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ABSTRACT
The present case study allowed an examination of the link between sleep and injury
occurrence in an elite male soccer player competing in French League 1 and Union of
European Football Associations matches. During 4 months, a mixed method approach was
used, combining actigraphic sleep assessment with qualitative interviews on a daily basis.

D

Three injuries were reported over the study period. Sleep onset latency, both in the single
night (117±43 min) and in the week (78±50 min) before injury occurrence, was longer than

TE

pre-season baseline values (18±13 min; effect size (ES): 3.1 and 1.6, respectively). Similarly,
sleep efficiency in the single night (73±7%) and the week (75±7%) before injury occurrence,
was lower than baseline (90±3%; ES: 3.2 and 2.8, respectively). In the present case-study,

C
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sleep onset latency and efficiency were altered on the night and in the week before injury
occurrence. Individualized assessment of sleep during congested playing schedules may be
useful to aid in preventing injury occurrence.

Keywords: Recovery; fatigue; football; Stress; interview
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INTRODUCTION

In elite soccer, players are frequently exposed to various situations and conditions that can

A

interfere with sleep, potentially leading to sleep restriction (25). Participation in a single
match involves repetitive physically demanding activities (e.g. sprinting, accelerations and
decelerations, changes of direction). Most of these tasks include braking actions which elicit
active muscle lengthening leading to cytoskeletal disruptions (i.e. muscle damage) (11,26).
Soccer players are consequently prone to pronounced muscle soreness immediately postexercise (17). In the context of high training loads, it has been shown that muscle soreness
may induce difficulties in remaining immobile during sleep and thus impaired sleep quantity
and quality may result (16). Environmental conditions and behaviours related to evening
Copyright ª 2017 National Strength and Conditioning Association
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soccer matches (e.g. bright light in the stadium, caffeine consumption) as well as engagement
and arousal when competing at night are often not conducive to sleep. Several studies have
revealed that following an evening match (kick off after 18:00), players fall asleep later, time
in bed is significantly shorter and the resulting amount of sleep is significantly less than
following day matches and/or training days (31,34). Alternating between domestic,

D

continental and international matches may lead to additional exhausting travel stress and
sleep restriction (6). When playing two evening matches per week across several months, a

TE

very late bedtime and early wake up time can lead to repetitive sleep curtailment, which may
finally lead to chronic sleep debt. Sleep restriction may be detrimental to the outcome of the
recovery process after a match, resulting in impaired muscle glycogen repletion and damage
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repair, alterations in cognitive function and greater mental fatigue (25). During congested
playing schedules, the recovery time allowed between two successive matches (i.e. 3-4 days)
may be insufficient to restore homeostasis (26). In addition, the accumulation of muscle
damage associated with inadequate recovery may leave the muscles more prone to muscle
injury (28). These processes can predispose an individual to greater risk of injury (4). Yet, to
the best of our knowledge, little evidence is available regarding the role of sleep restriction on

C

the risk of acute injury among elite soccer players.

A

Luke et al. (21) found that sleeping 6 or fewer hours the night before the injury was
associated with fatigue-related injuries among a mix of youth athletes participating in
basketball, football, soccer and running. Accordingly, Milewski et al. (24) found that hours of
sleep per night were a significant independent risk factor for injury among adolescent
athletes: athletes who slept on average less than 8 h per night were 1.7 times more likely to
sustain an injury compared with athletes who slept more than 8 h. However, only
questionnaires were used to assess sleep duration in these young athletes, rather than
objective sleep measurements (21,24). Dennis et al. (3) have showed that sleep duration and
Copyright ª 2017 National Strength and Conditioning Association
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efficiency were significantly greater in the week of injury occurrence than during the
previous 2 weeks among elite Australian footballers. However, these differences were
unrelated to injury and only match - and not training - injuries were included in this study (3).
However, injury rate during training can reach up to ≈4 injuries per 1000 hours of exposure
in soccer (4). Furthermore, the high inter-individual variability frequently observed in sleep

D

variables within elite athletes underlies the importance of assessing sleep on a case-by-case
basis (8,20,34). This is particularly true when assessment leads to the provision of

TE

interventions designed to improve the sleep of athletes. Using a case-study approach, the
present investigation aimed to examine the link between sleep and injury occurrence in an
elite soccer player across 4 months of a heavy playing schedule. Since qualitative methods
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are able to investigate reasons why players cannot achieve an adequate sleep quantity or
quality for performance (27), this study combined both quantitative and qualitative methods
to investigate not only how the player slept but also the psycho-socio-physiological factors
influencing his sleep.
METHODS

C

Experimental Approach to the Problem

After pre-season familiarization, including baseline mean values for 5 nights and chronotype

A

assessment, data were collected from 15th August 2014 to 7th December 2014. The six-week
period leading up to the data collection involved a four-week pre-season training period
(team training: 21 sessions; injury prevention: 7 sessions; strength and conditioning training:
20 sessions); and two weeks with one competitive match per week, i.e. UEFA (Union of
European Football Associations) Champions League qualifications. The player performed in
these two matches and was available for team selection at the start of the study. A typical inseason week is outlined in Table 1. During the study period, the team firstly participated in
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the UEFA Champions League qualifications; due to elimination, the team was then involved
in the UEFA Europa League. Before both home and away matches, the player may have
spent 1 or 2 night(s) before the match in an unfamiliar hotel environment. Evening soccer
matches were played at a kick-off time between 19:00 and 21:05, with exposure to 250
floodlights and 2000-lux bright light during home matches (Grand Stade Pierre Mauroy).

D

According to the number of matches per week, the typical week consisted of 5 to 6 training
sessions. The training load for each training session was recorded using methods described by

TE

Foster et al. (5), whereby a total training load (arbitrary units) was calculated by multiplying
the session-rating of perceived exertion (RPE) by the session time. An injury prevention
program was regularly implemented two days before the match, which included

C
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proprioceptive exercises, Nordic hamstring lowers, good morning, calf eccentric exercises
and abdominal core (plank and side plank). When playing one match per week, one session
of upper- (lat pull down, push-ups, bench throw, biceps curl, dips) and lower- (leg press,
squats, steps-ups, snatch, and clean-and-jerk) body strength training were additionally
implemented in the training week. When playing two matches per week, the player was
advised to immerse himself after the match in a cold bath at 10°C for 10 minutes. The player

C

ate his pre-match meal 3 hours before the match. The meal comprised low-glycemic-index
carbohydrate foods. Caffeine intake before and/or during the match was recorded as well as

A

any hypnotic compound intake (i.e. short half-life non-benzodiazepine medications) before
the night. At the end of the match, the player consumed high-glycemic-index carbohydrate
foods and proteins (sport drinks, milkshakes, yogurt, soup, sandwiches). The main
investigator met the player on a daily basis during the first month of the study and then on a
weekly basis to ensure compliance with the protocol and completion of the sleep diary. He
also discussed the rationale for the sleep recommendations. The player was recommended to
sleep for at least 10 hours per night, based on a study by Mah et al. (22) who showed that
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obtaining as much nocturnal sleep as possible (with a minimum goal of 10 h in bed each
night) contributes to improved athletic performance, reaction time, daytime sleepiness and
mood. To encourage this, he was advised to create a low-light and cool (18–19 °C) sleep
environment, avoid all electronic stimulants (i.e., television, mobile phone, computer) in the
hour prior to sleep, have a regular bedtime/wake time, avoid sleeping too late in the morning

D

on days off, and to only nap briefly (i.e., 5–30 min) and appropriately (close to the early
afternoon and not during the morning or evening). Additionally, the entire team was regularly

TE

advised not to drink alcohol by means of posters in the dressing room and oral presentations
to the players. All the recommendations were checked for compliance by the main
investigator.
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A mixed method approach was used, combining objective sleep assessment with qualitative
interviews, to ascertain both sleep quantity/quality and the psycho-socio-physiological acute
and chronic stressors (25). Qualitative interview techniques are particularly useful in the
examination of the “why” questions at the heart of this research (35). In this respect,
interview sessions with the player were carried out to obtain qualitative measures of the

C

psycho-socio-physiological acute and chronic stressors experienced during the study period
and their potential impact on sleep. Sleep and injury data were recorded each day throughout

A

the study. Injury data corresponded to time loss injuries, which resulted when the player was
unable to fully take part in future soccer training or matches owing to physical complaints
(9). Illnesses, diseases, and mental complaints were not considered physical complaints but
were taken into account during interviews. Information about injury circumstances (training
or match), location and type were recorded (9). The same doctor diagnosed all injuries, and
the player was considered injured until medical staff cleared him for participation in full
training or matches. Injury severity was defined as the number of days that had elapsed from
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the date of injury to the date of the player’s return to full participation in team training and
availability for match selection (13).
The subject
The player is a 31-year-old male fullback (defender), currently competing in the French
League 1, i.e. the top league in France. He turned professional at age 18 and was a regular

D

starter for his club for 7 consecutive seasons before the start of the present study. He was

TE

internationally capped with the young French national teams. Baseline anthropometric
characteristics were: height, 1.77 m; mass, 78.9 kg; body fat, 9.0% (Dual-energy X-ray
absorptiometry, Hologic Discovery A, WA, USA). He was informed about the purpose of the
study, and the main investigator answered any questions. The player did not outline any
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medically diagnosed sleeping disorder. Regular informal conversations with the player and
support staff at the club (i.e., sports scientists and medical staff) contributed to full adherence
to the protocol. The present study was approved by the Ethical Committee (Lille, France)
prior to data collection (CCTIRS #10544). The subject was informed of the benefits and risks
of the investigation prior to signing an institutionally approved informed consent document to

A

C

participate in the study.

Procedures

In field-based studies that involve data collection over consecutive nights, activity monitors
are typically preferred over polysomnography - the gold standard for monitoring sleep because they are wearable, non-invasive and operate remotely without an attendant
technician. In the present study, the player’s sleep behaviour was monitored using self-report
sleep diaries and a wrist activity monitor (Actisleep, TheActigraph, Pensacola, FL, USA),
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which is worn like a wristwatch on the non-dominant wrist during each sleep period and
continuously records body movements. The data is sampled from the accelerometer at a
frequency of 30 Hz, the device records 60-s epochs and stores 1800 data items per minute.
The recorded data were processed automatically with Actilife5 software (Version 5.5.5,
TheActigraph, Pensacola, FL, USA), which indicated whether the participant was awake or

D

asleep for each recorded 60-s epoch. Essentially, all time was scored as wake unless: (1) the
sleep dairy indicated that the participant was lying down attempting to sleep and (2) the

TE

activity counts from the monitor were sufficiently low to indicate that the participant was
immobile (30). The actigraphy method has been shown to be reliable and valid to objectively
measure sleep (1,33) with a medium sleep-wake threshold generating the smallest mean bias
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compared with polysomnography for total sleep time (8.5 min; 95% confidence limits (CL):
2.1-14.9; standard error of estimate (SEE): 26.1; r = 0.83), sleep efficiency (1.8%; 95% CL:
0.5-3.7; SEE: 4.6; r = 0.35) and wake after sleep onset (-4.1 min; 95% CL: -10.0 to 1.8; SEE:
20.5; r = 0.33) (10). A medium sleep–wake threshold (>= 50 activity counts is scored as
wake) was accordingly applied to the data set. The sleep variables were measured as follows:
Time In Bed (TIB) was defined as between lights off (bedtime) and sleep end; Sleep Onset

C

Latency (SOL) was defined as the time between lights off and sleep onset; Total Sleep Time
(TST) was defined as time spent asleep determined from sleep start to sleep end, minus any

A

wake time; Sleep Efficiency (SE) was defined as the TST divided by the TIB (expressed as a
percentage).

Each morning, the player was asked to rate his overall perceived sleep quality using a visual
10-point analogue scale, where 1 equals “excellent” and 10 equals “very poor”.
Interviews were conducted in order to enable the player to describe experiences in his own
words. Each interview session started with the player’s recent performance. Then the
conversation gradually narrowed down to topics related to his sleeping experience. Questions
Copyright ª 2017 National Strength and Conditioning Association
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such as his nervousness and/or thoughts related to the match result provided the interviewer
with insights into changes in his sleeping habits. Each interview session was conducted in a
relaxed and comfortable atmosphere for the player. The issue of confidentiality was of critical
concern; the player was given assurances that no negative impact from the research would

D

affect his career progression.

TE

Statistical Analyses

Simple descriptive statistics are reported as means ± standard deviations (SD). Comparisons
between baseline and nights before injury occurrence / night after evening soccer match were

C
EP

assessed through the difference in change scores. Effect size data (ES) was calculated to
determine the magnitude of the change score and was assessed using the following criteria: <
0.2 = trivial, 0.2–0.6 = small, 0.6–1.2 = moderate, 1.2–2.0 = large, and > 2.0 = very large.

RESULTS

C

Time loss due to injury

A

Throughout the study period, the player played 20.6 h in 15 matches, while the daily training
load was 332±227 AU. A total of 3 injuries in matches (n=2) and training (n=1) were
reported over the study period. The player successively suffered a groin tear (Day 12;
moderate severity: 13 days), hamstring strain (Day 26; moderate severity: 10 days) and
finally an ankle sprain injury (Day 115; major severity: 29 days). The player missed 3
competitive matches and was not available for a total of 23 days.

Copyright ª 2017 National Strength and Conditioning Association

9

Sleep
The Athlete’s Morningness–Eveningness Scale (29) revealed that the player’s chronotype
was mid range (18 to 23). Changes into player’s sleep behaviour from baseline were
examined over the considered period (Table 2). Sleep onset latency in the nights before injury
occurrence was compared to the measured sleep onset latency during baseline (18±13 min)

D

and was found to be systematically outside the intra-individual variability (mean ± 1SD),
with a very large difference (ES = 3.1). Similarly, sleep efficiency in the nights before injury

TE

occurrence (66-79%) was found to be systematically outside the intra-individual variability
reported during baseline (90±3%), with a very large difference (ES = 3.2). Sleep onset
latency in the week before injury occurrence (78±50 min) was longer than the measured sleep

C
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onset latency during baseline (18±13 min), with a large difference (ES = 1.6). Similarly, sleep
efficiency in the week before injury occurrence (75±7%) was outside the intra-individual
variability reported during baseline (90±3%), with a very large difference (ES = 2.8).
Throughout the study period, the player played 12 evening matches (kick-off time between
19:00-21:05). Sleep onset latency in the night after an evening match (65±35 min) was longer

C

than the measured sleep onset latency during baseline (18±13 min), with a large difference
(ES = 1.8). Similarly, sleep efficiency in the night after an evening match (70±10%) was

A

outside the intra-individual variability reported during baseline (90±3%), with a very large
difference (ES = 2.7). Subjective sleep quality in the night after an evening match was rated
lower than reported during baseline (7.1±2.0 versus 5.0±2.0, respectively).
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DISCUSSION
The present case study allowed for an examination of the relationship between sleep and
injury occurrence in an elite soccer player. Here, sleep onset latency and sleep efficiency
were altered on both the night before the injury and in the week of injury occurrence. In
addition to objective sleep assessment, qualitative interviews were performed to investigate

D

not only how the player slept, but also the psycho-socio-physiological acute and chronic

TE

stressors affecting his sleep.

Leeder et al. (20) proposed that as good practice, reference data for “normal” athlete sleep
behaviours measured in their own homes should be obtained, to allow for comparisons with
heavy training and competing (home/away) schedules. The elite (Olympic) athletes
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investigated in their study normally spent 516±53 min in bed and slept 415±43 min with a
high inter-individual variability in sleep measures. The player studied here matches these
sleep characteristics of a “normal” athlete (20). Additionally, his sleep efficiency - a sensitive
metric for estimating sleep quality - was 90±3% during baseline, whereas a measure below
85% is considered as indicative of disorder (12). As the player did not outline any medically

C

diagnosed sleeping disorder before the study, the present case may be viewed as a “normal”
sleeper into “normal” conditions, i.e. during a training week in familiar home environment.

A

However, as a regular starter for his club involved in domestic and UEFA continental
matches, the player was frequently exposed to various situations and conditions that can
interfere with sleep. Firstly, several studies have revealed that following an evening match
(kick off after 18:00), sleep onset occurs significantly later, time in bed is significantly
shorter and the amount of sleep obtained is significantly less than following a day match
and/or training day (31,34). Our results agree with these previous reports, as sleep in the night
after an evening soccer match (kick-off time between 19:00 and 21:05) is worse when
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compared to baseline, both objectively (i.e. sleep onset latency, sleep efficiency) and
subjectively (sleep quality). The qualitative interviews were used to explain the reasons for
difficulty in initiating and/or maintaining sleep in such circumstances. The main reasons
reported by the player to explain his altered sleep after the 12 evening soccer matches studied
were: “match-induced nervousness and/or thoughts on the match” (42% of matches) and

D

“muscle damage and muscle/joint soreness” (25%). Interestingly, the player also explained
that a very late bedtime (2:12) after a home evening match (kick-off time: 20:00) was also

TE

due to recovery strategies (i.e. cold bath and post-match meal) and social requirements (postmatch interviews in VIP lounges). After an evening match, an elite soccer player may
consequently experience insomnia-like symptoms, which is viewed as a disorder of
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hyperarousal, with the healthy transition from wake to sleep being substantially inhibited by
two processes, cognitive arousal and attentional bias (12). Future studies are required to
assess the effectiveness of “down time” strategies (e.g. stress management techniques)
implemented between the end of an evening match and bedtime on sleep measures. In the
present case study, mean wake up time after an evening match was 8:47±1:22, due to
morning recovery sessions being planned at 10:00 (Table 1). The manager (60 years old) was

C

an ex-professional player and held strong conservative ideas/traditions acquired through his
own professional soccer career (27). Future studies are required to assess how coaches’ sleep,

A

by comparing it to the players, especially after an evening match. Such studies may assist in
finding an optimal balance between scheduling morning training sessions and restricting
sleep opportunity (32), despite preventing any “social jet lag” (18).
When playing two evening matches per week, a very late bedtime and early wake up time can
lead to repetitive sleep curtailment, which may finally lead to sleep restriction. In conjunction
with the accumulation of muscle damage, sleep restriction may be detrimental to the outcome
of the recovery process after a match and may eventually predispose the individual to a
Copyright ª 2017 National Strength and Conditioning Association
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greater risk of injury (4,25,28). Two potential arguments for delayed recovery in a sleepdeprived condition are that sleep restriction leads to a greater amount of exercise-induced
damage and/or there is an impaired rate of repair after an exercise bout (2). Additionally,
sleep restriction may result in an increased predisposition to injury due to decreased
concentration, alertness and attention, reduced reaction time and response speed, and poor

D

sports-specific skill execution (7,14,37). In the present case study, both sleep onset latency
and sleep efficiency were altered both in the single night and the week before injury

TE

occurrence. These results are in contrast to those by Dennis et al. (3) who found that sleep
duration and efficiency were significantly greater in the week of injury occurrence (437±61
min and 82±7%) than during the previous 2 weeks (414±64 min and 79±7%). Notably,
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differences in baseline efficiency values between studies (90±3 versus 79±7%) may explain
this discrepancy. Throughout the study, the player spent 14 nights (12% of the total nights)
before home and away matches in an unfamiliar hotel environment. Described by Suetsugi et
al. (36) “the first night effect” may potentially contribute to the large impairments in sleep
onset latency and/or sleep efficiency observed before injury occurrence. The player’s nap
frequency (i.e. the percentage of days on which a nap was taken) reached 20% when the

C

player was available for training participation and team selection, which is twice more than
for data reported in elite team sports (19). However, nap frequency decreased up to 9%

A

during the injury-induced unavailability period. To explain this behaviour change, the player
said: “I would like to nap more but medical care is mandatory at 16:00”. During the return
period from injury, a player is usually involved in the gym and/or treatment room and/or on
the pitch at least twice per day. This procedure may consequently disrupt habitual sleeping
patterns. Future studies are needed to ascertain the role of sleep (and especially napping) on
injury recovery (e.g. rate of muscle repair).
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Lastly, some methodological aspects of the present case study must be considered. The
overall level of evidence for previous injury as a risk factor for both injuries of the same type
and/or another location is high (23). In the present study, injuries of the same type and
anatomical location were not included in the data analysis. However, we cannot exclude a
potential bias arising from repeated measures on the same player. This contributes to the low

D

level of evidence assigned to non-analytic studies such as case reports and case series (15).
Future studies are required to investigate the link between sleep and injury occurrence in a

TE

whole team during a heavy playing schedule.

C
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CONCLUSION

This case study was conducted as a real-world applied example for other players and
practitioners seeking to deploy sleep hygiene strategies to reduce injury risk and maximize
player availability. Sleep onset latency and sleep efficiency may be particularly useful sleep
variables to track during congested playing schedules in order to prevent injury occurrence.
Therefore, sport scientists should address each individual’s post-match sleep to better

C

appraise this fundamental physiological component in an attempt to enhance recovery and
preparations for subsequent training and/or performance. Individualized assessment of sleep

A

and sleep hygiene using actigraphy and sleep diaries/questionnaires, with consideration to
physiological (e.g. caffeine intake), behavioural (e.g. screen use/viewing 1 h before bed),
environmental (e.g. room temperature) and psychological (e.g. stressors) factors, is
recommended. Based on this approach, individualised sleep interventions that focus on
education, awareness and practical guidance can be provided to each athlete (34).
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PRACTICAL APPLICATIONS
• Sleep onset latency and sleep efficiency may be particularly useful sleep variables to
track during congested playing schedules in order to prevent injury occurrence
• Sleep in the night after an evening soccer match is deteriorated both objectively and

D

subjectively
• Assessing sleep on a case-by-case basis is a promising strategy in an attempt to
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Table 1. A typical in-season week for the player supported in this case study
Day

Morning

Afternoon

Monday

10:00: recovery (bike 25 min; ice bath; massage)

Off

Tuesday

10:00: injury prevention (20 min); team training Off
(moderate intensity; 45 min)
Off

Thursday

21:05:

D

Wednesday 10:00: team training (moderate intensity; 70 min)
Off

UEFA

Europa

TE

League match
10:00: recovery (bike 25 min; ice bath; massage)

Off

Saturday

10:00: team training (low intensity; 45 min)

Off

Sunday

Off

14:00: French League 1

C
EP

Friday

match

UEFA: Union of European Football Associations

A

C

Team training = attacking and defensive patterns, match plans and general skills; Injury
prevention = proprioceptive exercises, Nordic hamstring lowers, good morning, calf eccentric
exercises and abdominal core (plank and side plank)
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Table 2. Sleep variables during baseline, the week/night before injury occurrence and
after an evening soccer match (mean±SD).
Baseline Week
before Night before injury Night
after
injury occurrence

occurrence (n=3)

evening

soccer

match
Time

in

bed 449±53

479±83

619

481

519

78±50

118

159

73

429±77

Sleep

onset 18±13

D

(min)

Total sleep time 406±52

357±65

(min)

(%)

Subjective sleep 5.0±2.0
quality (AU)

316

408

302±77

74

66

79

70±10

5.3±1.4

4

7.1±2.0

4

6

A

C

AU = arbitrary unit

75±7

459

C
EP

Sleep Efficiency 90±3

TE

latency (min)

65±35
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