Table 4). Such second analysis comprised a 6-week period in total, with an
interval between test and match equal to no more than three weeks. Naturally, changes
occurring between fitness assessments were not explained in this work, but possibly may
be affected by the training process [26,58,59]. Reports have not yet confirmed the same for
match running performance, even though these are related to each other crosswise [3,15,57].
However, based on the current observations, the usefulness of some fitness data may
become outdated (or at least its relevance might be reduced) after approximately a month
in women’s soccer.

The local strength of hip adductor and abductor muscles and intermittent high-
intensity or endurance running bouts were not associated, nor were they predictors. How-
ever, 10- to 30-m sprint performances were largely to very largely related to match running
outputs in the female players of the present study, though their shared variance had no
statistical significance.

When comparing such results to those presented in the available literature, discrepan-
cies are identified. For example, this was the case in intermittent endurance capacity, which
was previously linked to match running performance in female senior players [3,57] as well
as in senior and youth male populations [27]. However, recent studies have demonstrated
that running outputs during small-sided games were associated with the outputs obtained
in competitions [54] independent of the player’s intermittent endurance profile [55]. Force,
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maximal velocity, and aerobic and anaerobic resistance are important fitness components
arguably contributing to sustaining physical efforts experienced in soccer match-play,
thereby representing frequent determinants to winning [56,57].

Notwithstanding, many issues likely compromise the utility of some fitness assess-
ment protocols in the current format. For example, testing maximal sprint ability (single or
successive running bouts) using only linear paths is criticized nowadays given the curved
trajectory of most explosive in-game actions [58]. The very short intervals often offered
between repeated all-out efforts do not match those encountered in actual matches [59].
Occurrences of near-to-maximal displacements can also be very uncommon in elite stan-
dards [60]. Hip adduction/abduction strength allows one to discriminate between distinct
performance levels [61], yet the effective contribution of hip muscle strength to running
kinematics is low [62,63]. To summarize, such points of view are in alignment with our
results. The external validity of some popular fitness status markers in women’s soccer is
not always supported, and its indiscriminate use needs to be re-thought.

Conditioning professionals need to be aware of assessment tools that can remain
consistent over time when classifying players based on their fitness status, as well as
the potential implications in terms of match performance. In this sense, although the
construct validity of the various methods tested here has been challenged, jump and COD
ability provided reasonable predictions (R? ranging from 23 to 25%, respectively) (Table 5)
for in-game high-intensity accelerations and decelerations. Furthermore, COD predicted
match running performance regardless time between testing and match observations. In
other words, regression models with inputs being COD data remained significant from
assessment 2 /matches 1-4 until assessment 3/matches 7-10.

Studies that have aimed to extract the most relevant game indicators in soccer suggest
that accelerations and decelerations are among the main components of athletes’ external
loads [64]. Interestingly, decelerations are more frequent than accelerations in soccer match-
play [65]. In addition to being paramount to COD performance, skilled decelerations
are also fundamental to a range of match events (e.g., rapid changes in speed, cutting
maneuvers, and regaining ball possession) [66]. Therefore, change-of-direction seems
to be a sensitive indicator of fitness status in female soccer players, as it may provide
meaningful information about the next match profile, in particular the players” decelera-
tion performance.

Aside from the novelty of the current investigation, a number of limitations are recog-
nized and need to be accounted for in future work, as well as when making interpretations
and generalizations based on the present evidence. For one, female players were grouped
regardless of the general exertion of their positional role during matches. Studies in male
soccer players have shown that fitness status and match running performance relationships
can be position dependent [25,26,53]. Another limitation is that the recommended sample
size (N = 80 players) as per Gregson et al. [67] was not met in the present investigation,
though this has frequently been the case in similar research. It is possible given the practical
difficulty of involving multiple clubs that the pertinence of large /potentially heterogeneous
datasets in solving this problem also lacks consensus. In addition, none of the conducted
tests required players to rely on technical-tactical performance. Instead, they evaluated
physical capacity markers. Adopting protocols that more closely mimic game demands
could enhance the ecological validity and, in turn, the predictive ability of a testing battery
in informing to some extent and advancing physical performance during matches [54].
Finally, the games involved different opposition over the course of the study, which may
have impacted the running demands completed in matches.

5. Conclusions

Including a change-of-direction ability test seems pertinent when assessing women
soccer players, as it may partly predict match-play running performance regardless of
whether the time separating the assessment and competition is shorter (testing immediately
prior to/after competing) or longer (test-match moments interspaced by at least three
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weeks). It is something that provides preliminary evidence about the construct validity of
COD testing and its likely robustness regarding common time-related changes in match
running performance.

We also demonstrated that the further apart a fitness testing battery is carried out
in relation to actual matches, the lower its value in predicting in-game running outputs.
Finally, caution is required concerning conditioning professionals” extensive use of com-
mon testing procedures, such as isolated maximal sprints, intermittent high-intensity
actions, or endurance bouts, as evidence in the present study revealed that these do not
always provide useful information for forecasting inter-individual variations in match-play
locomotor performance.
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