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Match-Related Acute and Residual Changes of Hip-Adduction
Strength in Youth Soccer Players

by
Maziar |. Hamad v*, Pedro E. Alcaraz 23, Kristian Thorborg ¥,
Antonio Martinez Serrano 3, Konstantinos Spyrou >3

The aim of this study was to investigate the changes in isometric hip-adductor strength (ADDis) following
official matches in youth soccer players. In this observational study, eighteen young soccer players (age: 18.03 + 0.53
years; body mass: 69.03 + 5.70 kg; body height: 1.75 + 0.06 m) participated. ADDiso and match external demands were
measured using a hand-held dynamometer and foot-mounted inertial measurement units, respectively, during official
matches (match 1, M1 and match 2, M2) at pre-match (Pre), post-match (Post), and 24 hours post (+24h). In M1, ADDis
decreased significantly from Pre to Post (p = 0.003, ES = —1.14), then increased Post to +24h (p = 0.002, ES = 1.49). In
M2, ADD:iso decreased significantly Pre to Post (p < 0.001, ES = —1.41) then increased Post to +24h (p < 0.001, ES =
2.39). Non-significant differences were found Pre to +24h for M1 (p = 1.00, ES = 0.09), while the M2 +24h time point
was significantly higher than Pre (p = 0.039, ES = 0.83). Regarding external match demands, players performed
significantly higher releases per min in M1 compared to M2 (p = 0.024, ES = 1.10); conversely, intense speed changes
per min (accelerations and decelerations) were significantly higher in M2 (p = 0.050, ES =-0.93). ADD:is, decreased post-
match on average between 12 and 22% in this sample of youth soccer players. The average reduction in strength was
larger after M2 which may be explained by different external demands like more intense speed changes. Further research
into different game intensities and their potential influence on hip-adduction strength seems relevant.
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Introduction
encompass one-third of cases (Haroy et al.,, 2017),

roin injuries in r players h ne of e : . .
Groin injuries in soccer players have one o monitoring of the presence of hip and groin pain in

t}_le 'highest i.njury-l?urdens. (Bahr et 'al.,' 2018), this population may further help capture the
signifying their relatively high rates of incidences severity of reductions in sport-related groin
and time-losses. Although a previous study function (Wollin et al., 2018b)

(Werner et al.,, 2019) indicated that injury rates
decreased slightly over a 15-year period, the
reported injury-burden remained unchanged
during the same period. Aside from the time lost
from injuries, hip and groin pain are a common
problem among soccer players and can lead to

In soccer players, the hip-adductor muscle
group is especially loaded during passing and
shooting (Watanabe et al., 2020), and to even
greater ~magnitude when stabilizing and
decelerating the pelvis during change of direction
actions (Dupré et al., 2021). Similarly, the common
mechanism of injury seen among these high
intensity actions seems to be a rapid activation of
the hip-adductor muscles during lengthening

persisting pain along with reduced function and
performance (Thorborg et al, 2017b). While
traditional time-loss outcomes may only
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contractions (Serner et al, 2019). Hip-adductor
strength, as measured during isometric adduction
tasks, is proposed as a modifiable injury-risk factor
(Whittaker et al., 2015), and interventions which
improved hip-adductor strength in male soccer
players showed reductions in the prevalence of
groin problems (Haroy et al., 2019). Additionally,
low hip-adductor strength (i.e., at a preseason) has
also shown significant associations with past and
future groin pain and injuries (Markovic et al.,
2020; Quintana-Cepedal et al, 2024) and the
monitoring of hip-adductor strength within a
competitive season has been suggested for tracking
injury-risk and groin function (DeLang et al., 2023;
Wollin et al., 2018b).

Alternatively, post-match changes in hip-
adductor strength have previously been measured
in different sports, populations and performance
levels including recreational adults (Light, 2019),
professional academy soccer (Springham et al.,
2024), professional youth rugby (Roe et al., 2016),
Australian Rules Football (Buchheit et al., 2017),
and professional female field hockey during
congested schedules (Sanchez-Migallén et al.,
2022). Even though those studies highlight the
post-match response in hip-adductor strength,
more investigation is needed regarding how this
change may vary in response to the different high-
intensity demands of soccer matches. Specifically,
knowing how hip-adduction strength is affected
after an official competitive soccer match could
provide objective data on exposure to potential
groin injury risk and the subsequent
neuromuscular recovery profiles of the hip-
adductors, allowing strength and conditioning
coaches as well as rehab specialists to best monitor
and prepare their players while optimizing weekly
training programmes.

While regular  weekly
assessments provide a feasible and objective
monitoring tool, weekly measurements may miss
the changes to groin strength which can occur
within the microcycle and do not consider the
acute and residual responses after matches.
Furthermore, while acute fatigue has been shown
to negatively affect modifiable risk factors of lower
limb injuries of the ankle, knee, quadriceps, and
hamstrings (Verschueren et al., 2020), one can
hypothesize similar effects to occur to the groin
region in response to acute fatigue. Additionally,
in the previously mentioned systematic review

strength
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(Verschueren et al., 2020), the fatigue protocols that
were used in the studies were either running-based
tasks (i.e., treadmill running or a soccer shuttle test
to fatigue) or local fatigue protocols with closed
motor tasks (i.e., repeated hip flexions). Thus, these
may have lacked the ecological validity of variable
and unpredictable match environments which
contain dynamic demands (technical, physical,
tactical, and psychological), and opponent-
interactions (Bortnik et al, 2024). When
considering these factors, it is important for
performance and rehabilitation practitioners to
understand the responses of hip-adductor strength
to official soccer matches.

To the authors’ knowledge, more data are
needed regarding the acute and residual post-
match changes and recovery profiles of hip-
adductor strength in soccer populations after
official competitive matches. Considering the
previously mentioned, the primary aim of this
study was to assess the match-related acute and
residual changes to a modifiable groin injury-risk
factor, measured by hip-adductor strength. The
secondary aim of this study was to investigate
match external demands using foot-mounted
inertial measurement units. The hypothesis of this
observational study was that hip-adductor
strength would decrease significantly following
soccer matches and would remain diminished 24
hours post-match.

Methods

Participants

Eighteen healthy youth soccer players
(age: 18.03 + 0.53 years; body mass: 69.03 + 5.70 kg;
body height: 1.75 + 0.06 m) were recruited to
participate in this study. To qualify for inclusion in
this study, participants had to be healthy without
injury and be able to participate in the official
league matches (excluding goalkeepers). Ten
players participated in > 60 min in match 1 (M)
(18.20 £ 0.25 years, body mass: 70.14 + 6.37; body
height: 1.76 + 0.06) and nine players in M2 (18.18 +
0.26 years; body mass: 69.40 + 6.82; body height:
1.75 + 0.06) as one player was withdrawn due to a
first-half injury. Additionally, at the 24-hour time
point, three players were unavailable to come into
the lab for testing due to personal reasons,
therefore, sample sizes at Pre, Post, and 24-h post-
match time points were N =10, N =10, N =7 for M,
and N =9, N =9, N = 6, for M2 respectively. All
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participants were informed about the procedures,
details, and risks of the study and all provided
their written consent. Legal guardians signed
informed consent for any participant who was a
minor. The study was completed according to the
Declaration of Helsinki (2013) and approved by the
institutional ethics committee of the Catholic
University of Murcia (UCAM), Murcia, Spain
(protocol code: CE042410, approval date: 26 April
2024).

Measures
Isometric Hip-Adduction Strength (ADDis)

To assess isometric hip-adductor strength
(ADDis), measurements were done on a
physiotherapy bench in a supine position, with the
tested limb fully extended and the non-tested limb
flexed at the knee, while participants secured
themselves by grabbing the sides of the bench.
Before each maximal test, players performed two
warm-up adduction repetitions per limb at 50%
and 75% of their perceived maximal intensity for 5
s. The instructions given to participants were to
“apply force into the dynamometer as hard as
possible”. Following the warm-up, participants
performed two maximal unilateral, 5-s hip-
adduction efforts per limb while strength was
measured using a hand-held dynamometer (HHD)
(KFORCE Muscle Controller,
Biomecanique, Montpellier, France) by the same
tester each time and according to previously
validated methods (Thorborg et al., 2010). The
measurement of hip-adduction strength using the
HHD is both reliable and validated in soccer
players when compared to fixed, laboratory-
setting dynamometers (Mentiplay et al., 2015).
During each trial, players were verbally
encouraged, and 10 s of rest was provided after
each repetition, and 30 s of recovery was given

Kinvent

before switching limbs. The HHD provided peak
force data in kg during each trial, which were then
converted to relative torque (Nm/kg) using each
participant’s limb length (m) and body mass (kg).
Limb length was measured from the anterior
superior iliac spine to 5 cm superior to the lateral
malleolus (adjacent to the point of application of
the HHD). The reliability of the HHD strength test
between repetitions and between days was
assessed for each limb (dominant and non-
dominant) one week before the first match on two
separate familiarization days. Inter-repetition

reliability was established between repetitions for
16 players on the same day; the intraclass
correlation coefficient (ICC) results corresponding
to ICCp1y were: 091 (dominant) and 0.91 (non-
dominant); within-subject coefficients of variation
(CV) were: 391 = 2.85% and 4.99 + 2.47%,
respectively. Inter-day reliability was established
between days for 10 players on two separate days;
the intraclass correlation results corresponding to
ICCi1 were: 0.79 (dominant) and 0.84 (non-
dominant); within-subject CVs were: 8.74 + 7.06%
and 6.90 + 6.32%, respectively.

External Match Demands

The external locomotor demands during
each match were measured using foot-mounted
inertial measurement units (IMU)
(Playermaker™). The IMUs contained a 16-g, 3-
axis gyroscope, and a 3-axis accelerometer to
quantify the angular velocity and acceleration of
each foot, respectively. Each IMU was encased in a
silicone sleeve that was worn on each soccer cleat
during the match. The Playermaker™ was turned
on 10 min before the match and did not require any
prior calibration. The Playermaker™ has shown
good to excellent between-unit reliability and good
validity for measuring locomotor characteristics
(Myhill et al., 2023). Match demands included
participation time (min), total number of releases
(passes, shots), number of releases 0-15 m/s (zones
1-3), number of releases >15 m/s (zones 4-6), work
rate (m/min), high-intensity distances >4 m/s (HID)
(m), sprint distances >5.5 m/s (SpD) (m), sprint
count (#), and intense speed changes (i.e., the
number of acceleration and deceleration actions)
>2.6 m/s? (#). Warm-ups were not included in the
data acquisition. All absolute external demands
were then normalized to playing time (/min).

Groin Pain

To assess sports-related hip and groin
function, immediately after completion of the
isometric tests, participants were asked to rate their
pain for each limb during the hip-adduction efforts
according to the Copenhagen five-second squeeze
protocol (Thorborg et al., 2017a). Participants were
asked to rate their groin pain on a numerical pain
rating scale, from 0 to 10, such that ‘0’ represented
no pain, and ‘10" represented maximal pain.

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
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Design and Procedures

The present study followed the STROBE
statement and its accompanying checklist to guide
the reporting of an observational study (von Elm et
al., 2007). The study had a prospective, repeated-
measures design aiming to investigate the changes
in hip-adductor strength involving two official
league matches separated by one match-week (i.e.,
six days) during the 2023/2024 competitive season.
Match 1 (M1) took place on May 19, 2024, and
match 2 (M:2) on May 25, 2024. Hip-adductor
isometric strength, groin pain, and external match
demands during matches were measured during
the study. Only outfield players who participated
in > 60 min during the match were included in the
subsequent analyses. To familiarize the
participants with all the procedures, two
familiarization sessions (two days apart) were
conducted one week before the first match. For
match-testing, participants were evaluated 30 min
pre-match (Pre), within 10 min of termination of
the match or being substituted out (Post), and 24-h
after the match, + 1h (+24h) (Figure 1)

Statistical Analysis

Normality was assessed using a Shapiro-
Wilk test. All variables were normally distributed
and their descriptive data were presented as mean
+ SD except pain which was non-normally
distributed and was presented as median and
interquartile range. To assess if Pre-match ADDiso
was different between the two matches, a Student’s
t-test was carried out between M1 and M. External
demands between the two matches appeared to
have unequal variances (Levene’s test) and were
therefore analysed by a Welch's ¢ test. The peak
torque from the best trial for each limb was used
for analyses and the dependent variable was the
maximum adduction torque for each limb. A linear
mixed model was used to assess the time course
changes in ADDis at Pre, Post, and +24h. The
model terms were tested with a Satterthwaite test
method, with Limb (dominant, non-dominant) and
Time (Pre, Post, and +24h) used as fixed effects and
each participant as a random effect grouping
factor. When any statistically significant main or
interaction effects were found, a post hoc analysis
was performed with Bonferroni adjustment. Effect
sizes and their 95% confidence intervals were
reported as Hedges’ gav following the guidelines by
Lakens (2013). The level of significance was set at
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<0.05. Statistical analysis was done in JASP, JASP
Team (2024), JASP (Version 0.18.3) [Computer
software] (JASP Team, 2024).

Results

No significant differences were observed
in peak relative torque (Nm/kg) between the two
matches at time point Pre (t (36) = 0.731, p = 0.469,
ES =0.23 [-0.41, 0.87]).

Match 1

Results of the linear mixed model for
ADDiso showed a significant effect of Time for M1
(F (2, 39.42) = 9.212, p < 0.001). At time point Post,
ADDiso decreased significantly from Pre in M
(mean diff. -0.29 Nm/kg, p = 0.003, ES = -1.14 |
-1.91, -0.34]). From Post to +24h, ADDiso increased
significantly in M1 (0.34 Nm/kg, p=0.002, ES=1.49,
[0.39, 2.55]). Between Pre and +24h, no significant
differences were present in M1 (0.05 Nm/kg, p =
1.00, ES = 0.09, [-0.62, 0.80]). No significant effect
was found in the change in ADDisw by the Limb
factor (i.e., dominant and non-dominant) for M
(F(1, 38.97) = 0.002, p = 0.967). No significant effect
of a Time * Limb interaction was found in M1 (F(2,
38.97) = 0.097, p = 0.908). Match 1 time course
changes are presented in Figure 2.

Match 2

Results of the linear mixed model for
ADDiso showed a significant effect of Time for M
(F (2, 34.59) = 31.694, p < 0.001). At time point Post,
ADDiso decreased significantly from Pre in M-
(-0.51 Nm/kg, p < 0.001, ES = -1.41, [-2.31, -0.48]).
From Post to +24h, ADDiso increased significantly
in M2 (0.78 Nm/kg, p <0.001, ES =2.39, [0.76, 4.00]).
Match 2’s +24h time point was significantly higher
than Pre (0.28 Nm/kg, p = 0.039, ES = 0.83, [-0.10,
1.70]). No significant effect was found in the
change in ADDisoby the Limb factor (i.e., dominant
and non-dominant) for Mz (F(1, 33.90) = 1.494, p =
0.230). No significant effect of a Time * Limb
interaction was found for M2 (F(2, 33.90) = 0.442, p
=(0.646). Match 2 time course changes are presented
in Figure 3.

The results of the analysis of external
match demands are listed in Table 1. M1 presented
significantly higher values in releases per min (p =
0.024, ES = 1.10 [0.09, 2.08]), and releases per
minute within zones 4-6 (p = 0.045, ES=0.96 [-0.03,
1.92]). M2 showed significantly higher values in
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intense speed changes per min (p = 0.050, ES=-0.93 pain during the hip-adduction tests are presented
[-1.87, 0.05]). Descriptive results for the maximum in Table 2.

Table 1. External demands normalized to playing time.

o
Match 1 (N = 10) Match 2 (N =9) % Difference ES [95%C]] P
My — My)
gﬁi’gr participation time 87.00 + 10.54 86.44 + 20.28 111+ 1630 ~0.17 [~0.74,0.54] 0.714
Releases per min 0.45 + 0.21 0.27 + 0.09 36.00 + 56.46 1.10 [0.09, 2.08] 0.024"
(#/min)
Zones 1-3 releases per min
: 0.24 + 0.12 0.15 + 0.07 8.26 + 43.51 0.91 [0.07, 1.85] 0.054
(#/min)
Zones 46 releases per min X
: 021 + 0.12 0.12 + 0.05 33.94 4 67.00 0.96 [-0.03,1.92] 0.045
(#/min)
Work rate 98.55 + 6.67 97.69 + 6.54 0.89 +11.27 0.12 [-0.78,1.02] 0.780
(m/min)
HID covered per min 16.90 + 6.00 19.25 + 2.62 —5.90 + 24.19 —0.49 [~1.40,0.44] 0.282
(m/min)
SpD covered per min
! 428 + 201 449 + 129 3.67 + 53.07 —0.12 [~1.02,0.78] 0.783
(m/min)
Sprints per min 043 + 0.18 049 + 0.11 —3.29 +39.43 —0.37 [-1.28,0.55] 0.409
(#/min)
Intense speed changes per
min 0.76 + 0.33 1.02 + 0.19 —23.01 +42.25 —0.93 [-1.87,0.05] 0.050°

(#/min)

Summary data are presented as mean + SD; * Significant at < 0.05; Zones 1-3, (0-15 m/s); Zones 4—6 (>15 m/s); HID,
high intensity distance (>4 m/s); SpD, sprint distance (>5.5 m/s); Intense speed changes are defined as accel/decel
actions >2.6 m/s2

Table 2. Frequency table of maximum pain scores reported during the isometric adduction test for players

playing > 60 min.
Match 1 Match 2
Pain scores * Pre (N =10) Post (N =10) Pre (N =10) Post (N =9)
0-2 0 1 1 0
3-5 8 5 8 2
6-10 2 4 1 7
Median (IQR) 5.0 (3.2-5.0) 5.00 (3.2-6.0) 5.00 (5.0-5.0) 6.00 (6.0-7.0)

* Pain scores are based on a numerical pain rating scale from 0 to 10, with ‘0’ being “no pain”
and ‘10" being “maximum pain”

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
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Figure 1. Study design.
1a, Testing setup and timepoints of isometric adductor strength;
1b, Flow diagram of recruitment, inclusion and analysis
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Figure 2. Match 1 time course changes in maximum isometric hip-adduction strength.
Each data point is the limb-averaged relative torque (boxplots, left axis). Average percent changes are presented
relative to pre-match (line plot, right axis). Pre and Post, N = 10; +24h, N=7; * p < 0.05
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Figure 3. Match 2 time course changes in maximum isometric hip-adduction strength.
Each data point is the limb-averaged relative torque (boxplots, left axis). Average percent changes are presented relative
to pre-match (line plot, right axis).
Pre and Post, N =9; +24h, N = 6; * p < 0.05; ** p < 0.001

Discussion

The aim of this study was to provide an
exploratory analysis of the changes in hip-
adductor strength before and after official soccer
matches in youth players. The main finding of this
study was that in this group of youth soccer
players, ADDio consistently decreased after a
match and then recovered by +24h. The average
post-match reduction in strength was 12% in M
and 22% in M. Groin strength was recovered by
+24h in both matches and in one match, +24h
strength was higher compared to pre-match

Journal of Human Kinetics, volume XXX, XXXXX XXXX

(baseline). The results from this study provide
objective data regarding the match-related
neuromuscular  responses in  hip-adduction
strength; this study provides practitioners with
relevant information on how to plan training and
return to play protocols.

Regarding pre- to post-match profiles, our
results are similar to those seen in a previous study
conducted with recreational male soccer players,
where a 17.7% reduction in ADDio immediately
following the match was found (Light, 2019).
Interestingly, in that study, reductions were
apparent by 45 min as a roughly 10% reduction
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was reported at halftime (Light, 2019). In another
study of professional academy soccer players
(Springham et al., 2024), the authors observed
statistically significant and moderate (ES = 1.13)
reductions post-match relative to pre. While this
reduction was similar to that of our study (ES=1.14
and 1.41, Post M1 and M>), it is important to note
the study by Springham et al. (2024) included
professional academy (category 1) players and
measured ADDis in a shorter lever position (knee),
while we measured it in a longer lever (ankle); the
long lever position may have higher sensitivity to
detect strength changes (Light and Thorborg,
2016). Similarly, during fixture congestion, such as
in a tournament setting, roughly 72% of a youth
squad experienced meaningful ADDis reductions
(>15%) (Wollin et al, 2018a). As previously
mentioned, when neuromuscular responses were
measured after different tactically-periodized
training sessions (i.e., strength, endurance, and
speed) in a group of elite French soccer players (17
+ 2 years), Buchheit and colleagues (2018) observed
decreases in groin squeeze of ~12%, ~7%, and 7%
in strength, endurance, and speed, respectively.
Our results interpreted along with theirs may
reinforce the differences in groin-strength
demands and between training and matches and
can also describe which types of training sessions
more similarly expose the groin region to match-
like demands. It is hoped that this can help coaches
and rehabilitation practitioners prescribe relevant
training interventions to fit their intended
outcomes within clinical and performance settings.

Regarding the residual changes (= 24
hours), in our study by +24h, ADDis was not
significantly different from pre-match in M: and in
M: there appeared a slight increase in strength
compared to pre-match levels (2.70 vs. 2.33 Nm/kg)
signifying a possible supercompensation effect.
Similarly to our study, a small supercompensation
effect in ADDiso has also been seen before in
academy rugby union players at 48-hours post-
match (Roe et al., 2016). In the study by Springham
and colleagues (2024), a +24h measurement was
not performed, but at MD+2 and MD+3 ADDiso
continued to show small reductions. In other sport
populations, female field hockey players during a
tournament saw post-match decreases in isometric
adduction of 10.6% after the first match and a
17.5% decrease relative to pre-match 1 after the
second match on the following day (Sanchez-
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Migallon et al., 2022). In a sample of Australian
Rules Football, Buchheit and colleagues (2017) saw
a 17.4% reduction in isometric adduction strength
on the following day after a match compared to
baseline. The observations that groin strength was
recovered by 24 h in both matches may have been
due to the task-specific demands of the isometric
test at shorter muscle lengths, as perhaps isometric
strength may have been a less sensitive measure (to
detect fatigue) at 24 h post-match, when compared
to either isometric strength at longer muscle
lengths or eccentric strength (Thorborg et al., 2014).
These findings suggest that the recovery response
may vary among different populations and that by
24 h, strength may be reduced, recovered or in
some cases increased beyond baseline values.
Therefore, determining the adequate timing and
dose-response relationship of groin strength to
training stimuli could be insightful to reduce injury
risk, additionally, a standardized ADDis testing
protocol is important to allow for more direct
comparisons among studies.

M: seemed to be significantly higher on
average in technical actions such as the number of
releases per min (ES = 1.10), and the number of
releases within zones 4-6 (>15 m/s) (ES = 0.96).
While not statistically significant at an alpha set at
the 0.05 level, M1 also seemed higher in the work
rate (m/min), and releases per min within zones 1-
3 (0-15 m/s) (ES: 0.12 and 0.91, respectively). M2
presented a significantly greater number of intense
speed changes per min (ES = 0.93). While not
reaching statistical significance, other high-
intensity actions such as HID covered per min, SpD
per min, and the number of sprints per min were
all greater in M2 (ES: -0.49, -0.12, and -0.37,
respectively). These results seem to convey that
soccer matches may not be created equally with
respect to their demands and that soccer matches
may result in a wide range of decreases in groin
strength. While caution should be taken in
interpreting these results due to small sample
sizes, this may further highlight that matches
predominantly higher in intense speed changes
(accelerations and decelerations) may result in
greater reductions in groin strength than matches
more dominated by greater distances and technical
demands. Our estimation is in line with similar
research that showed that the greatest reduction in
groin strength was seen in the sessions that
favoured more concentrated playing areas (higher
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player to playing area ratio) (Buchheit et al., 2018),
possibly since concentrated playing areas have
shown to correlate to higher numbers of changes of
direction actions (de Dios-Alvarez er al., 2025).
This is further supported by biomechanical data
showing that groin muscle forces were greater
during cutting maneuvers than inside passing
tasks (Dupré et al., 2021).

With respect to hip and groin pain, cases
seemed common in this sample of youth soccer
players, with median pre-match pain being 5 and
at least 90% of match-day players reporting pain >
3, on a numerical pain scale from 0 to 10. Median
post-match pain in M2 seemed higher with 70% of
the players reporting pain between 6 and 10. This
may partially explain why groin strength
decreased more in M2 as it has been shown that
pain may have an inhibitory effect on groin
strength (DeLang et al., 2023; Thorborg et al., 2014),
and that subsequent reductions in pain are seen in
conjunction with a recovery in groin strength
(DeLang et al., 2023). A high prevalence of groin
pain has previously been reported in soccer
populations, ranging between 49% and 67% in
adult soccer players (Hanna et al., 2010; Thorborg
et al, 2017b). In this sample of youth soccer
players, nearly all of the match-day players (>90%)
reported groin pain above 3. According to the
guidelines outlined by Thorborg et al. (2017a), pain
scores between 3 and 5 indicate that players should
receive attention and be reviewed by a health
professional, while scores between 6 and 10
indicate severe disability and clinical workup. In
our sample, the frequencies of those reporting pain
of 3-5 and 6-10 pre-match was 80% and between
10 and 20%, respectively.

It is acknowledged that the present study
has some limitations inherent to the nature of
conducting research during official soccer matches
and sports settings. Our study was limited by its
naturally small sample size. Having a maximum of
only ten players available to participate in each
match may mean excessive variability in the results
and it limits the generalizability of the findings to
a broader population. Additionally, having a small
sample size limits the ability to subgroup the data
to determine possible moderating factors as

dividing an already small sample size increases the
risk of obtaining false positives. Additionally, the
limited number of observed matches (i.e., two)
may not have been able to capture the entire range
of game demands and physiological effects; yet
despite this, this has also been a strength of the
current study as it reflects the more relevant
demands from official games instead of closed
tasks or drills. Another limitation of this study is
that since an isometric test was used, the reduction
and recovery profile of groin strength is limited to
this mode of testing and may not be generalizable
to another contraction mode like eccentric
strength. Finally, another limitation was that only
peak hip-adduction force was measured without
considering a possibly more sensitive metric such
as the rate of force development for the detection
of fatigue. Further research should consider
including these metrics in the analysis.

Conclusions

In this sample of youth soccer players,
isometric hip-adductor strength decreased on
average between 12 and 22% after official soccer
matches. By 24 h post-match, groin strength
seemed to have recovered and at times even
experienced a supercompensation in comparison
to pre-match values. To determine the factors that
impose the greatest load on the groin region and
that may increase injury-risk, future research
should consider the demands on hip-adductor
strength after games and training sessions of
contexts.
The findings of the present study may help
strength and conditioning coaches and
rehabilitation ~ practitioners understand and
identify the hip-adductor strength demands of
different soccer matches. Our data support

varying intensities and

monitoring decisions and frameworks within the
competitive microcycle. Based on the present
results and discussion, practitioners may wish to
limit exposure to sessions that have high intensity
cutting or speed changes during congested
competition periods or in those in early-stage hip-
adductor rehab.

Author Contributions: Conceptualization: M.J.H. and K.S.; methodology: M.J.H., K.T. and K.S.; formal
analysis: M.J.H. and AM.S,; investigation: M.J.H. and K.S.; resources: P.E.A.; writing—original draft

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0

license.



X Match-related acute and residual changes of hip-adduction strength in youth soccer players

preparation: M.J.H.; writing—review & editing: P.E.A.,, KT, AMS. and KS.; visualization: M.J.H.;
supervision: P.E.A. and K.S. All authors have read and agreed to the published version of the manuscript.

ORCID iD:

Maziar ]J. Hamad: 0000-0002-2898-3577

Pedro E. Alcaraz: 0000-0002-9792-6656

Antonio Martinez Serrano: 0000-0003-3509-3350

Konstantinos Spyrou: 0000-0002-5762-4653

Funding Information: This research received no external funding

Institutional Review Board Statement: This study was conducted following the principles of the Declaration
of Helsinki and approved by the institutional ethics committee of the Catholic University of Murcia (UCAM),
Murcia, Spain (protocol code: CE042410, approval date: 26 April 2024).

Informed Consent: Informed consent was obtained from all participants included in the study.
Conflicts of Interest: The authors declare no conflict of interest.

Received: 26 November 2024

Accepted: 25 April 2025

References

Bahr, R., Clarsen, B., & Ekstrand, J. (2018). Why we should focus on the burden of injuries and illnesses, not
just their incidence. British Journal of Sports Medicine, 52(16), 1018-1021. https://doi.org/10.1136/bjsports-
2017-098160

Bortnik, L., Nir, O., Forbes, N., Alexander, J., Harper, D., Bruce-Low, S., Carling, C., & Rhodes, D. (2024). Worst
case scenarios in soccer training and competition: Analysis of playing position, congested periods, and
substitutes. Research Quarterly for Exercise and Sport, 95(3), 588-600.
https://doi.org/10.1080/02701367.2023.2290265

Buchheit, M., Lacome, M., Cholley, Y., & Simpson, B. M. (2018). Neuromuscular Responses to Conditioned
Soccer Sessions Assessed via GPS-Embedded Accelerometers: Insights Into Tactical Periodization.
International Journal of  Sports Physiology and Performance, 13(5), 577-583.
https://doi.org/10.1123/ijspp.2017-0045

Buchheit, M., Morgan, W., Wallace, J., Bode, M., & Poulos, N. (2017, November 7). Monitoring post-match lower-
limb  recovery in elite Australion Rules Football wusing a groin squeeze strength  test.
https://sportperfsci.com/wp-content/uploads/2017/11/SPSR7_Buchheit-et-al._171110_7v1_final.pdf;
accessed on 28 July 2024

de Dios-Alvarez, V., Padrén-Cabo, A., Alkain- Villa, P., Rey, E., & Castellano, J. (2025). Area per Player in
Small-Sided Games to Estimate the External Load in Elite Youth Soccer Players. Journal of Human
Kinetics, 95, 123-138. https://doi.org/10.5114/jhk/189421

DeLang, M. D., Garrison, J. C., Hannon, ]J. P., Ishei, L., & Thorborg, K. (2023). Weekly screening of youth male
football players: a 14-week longitudinal investigation of interactions between groin pain and long lever
adductor squeeze strength. Journal of Science and Medicine in Sport / Sports Medicine Australia, 26(3), 159—
163. https://doi.org/10.1016/j.jsams.2023.02.003

Dupré, T., Tryba, J., & Potthast, W. (2021). Muscle activity of cutting manoeuvres and soccer inside passing
suggests an increased groin injury risk during these movements. Scientific Reports, 11(1), 7223.
https://doi.org/10.1038/s41598-021-86666-5

Hanna, C. M., Fulcher, M. L,, Elley, C. R., & Moyes, S. A. (2010). Normative values of hip strength in adult
male association football players assessed by handheld dynamometry. Journal of Science and Medicine in
Sport / Sports Medicine Australia, 13(3), 299-303. https://doi.org/10.1016/j.jsams.2009.05.001

Journal of Human Kinetics, volume XXX, XXXXX XXXX http://www.johk.pl




by Maziar |. Hamad et al. X

Haroy, J., Clarsen, B., Thorborg, K., Holmich, P., Bahr, R., & Andersen, T. (2017). Groin problems in male soccer
players are more common than previously reported. The American Journal of Sports Medicine, 45, 1304—
1308. https://doi.org/10.1177/0363546516687539

Haray, J., Clarsen, B., Wiger, E. G., Jyen, M. G,, Serner, A., Thorborg, K., Holmich, P., Andersen, T. E., & Bahr,
R. (2019). The Adductor Strengthening Programme prevents groin problems among male football
players: a cluster-randomised controlled trial. British Journal of Sports Medicine, 53(3), 150-157.
https://doi.org/10.1136/bjsports-2017-098937

JASP Team. (2024). JASP (Version 0.18.3).

Lakens, D. (2013). Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for
t-tests and ANOV As. Frontiers in Psychology, 4, 863. https://doi.org/10.3389/fpsyg.2013.00863

Light, N. (2019). The effect of acute match play loading on hip adductor strength and flexibility in soccer
players. The Journal of Sports Medicine and Physical Fitness, 59(2), 325-329. https://doi.org/10.23736/S0022-
4707.18.08194-X

Light, N., & Thorborg, K. (2016). The precision and torque production of common hip adductor squeeze tests
used in elite football. Journal of Science and Medicine in Sport, 19(11), 888-892.
https://doi.org/10.1016/j.jsams.2015.12.009

Markovic, G., Sarabon, N., Pausic, J., & Hadzi¢, V. (2020). Adductor Muscles Strength and Strength
Asymmetry as Risk Factors for Groin Injuries among Professional Soccer Players: A Prospective Study.
International  Journal — of  Environmental  Research  and  Public = Health, 17(14), 4946.
https://doi.org/10.3390/ijerph17144946

Mentiplay, B. F., Perraton, L. G., Bower, K. J., Adair, B., Pua, Y.-H., Williams, G. P., McGaw, R., & Clark, R. A.
(2015). Assessment of Lower Limb Muscle Strength and Power Using Hand-Held and Fixed
Dynamometry: A Reliability and Validity = Study. PloS Omne, 10(10), e0140822.
https://doi.org/10.1371/journal.pone.0140822

Myhill, N., Weaving, D., Robinson, M., Barrett, S., & Emmonds, S. (2023). Concurrent validity and between-
unit reliability of a foot-mounted inertial measurement unit to measure velocity during team sport
activity. Science & Medicine in Football, 8(4), 1-9. https://doi.org/10.1080/24733938.2023.2237493

Quintana-Cepedal, M., Vicente-Rodriguez, G., Crespo, I, & Olmedillas, H. (2024). Is hip adductor or abductor
strength in healthy athletes associated with future groin pain? A systematic review and meta-analysis.
British Journal of Sports Medicine, 0, 1-9 https://doi.org/10.1136/bjsports-2024-108836

Roe, G. A. B, Phibbs, P.J., Till, K,, Jones, B. L., Read, D. B., Weakley, J. J., & Darrall-Jones, J. D. (2016). Changes
in Adductor Strength After Competition in Academy Rugby Union Players. Journal of Strength and
Conditioning  Research / National = Strength &  Conditioning  Association, 30(2), 344-350.
https://doi.org/10.1519/J]SC.0000000000001024

Sanchez-Migallon, V., Lépez-Samanes, A., Del Coso, J., Navandar, A., Aagaard, P., & Moreno-Pérez, V. (2022).
Effects of consecutive days of matchplay on maximal hip abductor and adductor strength in female field
hockey players. BMC Sports Science, Medicine and Rehabilitation, 14(1), 3. https://doi.org/10.1186/s13102-
021-00394-x

Serner, A., Mosler, A. B, Tol, J. L., Bahr, R., & Weir, A. (2019). Mechanisms of acute adductor longus injuries
in male football players: a systematic visual video analysis. British Journal of Sports Medicine, 53(3), 158—
164. https://doi.org/10.1136/bjsports-2018-099246

Springham, M., Singh, N., Stewart, P., Matthews, J., Jones, 1., Norton-Sherwood, C., May, D., Trehan Sharma,
S., Salter, J., Strudwick, A. J., & Shaw, J. (2024). Acute neuromuscular and perceptual responses to U-18
English Premier League academy football match play. European Journal of Sport Science: EJSS: Official
Journal of the European College of Sport Science, 24(10), 1405-1413. https://doi.org/10.1002/ejsc.12191

Thorborg, K., Branci, S., Nielsen, M. P., Langelund, M. T., & Holmich, P. (2017a). Copenhagen five-second
squeeze: a valid indicator of sports-related hip and groin function. British Journal of Sports Medicine,
51(7), 594-599. https://doi.org/10.1136/bjsports-2016-096675

Thorborg, K., Branci, S., Nielsen, M. P., Tang, L., Nielsen, M. B., & H6lmich, P. (2014). Eccentric and isometric
hip adduction strength in male soccer players with and without adductor-related groin pain: An
assessor-blinded comparison. Orthopaedic Journal of Sports Medicine, 2(2), 2325967114521778.
https://doi.org/10.1177/2325967114521778

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



X Match-related acute and residual changes of hip-adduction strength in youth soccer players

Thorborg, K., Petersen, J., Magnusson, S. P., & Holmich, P. (2010). Clinical assessment of hip strength using a
hand-held dynamometer is reliable. Scandinavian Journal of Medicine & Science in Sports, 20(3), 493-501.
https://doi.org/10.1111/j.1600-0838.2009.00958.x

Thorborg, K., Rathleff, M. S., Petersen, P., Branci, S., & H6lmich, P. (2017b). Prevalence and severity of hip and
groin pain in sub-elite male football: a cross-sectional cohort study of 695 players. Scandinavian Journal
of Medicine & Science in Sports, 27(1), 107-114. https://doi.org/10.1111/sms.12623

Verschueren, ]., Tassignon, B., De Pauw, K., Proost, M., Teugels, A., Van Cutsem, J., Roelands, B., Verhagen,
E., & Meeusen, R. (2020). Does Acute Fatigue Negatively Affect Intrinsic Risk Factors of the Lower
Extremity Injury Risk Profile? A Systematic and Critical Review. Sports Medicine, 50(4), 767-784.
https://doi.org/10.1007/s40279-019-01235-1

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Getzsche, P. C., & Vandenbroucke, J. P. (2007). The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines
for reporting observational studies. Lancet, 370(9596), 1453-1457. https://doi.org/10.1016/S0140-
6736(07)61602-X

Watanabe, K., Nunome, H., Inoue, K., Iga, T., & Akima, H. (2020). Electromyographic analysis of hip adductor
muscles in soccer instep and side-foot kicking. Sports Biomechanics / International Society of Biomechanics
in Sports, 19(3), 295-306. https://doi.org/10.1080/14763141.2018.1499800

Werner, J., Hagglund, M., Ekstrand, J., & Waldén, M. (2019). Hip and groin time-loss injuries decreased slightly
but injury burden remained constant in men’s professional football: the 15-year prospective UEFA Elite
Club Injury Study. British Journal of Sports Medicine, 53(9), 539-546. https://doi.org/10.1136/bjsports-2017-
097796

Whittaker, J. L., Small, C., Maffey, L., & Emery, C. A. (2015). Risk factors for groin injury in sport: an updated
systematic review. British Journal of Sports Medicine, 49(12), 803-809. https://doi.org/10.1136/bjsports-
2014-094287

Wollin, M., Pizzari, T., Spagnolo, K., Welvaert, M., & Thorborg, K. (2018a). The effects of football match
congestion in an international tournament on hip adductor squeeze strength and pain in elite youth
players. Journal of Sports Sciences, 36(10), 1167-1172. https://doi.org/10.1080/02640414.2017.1363452

Wollin, M., Thorborg, K., Welvaert, M., & Pizzari, T. (2018b). In-season monitoring of hip and groin strength,
health and function in elite youth soccer: Implementing an early detection and management strategy
over two consecutive seasons. Journal of Science and Medicine in Sport / Sports Medicine Australia, 21(10),
988-993. https://doi.org/10.1016/j.jsams.2018.03.004

Journal of Human Kinetics, volume XXX, XXXXX XXXX http://www.johk.pl




