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the second match.

2 (p=0.027). No changes were observed in the TQR.

Background: The purpose of this study was to examine the effects of two competitive field hockey matches, played
on consecutive days, on maximal isometric hip adductor and abductor strength, wellness and fatigue.

Methods: Fourteen professional female field hockey players (age: 20.4 4 5.4 years; body mass: 60.7 £ 7.2 kg; height:
167.04 1.0 cm) volunteered to participate in this investigation. Maximal isometric hip adductor and abductor
strength were obtained before (pre-match 1) and after the first match (post-match 1), after the second match (post-
match 2), and 48 h after the second match. Locomotion patterns during the matches were obtained with portable
Global Positioning System (GPS) and perceived exertion (RPE) was assessed after each match. In addition, Wellness
Questionnaire (5-WQ) and the Total Quality Recovery Scale (TQR) were employed before the matches and 48 h after

Results: For the non-dominant limb, the maximal isometric hip adductor and abductor strength were lower after
post-match 2 when compared to pre-match 1 (p=0.011). Hip abductor strength in the non-dominant limb remained
reduced 48 h after post-match 2 (p <0.001). There were no differences in the total distance covered when comparing
match 1 and match 2. Players reported more acute fatigue (5-WQ, p=0.009) and increased muscle soreness on pre-
match 2 compared to pre-match 1 (p=0.015), while fatigue returned to pre-competition levels 48 h after post-match

Conclusion: The assessment of maximal adductor and abductor strength before and after competitive matches, in
addition to evaluating self-perceived fatigue by a wellness questionnaire can help to identify field hockey players with
excessive fatigue responses during tournaments with a congested match program.

Keywords: Team sports, Risk factors, Consecutive matches, External load

Background

Groin injuries are one of the most frequent overuse
injuries in field hockey, accounting for up to 10% of all
injuries reported in competitive field hockey teams [1].
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Preventing groin injury in field hockey is essential to
reduce the burden on players and teams [2]. Thus, the
implementation of preventive measures, the identifi-
cation of the risk factors associated with the develop-
ment of the injury, and the understanding of potential
mechanisms exacerbating the severity of groin injury are
paramount for this aim [3]. The complexity involved to
ascertain the causes of groin injuries is well recognized,
as in most cases the cause of injury is multifactorial [4].
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However, previous studies conducted in other sports
have identified several modifiable factors that affect the
risk of groin injury, such as reduced flexibility [5, 6] and
muscle weakness [7-11]. Amongst the modifiable risk
factors, low levels of isometric hip adductor strength
and/or imbalance in the hip adductor/abductor strength
ratio have received much attention in the literature
across a range of team sports [8]. However, the evidence
remains somewhat conflicting and there is still no con-
sensus regarding the role of low hip adductor/abductor
muscle strength in the etiology of a groin injury.

Irrespective of the complexities of risk factors, field
hockey match-play has been consistently associated with
a several-fold greater incidence of muscle injuries when
compared to training [1]. The combination of high physi-
cal demands during match play together with insufficient
recovery time in between games may in part explain the
higher injury rates reported during field hockey match
play compared to training [12]. Field hockey match-play
involves frequent explosive actions that require a high
rate of force development (RFD) and significant eccentric
muscle loadings, such as change of directions, accelera-
tions, and decelerations [13].

Previous studies have shown that demands of match
play in intermittent explosive sports such as football can
induce muscle damage and post-match fatigue lasting up
to 72 h, the latter due to a marked depletion in muscle
glycogen concentrations [14]. Field hockey players are
habitually exposed to densely packed match programs
with a high number of matches performed in daily con-
junction, particularly during international tournaments
(e.g. Olympic Games) [15]. Previous reports have sug-
gested that the accumulation of neuromuscular fatigue
during successive matches may lead to an altered physical
performance of the players [16]. In addition, the effects
of a congested calendar in intermittent sports may also
include reductions in maximal hip adductor strength
[17].

Further, Crow et al. [6] reported that hip adductor
muscle strength was reduced (—6%) during the week
that preceded, or in the actual week, of sustaining a groin
injury in elite under-age Australian footballers. Thus, it is
possible that residual hip muscle fatigue due to limited
recovery between successive matches could compromise
the physical performance and lead to acutely reduced lev-
els of hip adductor and abductor strength in field hockey
players.

Therefore, the aim of this study was to examine the
effects of two consecutive official field hockey matches,
played on consecutive days, on selected risk factors for
groin injury such as maximal hip adductor and abduc-
tor strength as well as self-perceived recovery status
in female field hockey players. We hypothesized that
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there would be a progressive decline in the maximal hip
adductor and abductor strength because the short time
between successive matches would be insufficient to
allow for complete neuromuscular recovery.

Material and methods

Participants

Fourteen healthy professional female field hockey play-
ers (age: 20+ 5.4 years; body mass: 60.7 +7.2 kg; height:
167.0+1.0 cm) took part in this prospective study. Par-
ticipants were recruited from a Second Division field
hockey team in Spain and they were training ~ 6.3+ 0.8 h/
week in the previous 3 months typically performing a
single competitive match per week. Participants had an
average of 11+ 6 years of field hockey experience. Exclu-
sion criteria were: (a) a history of adductor or abductor
injury or related orthopaedic problems within the three
previous months prior to testing; (b) impossibility to be
tested due to other types of lower limb injury; (c) expe-
riencing lower limb muscle soreness at time of baseline
testing; (d) intake of medications or dietary supplements
(e.g. caffeine) for the duration of the study. Goalkeepers
were excluded due to the different nature of their activ-
ity during both training and match activities. Before tak-
ing part in the study, participants were fully informed
about the experimental protocol and provided their writ-
ten informed consent. This investigation was performed
in accordance with the Declaration of Helsinki 2013 and
was approved by the local Ethics Committee of the Uni-
versidad Francisco de Vitoria (45/2018).

Data collection

This study was a prospective and descriptive experi-
ment that involved two official competitive field hockey
matches played on consecutive days. Anthropometric
data, age, medical history, training frequency, and years
of experience were recorded for all participants before
the start of the study. The matches were performed in
November 2019 during a week that the field hockey team
had two consecutive matches of the Spanish National
League. Field hockey players were tested on four dif-
ferent occasions: before the first match (pre-match 1),
immediately after the first match (post-match 1), after
the second match (post-match 2), and again 48 h after
the second match (48 h post-match 2; Fig. 1). Specifically,
players were tested for maximal isometric hip adductor
and abductor strength in both limbs 60 min pre-match
1 and immediately post-match 1, post-match 2, and 48 h
post-match 2. According to previous procedures [18], the
order of the tests and the selection of players were chosen
at random. Limb dominance preference was defined as
the leg used for kicking a ball determined by a question-
naire filled out by the participants [19]. Before pre-match
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testing, all players performed a five-minute warm-up
including static stretches and joint mobility exercises
[20]. All tests were conducted by three physiotherapists
with several years of test experience. Moreover, the play-
ers completed the subjective Wellness Questionnaire
(5-WQ) before pre-match 1, pre-match 2, and 48 h post-
match 2 and Total Quality Recovery Scale (TQR) before
pre-match 2 and 48 h post-match 2. Internal match load
was reported using the session rate of perceived exertion
(s-RPE) obtained from each player and it was measured
30 min after the end of the matches. Trunk-based acceler-
ometer and Global Positioning System (GPS) units were
used to record running and locomotion patterns during
the matches. A month prior to baseline data collection,
players performed a familiarization session to reduce the
potential influence of learning effects on the outcomes
of the investigation. The players were instructed to avoid
alcohol and caffeine-containing foods/drinks for 24 h
before and during the duration of the study.

Measurements

Isometric hip adductor and abductor strength
Measurements of hip adductor and abductor isometric
strength in both limbs were obtained with a hand-held
dynamometer (Nicholas Manual Muscle Tester; Lafay-
ette Indiana Instruments, Lafayette, IN, USA) according

to the protocol by Thorborg et al. [20]. For this measure-
ment, each participant lay supine on a stretcher, with
their hips in a neutral position and stabilizing themselves
by holding on to the sides of the stretcher. The examiner
applied static resistance via a dynamometer placed 5 cm
proximal to the proximal edge of the medial (for adduc-
tor) and lateral (for abductor) malleolus while the partici-
pants performed a 5-s maximum voluntary contraction
against the dynamometer. Two repetitions were per-
formed for both the dominant and non-dominant limbs,
respectively, with a resting period of 30 s between suc-
cessive. The best (highest peak force) of the two trials in
the dominant and non-dominant limbs was selected to
represent maximal hip adductor and abductor strength.
Data were normalized by the body mass of the partici-
pant (N/kg).

Wellness questionnaire (5-WQ)

Subjective fatigue, sleep quality, general muscle sore-
ness, stress levels, and mood were rated by each player
using a validated five-point scale (5-WQ) by following
the protocol proposed by McLean et al. [21]. Each ques-
tion was scored by using a 1-to-5-point scale (0.5-point
increase), with 1 and 5 representing poor and very good
levels of well-being, respectively. The degree of “overall



Sanchez-Migallén et al. BMIC Sports Science, Medicine and Rehabilitation

well-being” was determined by calculating the sum of the
five scores.

Total Quality Recovery Scale (TQR)

To determine the self-perceived state of recovery, hockey
players completed the TQR scale, as described by Kenttd
et al. [22]. This scale ranges from 6 to 20 points, with 6
points being the minimum recovery value (i.e., represent-
ing zero or no recovery), and 20 points being the high-
est value of recovery (i.e., representing full, unconditional
recovery).

External match load

The external match load was monitored using 10-Hz
portable GPS and accelerometer units (Viper pod 2,
STATSports, Belfast, Northern Ireland). The GPS units
were placed in a neoprene harness on the players’ backs
between both scapulae. According to the manufacturer’s
recommendations, all devices were activated 15-min
before the initiation of data collection to allow the acqui-
sition of satellite signals and synchronization of the GPS
clock with the satellite’s atomic clock. The relative total
distance (m/min) and the number of accelerations and
decelerations above 3 m s~% were recorded.

Internal match load

Internal match load was estimated using the session rat-
ing of perceived exertion (s-RPE [23]). The RPE value
was determined using the Borg’s CR-10 scale, [ranging
from “very, very easy” (1 point) to “maximal” (10-points)]
recorded 30 min after the end of the match [23]. We
obtained an s-RPE value for each match by multiplying
the session intensity rating (RPE value) by the player’s
involvement in the match (effective time of play, in min-
utes), to obtain an s-RPE value expressed in arbitrary
units (A.U.) [24].

Statistical analysis

Descriptive statistics (mean and standard deviation)
were calculated for all variables obtained. Shapiro—Wilk
test was used to assess the normal distribution of data.
All variables presented a normal distribution in the test.
Differences in s-RPE and running parameters, respec-
tively, between the two matches, were evaluated using
paired t-testing. A repeated-measures analysis of vari-
ance (ANOVA) was used to evaluate changes in iso-
metric hip adduction and abduction strength across
four different time points (pre-match 1, post-match 1,
post-match 2, and 48 h after post-match 2). In case a sig-
nificant time-effect was found, post-hoc testing was car-
ried out subjected to Bonferroni correction. The effect
sizes of the repeated measures ANOVA were measured
using partial n* values and the following thresholds were
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used: trivial (n*<0.01); small (0.01<n*<0.06); medium
(0.06<n*<0.14); and large (n*>>0.14) [25]. A post-hoc
power analysis was performed for the primary outcome
variable considering large differences for effect size and
the sample size, a power of 0.79 was obtained. The sub-
jective variables obtained with the 5-WQ test were
compared using non-parametric repeated measures
Friedman’s analysis of variance (pre-match 1, pre-match
2, and 48 h after post-match 2). Post-hoc pairwise com-
parisons were done with the Durbin—Conover tests. The
TQR was compared between pre-match 2 and 48 h after
post-match 2 using paired t-testing. A confidence inter-
val of 95% was determined for all analyses and statistical
significance was set at p <0.05. The statistical analysis was
carried out using Jamovi (version 1.2.17; www.jamovi.

org).

Results

Isometric hip muscle strength showed significant dif-
ferences in the non-dominant limb for hip adduction (F
(3,33)=4.30, p=0.011, partial n*=0.175, Fig. 2). The
post-hoc tests showed a significant difference between
pre-match 1 and post-match 2 values (pPponferroni = 0-014),
while no other significant differences were found between
any time points. For the dominant limb, no difference in
time effect was observed (F (3,33) =2.79, p=0.056, par-
tial n*=0.119), but no significant difference was found
between successive time points of measurement.

In the case of isometric hip abductor strength, a
time-effect was observed for the non-dominant limb
(F (3,33)=4.30, p<0.001, partial n>=0.312), with
post-hoc tests revealing a decrease at post-match 1
(pbonferroni = 0034)7 pOSt—matCh 2 (pbonferroni = 0002)
and 48 h after post-match 2 (ppopferroni<0-001) com-
pared to pre-match 1 values. In contrast, no time-effect
was observed for the dominant limb time-effect (F
(3.33) =152, p=0.227, n*>=0.081).

No significant changes were observed between the two
matches for any of the locomotion variables investigated.
The physical performance variables showed no signifi-
cant differences between the matches (Table 1).

Self-perceived wellness measured by 5-WQ (Table 2)
remained unchanged between the three-time points of
measurement (x>=2.00, df=2, p=0.368). However, a
significant time effect was observed for fatigue rating
(x*=7.15, df=2, p=0.028), with players experiencing
more fatigue on pre-match 2 compared to pre-match 1
(p=0.009), while players recovered back to pre-com-
petition levels at 48 h post-match 2 (p =0.027). No dif-
ference in time-effect was observed for the muscle
soreness parameter (X*=5.82, df=2, p=0.055), with
significant differences emerging between pre-match 1
and pre-match 2 (p=0.015). The remaining parameters
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Fig. 2 Isometric hip adductor and abductor strength in professional field hockey players performing two matches on two consecutive days.

Table 1 Physical performance variables and s-RPE values reported for the two matches

Match 1 Match 2 p value
Relative total distance covered (m min~") 149.404-80.10 153.47 4457 0917
Number of accelerations above 3 m s—2 10.234+8.22 11.00+ 647 0.785
Number of decelerations exceeding 3 m s~2 431£377 5624456 0.083
s-RPE 6.734+1.90 7214£2.12 0.121

AU arbitrary units

Table 2 Items obtained in the subjective wellness questionnaire (5-WQ) in professional field hockey players competing in two

matches on consecutive days

(5-WQ) Pre-match 1 Pre-match 2 48 h post-match 2 Pre-match 1 versus Pre-match 1 versus Pre-match 2 versus
pre-match 2 48 h post-match 2 48 h post-match 2
14 p p

Fatigue 3.7940.89 32141.05 3.754+0.75 0.009 0.639 0.027

Sleep 3.794+0.70 3.794+0.80 3584090 1.000 0.374 0374

Soreness 3644063 3.144+0.386 3424051 0.015 0.198 0.198

Stress 3.79+£0.80 3.79+£0.97 350£1.17 0.810 0.904 0.904

Mood 4.00+0.88 436+0.63 4.00+0.74 0.243 0.882 0.306

Total wellness 19.00 £ 2.66 18.29+£3.00 1825+£293 0.232 0.232 1.000
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showed no differences between the three-time points of
data collection. Similarly, no differences were found in
TQR between pre-match 2 and 48 h after post-match 2
(t=157, p=0.142).

Discussion

The primary aim of this study was to examine the accu-
mulated effect of successive official field hockey matches,
played on consecutive days on selected risk factors for
groin injury (i.e., maximal hip adductor and abductor
strength). The secondary aim was to analyze the loco-
motive demands (i.e., GPS) and self-perceived exertion
and recovery parameters in female competitive field
hockey players. The main findings of this investigation
indicate that abductor and adductor muscle strength in
the non-dominant limb was reduced in comparison to
pre-competition values, suggesting that muscle weak-
ness accumulated during the two consecutive matches.
Notably, match performance (locomotion profile) in
the second match was similar to the first match. This
may indicate that professional field hockey players are
at a higher risk of groin injury when exposed to suc-
cessive matches on consecutive days, although match
performance may not be substantially affected by the
accumulation of fatigue. From a practical application
view, physiotherapist/strength and conditioning coaches
could monitor maximal isometric hip strength during
congested calendars to assess the likelihood of sustaining
a groin injury [6].

To our best knowledge, no previous investigation has
examined the effects of consecutive match play on maxi-
mal hip adductor muscle strength in field hockey players.
However, previous research has demonstrated that hip
adductor muscle strength is significantly reduced after
football matches played consecutively with insufficient
recovery (<96 h of rest between matches) compared
to baseline levels [17, 26]. Thus, in line with previous
reports, the present data revealed that isometric adduc-
tor strength decreased (—10.6%) acutely after the first
match (post-match 1) in the non-dominant limb and
after the second match (post-match 2) further decreased
both in the non-dominant (— 17.5%) and dominant limbs
(—13.4%) when compared to pre-match 1 levels.

The acute decrements in maximal hip strength
observed following match-play may potentially be
explained by onset of neuromuscular fatigue [27]
imposed by the specific physical demands of field hockey
play. In support of this notion, field hockey players per-
form a high number of short high-intensity accelerations,
decelerations, and rapid changes in direction including
side-cutting during matchplay [13], which are likely to
require very high concentric and eccentric contraction
forces by the hip adductor muscles. In addition, it is well
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known that short congestion periods of high loads in field
hockey may increase muscle damage markers (i.e., cre-
atine kinase) and residual fatigue that could require a rest
period to recovery previous fitness levels [28]. Assum-
ing a similar match load for competitive field hockey
players, this may explain the augmented decrease in hip
adductor strength observed at post-match 2 in the pre-
sent study. Consequently, the acute and sustained reduc-
tions in maximal hip adductor muscle strength presently
observed for the non-dominant side (10.6-17.5%) fol-
lowing consecutive days of match play might represent a
significant risk factor for the development of groin injury,
especially in players most prone to injury (indicated by
low strength levels of the hip adductor and restricted hip
ROM [16].

According to previous reports, reduced strength of
hip abductor muscles may affect the normal kinemat-
ics of the hip joint. Specifically, hip abductor weakness
may increase the range of internal hip rotation and knee
abduction, respectively, subsequently increasing the
risk of injury including non-contact ACL rupture dur-
ing sport [29, 30]. Therefore, monitoring hip abduction
muscle strength could be useful to control the injury
risk associated with acute or long-term reductions in
this variable. In the present study, maximal hip abduc-
tor strength was found to decrease in the non-dominant
limb when comparing post-match 1 (—11.1%), post-
match 2 (—14.9%) and 48 h post-match 2 (—17.0%) lev-
els to baseline (pre-match 1). Since no previous study has
analyzed hip isometric abductor muscle strength in field
hockey players, comparisons to the literature are not pos-
sible. A possible reason for the decrease in hip abduction
strength observed at post-match 2 on the non-dominant
side could be related to sarcomere disruptions within
the muscular fibres due to the repeated overextension
actions that occur during the different field hockey move-
ments (e.g. accelerations, deceleration, change of direc-
tions) [31] and/or accumulating fatigue. It is well known
that the diverse movement patterns and joint activities
involved with field hockey require vigorous involvement
of both the dominant and non-dominant lower limbs,
for example during the repetitive unidirectional pivot-
ing movements performed during forehand strokes and
drag-flicks (i.e., preferred method of scoring during
penalty corners in field hockey, mentioning that small
number of players are specialized players in drag flick-
ing actions) [32]. These strokes and player actions involve
a combination of powerful trunk rotations, high mus-
cle force production, and synchronization of lower limb
movements [33] that altogether may predispose for over-
use injuries (e.g. hip or lower back) not least due to the
high volume of skill-specific training required to develop
and maintain expertise in drag flicking [34]. In addition, a
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recent biomechanical study has shown that field hockey
actions (such as above) characterized by hip flexion per-
formed near the end range of motion (i.e. highly flexed)
combined with hip joint rotation and abduction may con-
tribute to an increased prevalence of hip injuries in field
hockey players [35].

Very few studies have examined the relationship
between congested match demands and mechanical
muscle function in field hockey players. McGuinness and
coworkers (2018) examined the physical state and physio-
logical capacity of elite field hockey players during a con-
densed tournament program where seven matches were
played in less than 2 weeks [36]. Notably, high intensity
running during the matches progressively decreased
throughout the tournament, with lower distances cov-
ered in games five, six, and seven when compared to
game one [36]. The present results showed that running
activity (i.e., distance covered and speed of movement,
in many team sports) could be sustained in the second
game, in spite of the fact that there was less than one day
of recovery. Consequently, despite physiological impair-
ments in hip muscle strength caused by two field hockey
matches played on consecutive days, this did not lead to
measurable decrements in playing performance (distance
covered, acceleration-deceleration profiles). It is possible,
however, that performance impairments would occur in
the case of a longer tournament with a higher number of
consecutive matches.

Measures of subjective wellness have been considered
a useful tool to quantify and report the internal response
to given activities of physical loading [37]. In the cur-
rent study, female hockey players showed elevated indi-
ces of fatigue and muscle soreness 48 h after pre-match
2 in comparison with baseline levels (pre-match 1). No
temporal changes were observed for any other variables
included in the 5-WQ analysis. Accumulating fatigue and
muscle soreness as well as signs of impaired subjective
wellness may generally be explained by the engagement
in repeated match demands [26]. The present results sup-
port the use of subjective wellness monitors such as the
5-WQ tool to evaluate mental recovery during periods of
condensed and congested match play, as it could provide
insightful information to coaches to individualize recov-
ery strategies and to manage training load exposure in
the preparation for subsequent matches.

In terms of perceived exertion of the players, the pre-
sent study reported similar s-RPE (346.1+231.7 AU
in match 1 and 392.31£203.82 AU in match 2) when
compared to previous reports [34] (348+61 AU in
match 1 and 436 &85 AU in the match 2). In addition,
McGuinness et al. [38] reported significant increases
in s-RPE between match 1 and match 2, which was
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supported by a strong tendency (p=0.056) for an
increase in-s-RPE following match 2 in comparison
with pre—post-match 1. Considering that it is common
for professional hockey players to participate in consec-
utive daily matches during packed tournaments as part
of their competition schedule, further research could
prove useful to identify the relationship between physi-
cal demands imposed during consecutive matches in
field hockey players and the resulting changes in s-RPE
[39].

As for self-perceived recovery (TQR), no significant
changes were found in the present study. Since there are
no previous studies in hockey analyzing the perceived
recovery via TQR in field hockey players, comparisons
with the literature were not possible. The present lack
of changes in TQR is partially supported by previous
observations in other intermittent-type team sports
such as football Gjaka et al. [39], with players engaging
in either one or two matches per week over a 4-week
period. Collectively, the available data thus suggest
TQR to be less sensitive than wellness measures in
the monitoring of field hockey players during the time
course of condensed match programs.

Limitations

Some potential limitations may be recognized for the
experimental design used in this investigation. Firstly,
the present study participants represented a specific
sample of female field hockey players, and the pre-
sent findings may therefore not extend to goalkeepers,
younger players, male field hockey players nor to ath-
letes from other team sports. In addition, the results
of this investigation are specific to the field hockey
competition entailing two consecutive matches while
other competitive scenarios with a higher number of
matches or higher recovery periods may present dif-
ferent results. Further, the match-induced changes in
hip muscle strength found in the present investigation
were not directly compared against the actual incidence
of groin injuries because the duration of the investiga-
tion was insufficient to obtain a representative num-
ber of groin injuries/complaints. Hence, the outcomes
of this investigation should be confirmed with more
prolonged experiments, where the development of
groin injuries can be compared to fluctuations in maxi-
mal hip abductor and adductor muscle strength. Last,
although hip muscle weakness, especially for the hip
adductors, appears to represent a recurrent finding in
previous investigations of risk factors for groin injury in
team sports [7—9] the present observations of acute and
more prolonged (448 h) hip muscle weakness do not
per se entail the development of groin injury.
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Conclusions

In summary, isometric hip adductor and abductor
strength in the non-dominant limb were reduced at
post-match 1 and post-match 2 compared to baseline
(pre-match 1) levels. These observations suggest that
two consecutive matches of field hockey, played on con-
secutive days, may increase the risk of groin injury in
professional female players due to transient (448 h)
hip abductor weakness. In addition, the current study
showed signs of enhanced fatigue and muscle soreness at
pre-match 2 compared to pre-match 1, while fatigue was
recovered 48 h after the second match (5-WQ). These
outcomes point toward a progressive accumulation in
fatigue during densely packed tournaments, although not
affecting running performance when assessed in match 2.
Collectively, the current data underline the necessity of
monitoring the hip adductor and abductor strength and
the fluctuations in players’ wellness in hockey competing
in a congested match program. These routines may help
identify field hockey players with excessive fatigue, who
may be prone to groin injury due to acute and persistent
(448 h) hip muscle weakness.
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