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Mathieu Nédélec • Alan McCall • Chris Carling •
Franck Legall • Serge Berthoin • Gregory Dupont

Published online: 16 November 2012
Ó Springer International Publishing Switzerland 2012

Abstract In the formerly published part I of this two-part
review, we examined fatigue after soccer matchplay and
recovery kinetics of physical performance, and cognitive,
subjective and biological markers. To reduce the magnitude of fatigue and to accelerate the time to fully recover
after completion, several recovery strategies are now used
in professional soccer teams. During congested fixture
schedules, recovery strategies are highly required to alleviate post-match fatigue, and then to regain performance
faster and reduce the risk of injury. Fatigue following
competition is multifactorial and mainly related to dehydration, glycogen depletion, muscle damage and mental
fatigue. Recovery strategies should consequently be targeted against the major causes of fatigue. Strategies
reviewed in part II of this article were nutritional intake,
cold water immersion, sleeping, active recovery, stretching, compression garments, massage and electrical stimulation. Some strategies such as hydration, diet and sleep are
effective in their ability to counteract the fatigue mechanisms. Providing milk drinks to players at the end of
competition and a meal containing high-glycaemic index
carbohydrate and protein within the hour following the
match are effective in replenishing substrate stores and

optimizing muscle-damage repair. Sleep is an essential part
of recovery management. Sleep disturbance after a match
is common and can negatively impact on the recovery
process. Cold water immersion is effective during acute
periods of match congestion in order to regain performance
levels faster and repress the acute inflammatory process.
Scientific evidence for other strategies reviewed in their
ability to accelerate the return to the initial level of performance is still lacking. These include active recovery,
stretching, compression garments, massage and electrical
stimulation. While this does not mean that these strategies
do not aid the recovery process, the protocols implemented
up until now do not significantly accelerate the return to
initial levels of performance in comparison with a control
condition. In conclusion, scientific evidence to support the
use of strategies commonly used during recovery is lacking. Additional research is required in this area in order to
help practitioners establish an efficient recovery protocol
immediately after matchplay, but also for the following
days. Future studies could focus on the chronic effects of
recovery strategies, on combinations of recovery protocols
and on the effects of recovery strategies inducing an antiinflammatory or a pro-inflammatory response.

M. Nédélec  A. McCall  F. Legall  S. Berthoin  G. Dupont
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In the formerly published part I of this two-part review [1],
we reviewed dehydration, glycogen depletion, muscle
damage, inflammation, oxidative stress and mental fatigue
as potential factors associated with magnitude of fatigue
following a soccer match. A recovery strategy involves the
implementation of a technique or a combination of techniques in order to accelerate the time to achieve full
recovery and potentially reduce the risk of injury [2, 3].
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This review summarizes current research that evaluates
recovery strategies, using soccer (Association Football) as
the main sport of interest. A computerized literature search
was performed using PubMed between January 2011 and
January 2012. The following keywords were used in
different combinations: ‘soccer’, ‘football’, ‘recovery’,
‘modality’, ‘strategy’, ‘nutrition’, ‘diet’, ‘hydration’,
‘inflammation’, ‘cryotherapy’, ‘cold water immersion’,
‘cold bath’, ‘contrast therapy’, ‘sleep’, ‘active recovery’,
‘stretching’, ‘compression garments’, ‘massage’, ‘electrical
stimulation’ and ‘electromyostimulation’. All titles and
abstracts were carefully read and relevant articles were
retrieved for review. In addition, the reference lists from both
original and review articles retrieved were also reviewed.
According to Bishop [4], key gaps in the evidence
informing sports practice will only be recognized when the
sport-science community frequently consults the evidence
base for answers [4]. Scientific research guides practice,
but practice can also guide research and a survey about the
current recovery strategies used in elite soccer was performed in March 2011. Following a literature search using
PubMed to establish a complete list of recovery strategies,
32 practitioners in charge of recovery strategies in French
professional soccer teams were questioned on the strategies
they implemented. The results showed that cold water
immersion and contrast water therapy (88% of teams),
active recovery (81%), massage (78%), stretching (50%),
compression garments (22%) and electrical stimulation
(13%) were the strategies used. Nutrition and hydration
were considered as very effective recovery strategies by
97% of the practitioners, while sleep was also considered
as an effective recovery strategy (95% of practitioners).
In part II of this review, the advantages and the limits of
these recovery strategies are discussed in an attempt to
select the most appropriate strategy/ies following a single
soccer match and/or a period of match congestion.

2 Nutritional Strategies
As presented in part I [1], rehydration, carbohydrate and
protein consumption after a match are effective recovery
techniques for replenishing water and substrate stores, and
optimizing muscle-damage repair. However, guidelines
including quantity, timing and composition are required in
order to maximize their effectiveness.
After match-induced dehydration (*2% of body mass),
research has shown that consumption of a high sodium
drink (61 mmol/L) equivalent to 150–200% of sweat loss is
sufficient to attain a state of hyperhydration 6 h after
ingesting the drink [5].
To optimize the resynthesis of muscle glycogen stores, a
high glycaemic index (GI) carbohydrate intake at the end
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of a match is necessary. An intake of *1.2 g carbohydrate/
kg/h with a high GI immediately after a match, and at
15–60 min intervals for up to 5 h [6], enables maximum
resynthesis of muscle glycogen stores. However, the effect
of high-carbohydrate meals with high GI on subsequent
soccer-specific performance is still unclear [7]. When a
lower amount of carbohydrate is consumed, co-ingestion of
protein (0.4 g/kg/h) could be useful to increase post-exercise muscle glycogen-synthesis rates, as it may stimulate
insulin secretion, glucose uptake and muscle glycogen
synthase [6]. Nevertheless, Gunnarsson et al. [8] failed to
find an increase in glycogen resynthesis 48 h after a soccer
match following ingestion of a whey protein and carbohydrate-enriched diet compared with a normal diet. As
exercise stimulates muscle protein synthesis and muscle
protein breakdown, the absence of protein intake after
exercise can lead to a negative net protein balance [9].
Indeed, a positive muscle protein balance is required to
repair exercise-induced muscle damage [10], which is
common following a soccer match [1]. Protein consumption stimulates muscle protein synthesis [11] necessary for
positive muscle protein balance; although, the quantity,
type and timing of protein ingestion to maximize postexercise muscle protein synthesis remains a topic for
debate, a consumption of *20 g milk protein, or an
equivalent of *9 g essential amino acids, seems to be
sufficient to stimulate muscle protein synthesis rates during
the first 2 h of post-exercise recovery [12]. A high-protein
diet with branched chain amino acids also positively
impacts other factors associated with recovery such as
mental performance or sensation of fatigue [13]. The
addition of protein to post-exercise carbohydrate feedings
can reduce muscle soreness [14, 15] and decrease the
creatine kinase (CK) concentration [15–17] and myoglobin
concentration [17, 18]. It can also improve subsequent
muscle function [17, 18] and cycling performance exercise
[16] in comparison with a simple carbohydrate beverage.
Following a match, flavoured milk, which is an easily
accessible and relatively inexpensive dairy product, could
be an effective beverage for post-exercise recovery. It
contains carbohydrate and proteins in amounts similar to
those used in studies demonstrating improved post-exercise
recovery. Numerous studies have confirmed the significant
effects of post-exercise chocolate milk supplementation on
subsequent exercise performance [17, 19–22], intracellular
signalling stimulus for protein synthesis [21], perceived
soreness [23], and CK levels [24].
Other studies have found that omega-3 fatty acids,
curcumin, tart cherry juice and tomato juice improve the
recovery process due to their anti-inflammatory and antioxidant effects. Increased omega-3 concentrations in the
blood are associated with decreased levels of proinflammatory markers (interleukin [IL]-6, IL-1ra, tumour necrosis
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factor [TNF]-a, and C-reactive protein [CRP]), and higher
levels of anti-inflammatory markers (soluble IL-6r, IL-10,
and transforming growth factor [TGF]-b) [25]. Tartibian
et al. [26] showed the effectiveness of supplementing
subjects during 30 days with 1.8 g/day omega-3 fatty acids
on lower limb soreness 48 h after eccentric knee extensors
exercise. The authors suggested that their findings were due
to the anti-inflammatory effects of omega-3 family fatty
acids. Nevertheless, evidence of the effectiveness of
omega-3 fatty acids in improving physical performance
measures post-exercise is lacking [27, 28]. The quantities
employed in these studies could be provided in daily food
intakes through consumption of a diet rich in a-linolenic
acid (e.g. linseed oil, rapeseed oil), eicosapentaenoic acid
and docosahexaenoic acid omega-3 fatty acids (e.g.
salmon, mackerel, anchovies). Curcumin also exhibits
anti-inflammatory properties and Davis et al. [29] showed
that feeding mice with curcumin (10 mg) daily for 3 consecutive days prior to downhill running significantly offsets
the decrement in running performance (i.e. treadmill run
time to fatigue, p \ 0.01; voluntary wheel running activity,
p \ 0.05) and significantly (p \ 0.05) blunted the increase
in inflammatory cytokines IL-1b, IL-6, TNF-a and CK
compared with mice fed with a placebo. Curcumin intake
requires further investigation in humans during the postexercise recovery period. Tart cherry juice is also shown to
enhance the recovery process. Tart cherries are loaded with
antioxidant anthocyanins, which exhibit in vitro antioxidant and anti-inflammatory activities [30]. Connolly et al.
[31] demonstrated that a daily dose of 0.682 L for 4 days
prior to and 4 days following eccentric contractions of the
elbow flexors reduced muscle soreness and attenuated the
loss in muscle force. In an investigation of the efficacy of
tart cherry juice consumed before the day of a marathon
run and for 48 h following the run, Howatson et al. [32]
showed that the group who ingested the cherry juice
recovered isometric strength significantly faster (p \ 0.05)
and exhibited reduced inflammation (IL-6, p \ 0.001;
CRP, p \ 0.01; uric acid concentrations, p \ 0.05) and
greater total antioxidant status (p \ 0.05) compared with
the placebo group during recovery. The authors assumed
that consumption of the cherry juice may have blunted the
secondary muscle damage response, resulting in a more
rapid return of strength in the cherry juice group versus
placebo. Ramaswamy and Indirani [33] found that 75 mL
of tomato juice (containing 10 lg of lycopene) consumed
for 60 days after each training session had a beneficial
effect on the oxidative stress and on the athletic performance of athletes involved in track events. All of the
studies detailed above examining the effectiveness of
nutrients on the recovery process have focused on recovery
from non-soccer-specific exercises. Thus, the relevance of
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this evidence in improving recovery between matches in
elite soccer players remains to be demonstrated.
It is generally recognized that certain nutrients positively influence the recovery process. In contrast, alcohol
consumption can negatively affect a player’s ability to
recover following exercise. Soccer players occasionally
ingest moderate to large volumes of alcohol (ethanol) in the
hours after matchplay. Barnes et al. [34] investigated the
effects of acute moderate alcohol intake (1 g/kg bodyweight ethanol as vodka and orange juice) on muscular
performance during recovery from eccentric exerciseinduced muscle damage. The results showed that peak
strength loss at 36 h post-exercise was significantly greater
in the alcoholic beverage condition compared with an
isocaloric non-alcoholic beverage condition. A combination of decreased inflammatory response, altered cytokine
production and abnormal reactive oxygen intermediate
generation after alcohol exposure may hinder the muscle
repair and recovery process [35]. To minimize exerciserelated losses in muscle function and accelerate recovery,
participants in sports involving frequent eccentric muscle
work, such as soccer, should consequently avoid alcoholcontaining beverages in the post-event period [34]. Apart
from hindering the muscle repair process, alcohol consumption may also delay the recovery from dehydration
[36].
To sum up, evidence suggests that flavoured milk
drinks should be given to players at the end of competition. In addition, a meal containing high-GI carbohydrate
and protein should be served to players within the hour
following play. Their habitual diet should include consumption of omega-3 fatty acids. In addition, tart cherry
juice consumed before the match, on the day of the match
and on the following days could be provided to the
players, especially when two or three matches in 1 week
are to be played. We recommend, however, that the
effects of systematic consumption of this product on the
recovery process should be studied before recommending
its chronic consumption. Further research is needed to
determine when inflammation should be enhanced or
reduced after a soccer match. The outcomes would help to
select a nutritional plan in order to increase or decrease
the inflammatory response. Currently, the inflammatory
process is accentuated at the end of the match by consuming high-GI carbohydrate and protein in order to
increase the glycogen stores and muscle function and to
decrease muscle soreness. Finally, future studies may
investigate if it is necessary to adapt nutritional recovery
strategies according to playing position and/or individual
activity performed during the match. For example, a
spontaneous higher carbohydrate intake is observed for
players in a more ‘physically’ demanding position
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(i.e. fullbacks, midfielders and wingers) compared with
goalkeepers and centrebacks [37].

3 Cold Water Immersion
The survey on recovery strategies used by professional
soccer teams revealed that cold water immersion and
contrast water therapy are the most common recovery
strategies employed in French professional soccer teams, as
these are currently used by 88% of teams. Cold water
immersion performed immediately after exercise and
repeated throughout the recovery process [38–42] has
proven to be a superior recovery modality when compared
with passive recovery, contrast water immersion [41] and
hot water immersion [40]. Therefore, this section deals
only with cold water immersion. Table 1 presents the
effects of cold water immersion on physical performance
and on subjective and biological markers following soccerspecific exercise. Cold water (temperature range: 9–10 °C;
duration range: 10–20 min) immersion post-exercise provided worthwhile beneficial effects on anaerobic performances, i.e. maximal strength [38, 41, 43, 44], sprint
ability [41] and countermovement jump [45]. Moreover,
cold water immersion was beneficial in reducing muscle
soreness [38, 41–47] and decreasing CK and myoglobin
concentrations [38, 43]. Cold water immersion protocols
are generally heterogeneous in terms of temperature,
duration and level of immersion [38–42] and the best
compromise has yet to be determined. Other cold water
immersion protocols (temperature range: 10–15 °C; duration range: 5–15 min) were all found to provide beneficial
effects on maximal strength [40, 48], sprint ability [39],
cycling performance [49] and rowing performance [48],
and reduced localized oedema [40]. However, these have
not been tested in soccer players. Time (e.g. immediately
after the match, delayed several hours after the match, or
the day after) and frequency of use are other important
issues related to cold water immersion. Work by BrophyWilliams et al. [50] found that running performance on the
subsequent day between immediate cold water immersion
and delayed cold water immersion trials were similar
(p = 0.147), while qualitative analyses demonstrated that
immediate cold water immersion resulted in a 79% likely
benefit when compared with delayed cold water immersion. The study demonstrates that cold water immersion
immediately after a high-intensity exercise session was
more beneficial for next-day running performance than
cold water immersion performed 3 h after the session.
The recovery benefits of cold water immersion are most
likely due to water temperature rather than hydrostatic
pressure [41, 42]. Full-body immersion in cold water at
15 °C for 15 min reduces blood flow to the legs and to the
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arms, inducing a redirection of blood flow from the
periphery to the core and thereby improving venous return
and cardiac efficiency [49]. Cold water may also reduce
acute inflammation from muscle damage [51] and has a
short-term analgesic effect related to reduction of nerve
conduction velocity, muscle spindle activity, the stretchreflex response and spasticity, thus inhibiting the painspasm cycle [52].
In contrast, cold water immersion following matchplay
can present some limitations. Although scientifically
unproven, the reduction in skeletal muscle blood flow
induced by cold water immersion could, in theory, alter
glucose availability to the muscle during recovery and
therefore alter the rate of post-exercise glycogen synthesis.
Additionally, using cold water immersion on a regular
basis may hinder exercise-induced adaptations. Yamane
et al. [53] proposed leg endurance training and forearm
flexor muscles resistance training 3–4 times a week for
4–6 weeks. Cold-water immersion was applied after each
training session to one leg and one arm of subjects, with the
other leg and the other arm resting at room temperature.
Significant training effects were three times higher in the
control group than in the ‘cold’ group (p \ 0.05), including
increases in artery diameter in the control group but not in
the cold group. The authors proposed partial suppression of
heat shock protein induction in the cooled relative to the
non-cooled muscles to explain that post-exercise cold
water immersion is an adverse treatment from the viewpoint of physical training. Exercise induces heat shock
protein expression such as an increase in muscle temperature [54]. As heat shock protein induction in training of
elite male rowers depends on exercise intensity and volume
[55, 56], cooling recovery strategies after each training
session should be avoided among elite athletes to allow
natural induction of heat shock protein, which is responsible for long-term muscle adaptations. However, the study
by Yamane et al. [53] presents several limitations with
respect to the present review. Non-athlete subjects exercised at an intensity below the threshold of delayed-onset
muscle soreness before immersing their leg for 40 min in
water at 5 °C. This model is unlikely to closely reflect the
physical demands of elite soccer players. Moreover, it
should not be excluded that the cooled limb recovered
better than the control limb during the training programme,
making the training stimulus too low to induce any training
effect in the cooled limb. In support of these limitations,
Howatson et al. [57] found that cold water immersion did
not inhibit the repeated bout effect when given four times
after the first of two bouts of drop jump exercise separated
by 14–21 days.
Generally, cold water immersion is an effective recovery strategy during acute periods of fixture congestion to
improve physical performance and reduce muscle soreness.

20 elite M

10 trained M

5 trained M

11 trained M

10 trained F

28 trained M

10 trained M

13 elite M

13 elite M

13 elite M,
9 elite F

Ascensão et al. [43]

Bailey et al. [38]

Buchheit et al. [165]

Ingram et al. [41]

King and
Duffield [45]

Kinugasa and
Kilding [46]

Pointon and
Duffield [44]

Rowsell et al. [47]

Rowsell et al. [42]

Rupp et al. [168]

2 YIRTs [169] within 48 h

4-day soccer tournament,
1 match each day

4-day soccer tournament,
1 match each day

Simulated intermittent-sprint
exercise [167] with tackling

Soccer match

2 simulated intermittent-sprint
exercises within 24 h
(exercises 1 and 2)

Simulated team sport exercise
[166]

2 soccer matches within 48 h
(matches 1 and 2)

LIST [164]

Soccer match

Exercise

15 min cold water or control
0, 24 h post-exercise

10 min cold water or
thermoneutral water after
each match

10 min cold water or
thermoneutral water after
each match

9 min cold water ? active
recovery or contrast therapy
or stretching ? leg raising
after the match
20 min cold water or control
after exercise

15 min cold water, contrast
therapy, active recovery or
control after exercise 1

15 min cold water, contrast
therapy or control 0, 24 h
post-exercise

18 min spa treatment (sauna,
jacuzzi, cold water) or
control 12–15 h post-match
1

10 min cold water or control
after exercise

10 min cold water or
thermoneutral water after
the match

Recovery

: total distance run, ; DOMS, ;
fatigue with cold water
*22 h post-match

No significant difference
between recoveries

; DOMS, ; fatigue with cold
water
*22 h post-match

0, 24, 48 h post-exercise

: K EX MVC, VA, RMS, peak
twitch, ; DOMS with cold
water

; DOMS, : perceived quality
of recovery with cold water

: CMJ pre-exercise 2, ; DOMS
pre-exercise 2 with cold
water

: K EX MVC, : K FL MVC, :
RSA, ; DOMS with cold
water

: Low-intensity running,
sprinting distance, peak
match speed, number of
sprints and RSS in match 2
with spa treatment

: K FL MVC, ; DOMS, ;
myoglobin with cold water

: K EX MVC, ; DOMS, ;
myoglobin, ; CK, ; CRP
with cold water

Main findings

0 h post-exercise, 0, 2, 24 h
post-recovery session

0 h post-match, post-recovery
session, 24 h post-match

0 h post-exercise 1 and 2,
pre-exercise 2

0, 24, 48 h post-exercise

48 h post-match 1 (during
match 2)

0, 1, 24, 48, 168 h
post-exercise

0, 24, 48 h post-match

Measurement timing

CK creatine kinase, CMJ countermovement jump, CRP C-reactive protein, DOMS delayed-onset muscle soreness, F female, K EX knee extensors, K FL knee flexors, LIST Loughborough
Intermittent Shuttle Test [164], M male, MVC maximal voluntary contraction, RMS root mean square, RSA repeated-sprint ability, RSS repeated-sprint sequences, VA voluntary activation,
YIRT yo-yo intermittent recovery test [169], : indicates increase, ; indicates decrease

Subjects

Study

Table 1 Effects of cold water immersion on physical performance and on subjective and biological marker changes following soccer-specific exercise
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Apart from these periods, and particularly during training
periods, it should be avoided to prevent treatment durationdependent interference with the repair and adaptive process
[58–60]. Additional studies on anti-inflammatory recovery
strategies are necessary to determine the optimal time after
exercise to implement the treatment. A biphasic recovery
pattern of muscle performance after exercise-inducing
muscle damage is reported, i.e. a rapid recovery related to
metabolic fatigue subsidence within the first hours after
exercise, followed by the second and slow phase of the
recovery during subsequent days related to the muscle
repair [61–64]. Implementing anti-inflammatory recovery
strategies according to the evolution of the inflammatory
response may increase their effectiveness.

4 Sleeping
Neurometabolic theories of sleep function propose that
sleep repays the neural and metabolic cost of waking [65].
Slow-wave sleep, which includes four distinct stages
(stages 1, 2, 3 and 4), is characterized by slow breathing, a
low heart rate, low cerebral blood flow and a large increase
of growth hormone secretion allowing physiological restitution [66]. Both slow-wave sleep and rapid-eye-movement
sleep are implicated in the plastic cerebral changes that
underlie learning and memory [67–69]. In this respect, the
question of sleep in the recovery management should be
studied.
When playing an evening soccer match, professional
soccer players are subjected to a high physical and mental
work load, in addition to high emotional stress. Players
must perform at their peak when psychomotor vigilance
and subjective alertness tend to decrease after a typical day
of activity [70]. Irregular sleep-wake schedules influence
the homeostatic and circadian regulation of sleep and, in
turn, its quality and quantity [71]. Post-match routines (i.e.
medical care, recovery strategies, meals and the return trip)
frequently lead to a very late bedtime, which may also alter
sleep quality and quantity [72]. Another potential cause of
sleep disturbances after a match is waking several times
during the night because of hyperhydration [73]. As a
result, many players experience a disturbed night’s sleep
following competition, which can have multiple negative
consequences. As extensive sleep loss (i.e. 30 h of sleep
deprivation) is associated with reductions in muscle glycogen content [74], and chronic sleep restriction (i.e.
restriction to 50% of the habitual time over 12 days) may
contribute to the amplification of soreness [75], future
studies are required to investigate the acute and chronic
effects of a disturbed night’s sleep after a match among
soccer players or over periods of match congestion. In
addition to its impact on sleep quantity, a night of sleep

M. Nédélec et al.

loss is also characterized by sleep architecture disturbance.
Sallinen et al. [76] found that the proportion of stage 4
sleep is highest in the sleep debt condition but the proportions of stages 1 and 2 sleep are lower during a night of
limited sleep than in the normal sleep condition. Additionally, sleep loss may impose a reduction in the ability to
commit new experiences to memory [77]. Close connections also exist between sleep and the immune system.
Cohen et al. [78] showed that subjects with less than 7 h of
sleep per night in the weeks preceding exposure to a rhinovirus are threefold more likely to develop a cold than
those with 8 h or more of sleep. Partial sleep deprivation
(being awake from 11:00 pm to 3:00 am) induces a functional
alteration of the monocyte pro-inflammatory cytokine
response and alters the expression of pro-inflammatory cytokine genes [79]. In the morning after a night of sleep deprivation, inflammatory responses are enhanced compared with
morning levels following uninterrupted sleep [79]. Studies
on the link between sleep loss and illness in the elite soccer
player are warranted.
To counteract a disturbed night’s sleep among soccer
players, several factors have been proposed to improve
sleep after the match and during the following nights. A
high-GI carbohydrate, which is recommended for rapid
restoration of muscle glycogen stores [80], may also positively influence sleep. Afaghi et al. [81] showed that a
high-GI meal resulted in a significant shortening of sleeponset latency compared with a low-GI meal (9.0 min vs.
17.5 min, respectively; p \ 0.01) and was most effective
when consumed 4 h before bedtime compared with the
same high-GI meal given 1 h before bedtime (p = 0.01).
Sleep initiation depends on a thermophysiological cascade
with body heat loss promoting sleepiness and the rapid
onset of sleep [82]. Recovery strategies such as cold water
immersion reduce body temperature [49], which may
consequently promote sleep onset. Other recommendations
for sleep induction include benefiting from a dark and quiet
environment by using eye shades and ear plugs, listening to
relaxing music and adopting regular sleep-wake schedules
[83]. Conversely, consumption of caffeine prior to the
match for performance enhancement [84], consumption of
alcohol as a means of celebrating after the match [85], and
hyperhydration [73] potentially lead to sleep disturbance.
However, a poor night’s sleep may be compensated for by
a short post-lunch nap [86, 87]. Waterhouse et al. [87]
found that a nap followed by a 30-min recovery period
improves alertness and aspects of mental and physical
performance following partial sleep loss. The ability to nap
for short periods during the day may be a useful skill for
players to develop, especially during a congested schedule.
Moreover, nocturnal sleep following a night of partial
sleep loss should also be promoted during several nights.
Sallinen et al. [76] found that, after a night of limited sleep,
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an 8-h recovery sleep opportunity the following night
markedly improved both cognitive performance and alertness but did not lead to complete recovery [76]. Finally,
resting periods and sleep-wake schedules are normally
planned for the entire team, regardless of individual distinctions. Planning individualized schedules based on
players’ preferred sleep schedules may be another effective
countermeasure to restore good sleep [72, 88].
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any differences in the pro- or in the anti-inflammatory
cytokine response between the active recovery group and
the passive group. Finally, the active recovery regimen had
no effect on changes in oxidative stress markers and antioxidants [108]. According to these results, implementing
1 h of active recovery during the 3 days following a match
does not seem beneficial, nor detrimental to the outcome of
the recovery process. Further research on exercise mode,
duration and intensity and the time of active recovery is
needed to clarify its interest as a recovery modality.

5 Active Recovery
Active recovery, also referred to as ‘cooling down’ or
‘warm down’, is currently performed by 81% of French
professional soccer teams immediately after the match
and/or on the following days. This strategy involves running, biking or swimming at low intensities for a duration
of 15–30 min. This recovery strategy is often implemented
in professional soccer, as results from numerous studies
[89–94] have reported that active recovery, performed
between 30% and 60% of maximal oxygen consumption
and lasting at least 15 min, enhanced blood lactate removal
or accelerated pH recovery [95, 96] in comparison with
passive recovery. However, lactate removal should not be
the criterion used to test the quality of recovery. Faster
lactate removal does not necessarily involve better performance during subsequent exercise. In several studies
aimed at comparing active and passive recoveries, exercise
performance after active recovery did not improve, despite
lower lactate concentrations [91, 97, 98], while other
studies showed that passive recovery improved performance in subsequent exercise [99–103]. Several studies
[95, 104, 105] have reported that active recovery performed immediately after high-intensity exercises significantly impaired glycogen synthesis, especially in type I
muscle fibres [95]. According to these results, active
recovery performed immediately after a match does not
present a benefit to implement this technique as part of a
recovery strategy. However, further studies are required to
justify what type of exercise should be performed in the
days following a match.
In a set of studies on recovery between two elite female
soccer matches separated by 3 days, Andersson et al.
[106–108] extensively investigated the effects of 1-h active
recovery (submaximal cycling at 60% heart rate peak and
low-intensity resistance training at \50% one-repetition
maximum) performed at 22 h and 46 h after the first match.
The results showed that active recovery had no effects on
the recovery pattern of physical performance markers (i.e.
countermovement jump, 20 m sprint performance, and
maximal isokinetic knee flexion and extension), perceived
muscle soreness and biochemical markers (i.e. CK, urea
and uric acid) [107]. Andersson et al. [106] did not report

6 Stretching
Elite soccer teams devote a substantial amount of training
and match preparation time to stretching. Dadebo et al.
[109] reported that the English Premiership clubs allocated almost 40% of total training time to flexibility
training with static stretching, the most popular technique
employed. The Premiership clubs reported a mean static
stretching holding time of 31 s and a mean number of
repetitions per hamstring muscle group of three (range:
2–5) repetitions per session. Stretching exercises are performed for several reasons, including improvement of the
range of motion and the decrement of musculotendinous
stiffness [110, 111] to prevent injury [109, 112, 113], as
well as promoting recovery. In French professional soccer,
50% of teams currently use stretching as a recovery
strategy. However, there is no substantial scientific
evidence to support the use of stretching to enhance the
post-exercise recovery of soccer players [46, 114, 115]. In
a meta-analysis including 12 studies, Herbert et al. [116]
reported that stretching is not clinically worthwhile for
reducing muscle soreness in the days following exercise.
Stretching after eccentric exercise may even hinder the
outcome of the recovery process. Lund et al. [117] suggested that both stretching and eccentric exercise leading
to delayed onset of muscle soreness may affect the muscle
tissue, which may explain the fact that the seven untrained
women in their study showed a greater decrease in concentric and eccentric quadriceps strength following both
eccentric exercise and stretching in comparison with
eccentric exercise alone.

7 Compression Garments
Compression garments function by applying a pressure on
the lower extremities in order to increase femoral blood
flow [118]. The principle is to increase the pressure on the
ankle and to decrease it on the mid-thigh in order to
improve the venous return and thus reduce venous stasis in
the lower extremities [118]. This section will only focus on
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the effects of compression garments on the recovery process. Compression garments, especially for the lower body,
have recently become increasingly popular amongst
applied soccer practitioners in an attempt to accelerate
recovery from training and competition. Twenty-two per
cent of French professional soccer teams currently integrate compression garments into their recovery protocol.
While studies have shown possible interest in the recovery
of muscle soreness to pre-exercise levels, improvements in
performance measures post-exercise are lacking. No benefits in repeated-sprint performance [119, 120], peak power
output [120], isokinetic strength [121], sprint, agility and
countermovement jump performance [122] have been
reported with regard to the use of compression garments
during the recovery process, although all of these studies
reported subjective feelings of recovery improvement
when using compression garments. As the studies did not
have a placebo condition (i.e. using a garment, but no
compression), a placebo effect due to wearing the garments
should not be excluded [120].
Up until now, studies demonstrating the potential utility
of compression garments for post-exercise recovery have
only addressed their use in elderly athletes [123] or
untrained subjects [124, 125], who are unlikely to closely
reflect the demands of elite soccer. With elderly athletes,
Chatard et al. [123] found that wearing compression garments during an 80-min recovery period between two
maximal 5-min cycling exercises led to a significant 2.1%
increase in subsequent performance. Gill et al. [126]
reported effects on post-exercise removal of metabolites:
full-leg compression garments, worn for 12 h after a single
rugby match, enhanced CK clearance more than passive
recovery in elite male rugby players. However, the ability
of compression garments to enhance the overall rate of
recovery and especially physical performance after a match
is yet to be demonstrated. Another potential limitation of
studies on compression garments is that the actual pressures applied by the garments to subjects are not measured
[122]. As a consequence, the minimum pressure of
18 mmHg at the ankle and 8 mmHg at the level of the
mid-thigh is not always guaranteed [127]. According to
Montgomery et al. [39] and Davies et al. [122], the level of
compression may be insufficient to have a beneficial
impact following normal exercise (i.e. a team sport competitive match); however, after extreme eccentric exercise,
compression garments may be effective when disruption to
muscle architecture and swelling is more apparent. Trenell
et al. [128] reported that 1 h after eccentric exercise, the
leg wearing a compression garment showed a significant
elevation (p \ 0.05) in phosphodiester on phosphorus
magnetic resonance spectroscopy spectra relative to the
control leg (no compression). Phosphodiester is representative of increased skeletal muscle membrane turnover, and
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this result suggests an accelerated inflammatory and repair
timeframe induced by compression garments.
In conclusion, the use of compression garments following an elite soccer match may be useful to alleviate
muscle soreness but more research is required to demonstrate the ergogenic benefits. Compression garments have
no additional benefit in comparison with active recovery
[126], contrast water therapy [126, 129] or massage [125].
As no studies have reported negative effects on exercise
performance, the use of compression garments may provide an easy-to-use recovery strategy in a team. They could
be useful during air travel, especially during a long flight,
to reduce the risk of deep vein thrombosis [130]. Nevertheless, caution should be taken, as compression garments
may be uncomfortable to wear during the night and are
associated with an increase in body temperature, thereby
disturbing subjects’ patterns of sleep [122].

8 Massage
Massage corresponds to a ‘mechanical manipulation of
body tissues with rhythmical pressure and stroking for the
purpose of promoting health and well-being’ [131]. To
promote recovery after a soccer match, numerous techniques such as effleurage, petrissage, tapotement, friction
and vibration are currently used in 78% of French professional soccer teams. Effleurage involves light pressure at the
beginning to heavier deeper pressure towards the end and
aims to soothe sore muscles and to relax [132]. Petrissage
involves a kneading motion where tissue is compressed and
lifted away; it aims to loosen muscle spasm [132]. Tapotement consists of repeated rapid hand striking and aims to
stimulate muscle tissues [133]. Friction is short deep
stroking parallel or transversally across the tissue fibre
direction and aims to reduce muscle spasms [132]. Vibration
consists of shaking and aims to facilitate muscle relaxation
[132]. Expected benefits of massage include both physiological and psychological functions. Pulsed Doppler ultrasound and echo Doppler have been used to investigate
muscle blood flow and indicated that manual massage—
effleurage, petrissage or tapotement—did not increase blood
flow in small (forearm) or large (quadriceps) muscle mass
[134–136]. No beneficial effect was found for blood lactate
removal [136, 137], H? removal [136] and neutrophil counts
[138]. Whilst for physiological function, benefits of massage are still lacking, the scientific evidence supporting their
psychological benefits is substantially greater. Weinberg
et al. [139] observed a positive relationship between massage and mood state. Two studies [140, 141] found that
massage decreased the subjective symptoms of delayedonset muscle soreness. Hemmings et al. [137] investigated
the effect of massage on a measure of perceived recovery
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made by the subjects rating their feeling on a 4-item linear
scale (refreshed, recharged, rested and recovered) during the
1-h recovery implemented between two simulated boxing
bouts. The results showed that massage intervention significantly increased perceptions of recovery compared with
the passive rest intervention without improving punching
force during the second bout. Similarly, Hilbert et al. [138]
found that the intensity of soreness was significantly lower
(p \ 0.05) in subjects receiving a massage treatment
(effleurage, tapotement and petrissage) relative to the control group at 48 h post-exercise. However, no significant
treatment differences for eccentric hamstring peak torque
were reported. This latter result confirms that soreness is
poorly correlated with changes in muscle function, in terms
of both magnitude and time-course after exercise-induced
muscle injury [142]. In terms of performance recovery, most
of the studies failed to find a significant beneficial effect
of massage on subsequent exercise after local exercises
[143–146] or global exercises [92, 147]. It should not be
excluded that massage of injured tissue may lead to further
damage in muscle if given immediately after a training
session that induced muscle damage. Viitasalo et al. [148]
found that CK and myoglobin concentrations were significantly higher in elite athletes receiving water massage after
strength/power training sessions than during the control
week. However, results from our survey suggest that water
massage is not a common practice with elite soccer players.
The potential effects of effleurage, petrissage, tapotement,
friction and vibration in further damaging injured tissue
remain, consequently, allusive.
In conclusion, the majority of the evidence points
towards massage being effective in alleviating muscle
soreness and improving perceptions of recovery, although
its effect on muscle function and performance is unclear.
The inconsistency in research findings could be attributed
to the large variety of massage techniques used and the
individual skill of the therapist [149, 150]. Further research
is required to identify the conditions of massage (the type,
duration and period) that produce positive benefits for the
recovery process.

9 Electrical Stimulation
Electrical stimulation is another recovery strategy used by
some professional soccer players (13% of French professional soccer teams). Electrical stimulation involves the
transmission of electrical impulses via surface electrodes to
peripherally stimulate motor neurons, eliciting muscular
contractions [151]. Many electrical stimulation forms can
be performed according to the frequency, the intensity or
current amplitude, pulse characteristics (the shape and
duration), duty cycle, electrode [152]; but transcutaneous
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electrical nerve stimulation [153] and low-frequency
electrical stimulation [154–157] are those most frequently
used for recovery purposes [158]. The effects of electrical
stimulation on the recovery of strength production capacity
and on the reduction of muscle soreness were reviewed by
Babault et al. [158]. Results concerning the benefits of
electrical stimulation using transcutaneous electrical nerve
stimulation or low-frequency electrical stimulation on the
recovery process are equivocal. Among studies reviewed
by Babault et al. [158], 11 of 12 studies failed to find a
significant effect of electrical stimulation on the ability to maintain performance after exercise [153–155, 157, 159–161].
Positive effects of low-frequency electrical stimulation were
found for CK clearance [160] and blood lactate removal
[161, 162], with the limits previously evoked for these biochemical markers in the recovery process.
To our knowledge, only two studies on electrical stimulation have been conducted so far in a soccer setting
[156, 163]. In these studies, no main effect of electrical
stimulation was observed on anaerobic performances (i.e.
squat jump, countermovement jump, bounce jumping and
10 m sprint) but electrical stimulation was more beneficial
(p \ 0.01) than water-aerobic exercises and passive rest for
reducing muscle soreness [156, 163].
In conclusion, although electrical stimulation is often
used for recovery purposes, no scientific evidence exists
regarding its effects to maintain physical performance. The
levels of scientific evidence concerning the decrement of
subjective rating such as muscle soreness are also limited.

10 Conclusion
As mentioned in part I of our review [1], fatigue following a
soccer match is multifactorial and related to dehydration,
glycogen depletion, muscle damage and mental fatigue. A
multitude of recovery strategies are currently implemented
in professional soccer clubs to target these causes of fatigue.
Recovery strategies aimed at reducing acute inflammation
from muscle damage and enhancing its rate of removal are
particularly used in professional soccer settings.
Some strategies such as hydration, diet, sleep and cold
water immersion are effective, with regard to their ability
to counteract the fatigue mechanisms. For dehydration,
Shirreffs et al. [5] recommended consuming a high-sodium
drink (61 mmol/L) equivalent to 150–200% of the sweat
loss after a match inducing moderate dehydration (2% of
body mass). Proteins such as milk should be consumed at
the end of a match or after a training session leading to
muscle damage in order to reduce muscle soreness and to
improve subsequent muscle function. A meal containing
high-GI carbohydrate and protein should be served to the
players within the hour following the match to replenish
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substrate stores and to optimize muscle-damage repair. In
addition, some nutrients containing omega-3 fatty acids
and antioxidants should be included in the daily diet to
reduce potential muscle soreness and attenuate the loss of
muscle force. Sleep is an essential part of recovery management, as sleep disturbances after a match are common
and can negatively impact on recovery processes. Adequate
sleep allows a reduction in the amplitude of muscle soreness and appears to be an important factor for mental
fatigue. For muscle damage, cold water immersion at a
temperature between 9 °C and 10 °C for 10–20 min seems
useful during acute periods of fixture congestion in order to
regain as quickly as possible the initial level of performance and to repress the acute inflammatory process.
Further studies should analyse the effects of these recovery
strategies on central fatigue. Scientific evidence for the
other strategies reviewed, such as active recovery, stretch,
compression garments, massage and electrical stimulation,
is still lacking in the ability to accelerate the return to initial
levels of performance. The lack of evidence, however, does
not mean that these strategies do not aid recovery, but
means that the protocols implemented until now do not
significantly accelerate the return to the initial level of
performance in comparison with a control condition.
Many studies examining the efficacy of recovery strategies have focused on recovery in untrained individuals
from non-soccer-specific exercise and/or recovery protocols that do not closely reflect the physical demands of elite
soccer play. The applicability of these to recovery between
matches for elite soccer players is consequently questionable and has yet to be shown. Other potential limitations of
studies regarding recovery strategies are that soccer players
may respond differently to recovery strategies if they are
accustomed, or not, to playing several matches during a
congested schedule and the difficulty in implementing a
control condition to prevent any placebo effect (e.g. compression garments).
In the survey on recovery in the professional soccer
teams, practitioners revealed that different recovery strategies are combined in overall recovery protocols. While
the importance of isolating each strategy to determine its
effects in future research remains important, it would also
be interesting to analyse the potential interactions between
the techniques. Longitudinal research protocols should be
led to examine the chronic effects of recovery strategies on
cellular to molecular adaptations. If a robust pro- and antiinflammatory cytokine response occurs following a single
elite soccer match, a dampened anti-inflammatory cytokine
response occurs after a second match played within 72 h
[106]. For future studies, it would be rational to determine
when to implement anti- or pro-inflammatory recovery
protocols according to the inflammatory response.
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