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Abstract: The aim of this study was to examine the acute effect of officiating a football (soccer) match
on isometric knee flexion strength and passive hip flexion range-of-motion (ROM) in referees and
assistant football referees. Twelve referees (25.3 + 3.3 years) and twenty-three assistant referees (25.1
+ 4.8 years) underwent measurements on isometric knee flexion strength and passive hip flexion
ROM before and after officiating an official football match. Referees’ and assistant referees’ running
patterns were monitored during the match using GPS technology. In comparison to pre-match val-
ues, referees reduced their isometric knee flexion strength (-12.36%, p = 0.046, Effect size [ES] =
-0.36) in the non-dominant limb, while no significant differences were reported in the dominant
limb (-0.75%, p = 0.833, ES = —0.02). No effect of the match was found in hip flexion ROM values in
dominant (-4.78%, p = 0.102, ES = -0.15) and non-dominant limb (5.54%, p = 0.544, ES = 0.19). In
assistant referees, the pre-to-post-match changes in isometric knee flexion strength (dominant limb
-3.10%, p = 0.323, ES = -0.13; non-dominant limb —2.18%, p = 0.980, ES= 0.00) and hip flexion ROM
(dominant limb 1.90% p = -0.816, ES = 0.13; non-dominant limb 3.22% p = 0.051, ES = 0.23) did not
reach statistical significance. Officiating a match provoked a reduction in isometric knee flexion
strength in the non-dominant limb of football referees, while no differences were reported in assis-
tant referees.
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1. Introduction

Football (soccer) is an explosive team sport where players perform short and re-
peated periods of high-intensity anaerobic exercise interspersed with recovery periods of
lower intensity [1,2]. At the professional level, football players cover more than 10 km per
match with ~600 m at above 21 km/h [3,4]. Consequently, professional football referees
need an optimal physical condition to ensure that they follow the course of the game
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during the explosive movements, changes of directions and sprints performed by the
players. It is worth to mention that referees have to be in the correct location and at the
right time in every match play of the game and they need to follow players” actions closely,
interpret the rules and make critical decisions within seconds. For these reasons, main
referees cover during official matches between 10 and 12 km [5,6] where approximately
18.6% of the total distance is performed at high-speed running (i.e., speeds from 18.0 to
24.9 km h™) [5] including a mean of 38 + 17 sprints at above 25 km-h' [7] being match
running distance approximately half in the case of assistant referees [8]. However, assis-
tant referees need to perform brief but intense bouts of lateral running to keep level with
the most forward striker to adequately judge offsides [9]. Both elite referees and assistant
referees may officiate up to 40 matches per season, including national and international
competitions [10]. The combination of acute and chronic loads in elite football refereeing
may lead to fatigue and to a high risk of injury, particularly during congested calendars.

In this regard, previous studies have described an incidence of 2.0 to 19.6 injuries per
1000 h of match officiating [11-13], while this considerable injury incidence may be due
to the high physical demands needed to follow the game [14]. Additionally, more than
half of both main referees and assistant referees report at least one injury per season [12].
Most of these injuries have been reported to occur in the thigh and frequently as hamstring
muscle injury [14]. In order to successfully implement preventive measures to reduce the
risk of injury in referees, the identification of the risk factors associated with the occur-
rence of hamstring muscle injury is essential. To date, the information about risk factors
associated with hamstring muscle injury in football referees is scarce and, sometimes, con-
clusions are incorrectly obtained by extrapolating results from football players.

Previous studies conducted in football players and in athletes of other field-based
team sports have labeled several non-modifiable factors associated with the risk of ham-
string muscle strain injuries. Among others, increased age, the existence of a previous in-
jury in the same location and ethnicity [15,16] are associated with the likelihood of suffer-
ing a hamstring muscle injury. Additionally, there are modifiable factors such as muscle
flexibility [17], fatigue [18] and muscle strength [15,16,19,20] which can be modulated to
reduce the likelihood of hamstring muscle injury. Modifiable risk factors such as muscle
weakness [21] and poor hamstring muscle flexibility [22,23] have received much attention
in the literature. It is well recognized that approximately 60% of hamstring muscle strains
identified in football players were associated with a high-speed running action [24] and it
has been speculated that the injury is produced due a failure of the tissues to tolerate the
forces applied during the sprint [15]. Furthermore, decreased isometric knee flexion
strength increases the risk of re-injury after an acute hamstring injury [25]. Related to
hamstring flexibility, previous studies have showed a relationship between reduced ham-
string muscle flexibility and an increased risk of hamstring injury in Belgian [23] and Eng-
lish [17] football players.

A previous study demonstrated fluctuations in hamstring muscle strength and flex-
ibility after simulated match-play in football players [26]. These decrements of lower limb
function after match-play in football players could lead to suboptimal recovery, inade-
quate overall preparation and to an overall higher risk of injury [27]. However, the infor-
mation about risk factors associated to hamstring muscle injury in football referees is
scarce and sometimes, conclusions are incorrectly obtained by extrapolating results from
football players. Thus, the aim of this study was to examine the acute impact of football
refereeing during an official match on isometric knee flexion strength and passive straight
leg elevation (i.e., a measurement of passive hip flexion range of motion; [ROM]) in refer-
ees and assistant referees.

2. Materials and Methods

In this prospective observational study, 12 male football referees (age: 25.3 + 3.3 years;
body weight: 75.5 + 12.9 kg; height: 1.81 + 0.05 m; body mass index, 22.8 + 1.3 kg-m?) and
23 male assistant referees (age: 25.0 + 9.9 years; body mass: 73.0 + 9.9 kg; height 1.78 + 0.02
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m; body mass index, 23.0 + 2.4 kg-m?) volunteered to participate. Regarding the selection
of referees, all active referees in the 2°B category of Spanish football were invited to par-
ticipate and the participants in this study was configured with the referees that accepted
to take part in this investigation. The following criteria were considered as grounds for
exclusion from the current investigation: (a) history of pain of any kind or injury during
the match; (b) <90 min of refereeing in a match; (c) non completion of regular training
during the two prior weeks to the match; (d) prior hamstring injury in the year before the
study. All the measurements were carried out between September and October 2019 and
referees and assistant referees have already refereed between 3 and 5 football matches in
this season phase. Written informed consent was obtained from all participants and the
University of Francisco de Vitoria Bioethics Commission (number 45/2018) approved the
study, which complied the recommendations of the latest version of the Declaration of
Helsinki.

2.1. Experimental Approach

The effects of football refereeing during an official match on isometric knee flexion
strength and passive straight leg elevation test were evaluated in both lower limbs by two
experienced physical therapists. The order of the test and the order of the selection of the
limb being tested were randomly chosen prior to the match test as suggested by a previous
study [26]. Referees and assistant referees were tested twice: (a) 60 min prior to the onset
of the match and (b) immediately after the end of the match. Before the first measurement,
all participants underwent a standardized warm-up consisting of 5 min of running at low
intensity (10 km-h') and dynamic warm-up exercises, as previously suggested [28]. A
week before testing, referees and assistant referees were familiarized with all testing pro-
cedures to reduce the influence of the learning effect on the results of the investigation.
During the official match, referees” and assistant referees’ running patterns were moni-
tored using a portable GPS unit (Wimu ProTM, RealTrack Systems, Almeria, Spain). Ad-
ditionally, participants’ internal load imposed by the match was calculated by the session
rating of perceived exertion [29]. During the whole duration of each match, air tempera-
ture and humidity were measured with a portable weather station (WMR 108, Mextech,
India; [28]). All matches were completed on an artificial grass pitch (AT; fibre: monofila-
ment of polyethylene of 60 mm in height) within a dimension of ~100 x 70 m.

2.2. Procedures
2.2.1. Isometric Knee Flexion Strength

Hamstring strength was measured with a hand-held dynamometer (0-500 N range,
0.2 N sensitivity; Nicholas Manual muscle test, Co., Lafayette, IN, USA), as previously
described [30]. For this measurement, the participant laid down on a bench in prone po-
sition with 0° degrees hip flexion and the knee at 15° flexion (i.e., measured inclinometer
(ISOMED, Portland, OR, USA)) with the feet just hanging over the edge of the bench [31].
The first examiner placed the hand-held dynamometer on the distal portion of the lower
limb, 3 centimeters above the bimalleolar line. The second examiner set the participants
pelvis over the sacrum, to avoid its elevation or any kind of movement during the test.
The examiner carrying the hand-held dynamometer requested the participant to bend his
knee, with the purpose of bringing the heel of the foot to his ipsilateral gluteus. During
the measurement, participants performed a maximal contraction lasting ~4 s while the
examiners assured the correct position of the participant, as explained above. Each limb
was tested 2 times, with a 30-s rest between both measurements. Isometric knee flexion
strength was recorded for each limb as the maximal knee torque per kilogram of body
weight (N-kg™) obtained during the 2 repetitions of the test. The ICC for this test was 0.83
[31].
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2.2.2. Straight Leg Elevation Test

Passive hip flexion ROM was tested with the knee extended to perform the Straight
Leg Elevation Test, while it was measured with a manual inclinometer (ISOMED incli-
nometer, Portland, Oregon). The measurement was performed in the dominant and non-
dominant limb according to previous recommendations [32]. For this measurement, the
inclinometer was placed on the lateral malleolus on the leg under examination and the
telescopic arm was applied parallel to an imaginary bisecting line of the leg while partic-
ipants were laid down in supine position on a bench. On command, participants elevated
his leg while maintaining the aforementioned position and the end of the straight leg ele-
vation test was defined as the point at which the examiners noted compensations that
could increase the hip flexion ROM. Two trials were recorded on each limb and the mean
value for these two measurements was used for further analysis. The ICC for this test was
0.92 [33].

2.2.3. Internal Load during the Match

The subjective internal load was calculated using the rating of perceived exertion
(RPE; 1-10-point scale) which was obtained 30 min after the end of the match, as previ-
ously suggested [29]. Referees and assistant referees were familiar with the scale before
starting the study. The value of RPE obtained at the end of the match was multiplied by
the refereeing time in minutes to obtain the session RPE (sRPE) in arbitrary units (AU).

2.2.4. External Load during the Match

External match load was recorded by GPS units (Wimu ProTM, RealTrack Systems,
Almeria, Spain) which have shown a good level of accuracy to assess running patterns
during football [34]. The device was positioned inside a vest, and it remained between the
participants’ shoulders without hindering any movement to officiate the match. The GPS
devices obtained data with a frequency of 10 Hz. The total distance covered was measured
and categorized afterwards in five speed zones: stationary/walking (<7.2 km-h), jogging
(7.2-13.0 km-h), running (13.1-18.0 km-h™), high-intensity running (>18.0 km-h™) [35]. In
addition, maximal speed (km/h), explosive distance (distance with accelerations > 2 m-s?2,
decelerations <-2 m-s? and high intensity break distance were measured [35].

2.3. Statistical Analysis

Data are presented as means and standard deviation for each sample of referees and
assistant referees. The Shapiro-Wilk test was used to assess normal distribution of data.
Pre-to-post match values of isometric knee flexion strength and passive hip flexion ROM
within each group were compared using Student’s t-tests for related samples. The external
match load was compared between football referees and assistant referees using the Stu-
dent’s t-test for independent samples. Statistical significance was set at p < 0.05 and re-
ported to indicate the strength of the evidence alongside the effect size. Cohen’s effect size
(ES) was calculated, and its magnitude categorized using the following criteria: trivial (0
0.19), small (0.20-0.49), medium (0.50-0.79) and large (0.80 and greater) [36]. All the sta-
tistical analyses were performed using the SPSS software version 20 (SPSS Inc., Chicago,
IL, USA).

3. Results
3.1. Internal and External Match Load

In referees, RPE was 5.07 + 1.71 points the end of the match and the sRPE was 456.92
+ 153.93 AU. Main referees covered a mean distance of 10647.08 + 2370.67 m across the
different speed thresholds (Table 1). In assistant referees, RPE was 3.59 + 1.60 points and

sRPE was 322.82 + 144.00 AU. Assistant referees covered a mean distance of 6030.31 +
1791.78 m across the different velocity thresholds (Table 1). The total distance covered by
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referees was higher than the distance covered by assistant referees (p = <0.001, ES = 2.20
[1.33, 3.06].

Table 1. Running parameters in referees and assistant referees while officiating an official football match.

Variable (units)

Referees (n=12) Assistant Referees (n=23) p-Value ES[95% IC]

Running distance at 0.0-7.1 km/h (m) 4067.8 +£1196.8 3456.2 + 1338.3 0.193 0.48[-0.21,1.19]
Running distance at 7.2-13.0 km/h (m) 3530.0 + 595.7 1649.1 +470.9 <0.001* 3.50[2.43, 4.58]
Running distance at 13.1-18.0 km/h (m) 2251.6 £917.1 718.6 £232.9 <0.001* 2.29[1.43, 3.15]
Running distance at >18.1 km/h (m) 797.6 £417.0 202.1 £ 108.6 <0.001* 1.95[1.14, 2.77]
Maximal running speed (km/h) 271+22 249+19 0.005*  1.05[0.33, 1.77]
Number of accelerations (>2 m/s2) 2926.7 £520.2 3360.5 £ 689.8 0.060 0.71[-0.01, 1.43]
Number of decelerations (<-2 m/s?) 2927.3 £520.4 3360.60 + 690.6 0.060  0.71[-0.01, 1.43]

a

~

ISOMETRIC KNEE FLEXION STRENGTH DOM (Nikg)

c

ISOMETRIC KNEE FLEXION STRENGTH DOM (N'kg)

* Significant differences comparing referees and assistant referees values at p < 0.05.

3.2. Isometric Knee Flexion Strength

In referees, officiating the match did not induce statistical differences in isometric
knee flexion strength in the dominant limb (-0.75%, p = 0.833, ES [95% CI] = —0.02 [-0.81,
0.79]) but it reduced this variable in the non-dominant limb (-12.36%, p = 0.046, ES [95%
CI] = -0.36 [-0.23, -0.49]; Figure 1a,b). In assistant referees, officiating the match did not
induce any statistical difference in isometric knee flexion strength in the dominant limb
(=3.10%, p = 0.323, ES [95% CI] = -0.13 [-0.70, 0.45]) nor in the non-dominant limb (-2.18%,
p =0.980, ES [95% CI] = 0.00 [-0.58, 0.58], Figure 1c,d).
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Figure 1. Isometric knee flexion strength values in referees and assistants. N = newton; kg = kilograms; DOM = dominant;
NO-DOM = non-dominant. * Significant differences compared to the pre values at p < 0.05.

3.3. Passive Hip Flexion ROM
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Officiating the match did not produce differences in the pre-to-match hip flexion
ROM in the dominant (—4.78%, p = 0.102) and non-dominant limb (5.54%, p = 0.544) of
referees. Likewise, the match did not induce any change in hip flexion ROM of assistant
referees (1.90-3.22%; p = 0.816-0.051) for the dominant and non-dominant sides, respec-

tively; Table 2).
Table 2. Hip flexion range of motion in referees and assistant referees before and after officiating an official football
match.
Referees Assistant referees.
Variable (units) Pre-Match  Post-Match  ES [95% CI] Pre-Match  Post-Match  ES[95% CI]
Hip ﬂe’fii;r]; ‘({f;minam 80.42 +23.88 76.58+18.09 —0.15[-0.95,0.65] 77.74+9.97 79.22+12.77 0.13 [0.45, -0.71]

Hip flexion non-domi-

. 71.66£9.97 75.63+18.14 0.19[-0.62,0.99] 77.04+9.98 79.52+11.27 0.23[-0.35, 0.81]
nant limb (°)

4. Discussion

The main results of this study showed that officiating a football match produced a
decrease in isometric knee flexion strength in the non-dominant limb of main referees,
while no other significant differences were found in hamstring muscle strength of the
dominant side nor in hip flexion ROM. In assistant referees, the match did not induce any
statistically significant change in hamstring muscle strength nor in hip flexion ROM.
Overall, these data reflect an acute effect of refereeing on hamstring muscle strength in
the non-dominant side of referees.

Muscle strength in the lower limb is essential to produce explosive actions in football
(e.g., sprints, accelerations, changes of direction, etc.). However, the repetition of these
actions during the match may induce progressive acute fatigue that may reduce both mus-
cle strength and high velocity running performance. In the current experiment, main ref-
erees covered ~10.6 km, including ~0.8 km at above 18 km/h'. In addition, main referees
covered ~1.2 km while accelerating at >2 m's? and reached a value of maximal speed of
27 km/h, in the lower range of professional football players [37]. As a result, isometric
knee flexion strength in the non-dominant limb decreased -12.36% at post-match testing
compared with pre-match levels, which are in line with previous results obtained in foot-
ball players [26]. The most likely explanation for this reduction is the appearance of acute
fatigue induced by the high physical demands of refereeing. The data gathered in this
investigation does not explain why this sign of hamstring muscle fatigue was not present
in the dominant limb, but a non-significant reduction of 0.75% was also present in this
side. From epidemiological point of view, this finding suggests a higher likelihood of
hamstring muscle injury in referees towards the end of the match, as hamstring muscle
fatigue and weakness in a potent predictor of hamstring injury occurrence in football play-
ers [20,21]. On the other hand, assistant referees covered a lower running distance than
main referees at all speed thresholds above 7 km-h-! which may explain that isometric
knee flexion values post-match were not different from pre-match measurement in this
subgroup of football officials. Differences between referees and assistant referees could be
explained due to the lower running demands in the group of assistant referees at high-
speed velocities (>18.1 km-h-1) [5] because there is a higher activation of hamstrings than
when running at lower velocities. Another possible explanation for the lack of hamstring
muscle fatigue induced by the match in the group of assistant referees could be associated
with the different movement patterns during the match between main referees and assis-
tant referees. This is because a high portion of the distance covered during match by as-
sistant referees is produced with lateral movements, which require a lower involvement
of hamstring musculature in comparison to a forward sprint [38]. On the contrary, main
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referees follow the match play by using forward running in order to maintain visual con-
tact with the ball and the players around it.

In addition to hamstring muscle fatigue, a reduced hip flexion ROM measured by the
Straight Leg Raise test has been linked to a higher risk of hamstring muscle injury [23,39].
However, the current findings indicate lack of significant changes in hip flexion ROM in-
duced by refereeing an official match in both main referees and assistant referees. To the
best of knowledge, only one study examined the straight leg raise ROM after match-play
in football players and found similar results [26]. As football match-play activity habitu-
ally increases ankle ROM after a soccer match-play [40], it can be suggested that an acute
football match do not produce significant changes on leg ROM that may entail a higher
predisposition to hamstring injury for referees or assistant referees.

This study has some limitations that should be clearly discussed to understand the
true utility of the experiment. First, all the football matches were played in Spanish 274 B
division of the Spanish football league. Although both players and referees are subjected
to training programs comparable to professional counterparts, it is probable that the phys-
ical demands of football refereeing slightly change with the level of the match officiated
[8]. Future investigations should determine the changes in hamstring muscle strength and
hip flexion ROM induced in first division and international matches. Second, all the
matches were refereed on artificial grass pitches. Recent data indicate that running on
artificial turf generates higher peak forces than on a natural grass [41]. Hence, the current
outcomes should be compared from that obtained when officiating a match on natural
grass. Furthermore, before drawing firm conclusions, future research is needed to verify
the reduction in isometric hamstring strength of the non-dominant limb found in this
study, although the reduction found in the current investigation is within the margin of
error of the measurement (3-12%) [31]. Future investigations should determine the effect
of chronic exposure induced by refereeing in a congested calendar or by the accumulation
of matches across the season on these potential risk factors for hamstring muscle injury.

5. Conclusions

This study showed that officiating a football match provoked a reduction in isometric
knee flexion strength in the non-dominant limb in main referees, while no differences
were reported in assistant referees. The present data reflect hamstring muscle fatigue dur-
ing the match which may lead to an increased risk of hamstring muscle injury in football
referees. On the other hand, it seems that assistant referees are probably at lower risk of
hamstring muscle injury, at least when considering hamstring muscle fatigue as a risk
factor. This is probably due to the lower physical demands associated with the role of
assistant referees during the match, at least in comparison to main referees. As a practical
application, main referees should be involved in strength training programs to reduce the
likely decline in hamstring muscle strength induced by a match. Additionally, baseline
isometric knee flexion strength should be restored before refereeing the next match.

Author Contributions: Conceptualization, V.F.-R,, A.L.-S.and VM.-P; methodology, V.F.-R., AL-
S. and V.M.-P.; software, A.L-S.; validation, V.F.-R,, V.M.-P. and A.L.-S.; formal analysis, AL-S;
investigation, V.F.-R,, AL.-S, J.D.C., ].P.-O. and V.M.-P. and; resources, P.T.-M. and AL-S; data
curation, A.L.-S. and ].D.C.; writing—original draft preparation, V.F.-R., A.L.-S.,].D.C. and V.M.-P.;
writing —review and editing, V.F.-R,, A.L-S. ].D.C, ].S.-S., P.T.-M., M.B. and V.M.-P.; visualization,
A.L.-S., J.D.C. and V.M.-P.; supervision, AL-S, J.D.C. and V.M.-P.; project administration, AL-S.
and V.M.-P.; funding acquisition, P.T.-M. All authors have read and agreed to the published version
of the manuscript.

Funding: This study was partially funded by Universidad Francisco de Vitoria and Banco Santander
via grants (UFV2021-44).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
Universidad Francisco de Vitoria (number 45/2018).



Int. J. Environ. Res. Public Health 2021, 18, x FOR PEER REVIEW 8 of 9

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Acknowledgments: The authors thank the subjects for their invaluable contribution to the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Drust, B.; Reilly, T.; Cable, N.T. Physiological responses to laboratory-based soccer-specific intermittent and continuous exer-
cise. J. Sports Sci. 2000, 18, 885-892. https://doi.org/10.1080/026404100750017814.

Varley, M.C.; Gabbett, T.; Aughey, R.J. Activity profiles of professional soccer, rugby league and Australian football match play.
J. Sports Sci. 2014, 32, 1858-1866. https://doi.org/10.1080/02640414.2013.823227.

de Souza, D.B.; Gonzalez-Gardia, J.; Campo, R.L.; Resta, R.; Buldu, ].M.; Wilk, M.; Coso, ]J.D. Players’ physical performance in
LaLiga across the season: Insights for competition continuation after COVID-19. Biol. Sport 2021, 38, 3-7.
https://doi.org/10.5114/biolsport.2020.96856.

Beato, M.; Drust, B.; Iacono, A.D. Implementing High-speed Running and Sprinting Training in Professional Soccer. Int. |. Sports
Med. 2021, 42, 295-299. https://doi.org/10.1055/a-1302-7968.

Krustrup, P.; Helsen, W.; Randers, M.B.; Christensen, J.F.; MacDonald, C.; Rebelo, A.N.; Bangsbo, J. Activity profile and physical
demands of football referees and assistant referees in international games. ]. Sports Sci. 2009, 27, 1167-1176.
https://doi.org/10.1080/02640410903220310.

Weston, M.; Castagna, C.; Helsen, W.; Impellizzeri, F. Relationships among field-test measures and physical match performance
in elite-standard soccer referees. |. Sports Sci. 2009, 27, 1177-1184. https://doi.org/10.1080/02640410903110982.

Barbero-Alvarez, J.; Boullosa, D.A.; Nakamura, F.Y.; Andrin, G.; Castagna, C. Physical and physiological demands of field and
assistant  soccer  referees  during  America’'s cup. J. Strength  Cond. Res. 2012, 26, 1383-1388.
https://doi.org/10.1519/JSC.0b013e31825183c5.

Di Salvo, V.; Carmont, M.R.; Maffulli, N. Football officials activities during matches: A comparison of activity of referees and
linesmen in European, Premiership and Championship matches. Muscles Ligaments Tendons J. 2011, 1, 106-111.

Catteeuw, P.; Gilis, B.; Wagemanes, ].; Helsen, W. Offside decision making of assistant referees in the English Premier League:
Impact of physical and perceptual-cognitive factors on match performance. ]. Sports Sci. 2010, 28, 471-481.
https://doi.org/10.1080/02640410903518184.

Matute-Llorente, A.; Sanchez-Sanchez, J.; Castagna, C.; Casajus, J. Injuries of a Spanish top-level sample of football referees. A
retrospective study. Apunt. Sports Med. 2020, 55, 146-152.

Bizzini, M,; Junge, A.; Bahr, R.; Helsen, W.; Dvorak, ]. Injuries and musculoskeletal complaints in referees and assistant referees
selected for the 2006 FIFA World Cup: Retrospective and prospective survey. Br. ]. Sports Med. 2009, 43, 490-497.
https://doi.org/10.1136/bjsm.2008.048314.

Gabrilo, G.; Ostojic, M.; Idrizovic, K.; Novosel, B.; Sekulic, D. A retrospective survey on injuries in Croatian football/soccer
referees. BMC Musculoskelet. Disord. 2013, 14, 88. https://doi.org/10.1186/1471-2474-14-88.

Bizzini, M.; Junge, A.; Bahr, R.; Dvorak, J. Injuries of football referees: A representative survey of Swiss referees officiating at all
levels of play. Scand. ]. Med. Sci. Sports 2011, 21, 42-47. https://doi.org/10.1111/j.1600-0838.2009.01003.x.

Weston, M.; Castagna, C.; Impellizzeri, F.M.; Bizzini, M.; Williams, A.M.; Gregson, W. Science and medicine applied to soccer
refereeing: An update. Sports Med. 2012, 42, 615-631. https://doi.org/10.2165/11632360-000000000-00000.

Cuthbert, M.; Ripley, N.; McMahon, ].].; Evans, M.; Haff, G.G.; Comfort, P. The Effect of Nordic Hamstring Exercise Intervention
Volume on Eccentric Strength and Muscle Architecture Adaptations: A Systematic Review and Meta-analyses. Sports Med. 2020,
50, 83-99. https://doi.org/10.1007/s40279-019-01178-7.

Opar, D.A.; Williams, M.D.; Shield, A.J]. Hamstring strain injuries: Factors that lead to injury and re-injury. Sports Med. 2012, 42,
209-226. https://doi.org/10.2165/11594800-000000000-00000.

Bradley, P.S.; Portas, M.D. The relationship between preseason range of motion and muscle strain injury in elite soccer players.
J. Strength Cond. Res. 2007, 21, 1155-1159. https://doi.org/10.1519/R-20416.1.

Ekstrand, J.; Hagglund, M.; Walden, M. Injury incidence and injury patterns in professional football: The UEFA injury study.
Br. ]. Sports Med. 2011, 45, 553-558. https://doi.org/10.1136/bjsm.2009.060582.

Lee, JW.Y.; Mok, KM.; Chan, H.C.K,; Yung, P.S.H.; Chan, K.M. Eccentric hamstring strength deficit and poor hamstring-to-
quadriceps ratio are risk factors for hamstring strain injury in football: A prospective study of 146 professional players. J. Sci.
Med. Sport 2018, 21, 789-793. https://doi.org/10.1016/j.jsams.2017.11.017.

Ribeiro-Alvares, J.B.; Oliveira, G.D.S.; De Lima, E.S.F.X,; Baroni, B.M. Eccentric knee flexor strength of professional football
players with and without hamstring injury in the prior season. Eur. J. Sport Sci. 2021, 21, 131-139.
https://doi.org/10.1080/17461391.2020.1743766.

Opar, D.A,; Williams, M.D.; Timmins, R.G.; Hickey, J.; Duhig, S.J.; Shield, A.]. Eccentric hamstring strength and hamstring
injury risk in Australian footballers. Med. Sci. Sports Exerc. 2015, 47, 857-865. https://doi.org/10.1249/MSS.0000000000000465.



Int. J. Environ. Res. Public Health 2021, 18, x FOR PEER REVIEW 9 of 9

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

van Beijsterveldt, A.M.; van de Port, 1.G.; Vereijken, A.]J.; Backx, F.J. Risk factors for hamstring injuries in male soccer players:
A systematic review of prospective studies. Scand. ]. Med. Sci. Sports 2013, 23, 253-262. https://doi.org/10.1111/j.1600-
0838.2012.01487 .x.

Witvrouw, E.; Danneels, L.; Asselman, P.; D'Have, T.; Cambier, D. Muscle flexibility as a risk factor for developing muscle
injuries in male professional soccer players. A prospective study. Am. J. Sports Med. 2003, 31, 41-46.
https://doi.org/10.1177/03635465030310011801.

Woods, C.; Hawkins, R.D.; Maltby, S.; Hulse, M.; Thomas, A.; Hodson, A.; Football Association Medical Research, P. The Foot-
ball Association Medical Research Programme: An audit of injuries in professional football--analysis of hamstring injuries. Br.
J. Sports Med. 2004, 38, 36—41. https://doi.org/10.1136/bjsm.2002.002352.

De Vos, R]J.; Reurink, G.; Goudswaard, G.J.; Moen, M.H.; Weir, A_; Tol, J.L. Clinical findings just after return to play predict
hamstring re-injury, but baseline MRI findings do not. Br. |. Sports Med. 2014, 48, 1377-1384. https://doi.org/10.1136/bjsports-
2014-093737.

Wollin, M.; Thorborg, K.; Pizzari, T. The acute effect of match play on hamstring strength and lower limb flexibility in elite
youth football players. Scand. ]. Med. Sci. Sports 2017, 27, 282-288. https://doi.org/10.1111/sms.12655.

Croisier, ].L.; Ganteaume, S.; Binet, J.; Genty, M.; Ferret, ] M. Strength imbalances and prevention of hamstring injury in profes-
sional soccer players: A prospective study. Am. J. Sports Med. 2008, 36, 1469-1475. https://doi.org/10.1177/0363546508316764.
Lopez-Samanes, A.; Moreno-Perez, D.; Mate-Munoz, J.L.; Dominguez, R.; Pallares, ].G.; Mora-Rodriguez, R.; Ortega, ].F. Circa-
dian rhythm effect on physical tennis performance in trained male players. ]. Sports Sci. 2017, 35, 2121-2128.
https://doi.org/10.1080/02640414.2016.125848]1.

Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Doleshal, P.; Dodge, C. A new approach to
monitoring exercise training. J. Strength Cond. Res. 2001, 15, 109-115.

Thorborg, K.; Petersen, J.; Magnusson, S.P.; Holmich, P. Clinical assessment of hip strength using a hand-held dynamometer is
reliable. Scand. ]. Med. Sci. Sports 2010, 20, 493-501. https://doi.org/10.1111/j.1600-0838.2009.00958.x.

van der Made, A.D.; Paget, L.D.A.; Altink, ].N.; Reurink, G.; Six, W.R.; Tol, ].L.; Kerkhoffs, G.M. Assessment of Isometric Knee
Flexor Strength Using Hand-Held Dynamometry in High-Level Rugby Players Is Intertester Reliable. Clin. J. Sport Med. Off. ].
Can. Acad. Sport Med. 2021, 31, e271-e276. https://doi.org/10.1097/JSM.0000000000000793.

Moreno-Perez, V.; Ayala, F.; Fernandez-Fernandez, J.; Vera-Garcia, F.J. Descriptive profile of hip range of motion in elite tennis
players. Phys. Ther. Sport Off. ]. Assoc. Chart. Physiother. Sports Med. 2016, 19, 43—48. https://doi.org/10.1016/j.ptsp.2015.10.005.
Cejudo, A; Sainz de Baranda, P.; Ayala, F.; Santonja, F. Test-retest reliability of seven common clinical tests for assessing lower
extremity muscle flexibility in futsal and handball players. Phys. Ther. Sport Off. ]. Assoc. Chart. Physiother. Sports Med. 2015, 16,
107-113. https://doi.org/10.1016/j.ptsp.2014.05.004.

Bastida-Castillo, A.; Gomez-Carmona, C.D.; De La Cruz Sanchez, E.; Pino-Ortega, ]. Comparing accuracy between global posi-
tioning systems and ultra-wideband-based position tracking systems used for tactical analyses in soccer. Eur. ]. Sport Sci. 2019,
19, 1157-1165. https://doi.org/10.1080/17461391.2019.1584248.

Castillo, D.; Camara, J.; Lozano, D.; Berzosa, C.; Yanci, J. The association between physical performance and match-play activi-
ties of field and assistants soccer referees. Res. Sports Med. 2019, 27, 283-297. https://doi.org/10.1080/15438627.2018.1534117.
Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155-159. https://doi.org/10.1037//0033-2909.112.1.155.

Del Coso, J.; Brito de Souza, D.; Moreno-Perez, V.; Buldu, ].M.; Nevado, F.; Resta, R.; Lopez-Del Campo, R. Influence of Players’
Maximum Running Speed on the Team’s Ranking Position at the End of the Spanish LaLiga. Int. ]. Environ. Res. Public Health
2020, 17, 8815. https://doi.org/10.3390/ijerph17238815.

Morin, J.B.; Gimenez, P.; Edouard, P.; Arnal, P.; Jimenez-Reyes, P.; Samozino, P.; Brughelli, M.; Mendiguchia, J. Sprint Acceler-
ation Mechanics: The Major Role of Hamstrings in Horizontal Force Production. Front. Physiol. 2015, 6, 404.
https://doi.org/10.3389/fphys.2015.00404.

Gabbe, B.].; Finch, C.F.; Bennell, K.L.; Wajswelner, H. Risk factors for hamstring injuries in community level Australian football.
Br. ]. Sports Med. 2005, 39, 106-110. https://doi.org/10.1136/bjsm.2003.011197.

Moreno-Perez, V.; Soler, A.; Ansa, A.; Lopez-Samanes, A.; Madruga-Parera, M.; Beato, M.; Romero-Rodriguez, D. Acute and
chronic effects of competition on ankle dorsiflexion ROM in professional football players. Eur. ]. Sport Sci. 2020, 20, 51-60.
https://doi.org/10.1080/17461391.2019.1611930.

McMurtry, S.; Fiedler, G. Comparison of lower limb segment forces during running on artificial turf and natural grass. J. Rehabil.
Assist. Technol. Eng. 2019, 6, 2055668319835701. https://doi.org/10.1177/2055668319835701.



